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• instanton calculation breaks down at QCD scale

• not consistent with large N QCD

But:

N ≫ 1 with g2N ≡ λ = const. instanton ∼ e− 8π2N
λ(1/ρ)

instantons seem to be exponentially suppressed

What happens in finite N and F QCD?

E(θ) = N2f(θ/N )  dependence is not an instanton  

effect (not trivially  periodic)
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softly-broken SUSY QCD is (fully) calculable

SUSY QCD with AMSB has vacuum with  
chiral symmetry breaking for F ≤ 3N

ordinary QCD would be recovered in large SUSY breaking limit
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m2
⌘0 / bF⇤2 � m2

⇡

<latexit sha1_base64="lbRNWNyGf4Zu+skX+lqfC++YNX4="></latexit>

h⌘0i = ✓

F
for ⌘0 2

⇥
0, 2⇡

F

⇤ <latexit sha1_base64="949uW64f5TXA+DXV3EJG/KYPVgs=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4ijPidlECgniMYBIhGzWdStKkZ6G7RghDrl78FS8eFPHqH3jzb+zEHNweFLx+r4quen6spCHX/XAyM7Nz8wvZxdzS8srqWn59o2qiRAusiEhF+sYHg0qGWCFJCm9ijRD4Cmv+4Hzs125RGxmF1zSMsRlAL5RdKYCs1M7zyinHViob1EeCvYvR5MUbsWwBv27BqJ0vuEV3Av6XeFNSYFOU2/n3RicSSYAhCQXG1D03pmYKmqRQOMo1EoMxiAH0sG5pCAGaZjq5ZMR3rNLh3UjbColP1O8TKQTGDAPfdgZAffPbG4v/efWEuifNVIZxQhiKr4+6ieIU8XEsvCM1ClJDS0BoaXflog8aBNnwcjYE7/fJf0l1v+gdFQ+vDgqls2kcWbbFttku89gxK7FLVmYVJtgde2BP7Nm5dx6dF+f1qzXjTGc22Q84b5/u45k5</latexit>

U = ei✓/F ei⇡
aTa
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Large N limit
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• Anomaly vanishes in  limit 
 
 
 

N → ∞

• But:

• Witten:  pure QCD vacuum energy is  dependentθ

 becomes massless in this limitη′ 

does NOT vanish in large N limit!!!

<latexit sha1_base64="4mULU9LdXb1B3KHynPnkLlEv2DE=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhaeJu8NUoARGsQgTzgCSG2clsMmT2wcxdISxpbPwVGwtFbP0HO//GSbKFJh64cOace5l7jxMKrsCyvo3UwuLS8kp6NbO2vrG5ZW7v1FQQScqqNBCBbDhEMcF9VgUOgjVCyYjnCFZ3Bldjv/7ApOKBfwfDkLU90vO5yykBLXXM/etcC/oMSB5f4PJ9EbvJGx+V8x0zaxWsCfA8sROSRQkqHfOr1Q1o5DEfqCBKNW0rhHZMJHAq2CjTihQLCR2QHmtq6hOPqXY8uWKED7XSxW4gdfmAJ+rviZh4Sg09R3d6BPpq1huL/3nNCNzzdsz9MALm0+lHbiQwBHgcCe5yySiIoSaESq53xbRPJKGgg8voEOzZk+dJrViwTwsnt8fZ0mUSRxrtoQOUQzY6QyV0gyqoiih6RM/oFb0ZT8aL8W58TFtTRjKzi/7A+PwBlFuWEg==</latexit>

E(✓) = N2f(✓/N)

Maximilian Ruhdorfer (Cornell)

Witten ‘79



Large N limit

9

• Anomaly vanishes in  limit 
 
 
 

N → ∞

• But:

• Witten:  pure QCD vacuum energy is  dependentθ

• Veneziano-Witten formula for  massη′ 

 becomes massless in this limitη′ 

does NOT vanish in large N limit!!!

<latexit sha1_base64="4mULU9LdXb1B3KHynPnkLlEv2DE=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhaeJu8NUoARGsQgTzgCSG2clsMmT2wcxdISxpbPwVGwtFbP0HO//GSbKFJh64cOace5l7jxMKrsCyvo3UwuLS8kp6NbO2vrG5ZW7v1FQQScqqNBCBbDhEMcF9VgUOgjVCyYjnCFZ3Bldjv/7ApOKBfwfDkLU90vO5yykBLXXM/etcC/oMSB5f4PJ9EbvJGx+V8x0zaxWsCfA8sROSRQkqHfOr1Q1o5DEfqCBKNW0rhHZMJHAq2CjTihQLCR2QHmtq6hOPqXY8uWKED7XSxW4gdfmAJ+rviZh4Sg09R3d6BPpq1huL/3nNCNzzdsz9MALm0+lHbiQwBHgcCe5yySiIoSaESq53xbRPJKGgg8voEOzZk+dJrViwTwsnt8fZ0mUSRxrtoQOUQzY6QyV0gyqoiih6RM/oFb0ZT8aL8W58TFtTRjKzi/7A+PwBlFuWEg==</latexit>

E(✓) = N2f(✓/N)

Maximilian Ruhdorfer (Cornell)

Witten ‘79

Witten ’79 
Veneziano ‘79

<latexit sha1_base64="d+Wv3qySR8v/7HOH6Pdnk14GkJM="></latexit>

m2
⌘0 =

2F

f2
⇡

d2E

d✓2

����
pure QCD

✓=0

/ 1

N

θ → θ − Fη′ 
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•  suggests potential of the formm2
η′ 

∝ 1/N

Maximilian Ruhdorfer (Cornell)

inspired by SQCD
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•  suggests potential of the formm2
η′ 

∝ 1/N

Maximilian Ruhdorfer (Cornell)

<latexit sha1_base64="fU8NJt5DXOsbrmy7+Bav22g9uVM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovoqibFF64KblxJBfuAJobJdNIOnZmEmYlQQv0VNy4UceuHuPNvnLZZaOuBC4dz7uXee8KEUaUd59sqLC2vrK4V10sbm1vbO/buXkvFqcSkiWMWy06IFGFUkKammpFOIgniISPtcHg98duPRCoai3s9SojPUV/QiGKkjRTYZR5kHtHoaPxQ8xTl0D25DeyKU3WmgIvEzUkF5GgE9pfXi3HKidCYIaW6rpNoP0NSU8zIuOSliiQID1GfdA0ViBPlZ9Pjx/DQKD0YxdKU0HCq/p7IEFdqxEPTyZEeqHlvIv7ndVMdXfoZFUmqicCzRVHKoI7hJAnYo5JgzUaGICypuRXiAZIIa5NXyYTgzr+8SFq1qntePbs7rdSv8jiKYB8cgGPgggtQBzegAZoAgxF4Bq/gzXqyXqx362PWWrDymTL4A+vzB2PHk+8=</latexit>

m2
⌘0 ⇠ 1/N

<latexit sha1_base64="QDd0QIhCft8WhYYL72iNarORoRE=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK6qonUB64KblxJBfuAJi2T6aQdOpOEmYlYSn/FjQtF3Poj7vwbp20W2nrgwuGce7n3niDhTGnH+baWlldW19ZzG/nNre2dXXuvUFdxKgmtkZjHshlgRTmLaE0zzWkzkRSLgNNGMLiZ+I1HKhWLowc9TKgvcC9iISNYG6ljFzyq8XG7jDzFBHJP79rljl10Ss4UaJG4GSlChmrH/vK6MUkFjTThWKmW6yTaH2GpGeF0nPdSRRNMBrhHW4ZGWFDlj6a3j9GRUboojKWpSKOp+ntihIVSQxGYToF1X817E/E/r5Xq8MofsShJNY3IbFGYcqRjNAkCdZmkRPOhIZhIZm5FpI8lJtrElTchuPMvL5L6Wcm9KJ3fl4uV6yyOHBzAIZyAC5dQgVuoQg0IPMEzvMKbNbZerHfrY9a6ZGUz+/AH1ucPk32S1Q==</latexit>

⌘04 ⇠ 1/N4

as expected from large N

inspired by SQCD
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Maximilian Ruhdorfer (Cornell)

ei θ
N • not an instanton effect

•  periodicity seems lost2π } potential has branch-like  
structure 

(branches of complex root)
(eiθ)1/N = ei θ
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Large N  Potentialη′ 

10

•  suggests potential of the formm2
η′ 

∝ 1/N

Maximilian Ruhdorfer (Cornell)

ei θ
N • not an instanton effect

•  periodicity seems lost2π } potential has branch-like  
structure 

(branches of complex root)
(eiθ)1/N = ei θ

N +i 2πk
N , k = 0,1,…, N − 1

inspired by SQCD



Large N  Potentialη′ 

11 Maximilian Ruhdorfer (Cornell)

η′ ∈ [0,2π)

k=0 k=1 k=2

F=1,N=3

0 π 2π 3π 4π
-6Λ2fπ2

0

6Λ2fπ2

η'

V
(θ
,η
')

θ=
0
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•  washes out branch structureη′ 

Maximilian Ruhdorfer (Cornell)

η′ ∈ [0,2π)

k=0 k=1 k=2

F=1,N=3

0 π 2π 3π 4π
-6Λ2fπ2

0

6Λ2fπ2

η'

V
(θ
,η
')

θ=
0



Large N  Potentialη′ 

11

•  washes out branch structureη′ 

But: branch structure is indication that it is not an instanton effect

Maximilian Ruhdorfer (Cornell)

η′ ∈ [0,2π)

k=0 k=1 k=2

F=1,N=3

0 π 2π 3π 4π
-6Λ2fπ2

0

6Λ2fπ2

η'

V
(θ
,η
')

θ=
0



Part 2: 
SUSY QCD with AMSB 

12 Maximilian Ruhdorfer (Cornell)
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Why SUSY QCD? Non-perturbative effects are known!!
superpotential is uniquely fixed



SUSY QCD

13 Maximilian Ruhdorfer (Cornell)

SUSY breaking
<latexit sha1_base64="0+fY2jJxH4fxIpexTiJoqYdfRQU=">AAAB/HicbVDNS8MwHE3n15xf1R29BIfgabTiF54GXjx42MB9wFpKmmZbWJKWJBVKmf+KFw+KePUP8eZ/Y7r1oNMHCY/3fo/88sKEUaUd58uqrKyurW9UN2tb2zu7e/b+QU/FqcSki2MWy0GIFGFUkK6mmpFBIgniISP9cHpT+P0HIhWNxb3OEuJzNBZ0RDHSRgrsOg86HmOQF5d3Z4IRCuyG03TmgH+JW5IGKNEO7E8vinHKidCYIaWGrpNoP0dSU8zIrOaliiQIT9GYDA0ViBPl5/PlZ/DYKBEcxdIcoeFc/ZnIEVcq46GZ5EhP1LJXiP95w1SPrvyciiTVRODFQ6OUQR3DogkYUUmwZpkhCEtqdoV4giTC2vRVMyW4y1/+S3qnTfeied45a7Suyzqq4BAcgRPggkvQAregDboAgww8gRfwaj1az9ab9b4YrVhlpg5+wfr4BtJWlDo=</latexit>

mQ ⌧ m ⌧ ⇤

E

<latexit sha1_base64="kp0wM6Fh4sRWld0HGoEqKYyp1pk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS3e2Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94V5XL+kW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/efGMtg==</latexit>

0

<latexit sha1_base64="dWo0WfqFatyyYc/CEfm2HI517wQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPihqeAF48JmgWSIfR0epImvQzdPUIY8glePCji1S/y5t/YSeag0QcFj/eqqKoXJZwZ6/tfXmFldW19o7hZ2tre2d0r7x+0jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3H6k2TMkHO0loKPBQspgRbJ10L/qNfrniV/050F8S5KQCOer98mdvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzOanTtGJUwYoVtqVtGiu/pzIsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9jcaME2J5RNHMNHM3YrICGtMrEun5EIIll/+S1pn1eCyetE4r9Ru8jiKcATHcAoBXEEN7qAOTSAwhCd4gVePe8/em/e+aC14+cwh/IL38Q0sRo23</latexit>mQ

<latexit sha1_base64="7bnKxozlO7cuDeN+LZMlCrnb6nM=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrviC6uAjYVFBPOAZAmzszfJkNnZZWZWCEs+wsZCEVu/x86/cZJsoYkHBg7nnMvce4JEcG1c99sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrdTv/WESvNYPppxgn5EB5L3OaPGSq3uvY2GtFeuuFV3BrJMvJxUIEe9V/7qhjFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5utOyEnVglJP1b2SUNm6u+JjEZaj6PAJiNqhnrRm4r/eZ3U9K/9jMskNSjZ/KN+KoiJyfR2EnKFzIixJZQpbnclbEgVZcY2VLIleIsnL5PmWdW7rF48nFdqN3kdRTiCYzgFD66gBndQhwYwGMEzvMKbkzgvzrvzMY8WnHzmEP7A+fwBDH2PXw==</latexit>

⇤

<latexit sha1_base64="VuQTKnZXj0yua3zscpO7OBb0g8s=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSPeqVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94V5XL+kW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/1mWM8w==</latexit>m

“gluon”
“quark”

“squark”
“gluino”

Why SUSY QCD? Non-perturbative effects are known!!
superpotential is uniquely fixed



SUSY QCD

13 Maximilian Ruhdorfer (Cornell)

SUSY breaking
<latexit sha1_base64="0+fY2jJxH4fxIpexTiJoqYdfRQU=">AAAB/HicbVDNS8MwHE3n15xf1R29BIfgabTiF54GXjx42MB9wFpKmmZbWJKWJBVKmf+KFw+KePUP8eZ/Y7r1oNMHCY/3fo/88sKEUaUd58uqrKyurW9UN2tb2zu7e/b+QU/FqcSki2MWy0GIFGFUkK6mmpFBIgniISP9cHpT+P0HIhWNxb3OEuJzNBZ0RDHSRgrsOg86HmOQF5d3Z4IRCuyG03TmgH+JW5IGKNEO7E8vinHKidCYIaWGrpNoP0dSU8zIrOaliiQIT9GYDA0ViBPl5/PlZ/DYKBEcxdIcoeFc/ZnIEVcq46GZ5EhP1LJXiP95w1SPrvyciiTVRODFQ6OUQR3DogkYUUmwZpkhCEtqdoV4giTC2vRVMyW4y1/+S3qnTfeied45a7Suyzqq4BAcgRPggkvQAregDboAgww8gRfwaj1az9ab9b4YrVhlpg5+wfr4BtJWlDo=</latexit>

mQ ⌧ m ⌧ ⇤

E

<latexit sha1_base64="kp0wM6Fh4sRWld0HGoEqKYyp1pk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS3e2Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94V5XL+kW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/efGMtg==</latexit>

0

<latexit sha1_base64="dWo0WfqFatyyYc/CEfm2HI517wQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPihqeAF48JmgWSIfR0epImvQzdPUIY8glePCji1S/y5t/YSeag0QcFj/eqqKoXJZwZ6/tfXmFldW19o7hZ2tre2d0r7x+0jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3H6k2TMkHO0loKPBQspgRbJ10L/qNfrniV/050F8S5KQCOer98mdvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzOanTtGJUwYoVtqVtGiu/pzIsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9jcaME2J5RNHMNHM3YrICGtMrEun5EIIll/+S1pn1eCyetE4r9Ru8jiKcATHcAoBXEEN7qAOTSAwhCd4gVePe8/em/e+aC14+cwh/IL38Q0sRo23</latexit>mQ

<latexit sha1_base64="7bnKxozlO7cuDeN+LZMlCrnb6nM=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrviC6uAjYVFBPOAZAmzszfJkNnZZWZWCEs+wsZCEVu/x86/cZJsoYkHBg7nnMvce4JEcG1c99sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrdTv/WESvNYPppxgn5EB5L3OaPGSq3uvY2GtFeuuFV3BrJMvJxUIEe9V/7qhjFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5utOyEnVglJP1b2SUNm6u+JjEZaj6PAJiNqhnrRm4r/eZ3U9K/9jMskNSjZ/KN+KoiJyfR2EnKFzIixJZQpbnclbEgVZcY2VLIleIsnL5PmWdW7rF48nFdqN3kdRTiCYzgFD66gBndQhwYwGMEzvMKbkzgvzrvzMY8WnHzmEP7A+fwBDH2PXw==</latexit>

⇤

<latexit sha1_base64="VuQTKnZXj0yua3zscpO7OBb0g8s=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSPeqVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94V5XL+kW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/1mWM8w==</latexit>m

“gluon”
“quark”

“squark”
“gluino”

QCD is recovered for ,  
but calculability breaks down

m ≫ Λ

Why SUSY QCD? Non-perturbative effects are known!!
superpotential is uniquely fixed



SUSY QCD

13 Maximilian Ruhdorfer (Cornell)

SUSY breaking
<latexit sha1_base64="0+fY2jJxH4fxIpexTiJoqYdfRQU=">AAAB/HicbVDNS8MwHE3n15xf1R29BIfgabTiF54GXjx42MB9wFpKmmZbWJKWJBVKmf+KFw+KePUP8eZ/Y7r1oNMHCY/3fo/88sKEUaUd58uqrKyurW9UN2tb2zu7e/b+QU/FqcSki2MWy0GIFGFUkK6mmpFBIgniISP9cHpT+P0HIhWNxb3OEuJzNBZ0RDHSRgrsOg86HmOQF5d3Z4IRCuyG03TmgH+JW5IGKNEO7E8vinHKidCYIaWGrpNoP0dSU8zIrOaliiQIT9GYDA0ViBPl5/PlZ/DYKBEcxdIcoeFc/ZnIEVcq46GZ5EhP1LJXiP95w1SPrvyciiTVRODFQ6OUQR3DogkYUUmwZpkhCEtqdoV4giTC2vRVMyW4y1/+S3qnTfeied45a7Suyzqq4BAcgRPggkvQAregDboAgww8gRfwaj1az9ab9b4YrVhlpg5+wfr4BtJWlDo=</latexit>

mQ ⌧ m ⌧ ⇤

E

<latexit sha1_base64="kp0wM6Fh4sRWld0HGoEqKYyp1pk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS3e2Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94V5XL+kW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/efGMtg==</latexit>

0

<latexit sha1_base64="dWo0WfqFatyyYc/CEfm2HI517wQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPihqeAF48JmgWSIfR0epImvQzdPUIY8glePCji1S/y5t/YSeag0QcFj/eqqKoXJZwZ6/tfXmFldW19o7hZ2tre2d0r7x+0jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3H6k2TMkHO0loKPBQspgRbJ10L/qNfrniV/050F8S5KQCOer98mdvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzOanTtGJUwYoVtqVtGiu/pzIsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9jcaME2J5RNHMNHM3YrICGtMrEun5EIIll/+S1pn1eCyetE4r9Ru8jiKcATHcAoBXEEN7qAOTSAwhCd4gVePe8/em/e+aC14+cwh/IL38Q0sRo23</latexit>mQ

<latexit sha1_base64="7bnKxozlO7cuDeN+LZMlCrnb6nM=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrviC6uAjYVFBPOAZAmzszfJkNnZZWZWCEs+wsZCEVu/x86/cZJsoYkHBg7nnMvce4JEcG1c99sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrdTv/WESvNYPppxgn5EB5L3OaPGSq3uvY2GtFeuuFV3BrJMvJxUIEe9V/7qhjFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5utOyEnVglJP1b2SUNm6u+JjEZaj6PAJiNqhnrRm4r/eZ3U9K/9jMskNSjZ/KN+KoiJyfR2EnKFzIixJZQpbnclbEgVZcY2VLIleIsnL5PmWdW7rF48nFdqN3kdRTiCYzgFD66gBndQhwYwGMEzvMKbkzgvzrvzMY8WnHzmEP7A+fwBDH2PXw==</latexit>

⇤

<latexit sha1_base64="VuQTKnZXj0yua3zscpO7OBb0g8s=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSPeqVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94V5XL+kW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/1mWM8w==</latexit>m

“gluon”
“quark”

“squark”
“gluino”

QCD is recovered for ,  
but calculability breaks down

m ≫ Λ

only QCD-like because gluino & squarks  
involved in confining dynamics

Why SUSY QCD? Non-perturbative effects are known!!
superpotential is uniquely fixed
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SUSY breaking
<latexit sha1_base64="0+fY2jJxH4fxIpexTiJoqYdfRQU=">AAAB/HicbVDNS8MwHE3n15xf1R29BIfgabTiF54GXjx42MB9wFpKmmZbWJKWJBVKmf+KFw+KePUP8eZ/Y7r1oNMHCY/3fo/88sKEUaUd58uqrKyurW9UN2tb2zu7e/b+QU/FqcSki2MWy0GIFGFUkK6mmpFBIgniISP9cHpT+P0HIhWNxb3OEuJzNBZ0RDHSRgrsOg86HmOQF5d3Z4IRCuyG03TmgH+JW5IGKNEO7E8vinHKidCYIaWGrpNoP0dSU8zIrOaliiQIT9GYDA0ViBPl5/PlZ/DYKBEcxdIcoeFc/ZnIEVcq46GZ5EhP1LJXiP95w1SPrvyciiTVRODFQ6OUQR3DogkYUUmwZpkhCEtqdoV4giTC2vRVMyW4y1/+S3qnTfeied45a7Suyzqq4BAcgRPggkvQAregDboAgww8gRfwaj1az9ab9b4YrVhlpg5+wfr4BtJWlDo=</latexit>

mQ ⌧ m ⌧ ⇤

E

<latexit sha1_base64="kp0wM6Fh4sRWld0HGoEqKYyp1pk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS3e2Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94V5XL+kW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/efGMtg==</latexit>

0

<latexit sha1_base64="dWo0WfqFatyyYc/CEfm2HI517wQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPihqeAF48JmgWSIfR0epImvQzdPUIY8glePCji1S/y5t/YSeag0QcFj/eqqKoXJZwZ6/tfXmFldW19o7hZ2tre2d0r7x+0jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3H6k2TMkHO0loKPBQspgRbJ10L/qNfrniV/050F8S5KQCOer98mdvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzOanTtGJUwYoVtqVtGiu/pzIsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9jcaME2J5RNHMNHM3YrICGtMrEun5EIIll/+S1pn1eCyetE4r9Ru8jiKcATHcAoBXEEN7qAOTSAwhCd4gVePe8/em/e+aC14+cwh/IL38Q0sRo23</latexit>mQ

<latexit sha1_base64="7bnKxozlO7cuDeN+LZMlCrnb6nM=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrviC6uAjYVFBPOAZAmzszfJkNnZZWZWCEs+wsZCEVu/x86/cZJsoYkHBg7nnMvce4JEcG1c99sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrdTv/WESvNYPppxgn5EB5L3OaPGSq3uvY2GtFeuuFV3BrJMvJxUIEe9V/7qhjFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5utOyEnVglJP1b2SUNm6u+JjEZaj6PAJiNqhnrRm4r/eZ3U9K/9jMskNSjZ/KN+KoiJyfR2EnKFzIixJZQpbnclbEgVZcY2VLIleIsnL5PmWdW7rF48nFdqN3kdRTiCYzgFD66gBndQhwYwGMEzvMKbkzgvzrvzMY8WnHzmEP7A+fwBDH2PXw==</latexit>

⇤

<latexit sha1_base64="VuQTKnZXj0yua3zscpO7OBb0g8s=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSPeqVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94V5XL+kW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/1mWM8w==</latexit>m

“gluon”
“quark”

“squark”
“gluino”

QCD is recovered for ,  
but calculability breaks down

m ≫ Λ

only QCD-like because gluino & squarks  
involved in confining dynamics

Why SUSY QCD? Non-perturbative effects are known!!
superpotential is uniquely fixed

But: can construct chiral Lagrangian from top-down
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•  SYM with  flavors, i.e.  in  representation 
 
 
 
 
 

SU(N) F Qf , Q̄f , f = 1,…, F N, N̄

<latexit sha1_base64="3qucKNzrF9byqcM8/JTrgjT2hbw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHhMwDwgWULvZDYZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+H7mt5+Y0jyWj2aSMD/CoeQhp2is1O4FqLLGtF+uuFV3DrJKvJxUIEe9X/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfjY/d0rOrDIgYaxsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwls/4zJJDZN0sShMBTExmf1OBlwxasTEEqSK21sJHaFCamxCJRuCt/zyKmldVL3r6lXjslK7y+Mowgmcwjl4cAM1eIA6NIHCGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9pjY+c</latexit>

Q̄

<latexit sha1_base64="+0ef0r/4bt1UAyo6rdjaefc0bEw=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSvd4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xriqX9Yty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/AKv1jNc=</latexit>

Q

<latexit sha1_base64="GRiBf+vGZENmpiL37W/tI2sI54Y=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9kVv/BU8OJJKrptoV1KNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XaWlldW19YLG8XNre2d3dLefkPLVBHqE8mlaoVYU84E9Q0znLYSRXEcctoMhzcTv/lElWZSPJpRQoMY9wWLGMHGSv6DX7k76ZbKbtWdAi0SLydlyFHvlr46PUnSmApDONa67bmJCTKsDCOcjoudVNMEkyHu07alAsdUB9n02DE6tkoPRVLZEgZN1d8TGY61HsWh7YyxGeh5byL+57VTE10FGRNJaqggs0VRypGRaPI56jFFieEjSzBRzN6KyAArTIzNp2hD8OZfXiSN06p3UT2/PyvXrvM4CnAIR1ABDy6hBrdQBx8IMHiGV3hzhPPivDsfs9YlJ585gD9wPn8At3CN9Q==</latexit>

SU(N)
<latexit sha1_base64="27xTf/Jm9OJSAKu2MOeD05Vg3EI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoifuGpIIgHDxVNW2hD2Ww37ZLNJuxuhBL6I7x4UMSrv8eb/8Ztm4O2Phh4vDfDzDw/4Uxp2/62CkvLK6trxfXSxubW9k55d6+p4lQS6pKYx7LtY0U5E9TVTHPaTiTFkc9pyw+vJ37riUrFYvGoRwn1IjwQLGAEayO1HtzqzXHvrleu2DV7CrRInJxUIEejV/7q9mOSRlRowrFSHcdOtJdhqRnhdFzqpoommIR4QDuGChxR5WXTc8foyCh9FMTSlNBoqv6eyHCk1CjyTWeE9VDNexPxP6+T6uDSy5hIUk0FmS0KUo50jCa/oz6TlGg+MgQTycytiAyxxESbhEomBGf+5UXSPKk557Wz+9NK/SqPowgHcAhVcOAC6nALDXCBQAjP8ApvVmK9WO/Wx6y1YOUz+/AH1ucP+zqOrA==</latexit>

SU(F )L
<latexit sha1_base64="PJEpR76NbJ5m5GfqO/1wF7qIslo=">AAAB7nicbVDLSsNAFL2pr1pfVZduBotQNyURX7gqCOKyPtIW2lAm00k7dDIJMxOhhH6EGxeKuPV73Pk3TtostPXAhcM593LvPX7MmdK2/W0VlpZXVteK66WNza3tnfLuXlNFiSTUJRGPZNvHinImqKuZ5rQdS4pDn9OWP7rO/NYTlYpF4lGPY+qFeCBYwAjWRmo9uNWb4959r1yxa/YUaJE4OalAjkav/NXtRyQJqdCEY6U6jh1rL8VSM8LppNRNFI0xGeEB7RgqcEiVl07PnaAjo/RREElTQqOp+nsixaFS49A3nSHWQzXvZeJ/XifRwaWXMhEnmgoyWxQkHOkIZb+jPpOUaD42BBPJzK2IDLHERJuESiYEZ/7lRdI8qTnntbO700r9Ko+jCAdwCFVw4ALqcAsNcIHACJ7hFd6s2Hqx3q2PWWvBymf24Q+szx8EYY6y</latexit>

SU(F )R
<latexit sha1_base64="dHtf9Ey/vAB2jqizWc/N73cDOXg=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0nELzwVvHisYNpCG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb2dldW19Y7O0Vd7e2d3brxwctnScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8V3ut5+o0iyWj2aS0EDgoWQRI9jkkl/zzvqVqlt3Z0DLxCtIFQo0+5Wv3iAmqaDSEI617npuYoIMK8MIp9NyL9U0wWSMh7RrqcSC6iCb3TpFp1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQTZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nrINwVt8eZm0zuveVf3y4aLauC3iKMExnEANPLiGBtxDE3wgMIJneIU3RzgvzrvzMW9dcYqZI/gD5/MH506New==</latexit>

U(1)
<latexit sha1_base64="w7bEprSiUQ6USQ8H3pZ40zgtNx4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+IWnghePVdy20C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97da2qZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Hrqtx6p0kyKezNOaBDjgWARI9hYqelXvePeXa9ccWvuDOgv8XJSgRyNXvmz25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gI6v0USSVLWHQTP05keFY63Ec2s4Ym6Fe9Kbif14nNdFlkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5b+keVLzzmtnt6eV+lUeRxEO4BCq4MEF1OEGGuADgQd4ghd4daTz7Lw57/PWgpPP7MMvOB/fP5OOQA==</latexit>

U(1)R

<latexit sha1_base64="5VwSMAker1JsN1zb3O8Flqpg/tY=">AAAB63icbVDJSgNBEK2JW4xb1KOXxiB4CjPihqegF48RzALJEHo6naRJL0N3jxiG/IIXD4p49Ye8+Tf2JHPQ6IOCx3tVVNWLYs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRiWa0AZRXOl2hA3lTNKGZZbTdqwpFhGnrWh8k/mtB6oNU/LeTmIaCjyUbMAItpnUvVaPvXLFr/ozoL8kyEkFctR75c9uX5FEUGkJx8Z0Aj+2YYq1ZYTTaambGBpjMsZD2nFUYkFNmM5unaIjp/TRQGlX0qKZ+nMixcKYiYhcp8B2ZBa9TPzP6yR2cBmmTMaJpZLMFw0SjqxC2eOozzQllk8cwUQzdysiI6wxsS6ekgshWHz5L2meVIPz6tndaaV2lcdRhAM4hGMI4AJqcAt1aACBETzBC7x6wnv23rz3eWvBy2f24Re8j2/vnI4p</latexit>⇤
<latexit sha1_base64="ZKz1dTuzoQYlLNj9XSC9UVG2s4A=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5KIL1wV3bisYB/QhDKZTtqhk5kwMxFr6Je4caGIWz/FnX/jpM1CqwcGDufcw71zwoRRpV33yyotLa+srpXXKxubW9tVe2e3rUQqMWlhwYTshkgRRjlpaaoZ6SaSoDhkpBOOr3O/c0+kooLf6UlCghgNOY0oRtpIfbvqC2Pn6cy/Eg/Tvl1z6+4Mzl/iFaQGBZp9+9MfCJzGhGvMkFI9z010kCGpKWZkWvFTRRKEx2hIeoZyFBMVZLPDp86hUQZOJKR5XDsz9WciQ7FSkzg0kzHSI7Xo5eJ/Xi/V0UWQUZ6kmnA8XxSlzNHCyVtwBlQSrNnEEIQlNbc6eIQkwtp0VTEleItf/kvax3XvrH56e1JrXBZ1lGEfDuAIPDiHBtxAE1qAIYUneIFX69F6tt6s9/loySoye/AL1sc3TqGTgA==</latexit>

⇤ <latexit sha1_base64="IhGPn19hxCO2nnwLlW/SVsgbG8o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIL1wV3LisYB/YlpJJ77ShmcyQZIQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RRWVtfWN4qbpa3tnd298v5BU0eJYthgkYhU26caBZfYMNwIbMcKaegLbPnj28xvPaHSPJIPZhJjL6RDyQPOqLHSYzekZuQHqTftlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxATXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1LqsX9+eV2k1eRxGO4BhOwYMrqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8fki6Q1w==</latexit>

1

<latexit sha1_base64="VWH3Am2iFacA85Ee3UW2GshVpDs=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS3euVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94V5XL+kW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/e3WMtw==</latexit>

1
<latexit sha1_base64="Jd4urBxK+NGBKxKZI47PTk7YC5U=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBC8GHbFF54CXjxGMQ9IljA7mU2GzM4uM71CWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ34zSeujYjVI44S7ke0r0QoGEUrPZx63VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6aXjsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPYzoZIUuWKzRWEqCcZk8jbpCc0ZypEllGlhbyVsQDVlaMMp2hC8+ZcXSeOs4l1WLu7Py9WbPI4CHMIRnIAHV1CFO6hBHRiE8Ayv8OYMnRfn3fmYtS45+cwB/IHz+QPkuozu</latexit>

�1

<latexit sha1_base64="WMn8daia0cK0l2EL4XwdYtxu0F4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIfeCqIBRXUsE+oA1lMp20QyeTODMplJDvcONCEbd+jDv/xmmbhbYeuHA4517uvceLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGoJxF1AzwQzGcEayO5XV9iktTO7tOklvaKJbtsz4CWiZOREmSo94pf3X5I4oAKTThWquPYkXYTLDUjnKaFbqxohMkID2jHUIEDqtxkdnSKTozSR34oTQmNZurviQQHSk0Cz3QGWA/VojcV//M6sfav3YSJKNZUkPkiP+ZIh2iaAOozSYnmE0MwkczcisgQmxy0yalgQnAWX14mzfOyc1m+eKiUqjdZHHk4gmM4BQeuoAp3UIcGEHiCZ3iFN2tsvVjv1se8NWdlM4fwB9bnD4Scke0=</latexit>

F �N

F

<latexit sha1_base64="5VwSMAker1JsN1zb3O8Flqpg/tY=">AAAB63icbVDJSgNBEK2JW4xb1KOXxiB4CjPihqegF48RzALJEHo6naRJL0N3jxiG/IIXD4p49Ye8+Tf2JHPQ6IOCx3tVVNWLYs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRiWa0AZRXOl2hA3lTNKGZZbTdqwpFhGnrWh8k/mtB6oNU/LeTmIaCjyUbMAItpnUvVaPvXLFr/ozoL8kyEkFctR75c9uX5FEUGkJx8Z0Aj+2YYq1ZYTTaambGBpjMsZD2nFUYkFNmM5unaIjp/TRQGlX0qKZ+nMixcKYiYhcp8B2ZBa9TPzP6yR2cBmmTMaJpZLMFw0SjqxC2eOozzQllk8cwUQzdysiI6wxsS6ekgshWHz5L2meVIPz6tndaaV2lcdRhAM4hGMI4AJqcAt1aACBETzBC7x6wnv23rz3eWvBy2f24Re8j2/vnI4p</latexit>⇤
<latexit sha1_base64="ZKz1dTuzoQYlLNj9XSC9UVG2s4A=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5KIL1wV3bisYB/QhDKZTtqhk5kwMxFr6Je4caGIWz/FnX/jpM1CqwcGDufcw71zwoRRpV33yyotLa+srpXXKxubW9tVe2e3rUQqMWlhwYTshkgRRjlpaaoZ6SaSoDhkpBOOr3O/c0+kooLf6UlCghgNOY0oRtpIfbvqC2Pn6cy/Eg/Tvl1z6+4Mzl/iFaQGBZp9+9MfCJzGhGvMkFI9z010kCGpKWZkWvFTRRKEx2hIeoZyFBMVZLPDp86hUQZOJKR5XDsz9WciQ7FSkzg0kzHSI7Xo5eJ/Xi/V0UWQUZ6kmnA8XxSlzNHCyVtwBlQSrNnEEIQlNbc6eIQkwtp0VTEleItf/kvax3XvrH56e1JrXBZ1lGEfDuAIPDiHBtxAE1qAIYUneIFX69F6tt6s9/loySoye/AL1sc3TqGTgA==</latexit>

⇤

<latexit sha1_base64="IhGPn19hxCO2nnwLlW/SVsgbG8o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIL1wV3LisYB/YlpJJ77ShmcyQZIQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RRWVtfWN4qbpa3tnd298v5BU0eJYthgkYhU26caBZfYMNwIbMcKaegLbPnj28xvPaHSPJIPZhJjL6RDyQPOqLHSYzekZuQHqTftlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxATXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1LqsX9+eV2k1eRxGO4BhOwYMrqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8fki6Q1w==</latexit>

1
<latexit sha1_base64="WMn8daia0cK0l2EL4XwdYtxu0F4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIfeCqIBRXUsE+oA1lMp20QyeTODMplJDvcONCEbd+jDv/xmmbhbYeuHA4517uvceLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGoJxF1AzwQzGcEayO5XV9iktTO7tOklvaKJbtsz4CWiZOREmSo94pf3X5I4oAKTThWquPYkXYTLDUjnKaFbqxohMkID2jHUIEDqtxkdnSKTozSR34oTQmNZurviQQHSk0Cz3QGWA/VojcV//M6sfav3YSJKNZUkPkiP+ZIh2iaAOozSYnmE0MwkczcisgQmxy0yalgQnAWX14mzfOyc1m+eKiUqjdZHHk4gmM4BQeuoAp3UIcGEHiCZ3iFN2tsvVjv1se8NWdlM4fwB9bnD4Scke0=</latexit>

F �N

F



SUSY QCD

14

•  SYM with  flavors, i.e.  in  representation 
 
 
 
 
 

SU(N) F Qf , Q̄f , f = 1,…, F N, N̄

• IR degrees of freedom

<latexit sha1_base64="3qucKNzrF9byqcM8/JTrgjT2hbw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHhMwDwgWULvZDYZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+H7mt5+Y0jyWj2aSMD/CoeQhp2is1O4FqLLGtF+uuFV3DrJKvJxUIEe9X/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfjY/d0rOrDIgYaxsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwls/4zJJDZN0sShMBTExmf1OBlwxasTEEqSK21sJHaFCamxCJRuCt/zyKmldVL3r6lXjslK7y+Mowgmcwjl4cAM1eIA6NIHCGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9pjY+c</latexit>

Q̄

<latexit sha1_base64="+0ef0r/4bt1UAyo6rdjaefc0bEw=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSvd4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xriqX9Yty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/AKv1jNc=</latexit>

Q

<latexit sha1_base64="GRiBf+vGZENmpiL37W/tI2sI54Y=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9kVv/BU8OJJKrptoV1KNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XaWlldW19YLG8XNre2d3dLefkPLVBHqE8mlaoVYU84E9Q0znLYSRXEcctoMhzcTv/lElWZSPJpRQoMY9wWLGMHGSv6DX7k76ZbKbtWdAi0SLydlyFHvlr46PUnSmApDONa67bmJCTKsDCOcjoudVNMEkyHu07alAsdUB9n02DE6tkoPRVLZEgZN1d8TGY61HsWh7YyxGeh5byL+57VTE10FGRNJaqggs0VRypGRaPI56jFFieEjSzBRzN6KyAArTIzNp2hD8OZfXiSN06p3UT2/PyvXrvM4CnAIR1ABDy6hBrdQBx8IMHiGV3hzhPPivDsfs9YlJ585gD9wPn8At3CN9Q==</latexit>

SU(N)
<latexit sha1_base64="27xTf/Jm9OJSAKu2MOeD05Vg3EI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoifuGpIIgHDxVNW2hD2Ww37ZLNJuxuhBL6I7x4UMSrv8eb/8Ztm4O2Phh4vDfDzDw/4Uxp2/62CkvLK6trxfXSxubW9k55d6+p4lQS6pKYx7LtY0U5E9TVTHPaTiTFkc9pyw+vJ37riUrFYvGoRwn1IjwQLGAEayO1HtzqzXHvrleu2DV7CrRInJxUIEejV/7q9mOSRlRowrFSHcdOtJdhqRnhdFzqpoommIR4QDuGChxR5WXTc8foyCh9FMTSlNBoqv6eyHCk1CjyTWeE9VDNexPxP6+T6uDSy5hIUk0FmS0KUo50jCa/oz6TlGg+MgQTycytiAyxxESbhEomBGf+5UXSPKk557Wz+9NK/SqPowgHcAhVcOAC6nALDXCBQAjP8ApvVmK9WO/Wx6y1YOUz+/AH1ucP+zqOrA==</latexit>

SU(F )L
<latexit sha1_base64="PJEpR76NbJ5m5GfqO/1wF7qIslo=">AAAB7nicbVDLSsNAFL2pr1pfVZduBotQNyURX7gqCOKyPtIW2lAm00k7dDIJMxOhhH6EGxeKuPV73Pk3TtostPXAhcM593LvPX7MmdK2/W0VlpZXVteK66WNza3tnfLuXlNFiSTUJRGPZNvHinImqKuZ5rQdS4pDn9OWP7rO/NYTlYpF4lGPY+qFeCBYwAjWRmo9uNWb4959r1yxa/YUaJE4OalAjkav/NXtRyQJqdCEY6U6jh1rL8VSM8LppNRNFI0xGeEB7RgqcEiVl07PnaAjo/RREElTQqOp+nsixaFS49A3nSHWQzXvZeJ/XifRwaWXMhEnmgoyWxQkHOkIZb+jPpOUaD42BBPJzK2IDLHERJuESiYEZ/7lRdI8qTnntbO700r9Ko+jCAdwCFVw4ALqcAsNcIHACJ7hFd6s2Hqx3q2PWWvBymf24Q+szx8EYY6y</latexit>

SU(F )R
<latexit sha1_base64="dHtf9Ey/vAB2jqizWc/N73cDOXg=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0nELzwVvHisYNpCG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb2dldW19Y7O0Vd7e2d3brxwctnScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8V3ut5+o0iyWj2aS0EDgoWQRI9jkkl/zzvqVqlt3Z0DLxCtIFQo0+5Wv3iAmqaDSEI617npuYoIMK8MIp9NyL9U0wWSMh7RrqcSC6iCb3TpFp1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQTZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nrINwVt8eZm0zuveVf3y4aLauC3iKMExnEANPLiGBtxDE3wgMIJneIU3RzgvzrvzMW9dcYqZI/gD5/MH506New==</latexit>

U(1)
<latexit sha1_base64="w7bEprSiUQ6USQ8H3pZ40zgtNx4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+IWnghePVdy20C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97da2qZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Hrqtx6p0kyKezNOaBDjgWARI9hYqelXvePeXa9ccWvuDOgv8XJSgRyNXvmz25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gI6v0USSVLWHQTP05keFY63Ec2s4Ym6Fe9Kbif14nNdFlkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5b+keVLzzmtnt6eV+lUeRxEO4BCq4MEF1OEGGuADgQd4ghd4daTz7Lw57/PWgpPP7MMvOB/fP5OOQA==</latexit>

U(1)R

<latexit sha1_base64="5VwSMAker1JsN1zb3O8Flqpg/tY=">AAAB63icbVDJSgNBEK2JW4xb1KOXxiB4CjPihqegF48RzALJEHo6naRJL0N3jxiG/IIXD4p49Ye8+Tf2JHPQ6IOCx3tVVNWLYs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRiWa0AZRXOl2hA3lTNKGZZbTdqwpFhGnrWh8k/mtB6oNU/LeTmIaCjyUbMAItpnUvVaPvXLFr/ozoL8kyEkFctR75c9uX5FEUGkJx8Z0Aj+2YYq1ZYTTaambGBpjMsZD2nFUYkFNmM5unaIjp/TRQGlX0qKZ+nMixcKYiYhcp8B2ZBa9TPzP6yR2cBmmTMaJpZLMFw0SjqxC2eOozzQllk8cwUQzdysiI6wxsS6ekgshWHz5L2meVIPz6tndaaV2lcdRhAM4hGMI4AJqcAt1aACBETzBC7x6wnv23rz3eWvBy2f24Re8j2/vnI4p</latexit>⇤
<latexit sha1_base64="ZKz1dTuzoQYlLNj9XSC9UVG2s4A=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5KIL1wV3bisYB/QhDKZTtqhk5kwMxFr6Je4caGIWz/FnX/jpM1CqwcGDufcw71zwoRRpV33yyotLa+srpXXKxubW9tVe2e3rUQqMWlhwYTshkgRRjlpaaoZ6SaSoDhkpBOOr3O/c0+kooLf6UlCghgNOY0oRtpIfbvqC2Pn6cy/Eg/Tvl1z6+4Mzl/iFaQGBZp9+9MfCJzGhGvMkFI9z010kCGpKWZkWvFTRRKEx2hIeoZyFBMVZLPDp86hUQZOJKR5XDsz9WciQ7FSkzg0kzHSI7Xo5eJ/Xi/V0UWQUZ6kmnA8XxSlzNHCyVtwBlQSrNnEEIQlNbc6eIQkwtp0VTEleItf/kvax3XvrH56e1JrXBZ1lGEfDuAIPDiHBtxAE1qAIYUneIFX69F6tt6s9/loySoye/AL1sc3TqGTgA==</latexit>

⇤ <latexit sha1_base64="IhGPn19hxCO2nnwLlW/SVsgbG8o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIL1wV3LisYB/YlpJJ77ShmcyQZIQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RRWVtfWN4qbpa3tnd298v5BU0eJYthgkYhU26caBZfYMNwIbMcKaegLbPnj28xvPaHSPJIPZhJjL6RDyQPOqLHSYzekZuQHqTftlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxATXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1LqsX9+eV2k1eRxGO4BhOwYMrqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8fki6Q1w==</latexit>

1

<latexit sha1_base64="VWH3Am2iFacA85Ee3UW2GshVpDs=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS3euVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94V5XL+kW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/e3WMtw==</latexit>

1
<latexit sha1_base64="Jd4urBxK+NGBKxKZI47PTk7YC5U=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBC8GHbFF54CXjxGMQ9IljA7mU2GzM4uM71CWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ34zSeujYjVI44S7ke0r0QoGEUrPZx63VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6aXjsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPYzoZIUuWKzRWEqCcZk8jbpCc0ZypEllGlhbyVsQDVlaMMp2hC8+ZcXSeOs4l1WLu7Py9WbPI4CHMIRnIAHV1CFO6hBHRiE8Ayv8OYMnRfn3fmYtS45+cwB/IHz+QPkuozu</latexit>

�1

<latexit sha1_base64="WMn8daia0cK0l2EL4XwdYtxu0F4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIfeCqIBRXUsE+oA1lMp20QyeTODMplJDvcONCEbd+jDv/xmmbhbYeuHA4517uvceLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGoJxF1AzwQzGcEayO5XV9iktTO7tOklvaKJbtsz4CWiZOREmSo94pf3X5I4oAKTThWquPYkXYTLDUjnKaFbqxohMkID2jHUIEDqtxkdnSKTozSR34oTQmNZurviQQHSk0Cz3QGWA/VojcV//M6sfav3YSJKNZUkPkiP+ZIh2iaAOozSYnmE0MwkczcisgQmxy0yalgQnAWX14mzfOyc1m+eKiUqjdZHHk4gmM4BQeuoAp3UIcGEHiCZ3iFN2tsvVjv1se8NWdlM4fwB9bnD4Scke0=</latexit>

F �N

F

<latexit sha1_base64="5VwSMAker1JsN1zb3O8Flqpg/tY=">AAAB63icbVDJSgNBEK2JW4xb1KOXxiB4CjPihqegF48RzALJEHo6naRJL0N3jxiG/IIXD4p49Ye8+Tf2JHPQ6IOCx3tVVNWLYs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRiWa0AZRXOl2hA3lTNKGZZbTdqwpFhGnrWh8k/mtB6oNU/LeTmIaCjyUbMAItpnUvVaPvXLFr/ozoL8kyEkFctR75c9uX5FEUGkJx8Z0Aj+2YYq1ZYTTaambGBpjMsZD2nFUYkFNmM5unaIjp/TRQGlX0qKZ+nMixcKYiYhcp8B2ZBa9TPzP6yR2cBmmTMaJpZLMFw0SjqxC2eOozzQllk8cwUQzdysiI6wxsS6ekgshWHz5L2meVIPz6tndaaV2lcdRhAM4hGMI4AJqcAt1aACBETzBC7x6wnv23rz3eWvBy2f24Re8j2/vnI4p</latexit>⇤
<latexit sha1_base64="ZKz1dTuzoQYlLNj9XSC9UVG2s4A=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5KIL1wV3bisYB/QhDKZTtqhk5kwMxFr6Je4caGIWz/FnX/jpM1CqwcGDufcw71zwoRRpV33yyotLa+srpXXKxubW9tVe2e3rUQqMWlhwYTshkgRRjlpaaoZ6SaSoDhkpBOOr3O/c0+kooLf6UlCghgNOY0oRtpIfbvqC2Pn6cy/Eg/Tvl1z6+4Mzl/iFaQGBZp9+9MfCJzGhGvMkFI9z010kCGpKWZkWvFTRRKEx2hIeoZyFBMVZLPDp86hUQZOJKR5XDsz9WciQ7FSkzg0kzHSI7Xo5eJ/Xi/V0UWQUZ6kmnA8XxSlzNHCyVtwBlQSrNnEEIQlNbc6eIQkwtp0VTEleItf/kvax3XvrH56e1JrXBZ1lGEfDuAIPDiHBtxAE1qAIYUneIFX69F6tt6s9/loySoye/AL1sc3TqGTgA==</latexit>

⇤

<latexit sha1_base64="IhGPn19hxCO2nnwLlW/SVsgbG8o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIL1wV3LisYB/YlpJJ77ShmcyQZIQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RRWVtfWN4qbpa3tnd298v5BU0eJYthgkYhU26caBZfYMNwIbMcKaegLbPnj28xvPaHSPJIPZhJjL6RDyQPOqLHSYzekZuQHqTftlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxATXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1LqsX9+eV2k1eRxGO4BhOwYMrqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8fki6Q1w==</latexit>

1
<latexit sha1_base64="WMn8daia0cK0l2EL4XwdYtxu0F4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIfeCqIBRXUsE+oA1lMp20QyeTODMplJDvcONCEbd+jDv/xmmbhbYeuHA4517uvceLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGoJxF1AzwQzGcEayO5XV9iktTO7tOklvaKJbtsz4CWiZOREmSo94pf3X5I4oAKTThWquPYkXYTLDUjnKaFbqxohMkID2jHUIEDqtxkdnSKTozSR34oTQmNZurviQQHSk0Cz3QGWA/VojcV//M6sfav3YSJKNZUkPkiP+ZIh2iaAOozSYnmE0MwkczcisgQmxy0yalgQnAWX14mzfOyc1m+eKiUqjdZHHk4gmM4BQeuoAp3UIcGEHiCZ3iFN2tsvVjv1se8NWdlM4fwB9bnD4Scke0=</latexit>

F �N

F

mesons
<latexit sha1_base64="6+mNjY4wSulsPbPborWRfEvqWT4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0V0VRLxhSAU3LgRWrAPaGOYTCft0MmDmYlQQpZu/BU3LhRx6ye482+ctllo64F7OZxzLzP3eDFnUlnWtzE3v7C4tFxYKa6urW9smlvbDRklgtA6iXgkWh6WlLOQ1hVTnLZiQXHgcdr0Btcjv/lAhWRReKeGMXUC3AuZzwhWWnLNvVs39ZF/mKEr1PGwSGvZPXZ9VNM91bJrlqyyNQaaJXZOSpCj6ppfnW5EkoCGinAsZdu2YuWkWChGOM2KnUTSGJMB7tG2piEOqHTS8SEZOtBKF/mR0BUqNFZ/b6Q4kHIYeHoywKovp72R+J/XTpR/4aQsjBNFQzJ5yE84UhEapYK6TFCi+FATTATTf0WkjwUmSmdX1CHY0yfPksZx2T4rn9ZOSpXLPI4C7MI+HIEN51CBG6hCHQg8wjO8wpvxZLwY78bHZHTOyHd24A+Mzx/AdJiJ</latexit>

Mff 0 = Q̄a
fQ

a
f 0

for F < N



SUSY QCD

14

•  SYM with  flavors, i.e.  in  representation 
 
 
 
 
 

SU(N) F Qf , Q̄f , f = 1,…, F N, N̄

• IR degrees of freedom

<latexit sha1_base64="3qucKNzrF9byqcM8/JTrgjT2hbw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHhMwDwgWULvZDYZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+H7mt5+Y0jyWj2aSMD/CoeQhp2is1O4FqLLGtF+uuFV3DrJKvJxUIEe9X/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfjY/d0rOrDIgYaxsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwls/4zJJDZN0sShMBTExmf1OBlwxasTEEqSK21sJHaFCamxCJRuCt/zyKmldVL3r6lXjslK7y+Mowgmcwjl4cAM1eIA6NIHCGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9pjY+c</latexit>

Q̄

<latexit sha1_base64="+0ef0r/4bt1UAyo6rdjaefc0bEw=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSvd4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xriqX9Yty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/AKv1jNc=</latexit>

Q

<latexit sha1_base64="GRiBf+vGZENmpiL37W/tI2sI54Y=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9kVv/BU8OJJKrptoV1KNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XaWlldW19YLG8XNre2d3dLefkPLVBHqE8mlaoVYU84E9Q0znLYSRXEcctoMhzcTv/lElWZSPJpRQoMY9wWLGMHGSv6DX7k76ZbKbtWdAi0SLydlyFHvlr46PUnSmApDONa67bmJCTKsDCOcjoudVNMEkyHu07alAsdUB9n02DE6tkoPRVLZEgZN1d8TGY61HsWh7YyxGeh5byL+57VTE10FGRNJaqggs0VRypGRaPI56jFFieEjSzBRzN6KyAArTIzNp2hD8OZfXiSN06p3UT2/PyvXrvM4CnAIR1ABDy6hBrdQBx8IMHiGV3hzhPPivDsfs9YlJ585gD9wPn8At3CN9Q==</latexit>

SU(N)
<latexit sha1_base64="27xTf/Jm9OJSAKu2MOeD05Vg3EI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoifuGpIIgHDxVNW2hD2Ww37ZLNJuxuhBL6I7x4UMSrv8eb/8Ztm4O2Phh4vDfDzDw/4Uxp2/62CkvLK6trxfXSxubW9k55d6+p4lQS6pKYx7LtY0U5E9TVTHPaTiTFkc9pyw+vJ37riUrFYvGoRwn1IjwQLGAEayO1HtzqzXHvrleu2DV7CrRInJxUIEejV/7q9mOSRlRowrFSHcdOtJdhqRnhdFzqpoommIR4QDuGChxR5WXTc8foyCh9FMTSlNBoqv6eyHCk1CjyTWeE9VDNexPxP6+T6uDSy5hIUk0FmS0KUo50jCa/oz6TlGg+MgQTycytiAyxxESbhEomBGf+5UXSPKk557Wz+9NK/SqPowgHcAhVcOAC6nALDXCBQAjP8ApvVmK9WO/Wx6y1YOUz+/AH1ucP+zqOrA==</latexit>

SU(F )L
<latexit sha1_base64="PJEpR76NbJ5m5GfqO/1wF7qIslo=">AAAB7nicbVDLSsNAFL2pr1pfVZduBotQNyURX7gqCOKyPtIW2lAm00k7dDIJMxOhhH6EGxeKuPV73Pk3TtostPXAhcM593LvPX7MmdK2/W0VlpZXVteK66WNza3tnfLuXlNFiSTUJRGPZNvHinImqKuZ5rQdS4pDn9OWP7rO/NYTlYpF4lGPY+qFeCBYwAjWRmo9uNWb4959r1yxa/YUaJE4OalAjkav/NXtRyQJqdCEY6U6jh1rL8VSM8LppNRNFI0xGeEB7RgqcEiVl07PnaAjo/RREElTQqOp+nsixaFS49A3nSHWQzXvZeJ/XifRwaWXMhEnmgoyWxQkHOkIZb+jPpOUaD42BBPJzK2IDLHERJuESiYEZ/7lRdI8qTnntbO700r9Ko+jCAdwCFVw4ALqcAsNcIHACJ7hFd6s2Hqx3q2PWWvBymf24Q+szx8EYY6y</latexit>

SU(F )R
<latexit sha1_base64="dHtf9Ey/vAB2jqizWc/N73cDOXg=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0nELzwVvHisYNpCG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb2dldW19Y7O0Vd7e2d3brxwctnScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8V3ut5+o0iyWj2aS0EDgoWQRI9jkkl/zzvqVqlt3Z0DLxCtIFQo0+5Wv3iAmqaDSEI617npuYoIMK8MIp9NyL9U0wWSMh7RrqcSC6iCb3TpFp1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQTZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nrINwVt8eZm0zuveVf3y4aLauC3iKMExnEANPLiGBtxDE3wgMIJneIU3RzgvzrvzMW9dcYqZI/gD5/MH506New==</latexit>

U(1)
<latexit sha1_base64="w7bEprSiUQ6USQ8H3pZ40zgtNx4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+IWnghePVdy20C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97da2qZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Hrqtx6p0kyKezNOaBDjgWARI9hYqelXvePeXa9ccWvuDOgv8XJSgRyNXvmz25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gI6v0USSVLWHQTP05keFY63Ec2s4Ym6Fe9Kbif14nNdFlkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5b+keVLzzmtnt6eV+lUeRxEO4BCq4MEF1OEGGuADgQd4ghd4daTz7Lw57/PWgpPP7MMvOB/fP5OOQA==</latexit>

U(1)R

<latexit sha1_base64="5VwSMAker1JsN1zb3O8Flqpg/tY=">AAAB63icbVDJSgNBEK2JW4xb1KOXxiB4CjPihqegF48RzALJEHo6naRJL0N3jxiG/IIXD4p49Ye8+Tf2JHPQ6IOCx3tVVNWLYs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRiWa0AZRXOl2hA3lTNKGZZbTdqwpFhGnrWh8k/mtB6oNU/LeTmIaCjyUbMAItpnUvVaPvXLFr/ozoL8kyEkFctR75c9uX5FEUGkJx8Z0Aj+2YYq1ZYTTaambGBpjMsZD2nFUYkFNmM5unaIjp/TRQGlX0qKZ+nMixcKYiYhcp8B2ZBa9TPzP6yR2cBmmTMaJpZLMFw0SjqxC2eOozzQllk8cwUQzdysiI6wxsS6ekgshWHz5L2meVIPz6tndaaV2lcdRhAM4hGMI4AJqcAt1aACBETzBC7x6wnv23rz3eWvBy2f24Re8j2/vnI4p</latexit>⇤
<latexit sha1_base64="ZKz1dTuzoQYlLNj9XSC9UVG2s4A=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5KIL1wV3bisYB/QhDKZTtqhk5kwMxFr6Je4caGIWz/FnX/jpM1CqwcGDufcw71zwoRRpV33yyotLa+srpXXKxubW9tVe2e3rUQqMWlhwYTshkgRRjlpaaoZ6SaSoDhkpBOOr3O/c0+kooLf6UlCghgNOY0oRtpIfbvqC2Pn6cy/Eg/Tvl1z6+4Mzl/iFaQGBZp9+9MfCJzGhGvMkFI9z010kCGpKWZkWvFTRRKEx2hIeoZyFBMVZLPDp86hUQZOJKR5XDsz9WciQ7FSkzg0kzHSI7Xo5eJ/Xi/V0UWQUZ6kmnA8XxSlzNHCyVtwBlQSrNnEEIQlNbc6eIQkwtp0VTEleItf/kvax3XvrH56e1JrXBZ1lGEfDuAIPDiHBtxAE1qAIYUneIFX69F6tt6s9/loySoye/AL1sc3TqGTgA==</latexit>

⇤ <latexit sha1_base64="IhGPn19hxCO2nnwLlW/SVsgbG8o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIL1wV3LisYB/YlpJJ77ShmcyQZIQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RRWVtfWN4qbpa3tnd298v5BU0eJYthgkYhU26caBZfYMNwIbMcKaegLbPnj28xvPaHSPJIPZhJjL6RDyQPOqLHSYzekZuQHqTftlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxATXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1LqsX9+eV2k1eRxGO4BhOwYMrqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8fki6Q1w==</latexit>

1

<latexit sha1_base64="VWH3Am2iFacA85Ee3UW2GshVpDs=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS3euVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94V5XL+kW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/e3WMtw==</latexit>

1
<latexit sha1_base64="Jd4urBxK+NGBKxKZI47PTk7YC5U=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBC8GHbFF54CXjxGMQ9IljA7mU2GzM4uM71CWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ34zSeujYjVI44S7ke0r0QoGEUrPZx63VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6aXjsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPYzoZIUuWKzRWEqCcZk8jbpCc0ZypEllGlhbyVsQDVlaMMp2hC8+ZcXSeOs4l1WLu7Py9WbPI4CHMIRnIAHV1CFO6hBHRiE8Ayv8OYMnRfn3fmYtS45+cwB/IHz+QPkuozu</latexit>

�1

<latexit sha1_base64="WMn8daia0cK0l2EL4XwdYtxu0F4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIfeCqIBRXUsE+oA1lMp20QyeTODMplJDvcONCEbd+jDv/xmmbhbYeuHA4517uvceLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGoJxF1AzwQzGcEayO5XV9iktTO7tOklvaKJbtsz4CWiZOREmSo94pf3X5I4oAKTThWquPYkXYTLDUjnKaFbqxohMkID2jHUIEDqtxkdnSKTozSR34oTQmNZurviQQHSk0Cz3QGWA/VojcV//M6sfav3YSJKNZUkPkiP+ZIh2iaAOozSYnmE0MwkczcisgQmxy0yalgQnAWX14mzfOyc1m+eKiUqjdZHHk4gmM4BQeuoAp3UIcGEHiCZ3iFN2tsvVjv1se8NWdlM4fwB9bnD4Scke0=</latexit>

F �N

F

<latexit sha1_base64="5VwSMAker1JsN1zb3O8Flqpg/tY=">AAAB63icbVDJSgNBEK2JW4xb1KOXxiB4CjPihqegF48RzALJEHo6naRJL0N3jxiG/IIXD4p49Ye8+Tf2JHPQ6IOCx3tVVNWLYs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRiWa0AZRXOl2hA3lTNKGZZbTdqwpFhGnrWh8k/mtB6oNU/LeTmIaCjyUbMAItpnUvVaPvXLFr/ozoL8kyEkFctR75c9uX5FEUGkJx8Z0Aj+2YYq1ZYTTaambGBpjMsZD2nFUYkFNmM5unaIjp/TRQGlX0qKZ+nMixcKYiYhcp8B2ZBa9TPzP6yR2cBmmTMaJpZLMFw0SjqxC2eOozzQllk8cwUQzdysiI6wxsS6ekgshWHz5L2meVIPz6tndaaV2lcdRhAM4hGMI4AJqcAt1aACBETzBC7x6wnv23rz3eWvBy2f24Re8j2/vnI4p</latexit>⇤
<latexit sha1_base64="ZKz1dTuzoQYlLNj9XSC9UVG2s4A=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5KIL1wV3bisYB/QhDKZTtqhk5kwMxFr6Je4caGIWz/FnX/jpM1CqwcGDufcw71zwoRRpV33yyotLa+srpXXKxubW9tVe2e3rUQqMWlhwYTshkgRRjlpaaoZ6SaSoDhkpBOOr3O/c0+kooLf6UlCghgNOY0oRtpIfbvqC2Pn6cy/Eg/Tvl1z6+4Mzl/iFaQGBZp9+9MfCJzGhGvMkFI9z010kCGpKWZkWvFTRRKEx2hIeoZyFBMVZLPDp86hUQZOJKR5XDsz9WciQ7FSkzg0kzHSI7Xo5eJ/Xi/V0UWQUZ6kmnA8XxSlzNHCyVtwBlQSrNnEEIQlNbc6eIQkwtp0VTEleItf/kvax3XvrH56e1JrXBZ1lGEfDuAIPDiHBtxAE1qAIYUneIFX69F6tt6s9/loySoye/AL1sc3TqGTgA==</latexit>

⇤

<latexit sha1_base64="IhGPn19hxCO2nnwLlW/SVsgbG8o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIL1wV3LisYB/YlpJJ77ShmcyQZIQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RRWVtfWN4qbpa3tnd298v5BU0eJYthgkYhU26caBZfYMNwIbMcKaegLbPnj28xvPaHSPJIPZhJjL6RDyQPOqLHSYzekZuQHqTftlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxATXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1LqsX9+eV2k1eRxGO4BhOwYMrqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8fki6Q1w==</latexit>

1
<latexit sha1_base64="WMn8daia0cK0l2EL4XwdYtxu0F4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIfeCqIBRXUsE+oA1lMp20QyeTODMplJDvcONCEbd+jDv/xmmbhbYeuHA4517uvceLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGoJxF1AzwQzGcEayO5XV9iktTO7tOklvaKJbtsz4CWiZOREmSo94pf3X5I4oAKTThWquPYkXYTLDUjnKaFbqxohMkID2jHUIEDqtxkdnSKTozSR34oTQmNZurviQQHSk0Cz3QGWA/VojcV//M6sfav3YSJKNZUkPkiP+ZIh2iaAOozSYnmE0MwkczcisgQmxy0yalgQnAWX14mzfOyc1m+eKiUqjdZHHk4gmM4BQeuoAp3UIcGEHiCZ3iFN2tsvVjv1se8NWdlM4fwB9bnD4Scke0=</latexit>

F �N

F

mesons
<latexit sha1_base64="6+mNjY4wSulsPbPborWRfEvqWT4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0V0VRLxhSAU3LgRWrAPaGOYTCft0MmDmYlQQpZu/BU3LhRx6ye482+ctllo64F7OZxzLzP3eDFnUlnWtzE3v7C4tFxYKa6urW9smlvbDRklgtA6iXgkWh6WlLOQ1hVTnLZiQXHgcdr0Btcjv/lAhWRReKeGMXUC3AuZzwhWWnLNvVs39ZF/mKEr1PGwSGvZPXZ9VNM91bJrlqyyNQaaJXZOSpCj6ppfnW5EkoCGinAsZdu2YuWkWChGOM2KnUTSGJMB7tG2piEOqHTS8SEZOtBKF/mR0BUqNFZ/b6Q4kHIYeHoywKovp72R+J/XTpR/4aQsjBNFQzJ5yE84UhEapYK6TFCi+FATTATTf0WkjwUmSmdX1CHY0yfPksZx2T4rn9ZOSpXLPI4C7MI+HIEN51CBG6hCHQg8wjO8wpvxZLwY78bHZHTOyHd24A+Mzx/AdJiJ</latexit>

Mff 0 = Q̄a
fQ

a
f 0

for F < N

QCD-like minima chiral symmetry breaking 
&  unbrokenU(1)

<latexit sha1_base64="osrnnU538gvod5G5VCKz2L2xbnQ=">AAACIHicbVDLSgMxFM34rPU16tJNsAquyoxIdVl040aoYB/QGUqSSdvQTDIkGaEM/QE/wy9wq1/gTlzq3v8w085CWw9cOJxzL/fegxPOtPG8T2dpeWV1bb20Ud7c2t7Zdff2W1qmitAmkVyqDkaaciZo0zDDaSdRFMWY0zYeXed++4EqzaS4N+OEhjEaCNZnBBkr9dzjgCMx4BTewkDNWJAomRgJgxiZIcaZP+m5Fa/qTQEXiV+QCijQ6LnfQSRJGlNhCEdad30vMWGGlGGE00k5SDVNEBmhAe1aKlBMdZhNv5nAE6tEsC+VLWHgVP09kaFY63GMbWd+oZ73cvFfD2PJo7nlpn8ZZkwkqaGCzHb3Uw7t+3laMGKKEsPHliCimD0fkiFSiBibadnm4s+nsEhaZ1W/Vq3dnVfqV0VCJXAIjsAp8MEFqIMb0ABNQMAjeAYv4NV5ct6cd+dj1rrkFDMH4A+crx9Pc6Nu</latexit>

hMi / 1
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•  SYM with  flavors, i.e.  in  representation 
 
 
 
 
 

SU(N) F Qf , Q̄f , f = 1,…, F N, N̄

• IR degrees of freedom

<latexit sha1_base64="3qucKNzrF9byqcM8/JTrgjT2hbw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHhMwDwgWULvZDYZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+H7mt5+Y0jyWj2aSMD/CoeQhp2is1O4FqLLGtF+uuFV3DrJKvJxUIEe9X/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfjY/d0rOrDIgYaxsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwls/4zJJDZN0sShMBTExmf1OBlwxasTEEqSK21sJHaFCamxCJRuCt/zyKmldVL3r6lXjslK7y+Mowgmcwjl4cAM1eIA6NIHCGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9pjY+c</latexit>

Q̄

<latexit sha1_base64="+0ef0r/4bt1UAyo6rdjaefc0bEw=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSvd4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xriqX9Yty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/AKv1jNc=</latexit>

Q

<latexit sha1_base64="GRiBf+vGZENmpiL37W/tI2sI54Y=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9kVv/BU8OJJKrptoV1KNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XaWlldW19YLG8XNre2d3dLefkPLVBHqE8mlaoVYU84E9Q0znLYSRXEcctoMhzcTv/lElWZSPJpRQoMY9wWLGMHGSv6DX7k76ZbKbtWdAi0SLydlyFHvlr46PUnSmApDONa67bmJCTKsDCOcjoudVNMEkyHu07alAsdUB9n02DE6tkoPRVLZEgZN1d8TGY61HsWh7YyxGeh5byL+57VTE10FGRNJaqggs0VRypGRaPI56jFFieEjSzBRzN6KyAArTIzNp2hD8OZfXiSN06p3UT2/PyvXrvM4CnAIR1ABDy6hBrdQBx8IMHiGV3hzhPPivDsfs9YlJ585gD9wPn8At3CN9Q==</latexit>

SU(N)
<latexit sha1_base64="27xTf/Jm9OJSAKu2MOeD05Vg3EI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoifuGpIIgHDxVNW2hD2Ww37ZLNJuxuhBL6I7x4UMSrv8eb/8Ztm4O2Phh4vDfDzDw/4Uxp2/62CkvLK6trxfXSxubW9k55d6+p4lQS6pKYx7LtY0U5E9TVTHPaTiTFkc9pyw+vJ37riUrFYvGoRwn1IjwQLGAEayO1HtzqzXHvrleu2DV7CrRInJxUIEejV/7q9mOSRlRowrFSHcdOtJdhqRnhdFzqpoommIR4QDuGChxR5WXTc8foyCh9FMTSlNBoqv6eyHCk1CjyTWeE9VDNexPxP6+T6uDSy5hIUk0FmS0KUo50jCa/oz6TlGg+MgQTycytiAyxxESbhEomBGf+5UXSPKk557Wz+9NK/SqPowgHcAhVcOAC6nALDXCBQAjP8ApvVmK9WO/Wx6y1YOUz+/AH1ucP+zqOrA==</latexit>

SU(F )L
<latexit sha1_base64="PJEpR76NbJ5m5GfqO/1wF7qIslo=">AAAB7nicbVDLSsNAFL2pr1pfVZduBotQNyURX7gqCOKyPtIW2lAm00k7dDIJMxOhhH6EGxeKuPV73Pk3TtostPXAhcM593LvPX7MmdK2/W0VlpZXVteK66WNza3tnfLuXlNFiSTUJRGPZNvHinImqKuZ5rQdS4pDn9OWP7rO/NYTlYpF4lGPY+qFeCBYwAjWRmo9uNWb4959r1yxa/YUaJE4OalAjkav/NXtRyQJqdCEY6U6jh1rL8VSM8LppNRNFI0xGeEB7RgqcEiVl07PnaAjo/RREElTQqOp+nsixaFS49A3nSHWQzXvZeJ/XifRwaWXMhEnmgoyWxQkHOkIZb+jPpOUaD42BBPJzK2IDLHERJuESiYEZ/7lRdI8qTnntbO700r9Ko+jCAdwCFVw4ALqcAsNcIHACJ7hFd6s2Hqx3q2PWWvBymf24Q+szx8EYY6y</latexit>

SU(F )R
<latexit sha1_base64="dHtf9Ey/vAB2jqizWc/N73cDOXg=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0nELzwVvHisYNpCG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb2dldW19Y7O0Vd7e2d3brxwctnScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8V3ut5+o0iyWj2aS0EDgoWQRI9jkkl/zzvqVqlt3Z0DLxCtIFQo0+5Wv3iAmqaDSEI617npuYoIMK8MIp9NyL9U0wWSMh7RrqcSC6iCb3TpFp1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQTZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nrINwVt8eZm0zuveVf3y4aLauC3iKMExnEANPLiGBtxDE3wgMIJneIU3RzgvzrvzMW9dcYqZI/gD5/MH506New==</latexit>

U(1)
<latexit sha1_base64="w7bEprSiUQ6USQ8H3pZ40zgtNx4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+IWnghePVdy20C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97da2qZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Hrqtx6p0kyKezNOaBDjgWARI9hYqelXvePeXa9ccWvuDOgv8XJSgRyNXvmz25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gI6v0USSVLWHQTP05keFY63Ec2s4Ym6Fe9Kbif14nNdFlkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5b+keVLzzmtnt6eV+lUeRxEO4BCq4MEF1OEGGuADgQd4ghd4daTz7Lw57/PWgpPP7MMvOB/fP5OOQA==</latexit>

U(1)R

<latexit sha1_base64="5VwSMAker1JsN1zb3O8Flqpg/tY=">AAAB63icbVDJSgNBEK2JW4xb1KOXxiB4CjPihqegF48RzALJEHo6naRJL0N3jxiG/IIXD4p49Ye8+Tf2JHPQ6IOCx3tVVNWLYs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRiWa0AZRXOl2hA3lTNKGZZbTdqwpFhGnrWh8k/mtB6oNU/LeTmIaCjyUbMAItpnUvVaPvXLFr/ozoL8kyEkFctR75c9uX5FEUGkJx8Z0Aj+2YYq1ZYTTaambGBpjMsZD2nFUYkFNmM5unaIjp/TRQGlX0qKZ+nMixcKYiYhcp8B2ZBa9TPzP6yR2cBmmTMaJpZLMFw0SjqxC2eOozzQllk8cwUQzdysiI6wxsS6ekgshWHz5L2meVIPz6tndaaV2lcdRhAM4hGMI4AJqcAt1aACBETzBC7x6wnv23rz3eWvBy2f24Re8j2/vnI4p</latexit>⇤
<latexit sha1_base64="ZKz1dTuzoQYlLNj9XSC9UVG2s4A=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5KIL1wV3bisYB/QhDKZTtqhk5kwMxFr6Je4caGIWz/FnX/jpM1CqwcGDufcw71zwoRRpV33yyotLa+srpXXKxubW9tVe2e3rUQqMWlhwYTshkgRRjlpaaoZ6SaSoDhkpBOOr3O/c0+kooLf6UlCghgNOY0oRtpIfbvqC2Pn6cy/Eg/Tvl1z6+4Mzl/iFaQGBZp9+9MfCJzGhGvMkFI9z010kCGpKWZkWvFTRRKEx2hIeoZyFBMVZLPDp86hUQZOJKR5XDsz9WciQ7FSkzg0kzHSI7Xo5eJ/Xi/V0UWQUZ6kmnA8XxSlzNHCyVtwBlQSrNnEEIQlNbc6eIQkwtp0VTEleItf/kvax3XvrH56e1JrXBZ1lGEfDuAIPDiHBtxAE1qAIYUneIFX69F6tt6s9/loySoye/AL1sc3TqGTgA==</latexit>

⇤ <latexit sha1_base64="IhGPn19hxCO2nnwLlW/SVsgbG8o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIL1wV3LisYB/YlpJJ77ShmcyQZIQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RRWVtfWN4qbpa3tnd298v5BU0eJYthgkYhU26caBZfYMNwIbMcKaegLbPnj28xvPaHSPJIPZhJjL6RDyQPOqLHSYzekZuQHqTftlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxATXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1LqsX9+eV2k1eRxGO4BhOwYMrqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8fki6Q1w==</latexit>

1

<latexit sha1_base64="VWH3Am2iFacA85Ee3UW2GshVpDs=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS3euVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94V5XL+kW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/e3WMtw==</latexit>

1
<latexit sha1_base64="Jd4urBxK+NGBKxKZI47PTk7YC5U=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBC8GHbFF54CXjxGMQ9IljA7mU2GzM4uM71CWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ34zSeujYjVI44S7ke0r0QoGEUrPZx63VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6aXjsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPYzoZIUuWKzRWEqCcZk8jbpCc0ZypEllGlhbyVsQDVlaMMp2hC8+ZcXSeOs4l1WLu7Py9WbPI4CHMIRnIAHV1CFO6hBHRiE8Ayv8OYMnRfn3fmYtS45+cwB/IHz+QPkuozu</latexit>

�1

<latexit sha1_base64="WMn8daia0cK0l2EL4XwdYtxu0F4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIfeCqIBRXUsE+oA1lMp20QyeTODMplJDvcONCEbd+jDv/xmmbhbYeuHA4517uvceLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGoJxF1AzwQzGcEayO5XV9iktTO7tOklvaKJbtsz4CWiZOREmSo94pf3X5I4oAKTThWquPYkXYTLDUjnKaFbqxohMkID2jHUIEDqtxkdnSKTozSR34oTQmNZurviQQHSk0Cz3QGWA/VojcV//M6sfav3YSJKNZUkPkiP+ZIh2iaAOozSYnmE0MwkczcisgQmxy0yalgQnAWX14mzfOyc1m+eKiUqjdZHHk4gmM4BQeuoAp3UIcGEHiCZ3iFN2tsvVjv1se8NWdlM4fwB9bnD4Scke0=</latexit>

F �N

F

<latexit sha1_base64="5VwSMAker1JsN1zb3O8Flqpg/tY=">AAAB63icbVDJSgNBEK2JW4xb1KOXxiB4CjPihqegF48RzALJEHo6naRJL0N3jxiG/IIXD4p49Ye8+Tf2JHPQ6IOCx3tVVNWLYs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRiWa0AZRXOl2hA3lTNKGZZbTdqwpFhGnrWh8k/mtB6oNU/LeTmIaCjyUbMAItpnUvVaPvXLFr/ozoL8kyEkFctR75c9uX5FEUGkJx8Z0Aj+2YYq1ZYTTaambGBpjMsZD2nFUYkFNmM5unaIjp/TRQGlX0qKZ+nMixcKYiYhcp8B2ZBa9TPzP6yR2cBmmTMaJpZLMFw0SjqxC2eOozzQllk8cwUQzdysiI6wxsS6ekgshWHz5L2meVIPz6tndaaV2lcdRhAM4hGMI4AJqcAt1aACBETzBC7x6wnv23rz3eWvBy2f24Re8j2/vnI4p</latexit>⇤
<latexit sha1_base64="ZKz1dTuzoQYlLNj9XSC9UVG2s4A=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5KIL1wV3bisYB/QhDKZTtqhk5kwMxFr6Je4caGIWz/FnX/jpM1CqwcGDufcw71zwoRRpV33yyotLa+srpXXKxubW9tVe2e3rUQqMWlhwYTshkgRRjlpaaoZ6SaSoDhkpBOOr3O/c0+kooLf6UlCghgNOY0oRtpIfbvqC2Pn6cy/Eg/Tvl1z6+4Mzl/iFaQGBZp9+9MfCJzGhGvMkFI9z010kCGpKWZkWvFTRRKEx2hIeoZyFBMVZLPDp86hUQZOJKR5XDsz9WciQ7FSkzg0kzHSI7Xo5eJ/Xi/V0UWQUZ6kmnA8XxSlzNHCyVtwBlQSrNnEEIQlNbc6eIQkwtp0VTEleItf/kvax3XvrH56e1JrXBZ1lGEfDuAIPDiHBtxAE1qAIYUneIFX69F6tt6s9/loySoye/AL1sc3TqGTgA==</latexit>

⇤

<latexit sha1_base64="IhGPn19hxCO2nnwLlW/SVsgbG8o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIL1wV3LisYB/YlpJJ77ShmcyQZIQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RRWVtfWN4qbpa3tnd298v5BU0eJYthgkYhU26caBZfYMNwIbMcKaegLbPnj28xvPaHSPJIPZhJjL6RDyQPOqLHSYzekZuQHqTftlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxATXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1LqsX9+eV2k1eRxGO4BhOwYMrqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8fki6Q1w==</latexit>

1
<latexit sha1_base64="WMn8daia0cK0l2EL4XwdYtxu0F4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIfeCqIBRXUsE+oA1lMp20QyeTODMplJDvcONCEbd+jDv/xmmbhbYeuHA4517uvceLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvdTv3WmErFQvGoJxF1AzwQzGcEayO5XV9iktTO7tOklvaKJbtsz4CWiZOREmSo94pf3X5I4oAKTThWquPYkXYTLDUjnKaFbqxohMkID2jHUIEDqtxkdnSKTozSR34oTQmNZurviQQHSk0Cz3QGWA/VojcV//M6sfav3YSJKNZUkPkiP+ZIh2iaAOozSYnmE0MwkczcisgQmxy0yalgQnAWX14mzfOyc1m+eKiUqjdZHHk4gmM4BQeuoAp3UIcGEHiCZ3iFN2tsvVjv1se8NWdlM4fwB9bnD4Scke0=</latexit>

F �N

F

mesons
<latexit sha1_base64="6+mNjY4wSulsPbPborWRfEvqWT4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0V0VRLxhSAU3LgRWrAPaGOYTCft0MmDmYlQQpZu/BU3LhRx6ye482+ctllo64F7OZxzLzP3eDFnUlnWtzE3v7C4tFxYKa6urW9smlvbDRklgtA6iXgkWh6WlLOQ1hVTnLZiQXHgcdr0Btcjv/lAhWRReKeGMXUC3AuZzwhWWnLNvVs39ZF/mKEr1PGwSGvZPXZ9VNM91bJrlqyyNQaaJXZOSpCj6ppfnW5EkoCGinAsZdu2YuWkWChGOM2KnUTSGJMB7tG2piEOqHTS8SEZOtBKF/mR0BUqNFZ/b6Q4kHIYeHoywKovp72R+J/XTpR/4aQsjBNFQzJ5yE84UhEapYK6TFCi+FATTATTf0WkjwUmSmdX1CHY0yfPksZx2T4rn9ZOSpXLPI4C7MI+HIEN51CBG6hCHQg8wjO8wpvxZLwY78bHZHTOyHd24A+Mzx/AdJiJ</latexit>

Mff 0 = Q̄a
fQ

a
f 0

for F < N

QCD-like minima chiral symmetry breaking 
&  unbrokenU(1)

<latexit sha1_base64="osrnnU538gvod5G5VCKz2L2xbnQ=">AAACIHicbVDLSgMxFM34rPU16tJNsAquyoxIdVl040aoYB/QGUqSSdvQTDIkGaEM/QE/wy9wq1/gTlzq3v8w085CWw9cOJxzL/fegxPOtPG8T2dpeWV1bb20Ud7c2t7Zdff2W1qmitAmkVyqDkaaciZo0zDDaSdRFMWY0zYeXed++4EqzaS4N+OEhjEaCNZnBBkr9dzjgCMx4BTewkDNWJAomRgJgxiZIcaZP+m5Fa/qTQEXiV+QCijQ6LnfQSRJGlNhCEdad30vMWGGlGGE00k5SDVNEBmhAe1aKlBMdZhNv5nAE6tEsC+VLWHgVP09kaFY63GMbWd+oZ73cvFfD2PJo7nlpn8ZZkwkqaGCzHb3Uw7t+3laMGKKEsPHliCimD0fkiFSiBibadnm4s+nsEhaZ1W/Vq3dnVfqV0VCJXAIjsAp8MEFqIMb0ABNQMAjeAYv4NV5ct6cd+dj1rrkFDMH4A+crx9Pc6Nu</latexit>

hMi / 1

pure SUSY QCD has many phases!!



SUSY QCD Phase Diagram
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<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

ADS superpotential 
runaway vacuum

<latexit sha1_base64="oNcj1JTRHTKWGqLkM3gZVruKw4Q=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHiMYh6QLGF20psMmZ1dZmaFsOQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7gkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh+6kV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt0Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AGfZI1p</latexit>

}
Quantum modified constraint
s-confinement

<latexit sha1_base64="oNcj1JTRHTKWGqLkM3gZVruKw4Q=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHiMYh6QLGF20psMmZ1dZmaFsOQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7gkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh+6kV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt0Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AGfZI1p</latexit>

} free magnetic phase

<latexit sha1_base64="oNcj1JTRHTKWGqLkM3gZVruKw4Q=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHiMYh6QLGF20psMmZ1dZmaFsOQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7gkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh+6kV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt0Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AGfZI1p</latexit>

} conformal 

non-abelian  
Coulomb phase

Theory IR free

pure SYM - gaugino condensation
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<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

ADS superpotential 
runaway vacuum

<latexit sha1_base64="oNcj1JTRHTKWGqLkM3gZVruKw4Q=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHiMYh6QLGF20psMmZ1dZmaFsOQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7gkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh+6kV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt0Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AGfZI1p</latexit>

}
Quantum modified constraint
s-confinement

<latexit sha1_base64="oNcj1JTRHTKWGqLkM3gZVruKw4Q=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHiMYh6QLGF20psMmZ1dZmaFsOQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7gkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh+6kV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt0Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AGfZI1p</latexit>

} free magnetic phase

<latexit sha1_base64="oNcj1JTRHTKWGqLkM3gZVruKw4Q=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHiMYh6QLGF20psMmZ1dZmaFsOQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7gkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh+6kV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt0Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AGfZI1p</latexit>

} conformal 

non-abelian  
Coulomb phase

Theory IR free

pure SYM - gaugino condensation
<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

AMSB

QCD-like  
minima

no runaway

QCD-like  
minima 

exist

Murayama ’21 
Csaki et al ‘22



Anomaly-Mediated SUSY Breaking (AMSB)

16

• Anomaly mediation: SUSY breaking effects where scale invariance is broken 
 
 
 

• Generates tree-level scalar potential 
 

• Gluino and squark masses are loop generated 
 
 

Maximilian Ruhdorfer (Cornell)

effects described with chiral compensator (UV insensitive)

<latexit sha1_base64="s8XocZboMGaNxD8+LYpO2Tvuh28=">AAACDnicbVDJSgNBEO1xN26jHr00hoAghJnghiAIXjxGMAtkYujpVJwmPYvdNWoY8gVe/BUvHhTx6tmbf2NnOWj0QcHjvSqq6vmJFBod58uamp6ZnZtfWMwtLa+srtnrG1Udp4pDhccyVnWfaZAiggoKlFBPFLDQl1Dzu2cDv3YLSos4usReAs2QXUeiIzhDI7Xsgodwj9mdwKDv3aSsTb1yIOgJdXephwEguyrRsGXnnaIzBP1L3DHJkzHKLfvTa8c8DSFCLpnWDddJsJkxhYJL6Oe8VEPCeJddQ8PQiIWgm9nwnT4tGKVNO7EyFSEdqj8nMhZq3Qt90xkyDPSkNxD/8xopdo6amYiSFCHio0WdVFKM6SAb2hYKOMqeIYwrYW6lPGCKcTQJ5kwI7uTLf0m1VHQPivsXe/nT43EcC2SLbJMd4pJDckrOSZlUCCcP5Im8kFfr0Xq23qz3UeuUNZ7ZJL9gfXwDlZqbIA==</latexit>

with � = 1 + ✓2m

Pomarol, Rattazzi ‘99

Csaki et al ‘22

Randall, Sundrum ’98 
Giudice, Luty, Murayama, Rattazzi ’98 
Arkani-Hamed, Rattazzi ‘98



Anomaly-Mediated SUSY Breaking (AMSB)
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• Anomaly mediation: SUSY breaking effects where scale invariance is broken 
 
 
 

• Generates tree-level scalar potential 
 

• Gluino and squark masses are loop generated 
 
 

• Similar results by Dine, Draper, Stephenson-Haskins and Xu (2016)  
using soft-breaking via explicit gaugino and squark masses

Maximilian Ruhdorfer (Cornell)

effects described with chiral compensator (UV insensitive)

<latexit sha1_base64="s8XocZboMGaNxD8+LYpO2Tvuh28=">AAACDnicbVDJSgNBEO1xN26jHr00hoAghJnghiAIXjxGMAtkYujpVJwmPYvdNWoY8gVe/BUvHhTx6tmbf2NnOWj0QcHjvSqq6vmJFBod58uamp6ZnZtfWMwtLa+srtnrG1Udp4pDhccyVnWfaZAiggoKlFBPFLDQl1Dzu2cDv3YLSos4usReAs2QXUeiIzhDI7Xsgodwj9mdwKDv3aSsTb1yIOgJdXephwEguyrRsGXnnaIzBP1L3DHJkzHKLfvTa8c8DSFCLpnWDddJsJkxhYJL6Oe8VEPCeJddQ8PQiIWgm9nwnT4tGKVNO7EyFSEdqj8nMhZq3Qt90xkyDPSkNxD/8xopdo6amYiSFCHio0WdVFKM6SAb2hYKOMqeIYwrYW6lPGCKcTQJ5kwI7uTLf0m1VHQPivsXe/nT43EcC2SLbJMd4pJDckrOSZlUCCcP5Im8kFfr0Xq23qz3UeuUNZ7ZJL9gfXwDlZqbIA==</latexit>

with � = 1 + ✓2m

Pomarol, Rattazzi ‘99

Csaki et al ‘22

only reliable for F < N

Randall, Sundrum ’98 
Giudice, Luty, Murayama, Rattazzi ’98 
Arkani-Hamed, Rattazzi ‘98
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Step 1: Find scalar potential 
 
 
 
 

<latexit sha1_base64="40AGVuYNTHwJySOk82PAdYDoWho=">AAACFHicbVDLSsNAFJ3UV62vqBvBzWARKpSSiK9l0Y0ghQr2AU0sk8mkHTrJhJmJUEL9DL/ArX6BO3Hr3g/wP5y2WWjrgQuHc+7l3nu8mFGpLOvLyC0sLi2v5FcLa+sbm1vm9k5T8kRg0sCccdH2kCSMRqShqGKkHQuCQo+Rlje4GvutByIk5dGdGsbEDVEvogHFSGmpa+7dlGplWLt3fNTrEVGGDvO5kvCoaxatijUBnCd2RoogQ71rfjs+x0lIIoUZkrJjW7FyUyQUxYyMCk4iSYzwAPVIR9MIhUS66eSDETzUig8DLnRFCk7U3xMpCqUchp7uDJHqy1lvLP7reR5n/sxyFVy4KY3iRJEIT3cHCYOKw3FC0KeCYMWGmiAsqD4f4j4SCCudY0HnYs+mME+axxX7rHJ6e1KsXmYJ5cE+OAAlYINzUAXXoA4aAINH8AxewKvxZLwZ78bHtDVnZDO74A+Mzx++dZ0l</latexit>

K(M,M†, . . .)

<latexit sha1_base64="+WHmuD8F5KgjFkV9/DbZpZ6ExZ4="></latexit>

Vtree = @iWgij
⇤
@⇤
jW

⇤ +m
⇣
@iWgij

⇤
@⇤
jK � 3W

⌘
+ h.c. +m⇤m

⇣
@iKgij

⇤
@⇤
jK �K

⌘

<latexit sha1_base64="8eK8tQQaCsv7i9IBF2F4jfYruVA=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBHqpsyIVJdFN26ECvYB7VAyaaYNzSRDkhHKUPAL3OoXuBO3/oof4H+YaWehrQcuHM65l3M5QcyZNq775aysrq1vbBa2its7u3v7pYPDlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89iNVmknxYCYx9SM8FCxkBJtMalfuzvqlslt1Z0DLxMtJGXI0+qXv3kCSJKLCEI617npubPwUK8MIp9NiL9E0xmSMh7RrqcAR1X46+3WKTq0yQKFUdoRBM/X3RYojrSdRYDcjbEZ60cvEf70gkHywEG7CKz9lIk4MFWSeHSYcGYmyLtCAKUoMn1iCiWL2fURGWGFibGNF24u32MIyaZ1XvVq1dn9Rrl/nDRXgGE6gAh5cQh1uoQFNIDCCZ3iBV+fJeXPenY/56oqT3xzBHzifP4URlY4=</latexit>

W (M)
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Step 1: Find scalar potential 
 
 
 
 

Step 2: Minimize Scalar potential 
 

<latexit sha1_base64="40AGVuYNTHwJySOk82PAdYDoWho=">AAACFHicbVDLSsNAFJ3UV62vqBvBzWARKpSSiK9l0Y0ghQr2AU0sk8mkHTrJhJmJUEL9DL/ArX6BO3Hr3g/wP5y2WWjrgQuHc+7l3nu8mFGpLOvLyC0sLi2v5FcLa+sbm1vm9k5T8kRg0sCccdH2kCSMRqShqGKkHQuCQo+Rlje4GvutByIk5dGdGsbEDVEvogHFSGmpa+7dlGplWLt3fNTrEVGGDvO5kvCoaxatijUBnCd2RoogQ71rfjs+x0lIIoUZkrJjW7FyUyQUxYyMCk4iSYzwAPVIR9MIhUS66eSDETzUig8DLnRFCk7U3xMpCqUchp7uDJHqy1lvLP7reR5n/sxyFVy4KY3iRJEIT3cHCYOKw3FC0KeCYMWGmiAsqD4f4j4SCCudY0HnYs+mME+axxX7rHJ6e1KsXmYJ5cE+OAAlYINzUAXXoA4aAINH8AxewKvxZLwZ78bHtDVnZDO74A+Mzx++dZ0l</latexit>

K(M,M†, . . .)

<latexit sha1_base64="+WHmuD8F5KgjFkV9/DbZpZ6ExZ4="></latexit>

Vtree = @iWgij
⇤
@⇤
jW

⇤ +m
⇣
@iWgij

⇤
@⇤
jK � 3W

⌘
+ h.c. +m⇤m

⇣
@iKgij

⇤
@⇤
jK �K

⌘

<latexit sha1_base64="8eK8tQQaCsv7i9IBF2F4jfYruVA=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBHqpsyIVJdFN26ECvYB7VAyaaYNzSRDkhHKUPAL3OoXuBO3/oof4H+YaWehrQcuHM65l3M5QcyZNq775aysrq1vbBa2its7u3v7pYPDlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89iNVmknxYCYx9SM8FCxkBJtMalfuzvqlslt1Z0DLxMtJGXI0+qXv3kCSJKLCEI617npubPwUK8MIp9NiL9E0xmSMh7RrqcAR1X46+3WKTq0yQKFUdoRBM/X3RYojrSdRYDcjbEZ60cvEf70gkHywEG7CKz9lIk4MFWSeHSYcGYmyLtCAKUoMn1iCiWL2fURGWGFibGNF24u32MIyaZ1XvVq1dn9Rrl/nDRXgGE6gAh5cQh1uoQFNIDCCZ3iBV+fJeXPenY/56oqT3xzBHzifP4URlY4=</latexit>

W (M)

<latexit sha1_base64="LlK6fG/b6QD8UzBawsww/YNS3W4=">AAACHnicbZDLSgMxFIYz9VbrbdSlm9AiuCozxdtGKbhxI1SwF+iMJUkzbWgmMyQZoQzd+xg+gVt9AnfiVh/A9zDTzkJbfwh8/OcczsmPY86Udpwvq7C0vLK6VlwvbWxube/Yu3stFSWS0CaJeCQ7GCnKmaBNzTSnnVhSFGJO23h0ldXbD1QqFok7PY6pH6KBYAEjSBurZ5c9jsSAU3gDPTmjCxjc16AXIj3EOHUnPbviVJ2p4CK4OVRArkbP/vb6EUlCKjThSKmu68TaT5HUjHA6KXmJojEiIzSgXYMChVT56fQvE3honD4MImme0HDq/p5IUajUOMSmM7tQzdcy898axhHvzy3XwbmfMhEnmgoy2x0kHOoIZlnBPpOUaD42gIhk5nxIhkgiok2iJZOLO5/CIrRqVfe0enJ7XKlf5gkVwQEogyPggjNQB9egAZqAgEfwDF7Aq/VkvVnv1sestWDlM/vgj6zPHzOvoag=</latexit>

hMi = f21
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Step 1: Find scalar potential 
 
 
 
 

Step 2: Minimize Scalar potential 
 

Step 3: Parameterize GBs as 

<latexit sha1_base64="40AGVuYNTHwJySOk82PAdYDoWho=">AAACFHicbVDLSsNAFJ3UV62vqBvBzWARKpSSiK9l0Y0ghQr2AU0sk8mkHTrJhJmJUEL9DL/ArX6BO3Hr3g/wP5y2WWjrgQuHc+7l3nu8mFGpLOvLyC0sLi2v5FcLa+sbm1vm9k5T8kRg0sCccdH2kCSMRqShqGKkHQuCQo+Rlje4GvutByIk5dGdGsbEDVEvogHFSGmpa+7dlGplWLt3fNTrEVGGDvO5kvCoaxatijUBnCd2RoogQ71rfjs+x0lIIoUZkrJjW7FyUyQUxYyMCk4iSYzwAPVIR9MIhUS66eSDETzUig8DLnRFCk7U3xMpCqUchp7uDJHqy1lvLP7reR5n/sxyFVy4KY3iRJEIT3cHCYOKw3FC0KeCYMWGmiAsqD4f4j4SCCudY0HnYs+mME+axxX7rHJ6e1KsXmYJ5cE+OAAlYINzUAXXoA4aAINH8AxewKvxZLwZ78bHtDVnZDO74A+Mzx++dZ0l</latexit>

K(M,M†, . . .)

<latexit sha1_base64="+WHmuD8F5KgjFkV9/DbZpZ6ExZ4="></latexit>

Vtree = @iWgij
⇤
@⇤
jW

⇤ +m
⇣
@iWgij

⇤
@⇤
jK � 3W

⌘
+ h.c. +m⇤m

⇣
@iKgij

⇤
@⇤
jK �K

⌘

<latexit sha1_base64="8eK8tQQaCsv7i9IBF2F4jfYruVA=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBHqpsyIVJdFN26ECvYB7VAyaaYNzSRDkhHKUPAL3OoXuBO3/oof4H+YaWehrQcuHM65l3M5QcyZNq775aysrq1vbBa2its7u3v7pYPDlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsn89iNVmknxYCYx9SM8FCxkBJtMalfuzvqlslt1Z0DLxMtJGXI0+qXv3kCSJKLCEI617npubPwUK8MIp9NiL9E0xmSMh7RrqcAR1X46+3WKTq0yQKFUdoRBM/X3RYojrSdRYDcjbEZ60cvEf70gkHywEG7CKz9lIk4MFWSeHSYcGYmyLtCAKUoMn1iCiWL2fURGWGFibGNF24u32MIyaZ1XvVq1dn9Rrl/nDRXgGE6gAh5cQh1uoQFNIDCCZ3iBV+fJeXPenY/56oqT3xzBHzifP4URlY4=</latexit>

W (M)

<latexit sha1_base64="LlK6fG/b6QD8UzBawsww/YNS3W4=">AAACHnicbZDLSgMxFIYz9VbrbdSlm9AiuCozxdtGKbhxI1SwF+iMJUkzbWgmMyQZoQzd+xg+gVt9AnfiVh/A9zDTzkJbfwh8/OcczsmPY86Udpwvq7C0vLK6VlwvbWxube/Yu3stFSWS0CaJeCQ7GCnKmaBNzTSnnVhSFGJO23h0ldXbD1QqFok7PY6pH6KBYAEjSBurZ5c9jsSAU3gDPTmjCxjc16AXIj3EOHUnPbviVJ2p4CK4OVRArkbP/vb6EUlCKjThSKmu68TaT5HUjHA6KXmJojEiIzSgXYMChVT56fQvE3honD4MImme0HDq/p5IUajUOMSmM7tQzdcy898axhHvzy3XwbmfMhEnmgoy2x0kHOoIZlnBPpOUaD42gIhk5nxIhkgiok2iJZOLO5/CIrRqVfe0enJ7XKlf5gkVwQEogyPggjNQB9egAZqAgEfwDF7Aq/VkvVnv1sestWDlM/vgj6zPHzOvoag=</latexit>

hMi = f21

<latexit sha1_base64="Mao86ghp3pd+0RopOx8OdMRC5rU=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuSlJ8bZSCGzdCBdNW2lgmk0k7dB5hZiKU0KVf4Fa/wJ249UP8AP/DaZuFth64cDjnXs7lhAmj2rjul7OwuLS8slpYK65vbG5tl3Z2G1qmChMfSyZVK0SaMCqIb6hhpJUognjISDMcXI395iNRmkpxZ4YJCTjqCRpTjIyV7m/gBYwfqtDvlspuxZ0AzhMvJ2WQo94tfXciiVNOhMEMad323MQEGVKGYkZGxU6qSYLwAPVI21KBONFBNnl4BA+tEsFYKjvCwIn6+yJDXOshD+0mR6avZ72x+K8XhpJFM+EmPg8yKpLUEIGn2XHKoJFwXAiMqCLYsKElCCtq34e4jxTCxtZWtL14sy3Mk0a14p1WTm6Py7XLvKEC2AcH4Ah44AzUwDWoAx9gwMEzeAGvzpPz5rw7H9PVBSe/2QN/4Hz+AEBnlvs=</latexit>

M = f2U

find chiral Lagrangian
<latexit sha1_base64="2J7RGJpo1b1+tIelLjbrZ5k8i48=">AAACIHicbVDLSgMxFM3UV62vqks3wSrUTZkpUt0Uim7cCBX6gnYsmfROG5p5kGSEMswP+Bl+gVv9AnfiUvf+h5m2C209cOHknHu5uccJOZPKND+NzMrq2vpGdjO3tb2zu5ffP2jJIBIUmjTggeg4RAJnPjQVUxw6oQDiORzazvg69dsPICQL/IaahGB7ZOgzl1GitNTPn7T6cY+OGK43ElzF6Ut4WAmABBdvq+59GTfP+vmCWTKnwMvEmpMCmqPez3/3BgGNPPAV5UTKrmWGyo6JUIxySHK9SEJI6JgMoaupTzyQdjy9JsGnWhlgNxC6fIWn6u+JmHhSTjxHd3pEjeSil4r/eo4T8MHCcuVe2jHzw0iBT2e73YhjFeA0LTxgAqjiE00IFUx/H9MREYQqnWlO52ItprBMWuWSVSlV7s4Ltat5Qll0hI5REVnoAtXQDaqjJqLoET2jF/RqPBlvxrvxMWvNGPOZQ/QHxtcPawGhpg==</latexit>

V�PT = Vtree(M = f2U)
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• IR degrees of freedom parameterized by meson matrix

Maximilian Ruhdorfer (Cornell)

<latexit sha1_base64="6+mNjY4wSulsPbPborWRfEvqWT4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0V0VRLxhSAU3LgRWrAPaGOYTCft0MmDmYlQQpZu/BU3LhRx6ye482+ctllo64F7OZxzLzP3eDFnUlnWtzE3v7C4tFxYKa6urW9smlvbDRklgtA6iXgkWh6WlLOQ1hVTnLZiQXHgcdr0Btcjv/lAhWRReKeGMXUC3AuZzwhWWnLNvVs39ZF/mKEr1PGwSGvZPXZ9VNM91bJrlqyyNQaaJXZOSpCj6ppfnW5EkoCGinAsZdu2YuWkWChGOM2KnUTSGJMB7tG2piEOqHTS8SEZOtBKF/mR0BUqNFZ/b6Q4kHIYeHoywKovp72R+J/XTpR/4aQsjBNFQzJ5yE84UhEapYK6TFCi+FATTATTf0WkjwUmSmdX1CHY0yfPksZx2T4rn9ZOSpXLPI4C7MI+HIEN51CBG6hCHQg8wjO8wpvxZLwY78bHZHTOyHd24A+Mzx/AdJiJ</latexit>

Mff 0 = Q̄a
fQ

a
f 0

 breaks  
chiral symmetry
⟨M⟩ ∝ 1

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N
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18

• IR degrees of freedom parameterized by meson matrix

• Non-perturbative ADS superpotential is generated 
 
 
 
 
 

Maximilian Ruhdorfer (Cornell)

<latexit sha1_base64="6+mNjY4wSulsPbPborWRfEvqWT4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0V0VRLxhSAU3LgRWrAPaGOYTCft0MmDmYlQQpZu/BU3LhRx6ye482+ctllo64F7OZxzLzP3eDFnUlnWtzE3v7C4tFxYKa6urW9smlvbDRklgtA6iXgkWh6WlLOQ1hVTnLZiQXHgcdr0Btcjv/lAhWRReKeGMXUC3AuZzwhWWnLNvVs39ZF/mKEr1PGwSGvZPXZ9VNM91bJrlqyyNQaaJXZOSpCj6ppfnW5EkoCGinAsZdu2YuWkWChGOM2KnUTSGJMB7tG2piEOqHTS8SEZOtBKF/mR0BUqNFZ/b6Q4kHIYeHoywKovp72R+J/XTpR/4aQsjBNFQzJ5yE84UhEapYK6TFCi+FATTATTf0WkjwUmSmdX1CHY0yfPksZx2T4rn9ZOSpXLPI4C7MI+HIEN51CBG6hCHQg8wjO8wpvxZLwY78bHZHTOyHd24A+Mzx/AdJiJ</latexit>

Mff 0 = Q̄a
fQ

a
f 0

 breaks  
chiral symmetry
⟨M⟩ ∝ 1

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N
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• IR degrees of freedom parameterized by meson matrix

• Non-perturbative ADS superpotential is generated 
 
 
 
 
 

Maximilian Ruhdorfer (Cornell)

<latexit sha1_base64="6+mNjY4wSulsPbPborWRfEvqWT4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0V0VRLxhSAU3LgRWrAPaGOYTCft0MmDmYlQQpZu/BU3LhRx6ye482+ctllo64F7OZxzLzP3eDFnUlnWtzE3v7C4tFxYKa6urW9smlvbDRklgtA6iXgkWh6WlLOQ1hVTnLZiQXHgcdr0Btcjv/lAhWRReKeGMXUC3AuZzwhWWnLNvVs39ZF/mKEr1PGwSGvZPXZ9VNM91bJrlqyyNQaaJXZOSpCj6ppfnW5EkoCGinAsZdu2YuWkWChGOM2KnUTSGJMB7tG2piEOqHTS8SEZOtBKF/mR0BUqNFZ/b6Q4kHIYeHoywKovp72R+J/XTpR/4aQsjBNFQzJ5yE84UhEapYK6TFCi+FATTATTf0WkjwUmSmdX1CHY0yfPksZx2T4rn9ZOSpXLPI4C7MI+HIEN51CBG6hCHQg8wjO8wpvxZLwY78bHZHTOyHd24A+Mzx/AdJiJ</latexit>

Mff 0 = Q̄a
fQ

a
f 0

add mass term to  
mimick QCDholomorphic scale  with Λb0 = μb0e2πiτ τ = 4πi

g2 + θ
2π

 breaks  
chiral symmetry
⟨M⟩ ∝ 1

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N
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• IR degrees of freedom parameterized by meson matrix

• Non-perturbative ADS superpotential is generated 
 
 
 
 
 

• AMSB stabilizes chiral symmetry breaking minimum

Maximilian Ruhdorfer (Cornell)

<latexit sha1_base64="6+mNjY4wSulsPbPborWRfEvqWT4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0V0VRLxhSAU3LgRWrAPaGOYTCft0MmDmYlQQpZu/BU3LhRx6ye482+ctllo64F7OZxzLzP3eDFnUlnWtzE3v7C4tFxYKa6urW9smlvbDRklgtA6iXgkWh6WlLOQ1hVTnLZiQXHgcdr0Btcjv/lAhWRReKeGMXUC3AuZzwhWWnLNvVs39ZF/mKEr1PGwSGvZPXZ9VNM91bJrlqyyNQaaJXZOSpCj6ppfnW5EkoCGinAsZdu2YuWkWChGOM2KnUTSGJMB7tG2piEOqHTS8SEZOtBKF/mR0BUqNFZ/b6Q4kHIYeHoywKovp72R+J/XTpR/4aQsjBNFQzJ5yE84UhEapYK6TFCi+FATTATTf0WkjwUmSmdX1CHY0yfPksZx2T4rn9ZOSpXLPI4C7MI+HIEN51CBG6hCHQg8wjO8wpvxZLwY78bHZHTOyHd24A+Mzx/AdJiJ</latexit>

Mff 0 = Q̄a
fQ

a
f 0

add mass term to  
mimick QCDholomorphic scale  with Λb0 = μb0e2πiτ τ = 4πi

g2 + θ
2π

 breaks  
chiral symmetry
⟨M⟩ ∝ 1

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

<latexit sha1_base64="PRZjM0XwIFFiHzIOMlT34v2/wtY=">AAACHnicbZDLSgMxFIYz9VbrbdSlm9AiuCozxRuCUHDjRqhgL9AZS5Jm2tBMZkgyQhm69zF8Arf6BO7ErT6A72GmnYW2/hD4+M85nJMfx5wp7ThfVmFpeWV1rbhe2tjc2t6xd/daKkokoU0S8Uh2MFKUM0GbmmlOO7GkKMSctvHoKqu3H6hULBJ3ehxTP0QDwQJGkDZWzy57HIkBp/AGenJGlzC4r0EvRHqIcepOenbFqTpTwUVwc6iAXI2e/e31I5KEVGjCkVJd14m1nyKpGeF0UvISRWNERmhAuwYFCqny0+lfJvDQOH0YRNI8oeHU/T2RolCpcYhNZ3ahmq9l5r81jCPen1uug3M/ZSJONBVktjtIONQRzLKCfSYp0XxsABHJzPmQDJFERJtESyYXdz6FRWjVqu5p9eT2uFK/yBMqggNQBkfABWegDq5BAzQBAY/gGbyAV+vJerPerY9Za8HKZ/bBH1mfPzJ7oaQ=</latexit>

hMi = f21with

<latexit sha1_base64="Ct9XPxatRvXryXM9hpBdgwbfAQc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cEzAOSJcxOepMxs7PLzKwQlnyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqredfWqcVmpuXkcRTiBUzgHD26gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwByMeM4g==</latexit>

f

Murayama ‘21
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• Parameterize GBs as fluctuations around minimum

Maximilian Ruhdorfer (Cornell)

<latexit sha1_base64="9aUvaOkqGM8/+/Ar1ff0wd8GZls=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqiRFqhuh6MaNUMG0hTaWyWTSDp1kwsxEKG3XfoFb/QJ34tbv8AP8D6dtFtp64MLhnHs5l+MnnClt219WbmV1bX0jv1nY2t7Z3SvuHzSUSCWhLhFcyJaPFeUspq5mmtNWIimOfE6b/uB66jcfqVRMxPd6mFAvwr2YhYxgbaT2LbpE43D8UEFut1iyy/YMaJk4GSlBhnq3+N0JBEkjGmvCsVJtx060N8JSM8LppNBJFU0wGeAebRsa44gqbzR7eYJOjBKgUEgzsUYz9ffFCEdKDSPfbEZY99WiNxX/9Xxf8GAhXIcX3ojFSappTObZYcqRFmhaCQqYpETzoSGYSGbeR6SPJSbaFFcwvTiLLSyTRqXsVMvVu7NS7SprKA9HcAyn4MA51OAG6uACAQHP8AKv1pP1Zr1bH/PVnJXdHMIfWJ8/HTWYDA==</latexit>

M = |f |2U

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N
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• Parameterize GBs as fluctuations around minimum

• Chiral Lagrangian

Maximilian Ruhdorfer (Cornell)

<latexit sha1_base64="9aUvaOkqGM8/+/Ar1ff0wd8GZls=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqiRFqhuh6MaNUMG0hTaWyWTSDp1kwsxEKG3XfoFb/QJ34tbv8AP8D6dtFtp64MLhnHs5l+MnnClt219WbmV1bX0jv1nY2t7Z3SvuHzSUSCWhLhFcyJaPFeUspq5mmtNWIimOfE6b/uB66jcfqVRMxPd6mFAvwr2YhYxgbaT2LbpE43D8UEFut1iyy/YMaJk4GSlBhnq3+N0JBEkjGmvCsVJtx060N8JSM8LppNBJFU0wGeAebRsa44gqbzR7eYJOjBKgUEgzsUYz9ffFCEdKDSPfbEZY99WiNxX/9Xxf8GAhXIcX3ojFSappTObZYcqRFmhaCQqYpETzoSGYSGbeR6SPJSbaFFcwvTiLLSyTRqXsVMvVu7NS7SprKA9HcAyn4MA51OAG6uACAQHP8AKv1pP1Zr1bH/PVnJXdHMIfWJ8/HTWYDA==</latexit>

M = |f |2U

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N
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• Parameterize GBs as fluctuations around minimum

• Chiral Lagrangian

Maximilian Ruhdorfer (Cornell)

complex root of   and  Λ3N−F = |Λ |3N−F eiθ det U = eiFη′ 

get branch-like structure

 instead of  branchesN − F N

<latexit sha1_base64="9aUvaOkqGM8/+/Ar1ff0wd8GZls=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqiRFqhuh6MaNUMG0hTaWyWTSDp1kwsxEKG3XfoFb/QJ34tbv8AP8D6dtFtp64MLhnHs5l+MnnClt219WbmV1bX0jv1nY2t7Z3SvuHzSUSCWhLhFcyJaPFeUspq5mmtNWIimOfE6b/uB66jcfqVRMxPd6mFAvwr2YhYxgbaT2LbpE43D8UEFut1iyy/YMaJk4GSlBhnq3+N0JBEkjGmvCsVJtx060N8JSM8LppNBJFU0wGeAebRsa44gqbzR7eYJOjBKgUEgzsUYz9ffFCEdKDSPfbEZY99WiNxX/9Xxf8GAhXIcX3ojFSappTObZYcqRFmhaCQqYpETzoSGYSGbeR6SPJSbaFFcwvTiLLSyTRqXsVMvVu7NS7SprKA9HcAyn4MA51OAG6uACAQHP8AKv1pP1Zr1bH/PVnJXdHMIfWJ8/HTWYDA==</latexit>

M = |f |2U

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

not an instanton effect but gluino condensation  
in unbroken SU(N − F)
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• For  the  mass is constant 
 
 
 
 
 

F/N = fixed η′ 

Maximilian Ruhdorfer (Cornell)

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N
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• For  the  mass is constant 
 
 
 
 
 

F/N = fixed η′ 

Maximilian Ruhdorfer (Cornell)

 for m2
η′ 

∝ F/N F/N ≪ 1 diverges for , description breaks downx → 1

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N
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F/N = fixed η′ 

•   and not   as in QCD mη′ ∝ m mη′ ∝ Λ

Maximilian Ruhdorfer (Cornell)

 for m2
η′ 

∝ F/N F/N ≪ 1 diverges for , description breaks downx → 1

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

  results in  , i.e. potential becomes flatm → 0 f → ∞
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F/N = fixed η′ 

•   and not   as in QCD mη′ ∝ m mη′ ∝ Λ

Maximilian Ruhdorfer (Cornell)

 for m2
η′ 

∝ F/N F/N ≪ 1 diverges for , description breaks downx → 1

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

  results in  , i.e. potential becomes flatm → 0 f → ∞

non-anomalous  spontaneously brokenU(1)R
<latexit sha1_base64="mhw2mWHMr6ln+Vhbb1LdYffhmHk=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHgREjAPSJYwO9ubDJndWWZmhRDyBV71C7yJVz/GD/A/nCR70GhBQ1HVTTUVpIJr47qfTmFldW19o7hZ2tre2d0r7x+0tMwUwyaTQqpOQDUKnmDTcCOwkyqkcSCwHYxuZ377EZXmMnkw4xT9mA4SHnFGjZUa9/1yxa26c5C/xMtJBXLU++WvXihZFmNimKBadz03Nf6EKsOZwGmpl2lMKRvRAXYtTWiM2p/MH52SE6uEJJLKTmLIXP15MaGx1uM4sJsxNUO97M3Ef70gkCJcCjfRtT/hSZoZTNgiO8oEMZLMiiAhV8iMGFtCmeL2fcKGVFFmbF0l24u33MJf0jqrepfVi8Z5pXaTN1SEIziGU/DgCmpwB3VoAgOEJ3iGF2fqvDpvzvtiteDkN4fwC87HNwajlL8=</latexit>

M
<latexit sha1_base64="U5p975IyE6hkGDjX8J+dhuC9La8=">AAACA3icbVDLSgMxFM3UV62vqks3wSK4KjPiC1cFNy5cVLAPaceSZDJtaB5DkhHK0KVf4Fa/wJ249UP8AP/DtJ2FVg9cOJxzLvdycMKZsb7/6RUWFpeWV4qrpbX1jc2t8vZO06hUE9ogiivdxshQziRtWGY5bSeaIoE5beHh5cRvPVBtmJK3dpTQUKC+ZDEjyDrprnvtohG6x71yxa/6U8C/JMhJBeSo98pf3UiRVFBpCUfGdAI/sWGGtGWE03GpmxqaIDJEfdpxVCJBTZhNHx7DA6dEMFbajbRwqv7cyJAwZiSwSwpkB2bem4j/ehgrHs0dt/F5mDGZpJZKMrsdpxxaBSeFwIhpSiwfOYKIZu59SAZII2JdbSXXSzDfwl/SPKoGp9WTm+NK7SJvqAj2wD44BAE4AzVwBeqgAQgQ4Ak8gxfv0Xv13rz3WbTg5Tu74Be8j28ajJgf</latexit>

⇤b

<latexit sha1_base64="CNft/2bj8PzWaIViWTzCLxxTxrY=">AAACAHicbVDLSsNAFL2pr1pfVZduBotQNyURX7iquHFZwbSFNpTJZNKOnWTCzEQooRu/wK1+gTtx65/4Af6H0zYLbT1w4XDOvZzL8RPOlLbtL6uwtLyyulZcL21sbm3vlHf3mkqkklCXCC5k28eKchZTVzPNaTuRFEc+py1/eDPxW49UKibiez1KqBfhfsxCRrA2UtOtOse96165YtfsKdAicXJSgRyNXvm7GwiSRjTWhGOlOo6daC/DUjPC6bjUTRVNMBniPu0YGuOIKi+bfjtGR0YJUCikmVijqfr7IsORUqPIN5sR1gM1703Efz3fFzyYC9fhpZexOEk1jcksO0w50gJN2kABk5RoPjIEE8nM+4gMsMREm85KphdnvoVF0jypOee1s7vTSv0qb6gIB3AIVXDgAupwCw1wgcADPMMLvFpP1pv1bn3MVgtWfrMPf2B9/gCc+5Yb</latexit>

U(1)A
<latexit sha1_base64="reTtu0eCVoYXLqL41/ClOpJ/XHM=">AAACAHicbVDLSsNAFL2pr1pfVZduBotQNyURX7gquHFZxbSFNpTJZNKOnWTCzEQooRu/wK1+gTtx65/4Af6H0zYLbT1w4XDOvZzL8RPOlLbtL6uwtLyyulZcL21sbm3vlHf3mkqkklCXCC5k28eKchZTVzPNaTuRFEc+py1/eD3xW49UKibiez1KqBfhfsxCRrA2UtOtOse9u165YtfsKdAicXJSgRyNXvm7GwiSRjTWhGOlOo6daC/DUjPC6bjUTRVNMBniPu0YGuOIKi+bfjtGR0YJUCikmVijqfr7IsORUqPIN5sR1gM1703Efz3fFzyYC9fhpZexOEk1jcksO0w50gJN2kABk5RoPjIEE8nM+4gMsMREm85KphdnvoVF0jypOee1s9vTSv0qb6gIB3AIVXDgAupwAw1wgcADPMMLvFpP1pv1bn3MVgtWfrMPf2B9/gC4ApYs</latexit>

U(1)R
<latexit sha1_base64="cCRvdFsPluV3CEpgbH9MiTDEcsw=">AAAB+3icbVDLSgNBEOz1GeMr6tHLYhA8hd3gC08BLx4TMA9IljA725sMmZ1ZZmaFEPIFXvULvIlXP8YP8D+cJHvQxIKGoqqbaipMOdPG876ctfWNza3twk5xd2//4LB0dNzSMlMUm1RyqToh0ciZwKZhhmMnVUiSkGM7HN3P/PYTKs2keDTjFIOEDASLGSXGSo1qv1T2Kt4c7irxc1KGHPV+6bsXSZolKAzlROuu76UmmBBlGOU4LfYyjSmhIzLArqWCJKiDyfzRqXtulciNpbIjjDtXf19MSKL1OAntZkLMUC97M/FfLwwlj5bCTXwbTJhIM4OCLrLjjLtGurMi3IgppIaPLSFUMfu+S4dEEWpsXUXbi7/cwippVSv+deWqcVmu3eUNFeAUzuACfLiBGjxAHZpAAeEZXuDVmTpvzrvzsVhdc/KbE/gD5/MH26eUpA==</latexit>

2
<latexit sha1_base64="SQT6IETq0MIYjrzeXIGK142rUMs=">AAAB/HicbVDLSgMxFL3js9ZX1aWbYBFclZniC1cFQVxWsQ9oh5LJZNrQTDIkGaEM9Qvc6he4E7f+ix/gf5i2s9DWAxcO59zLuZwg4Uwb1/1ylpZXVtfWCxvFza3tnd3S3n5Ty1QR2iCSS9UOsKacCdowzHDaThTFccBpKxheT/zWI1WaSfFgRgn1Y9wXLGIEGyvdV296pbJbcadAi8TLSRly1Hul724oSRpTYQjHWnc8NzF+hpVhhNNxsZtqmmAyxH3asVTgmGo/m346RsdWCVEklR1h0FT9fZHhWOtRHNjNGJuBnvcm4r9eEEgezoWb6NLPmEhSQwWZZUcpR0aiSRMoZIoSw0eWYKKYfR+RAVaYGNtX0fbizbewSJrVindeObs7Ldeu8oYKcAhHcAIeXEANbqEODSAQwTO8wKvz5Lw5787HbHXJyW8O4A+czx9wKZT0</latexit>

2F
<latexit sha1_base64="ef5sl9VDTB6SaCKMRzBTU/x0/Og=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHhMwDwgWcLsbG8yZHZnmZkVQsgXeNUv8CZe/Rg/wP9wkuxBEwsaiqpuqqkgFVwb1/1yCmvrG5tbxe3Szu7e/kH58KilZaYYNpkUUnUCqlHwBJuGG4GdVCGNA4HtYHQ/89tPqDSXyaMZp+jHdJDwiDNqrNRw++WKW3XnIKvEy0kFctT75e9eKFkWY2KYoFp3PTc1/oQqw5nAaamXaUwpG9EBdi1NaIzan8wfnZIzq4QkkspOYshc/X0xobHW4ziwmzE1Q73szcR/vSCQIlwKN9GtP+FJmhlM2CI7ygQxksyKICFXyIwYW0KZ4vZ9woZUUWZsXSXbi7fcwippXVS96+pV47JSu8sbKsIJnMI5eHADNXiAOjSBAcIzvMCrM3XenHfnY7FacPKbY/gD5/MH2HmUog==</latexit>

0

<latexit sha1_base64="ePb0VU2Q4DYlYLF6YM6FgTM75Zg=">AAACDXicbZDLSsNAFIYnXmu9pbp0M1iEurAkxRuuCkJxJRXsBdpQJtNJO3QyE2YmSgl5Bp/ArT6BO3HrM/gAvofTNgtt/eHAz3/O4Rw+P2JUacf5spaWV1bX1nMb+c2t7Z1du7DXVCKWmDSwYEK2faQIo5w0NNWMtCNJUOgz0vJH15N+64FIRQW/1+OIeCEacBpQjLSJenahqwOJcFIp1U5uj9OklvbsolN2poKLxs1MEWSq9+zvbl/gOCRcY4aU6rhOpL0ESU0xI2m+GysSITxCA9IxlqOQKC+Zvp7CI5P0YSCkKa7hNP29kaBQqXHom8kQ6aGa703Cf3u+L1h/7rgOLr2E8ijWhOPZ7SBmUAs4QQP7VBKs2dgYhCU170M8RIaONgDzhos7T2HRNCtl97x8dndarF5lhHLgAByCEnDBBaiCG1AHDYDBI3gGL+DVerLerHfrYza6ZGU7++CPrM8f6IObKQ==</latexit>

2(F�N)
F massless as long as   

not explicitly broken
η′ U(1)R



F<N SUSY QCD: F=N-1

21

• : no branches and trivially -periodicF = N − 1 2π

Maximilian Ruhdorfer (Cornell)

Instanton effect!

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N



 Potential SUSY QCDη′ 
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•  has  branches 
 
 

•  and  do not have branches 
 

•  has  branches

F < N N − F

F = N F = N + 1

F > N + 1 (F − N)

Maximilian Ruhdorfer (Cornell)

consistent with an instanton effect

from gluino condensation in the dual  theorySU(F − N)

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR

from gluino condensation in unbroken  SU(N − F)

 has no branches and is an instanton effectF = N − 1



Spontaneous CP breaking at θ̄ = π

23

• Gaiotto, Komargodski and Seiberg argued using large N and anomalies that 
at  CP might be spontaneously broken in QCD, depending on  and θ̄ = π F mQ

Maximilian Ruhdorfer (Cornell)

see also Di Vecchia, Rossi, Veneziano, Yankielowicz ‘17



Spontaneous CP breaking at θ̄ = π

23

• Gaiotto, Komargodski and Seiberg argued using large N and anomalies that 
at  CP might be spontaneously broken in QCD, depending on  and θ̄ = π F mQ

•  there is a critical value for the quark masses  with 
 
 
 
 

F = 1 : mQ,0 ∼ Λ/N

Maximilian Ruhdorfer (Cornell)

‣           there is a unique CP conserving vacuum 

‣             is exactly massless 

‣           2 degenerate vacua and CP is spontaneously broken

mQ < mQ,0

mQ = mQ,0 η′ 

mQ > mQ,0

see also Di Vecchia, Rossi, Veneziano, Yankielowicz ‘17



Spontaneous CP breaking at θ̄ = π

23

• Gaiotto, Komargodski and Seiberg argued using large N and anomalies that 
at  CP might be spontaneously broken in QCD, depending on  and θ̄ = π F mQ

•  there is a critical value for the quark masses  with 
 
 
 
 

F = 1 : mQ,0 ∼ Λ/N

Maximilian Ruhdorfer (Cornell)

‣           there is a unique CP conserving vacuum 

‣             is exactly massless 

‣           2 degenerate vacua and CP is spontaneously broken

mQ < mQ,0

mQ = mQ,0 η′ 

mQ > mQ,0

We can see this explicitly in our results!

see also Di Vecchia, Rossi, Veneziano, Yankielowicz ‘17



Spontaneous CP breaking at θ̄ = π

24

• :  need minimization for arbitrary F = 1 mQ, m ≪ Λ
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Spontaneous CP breaking at θ̄ = π

24

• :  need minimization for arbitrary F = 1 mQ, m ≪ Λ
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•  we consider  as an exampleF > 1 : N = 3, F = 2

Csaki, MR, Youn in progress
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CP

 symmetric masses   
always break CP spontaneously
SU(F)D m1 = m2

 critical point for lighter flavormi ≫ mj

massless mode at cross-over

Same structure as in large N QCD
Di Vecchia, Rossi, Veneziano, Yankielowicz ‘17



Lessons from SUSY
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•  potential has in general a branched structure with  branches 
 

• For  we find a single branch 
 

•  mass vanishes for  and is constant for  

• SUSY QCD predicts spontaneous CP breaking at  in accordance 
with QCD

η′ |N − F |

F = N − 1, N, N + 1

η′ F ≪ N F/N = fixed

θ̄ = π

Maximilian Ruhdorfer (Cornell)

originates from confinement dynamics and not instantons

consistent with being an instanton effect

Which scenario is closest to ordinary QCD?

Gaiotto, Komargodski and Seiberg ’17 
Di Vecchia, Rossi, Veneziano, Yankielowicz ‘17
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Pion Potential
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• Potential for neutral GBs

if one , can absorb  into pion VEVsmi = 0 θ̄

if all , need extra DOF to eliminate :mi ≠ 0 θ̄
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axion

anomaly coefficient

Maximilian Ruhdorfer (Cornell)

 generators of 
Cartan sub-algebra
F − 1quark masses



Axion Potential
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• Chiral non-linearly realized  with axion  under which 
 
 
 

• Full potential 
 
 
 
 
 

• Integrating out  gives standard potential

U(1)PQ a

η′ 
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invariant combination
<latexit sha1_base64="DupcgAnNn8zV7/+8WEPwkrCCbVw=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARBbHMiK+VFARxWcE+oDOUTJq2oZnMkNwRytiFv+LGhSJu/Q13/o1pOwttPXDh5Jx7yb0niAXX4DjfVm5ufmFxKb9cWFldW9+wN7dqOkoUZVUaiUg1AqKZ4JJVgYNgjVgxEgaC1YP+9civPzCleSTvYRAzPyRdyTucEjBSy97xoMeA4CMsMcHH+AZ75nnQsotOyRkDzxI3I0WUodKyv7x2RJOQSaCCaN10nRj8lCjgVLBhwUs0iwntky5rGipJyLSfjvcf4n2jtHEnUqYk4LH6eyIlodaDMDCdIYGenvZG4n9eM4HOpZ9yGSfAJJ181EkEhgiPwsBtrhgFMTCEUMXNrpj2iCIUTGQFE4I7ffIsqZ2U3PPS2d1psXyVxZFHu2gPHSIXXaAyukUVVEUUPaJn9IrerCfrxXq3PiatOSub2UZ/YH3+AJ5wk+k=</latexit>

✓ + na� F⌘0

axion potential is not generated by IR instantons!

But there can be additional contributions from small instantons!
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Axion Mass
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• Easy to obtain axion mass for general  

• Integrate out pions to leading order in      instead of diagonalizing mass matrix 
 
 

• Axion mass

F
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only need to solve linear equations

in terms of pion mass

F = 2 :

Maximilian Ruhdorfer (Cornell)



F<N SUSY QCD: Chiral Lagrangian
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• Full chiral Lagrangian 
 
 
 
 
 
 
 

• Has branch-like structure but with  instead of 1/(N − F) 1/N

Maximilian Ruhdorfer (Cornell)

not an instanton effect but gluino condensation in unbroken SU(N − F)

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR
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• : vacuum energy as conjectured in large  pure QCD 
 
 
 

•  branched  potential

F = 0 N

N ≫ F : η′ 

Maximilian Ruhdorfer (Cornell)

But: this also holds for finite N

As expected  mass goes as η′ m2
η′ 

∝ 1/N

What happens when both  and  are large?F N

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

Λ ∼ N1/3Λphys



F=N SUSY QCD

• Larger moduli space: mesons and baryons 
 

• Quantum modified constraint on moduli space 
 
 
 
 
 

• Chiral symmetry breaking vacuum exists

<latexit sha1_base64="6+mNjY4wSulsPbPborWRfEvqWT4=">AAACCHicbVDLSsNAFL3xWesr6tKFg0V0VRLxhSAU3LgRWrAPaGOYTCft0MmDmYlQQpZu/BU3LhRx6ye482+ctllo64F7OZxzLzP3eDFnUlnWtzE3v7C4tFxYKa6urW9smlvbDRklgtA6iXgkWh6WlLOQ1hVTnLZiQXHgcdr0Btcjv/lAhWRReKeGMXUC3AuZzwhWWnLNvVs39ZF/mKEr1PGwSGvZPXZ9VNM91bJrlqyyNQaaJXZOSpCj6ppfnW5EkoCGinAsZdu2YuWkWChGOM2KnUTSGJMB7tG2piEOqHTS8SEZOtBKF/mR0BUqNFZ/b6Q4kHIYeHoywKovp72R+J/XTpR/4aQsjBNFQzJ5yE84UhEapYK6TFCi+FATTATTf0WkjwUmSmdX1CHY0yfPksZx2T4rn9ZOSpXLPI4C7MI+HIEN51CBG6hCHQg8wjO8wpvxZLwY78bHZHTOyHd24A+Mzx/AdJiJ</latexit>

Mff 0 = Q̄a
fQ

a
f 0

<latexit sha1_base64="gQYaqhizWwAWnDHRWLwDh7/7R1Y="></latexit>

B = ✏f1···fNBf1···fN , B̄ = ✏f1···fN B̄f1···fN

completely antisymmetric color 
singlet combination of Qa

f  and Q̄a
f

implemented in superpotential through Lagrange multiplier X

Maximilian Ruhdorfer (Cornell)33<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

<latexit sha1_base64="bSBlQMGBasgKOV66wpR4HAP9C0M="></latexit>

Mff 0 = ⇤2�ff 0 , X = �m|⇤|2

↵
, B = B̄ = 0

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR



<latexit sha1_base64="nV0DP/GI4TI8pF5jM1mleq9pGIk="></latexit>

V =� 2|⇤|4

� + (N � 2)

m2

↵|⇤|2

�
cos (N⌘0 � ✓)� 4m|⇤|2

NX

i=1

mi cos

0

@⌘0 + ✓Q +
N�1X

j=1

tji⇡
j

1

A

� 2m|⇤|2
NX

i=1

mi cos

0

@(N � 1)⌘0 � ✓Q � ✓ �
N�1X

j=1

tji⇡
j

1

A

F=N SUSY QCD

• Assume chiral symmetry breaking mesonic VEV

Maximilian Ruhdorfer (Cornell)34

No branches!  
Consistent with instanton effect

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR

:   is uncharged under  
                 and  broken by anomaly
mη′ ∝ Λ M U(1)R

U(1)A

<latexit sha1_base64="mhw2mWHMr6ln+Vhbb1LdYffhmHk=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHgREjAPSJYwO9ubDJndWWZmhRDyBV71C7yJVz/GD/A/nCR70GhBQ1HVTTUVpIJr47qfTmFldW19o7hZ2tre2d0r7x+0tMwUwyaTQqpOQDUKnmDTcCOwkyqkcSCwHYxuZ377EZXmMnkw4xT9mA4SHnFGjZUa9/1yxa26c5C/xMtJBXLU++WvXihZFmNimKBadz03Nf6EKsOZwGmpl2lMKRvRAXYtTWiM2p/MH52SE6uEJJLKTmLIXP15MaGx1uM4sJsxNUO97M3Ef70gkCJcCjfRtT/hSZoZTNgiO8oEMZLMiiAhV8iMGFtCmeL2fcKGVFFmbF0l24u33MJf0jqrepfVi8Z5pXaTN1SEIziGU/DgCmpwB3VoAgOEJ3iGF2fqvDpvzvtiteDkN4fwC87HNwajlL8=</latexit>

M
<latexit sha1_base64="U5p975IyE6hkGDjX8J+dhuC9La8=">AAACA3icbVDLSgMxFM3UV62vqks3wSK4KjPiC1cFNy5cVLAPaceSZDJtaB5DkhHK0KVf4Fa/wJ249UP8AP/DtJ2FVg9cOJxzLvdycMKZsb7/6RUWFpeWV4qrpbX1jc2t8vZO06hUE9ogiivdxshQziRtWGY5bSeaIoE5beHh5cRvPVBtmJK3dpTQUKC+ZDEjyDrprnvtohG6x71yxa/6U8C/JMhJBeSo98pf3UiRVFBpCUfGdAI/sWGGtGWE03GpmxqaIDJEfdpxVCJBTZhNHx7DA6dEMFbajbRwqv7cyJAwZiSwSwpkB2bem4j/ehgrHs0dt/F5mDGZpJZKMrsdpxxaBSeFwIhpSiwfOYKIZu59SAZII2JdbSXXSzDfwl/SPKoGp9WTm+NK7SJvqAj2wD44BAE4AzVwBeqgAQgQ4Ak8gxfv0Xv13rz3WbTg5Tu74Be8j28ajJgf</latexit>

⇤b

<latexit sha1_base64="CNft/2bj8PzWaIViWTzCLxxTxrY=">AAACAHicbVDLSsNAFL2pr1pfVZduBotQNyURX7iquHFZwbSFNpTJZNKOnWTCzEQooRu/wK1+gTtx65/4Af6H0zYLbT1w4XDOvZzL8RPOlLbtL6uwtLyyulZcL21sbm3vlHf3mkqkklCXCC5k28eKchZTVzPNaTuRFEc+py1/eDPxW49UKibiez1KqBfhfsxCRrA2UtOtOse96165YtfsKdAicXJSgRyNXvm7GwiSRjTWhGOlOo6daC/DUjPC6bjUTRVNMBniPu0YGuOIKi+bfjtGR0YJUCikmVijqfr7IsORUqPIN5sR1gM1703Efz3fFzyYC9fhpZexOEk1jcksO0w50gJN2kABk5RoPjIEE8nM+4gMsMREm85KphdnvoVF0jypOee1s7vTSv0qb6gIB3AIVXDgAupwCw1wgcADPMMLvFpP1pv1bn3MVgtWfrMPf2B9/gCc+5Yb</latexit>

U(1)A
<latexit sha1_base64="reTtu0eCVoYXLqL41/ClOpJ/XHM=">AAACAHicbVDLSsNAFL2pr1pfVZduBotQNyURX7gquHFZxbSFNpTJZNKOnWTCzEQooRu/wK1+gTtx65/4Af6H0zYLbT1w4XDOvZzL8RPOlLbtL6uwtLyyulZcL21sbm3vlHf3mkqkklCXCC5k28eKchZTVzPNaTuRFEc+py1/eD3xW49UKibiez1KqBfhfsxCRrA2UtOtOse9u165YtfsKdAicXJSgRyNXvm7GwiSRjTWhGOlOo6daC/DUjPC6bjUTRVNMBniPu0YGuOIKi+bfjtGR0YJUCikmVijqfr7IsORUqPIN5sR1gM1703Efz3fFzyYC9fhpZexOEk1jcksO0w50gJN2kABk5RoPjIEE8nM+4gMsMREm85KphdnvoVF0jypOee1s9vTSv0qb6gIB3AIVXDgAupwAw1wgcADPMMLvFpP1pv1bn3MVgtWfrMPf2B9/gC4ApYs</latexit>

U(1)R
<latexit sha1_base64="cCRvdFsPluV3CEpgbH9MiTDEcsw=">AAAB+3icbVDLSgNBEOz1GeMr6tHLYhA8hd3gC08BLx4TMA9IljA725sMmZ1ZZmaFEPIFXvULvIlXP8YP8D+cJHvQxIKGoqqbaipMOdPG876ctfWNza3twk5xd2//4LB0dNzSMlMUm1RyqToh0ciZwKZhhmMnVUiSkGM7HN3P/PYTKs2keDTjFIOEDASLGSXGSo1qv1T2Kt4c7irxc1KGHPV+6bsXSZolKAzlROuu76UmmBBlGOU4LfYyjSmhIzLArqWCJKiDyfzRqXtulciNpbIjjDtXf19MSKL1OAntZkLMUC97M/FfLwwlj5bCTXwbTJhIM4OCLrLjjLtGurMi3IgppIaPLSFUMfu+S4dEEWpsXUXbi7/cwippVSv+deWqcVmu3eUNFeAUzuACfLiBGjxAHZpAAeEZXuDVmTpvzrvzsVhdc/KbE/gD5/MH26eUpA==</latexit>

2
<latexit sha1_base64="SQT6IETq0MIYjrzeXIGK142rUMs=">AAAB/HicbVDLSgMxFL3js9ZX1aWbYBFclZniC1cFQVxWsQ9oh5LJZNrQTDIkGaEM9Qvc6he4E7f+ix/gf5i2s9DWAxcO59zLuZwg4Uwb1/1ylpZXVtfWCxvFza3tnd3S3n5Ty1QR2iCSS9UOsKacCdowzHDaThTFccBpKxheT/zWI1WaSfFgRgn1Y9wXLGIEGyvdV296pbJbcadAi8TLSRly1Hul724oSRpTYQjHWnc8NzF+hpVhhNNxsZtqmmAyxH3asVTgmGo/m346RsdWCVEklR1h0FT9fZHhWOtRHNjNGJuBnvcm4r9eEEgezoWb6NLPmEhSQwWZZUcpR0aiSRMoZIoSw0eWYKKYfR+RAVaYGNtX0fbizbewSJrVindeObs7Ldeu8oYKcAhHcAIeXEANbqEODSAQwTO8wKvz5Lw5787HbHXJyW8O4A+czx9wKZT0</latexit>

2F
<latexit sha1_base64="ef5sl9VDTB6SaCKMRzBTU/x0/Og=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKLzwFvHhMwDwgWcLsbG8yZHZnmZkVQsgXeNUv8CZe/Rg/wP9wkuxBEwsaiqpuqqkgFVwb1/1yCmvrG5tbxe3Szu7e/kH58KilZaYYNpkUUnUCqlHwBJuGG4GdVCGNA4HtYHQ/89tPqDSXyaMZp+jHdJDwiDNqrNRw++WKW3XnIKvEy0kFctT75e9eKFkWY2KYoFp3PTc1/oQqw5nAaamXaUwpG9EBdi1NaIzan8wfnZIzq4QkkspOYshc/X0xobHW4ziwmzE1Q73szcR/vSCQIlwKN9GtP+FJmhlM2CI7ygQxksyKICFXyIwYW0KZ4vZ9woZUUWZsXSXbi7fcwippXVS96+pV47JSu8sbKsIJnMI5eHADNXiAOjSBAcIzvMCrM3XenHfnY7FacPKbY/gD5/MH2HmUog==</latexit>

0

<latexit sha1_base64="ePb0VU2Q4DYlYLF6YM6FgTM75Zg=">AAACDXicbZDLSsNAFIYnXmu9pbp0M1iEurAkxRuuCkJxJRXsBdpQJtNJO3QyE2YmSgl5Bp/ArT6BO3HrM/gAvofTNgtt/eHAz3/O4Rw+P2JUacf5spaWV1bX1nMb+c2t7Z1du7DXVCKWmDSwYEK2faQIo5w0NNWMtCNJUOgz0vJH15N+64FIRQW/1+OIeCEacBpQjLSJenahqwOJcFIp1U5uj9OklvbsolN2poKLxs1MEWSq9+zvbl/gOCRcY4aU6rhOpL0ESU0xI2m+GysSITxCA9IxlqOQKC+Zvp7CI5P0YSCkKa7hNP29kaBQqXHom8kQ6aGa703Cf3u+L1h/7rgOLr2E8ijWhOPZ7SBmUAs4QQP7VBKs2dgYhCU170M8RIaONgDzhos7T2HRNCtl97x8dndarF5lhHLgAByCEnDBBaiCG1AHDYDBI3gGL+DVerLerHfrYza6ZGU7++CPrM8f6IObKQ==</latexit>

2(F�N)
F



F=N+1 SUSY QCD

35

• Baryons in (anti-)fundamental of  
 

• Superpotential implements constraint on moduli space 
 

• Chiral Lagrangian similar to 

SU(F)

F = N

Maximilian Ruhdorfer (Cornell)

<latexit sha1_base64="NQ8KxgY+hYvNbRQ1riW9PkSMHw8=">AAACLnicbZDLSgMxFIYzXmu9jbp0EyyCqzJTvCEIpW5cSQV7gV6GTCbThmaSIckIZZj38DF8Arf6BIILcSX4GKYXUFt/CPx85xzOye/HjCrtOG/WwuLS8spqbi2/vrG5tW3v7NaVSCQmNSyYkE0fKcIoJzVNNSPNWBIU+Yw0/MHVqN64J1JRwe/0MCadCPU4DSlG2iDPLlW64SVsk1hRJng3DT0XtnEgtIKhdwPDDFa8EfxhmWcXnKIzFpw37tQUwFRVz/5sBwInEeEaM6RUy3Vi3UmR1BQzkuXbiSIxwgPUIy1jOYqI6qTjv2Xw0JAAhkKaxzUc098TKYqUGka+6YyQ7qvZ2gj+W/N9wYKZ5To876SUx4kmHE92hwmDWsBRdjCgkmDNhsYgLKk5H+I+kghrk3De5OLOpjBv6qWie1o8uT0ulC+mCeXAPjgAR8AFZ6AMrkEV1AAGD+AJPIMX69F6td6tj0nrgjWd2QN/ZH19A/myqD8=</latexit>

Bf = ✏f1···fNfBf1···fN
<latexit sha1_base64="O/9mKPCB9pB5ZFx8SlTr3qgxO/I="></latexit>

B̄f = ✏f1···fNf B̄
f1···fN

Kähler:

Again no branches!  

Consistent with being 
an instanton effect

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR



• Study weakly-coupled magnetic dual   
 

• Superpotential 
 
 
 

• Pure  SYM in IR 

SU(F − N)

SU(F − N)

3/2N>F>N+1 SUSY QCD

36 Maximilian Ruhdorfer (Cornell)

DOF:  (anti-)fundamentals  under  and meson matrix F q, q̄ SU(F − N) M

mass term when  gets a VEVM

with

integrate out dual quarks

superpotential from gluino condensation

<latexit sha1_base64="Mca3bgRht2aSXHMUvYv1z443Tqc="></latexit> 
⇤̃e↵

det(M/µ)1/F

!3Ñ

=

 
⇤̃

det(M/µ)1/F

!3Ñ�F

scale matching

<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR
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• Same as  with  with chiral symmetry breaking minimum 
 

• Chiral Lagrangian

F < N F ↔ N

Maximilian Ruhdorfer (Cornell)<latexit sha1_base64="BJmI9fzvnjugmLsjpp870f+9d6s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uaXlldS2/XtjY3NreKe7u1XWUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJn4jSdUmkfy0Yxi9EPal7zHGTVWeri9djvFklt2pyCLxMtICTJUO8WvdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkyCpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y4ukflL2zstn96elylUWRx4O4BCOwYMLqMAdVKEGDPrwDK/w5gjnxXl3PmatOSeb2Yc/cD5/AIsfjU0=</latexit>

F = 0

<latexit sha1_base64="x18s8ZRUIPhpDBXv9Li87nkfdOA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4seyKXwhCQRBPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rezsLi0vLJaWCuub2xubZd2dutapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLgZ+40nqjST4tEMExrEuCdYxAg2VvJvr++PvU6p7FbcCdA88XJShhy1Tumr3ZUkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNjh2hQ6t0USSVLWHQRP09keFY62Ec2s4Ym76e9cbif14rNdFlkDGRpIYKMl0UpRwZicafoy5TlBg+tAQTxeytiPSxwsTYfIo2BG/25XlSP6l455Wzh9Ny9SqPowD7cABH4MEFVOEOauADAQbP8ApvjnBenHfnY9q64OQze/AHzucPkr+N3Q==</latexit>

F = N � 1

<latexit sha1_base64="pGIOj5JDGr0i1bIy7CDbr7u4IE8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKLwQhIIgniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriAWXBvX/XJyC4tLyyv51cLa+sbmVnF7p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dXEbzyi0jySD2YUox/SvuQ9zqix0v315W2nWHLL7hTkL/EyUoIM1U7xs92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObBKl/QiZUsaMlV/TqQ01HoUBrYzpGag572J+J/XSkzv3E+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//JfUj8qe6flk7vjUuUiiyMPe7APh+DBGVTgBqpQAwZ9eIIXeHWE8+y8Oe+z1pyTzezCLzgf37iXjWs=</latexit>

F = N

<latexit sha1_base64="0mt+5LGUS4DWprFKbZu5/JjoNdw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVvxCEgiCepILbFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W9nYXFpeWW1sFZc39jc2i7t7Na1TBWhPpFcqmaINeVMUN8ww2kzURTHIaeNcHAz9htPVGkmxaMZJjSIcU+wiBFsrOTfXt8fe51S2a24E6B54uWkDDlqndJXuytJGlNhCMdatzw3MUGGlWGE01GxnWqaYDLAPdqyVOCY6iCbHDtCh1bpokgqW8Kgifp7IsOx1sM4tJ0xNn09643F/7xWaqLLIGMiSQ0VZLooSjkyEo0/R12mKDF8aAkmitlbEeljhYmx+RRtCN7sy/OkflLxzitnD6fl6lUeRwH24QCOwIMLqMId1MAHAgye4RXeHOG8OO/Ox7R1wcln9uAPnM8fj7WN2w==</latexit>

F = N + 1

<latexit sha1_base64="oJ8M+J6RFJWD105D4rXNoqqtRTE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5LUJ4JQEMSVVLAPaEuZTCft0MkkzNwINeRL3LhQxK2f4s6/cdpmoa0HLhzOuZd77/EiwTU4zreVW1peWV3Lrxc2Nre2i/bObkOHsaKsTkMRqpZHNBNcsjpwEKwVKUYCT7CmN7qe+M1HpjQP5QOMI9YNyEByn1MCRurZxZurDviK0OQ4TSrpXc8uOWVnCrxI3IyUUIZaz/7q9EMaB0wCFUTrtutE0E2IAk4FSwudWLOI0BEZsLahkgRMd5Pp4Sk+NEof+6EyJQFP1d8TCQm0Hgee6QwIDPW8NxH/89ox+BfdhMsoBibpbJEfCwwhnqSA+1wxCmJsCKGKm1sxHRITA5isCiYEd/7lRdKolN2z8un9Sal6mcWRR/voAB0hF52jKrpFNVRHFMXoGb2iN+vJerHerY9Za87KZvbQH1ifP0YcktU=</latexit>

F = 3
2N

<latexit sha1_base64="Cy5Dd1oAyIIN8rc1midgRR3YESs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6RhACgniSCOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2eTPWi0oKGo6qa7K4g508Z1v5zCwuLS8kpxtbS2vrG5Vd7eaeooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4zv/VIlWaRfDDjmPoCDyQLGcEmk26uju965YpbdadAf4mXkwrkqPfKn91+RBJBpSEca93x3Nj4KVaGEU4npW6iaYzJCA9ox1KJBdV+Or11gg6s0kdhpGxJg6bqz4kUC63HIrCdApuhnvcy8T+vk5jwwk+ZjBNDJZktChOOTISyx1GfKUoMH1uCiWL2VkSGWGFibDwlG4I3//Jf0jyqemfV0/uTSu0yj6MIe7APh+DBOdTgFurQAAJDeIIXeHWE8+y8Oe+z1oKTz+zCLzgf3yuQjag=</latexit>

F = 3N

<latexit sha1_base64="JMYtGsxXLOpZjqjCtUuue5z4muI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6xoMEBPEkEcwDkiXMTmaTITOzy8ysEJb8ghcPinj1h7z5N84me9BoQUNR1U13VxBzpo3rfjmFhcWl5ZXiamltfWNzq7y909RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1nfuuRKs0i+WDGMfUFHkgWMoJNJt1cHd/1yhW36k6B/hIvJxXIUe+VP7v9iCSCSkM41rrjubHxU6wMI5xOSt1E0xiTER7QjqUSC6r9dHrrBB1YpY/CSNmSBk3VnxMpFlqPRWA7BTZDPe9l4n9eJzHhhZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HhKNgRv/uW/pHlU9c6qp/cnldplHkcR9mAfDsGDc6jBLdShAQSG8AQv8OoI59l5c95nrQUnn9mFX3A+vgEtFo2p</latexit>

F > 3N

 branches!F − N

Csaki, d’Agnolo, Gupta, Kuflik, Roy, MR
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• RGE invariant scale at two-loops 
 

• Holomorphic scale in superpotential (1-loop exact) 
 

• Relation between holomorphic and canonical coupling 
 
 

• Relation between holomorphic and canonical scale

Maximilian Ruhdorfer (Cornell)

finite in large N limit since
b0g2

c ∝ Ng2
c = const

<latexit sha1_base64="XjWlo4JqwGnh6AqlQgqeh6aohh0="></latexit>

with ⌧ =
4⇡i

g2h
+

✓

2⇡

Dynkin index for adjoint and matter representations

wave-function renormalization

<latexit sha1_base64="lTd+8QASGyjMJuLCYlDEqxmmdMI=">AAACBXicbVDLSgMxFL3js9ZX1aWbYBHcWGZ8IwgFQVxJBfuAdiiZTKYNzSRDkhHK0LVf4Fa/wJ249Tv8AP/D9LHQ1gMXDufcy7mcIOFMG9f9cubmFxaXlnMr+dW19Y3NwtZ2TctUEVolkkvVCLCmnAlaNcxw2kgUxXHAaT3oXQ/9+iNVmknxYPoJ9WPcESxiBBsrNYO2i67Q8R06vGkXim7JHQHNEm9CijBBpV34boWSpDEVhnCsddNzE+NnWBlGOB3kW6mmCSY93KFNSwWOqfaz0csDtG+VEEVS2REGjdTfFxmOte7Hgd2MsenqaW8o/usFgeThVLiJLvyMiSQ1VJBxdpRyZCQaVoJCpigxvG8JJorZ9xHpYoWJscXlbS/edAuzpHZU8s5Kp/cnxfLlpKEc7MIeHIAH51CGW6hAFQhIeIYXeHWenDfn3fkYr845k5sd+APn8wcI7ZdY</latexit>

b0 = 3N � F
<latexit sha1_base64="Q2b8gRFWHsJvmm6Bwgdeslkoq/w=">AAACHnicbVDLSgMxFM3UV62vqks3oUVoF60zpVYRhIJQXJUK9gHtOGQyaRuaeZBkhDJ072f4BW71C9yJW/0A/8NMOwutHrhwcs693NxjB4wKqeufWmpldW19I72Z2dre2d3L7h90hB9yTNrYZz7v2UgQRj3SllQy0gs4Qa7NSNeeXMV+955wQX3vVk4DYrpo5NEhxUgqycrmbMuAl7AGm3eVEqw0G7AEqw1YiJ9G8aRQaRatbF4v63PAv8RISB4kaFnZr4Hj49AlnsQMCdE39ECaEeKSYkZmmUEoSIDwBI1IX1EPuUSY0fyWGTxWigOHPlflSThXf05EyBVi6tqq00VyLJa9WPzXs22fOUvL5fDcjKgXhJJ4eLF7GDIofRhnBR3KCZZsqgjCnKrvQzxGHGGpEs2oXIzlFP6STqVs1MqnN9V8/SJJKA2OQA4UgAHOQB1cgxZoAwwewBN4Bi/ao/aqvWnvi9aUlswcgl/QPr4B5RSdNw==</latexit>

b1 = 6N2 � 2NF � 4F (N2 � 1)/(2N)

for : 
 

N ≫ F
|Λ | ∝ N1/3Λc
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• no direct interaction between SUSY breaking and matter sector 

• only source of SUSY breaking is auxiliary field of SUGRA multiplet 

• all effects in EFT are encapsulated in chiral compensator

SUGRA

matter sectorSUSY breaking 
sector

UV insensitive

Randall, Sundrum ’98 
Giudice, Luty, Murayama, Rattazzi ’98 
Arkani-Hamed, Rattazzi ‘98


