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Higgs Mass 
Squared

WEAK FORCE, STRUCTURE OF NUCLEI, COMPLEX 
CHEMISTRY, …
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We have been looking  
for answers  

here for more than 40 years

Higgs Boson

and we have  
not found them



1. We tune a bit  

2. There is no mass scale beyond the SM 
[1305.6939] 

3. The Higgs mass is an input 

4. UV/IR Mixing [1909.01365] 

5. Swampland on steroids 

6. There is a landscape 

7. …

https://arxiv.org/abs/1305.6939
https://arxiv.org/abs/1909.01365
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1. One day it can be tested experimentally  
2. Currently our most concrete explanation for the CC 
3. It probably exists independently of the problem 

LANDSCAPES
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Caveats on eternal inflation, dS and AdS 
vacua:

[Dvali ’21],[Dvali, Gomez ’13-’14],
[Dvali, Gomez, Zell ’17], [Dvali ‘20]

[Ooguri, Vafa ’06], [Garg, Krishnan ’18],
[Obied, Ooguri, Spodyneiko, Vafa ’18], 

[Ooguri, Palti, Shiu, Vafa ’18]

1. Not that many e-folds needed to populate a 
landscape 

2. Not every landscape is a multiverse

Is there a landscape?

LANDSCAPES



Change of perspective:
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Can we find the origin of the weak 
scale early in the history of the 

Universe?



Historically:

Multiverse

+Anthropic 
selection

New class of 
ideas that can 
be tested in 

the laboratory 
in the near 

future

Recently:



Symmetric 
Sector
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SM Landscape

See tomorrow’s talk by D. Teresi

[RTD, Teresi, ’21]

2109.13249 

2106.04591

https://arxiv.org/abs/2109.13249


Sensitive to the Higgs vev
(with some exceptions)

Symmetric 
Sector
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SM Landscape



Does anything change (in the SM) as we vary the Higgs 
mass squared?

General QFT question relevant beyond cosmological 
naturalness:



Most relevant phenomenologically:

Physics coupled to the Higgs with
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m . v

One trigger = Many solutions to the hierarchy problem



SM TRIGGERS



Does anything change in Nature as we 
vary the Higgs mass squared?
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d log f(hhi)
d loghhi = O(1)

[Arkani-Hamed, RTD, Kim, ’20]



Does anything change 
as we vary the Higgs mass?
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Tr[G ^G] ⌘ G eG

LOCAL NON-LOCAL
On-shell N-point 

functions of 
massive SM 

particles



Atomic Principle [Agrawal, Donoghue, Barr, 
Seckel ’97] 

Nnaturalness [Arkani-Hamed, Cohen, RTD, 
Hook, Kim, Pinner ’16] 

Selfish Higgs [Giudice, Kehagias, Riotto, ‘19]

Does anything change 
as we vary the Higgs mass?
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LOCAL NON-LOCAL
On-shell N-point 

functions of 
massive SM 
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Non-trivial!

1. U(1)A breaking that can interfere with 
QCD instantons 

2. Sensitivity to the Higgs mass (U(1)A 
breaking and/or SU(3) running) 

3.
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⇤QCD . mh

[RTD, Teresi, ’21]



In the SM we can try other options
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(Quc)(Qdc)

M2

Works only in 2HDM or 
for little HP  

In the SM at 3 loops 
it’s sensitive to flavor 
breaking by Yukawas

Needs extra B+L 
breaking   

Beyond the SM

POTENTIAL TRIGGERS



A BSM TRIGGER



<latexit sha1_base64="YDXDcCO52Y5JfCsntGPFi+b4yr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseilx4r2A9oQ9hst+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO7ud+54lrI2L1iNOE+xEdKTEUjKKVOo3AI42gFpQrbtVdgKwTLycVyNEMyl/9QczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vF6Kw1s/EypJkSu2XDRMJcGYzH8nA6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmnXqt511X24qtTv8jiKcAbncAke3EAdGtCEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QPVsI6V</latexit>

H1H2

Protected by the Z2 symmetry 

<latexit sha1_base64="OciQpV6msnZskh0NzveQTGXpZis=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIbixJqeiy6KbLCvYBbQiT6aQdOpmEmYlQQsFfceNCEbd+hzv/xmmbhbYeGDhzzr3ce0+QcKa043xbhbX1jc2t4nZpZ3dv/8A+PGqrOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjfzfzOI5WKxeJBTxLqRXgoWMgI1kby7ZOG76KGX0V9HaNLlP98u+xUnDnQKnFzUoYcTd/+6g9ikkZUaMKxUj3XSbSXYakZ4XRa6qeKJpiM8ZD2DBU4osrL5utP0blRBiiMpXlCo7n6uyPDkVKTKDCVEdYjtezNxP+8XqrDGy9jIkk1FWQxKEw5MqfOskADJinRfGIIJpKZXREZYYmJNomVTAju8smrpF2tuFcV575Wrt/mcRThFM7gAly4hjo0oAktIJDBM7zCm/VkvVjv1seitGDlPcfwB9bnDwAmku8=</latexit>

H1H2 ! �H1H2

H1H2 without Z2 first considered as 
‘paleo’-trigger in: [Espinosa, 

Grojean,Panico, Pomarol, Pujolas ’15],
[Dvali, Vilenkin ’01]. Today these models 
require two coincidences of scales to be 

alive at the LHC.

[Arkani-Hamed, RTD, Kim, ’20]



<latexit sha1_base64="2DQIHGomfc8aOLbm6eq3vjQLEgo="></latexit>

VH1H2 = m
2
1|H1|2 +m

2
2|H2|2 +

�1

2
|H1|4 +

�2

2
|H2|4

+�3|H1|2|H2|2 + �4|H1H2|2 +
✓
�5

2
(H1H2)

2 + h.c.

◆

<latexit sha1_base64="B8QKMYgNtyXTR8YqabbrqmtstnE=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEF1JmRK2bQqkblxXsAzrDkMmkbWiSGZKMUIaCv+LGhSJu/Q53/o1pOwttPRA4nHMP9+aECaNKO863VVhZXVvfKG6WtrZ3dvfs/YO2ilOJSQvHLJbdECnCqCAtTTUj3UQSxENGOuHodup3HolUNBYPepwQn6OBoH2KkTZSYB81PJ7WPGYSEQqy63NYndScwC47FWcGuEzcnJRBjmZgf3lRjFNOhMYMKdVznUT7GZKaYkYmJS9VJEF4hAakZ6hAnCg/m50/gadGiWA/luYJDWfq70SGuFJjHppJjvRQLXpT8T+vl+r+jZ9RkaSaCDxf1E8Z1DGcdgEjKgnWbGwIwpKaWyEeIomwNo2VTAnu4peXSfui4l5VnPvLcr2R11EEx+AEnAEXVEEd3IEmaAEMMvAMXsGb9WS9WO/Wx3y0YOWZQ/AH1ucPZ3yUeA==</latexit>

Bµ = �6,7 = 0

<latexit sha1_base64="gNTK5UTeMOsIJ4KP3bUYtm7RbBQ="></latexit>

H1H2

�
Bµ+ �6|H1|2 + �7|H2|2

�

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



<latexit sha1_base64="Mf8Uwp4mfI4vp639BJmPA0sHkkE="></latexit>

m2
H

⇠ �1v
2
1  m2

h
= (125 GeV)2

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



For quarks and leptons we choose the 
phenomenologically safest Z2 charge assignments

This gives

<latexit sha1_base64="YNhWm2M3HY1EriYmscvrnMveByg=">AAACQXicbZBLS8NAFIUn9VXrK+rSzWARKmhJiqjLopsuK9gHNDFMJtN26OTRmYlQQv+aG/+BO/duXCji1o3TNNhavTDwcc693LnHjRgV0jCetdzS8srqWn69sLG5tb2j7+41RRhzTBo4ZCFvu0gQRgPSkFQy0o44Qb7LSMsdXE/81j3hgobBrRxFxPZRL6BdipFUkqO3a04FWjKEp1DRCbSGMfJgaRjf4eNUnuLM8GaGN28w8mOk6OhFo2ykBf+CmUERZFV39CfLC3Hsk0BihoTomEYk7QRxSTEj44IVCxIhPEA90lEYIJ8IO0kTGMMjpXiwG3L1AglTdX4iQb4QI99VnT6SfbHoTcT/vE4su5d2QoMoliTA00XdmEF16CRO6FFOsGQjBQhzqv4KcR9xhKUKvaBCMBdP/gvNStk8L1duzorVqyyOPDgAh6AETHABqqAG6qABMHgAL+ANvGuP2qv2oX1OW3NaNrMPfpX29Q3MFKsh</latexit>

H2 ! �H2, (quc) ! �(quc), (qdc) ! �(qdc), (lec) ! �(lec)

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



Sharp target for HL-LHC and FCC  
which can’t be decoupled! 

(See also the next slide)

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



[Arkani-Hamed, RTD, Kim, ’20]



<latexit sha1_base64="7yZKdTvPgDzLKJQoI8wvVkq9FK0=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFRKRandFF3VZwT6gDWUyuWmHTiZxZlIpod/hxoUibv0Yd/6N04fg88CFwzn3cu89fsKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WppNCgMY9l2ycKOBPQ0ExzaCcSSORzaPnDy6nfGoFULBY3epyAF5G+YCGjRBvJq3XvWACa8QBwrVcsOXbFcStlF/8mru3MUEIL1HvFt24Q0zQCoSknSnVcJ9FeRqRmlMOk0E0VJIQOSR86hgoSgfKy2dETfGSUAIexNCU0nqlfJzISKTWOfNMZET1QP72p+JfXSXV47mVMJKkGQeeLwpRjHeNpAjhgEqjmY0MIlczciumASEK1yalgQvj8FP9Pmie2W7bd69NS9WIRRx4doEN0jFx0hqroCtVRA1F0i+7RI3qyRtaD9Wy9zFtz1mJmH32D9foBt6WSFQ==</latexit>

G eG
<latexit sha1_base64="1AXLRcHiBfhXPAZHEFAUSx6tg9w=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw3SQaG5BLzlGMAskw9DT6Uma9PQM3T1CGPIRXjwo4tXv8ebf2FkE1wcFj/eqqKoXpoJr43nvzsrq2vrGZmGruL2zu7dfOjhs6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCccX8/8zh1Tmify1kxS5sdkKHnEKTFW6jQCjBpBJSiVPbfm4VoVo98Eu94cZViiGZTe+oOEZjGThgqidQ97qfFzogyngk2L/UyzlNAxGbKepZLETPv5/NwpOrXKAEWJsiUNmqtfJ3ISaz2JQ9sZEzPSP72Z+JfXy0x06edcpplhki4WRZlAJkGz39GAK0aNmFhCqOL2VkRHRBFqbEJFG8Lnp+h/0q64uOrim/Ny/WoZRwGO4QTOAMMF1KEBTWgBhTHcwyM8Oanz4Dw7L4vWFWc5cwTf4Lx+AEddjuU=</latexit>

H1H2

<latexit sha1_base64="a41Yb04IkksfSAoW8GJH1pHmbHs=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkZrkFheAxglkgGUNPT03S2LPQ3WMIQ/7DiwdFvPov3vwbO8kIKvqg4PFeFVX13JgzqSzrw8itrK6tb+Q3C1vbO7t7xf2DjowSQaFNIx6JnkskcBZCWzHFoRcLIIHLoeveXc797j0IyaLwRk1jcAIyCpnPKFFaum3iwYR5oBj3ADeHxZJl1i27fl7FS1IrZ6RSx7ZpLVBCGVrD4vvAi2gSQKgoJ1L2bStWTkqEYpTDrDBIJMSE3pER9DUNSQDSSRdXz/CJVjzsR0JXqPBC/T6RkkDKaeDqzoCosfztzcW/vH6i/JqTsjBOFIR0uchPOFYRnkeAPSaAKj7VhFDB9K2YjokgVOmgCjqEr0/x/6RzZtoVs3xdLjUusjjy6Agdo1NkoypqoCvUQm1EkUAP6Ak9GxPj0XgxXpetOSObOUQ/YLx9AiaeklI=</latexit>

F eF



<latexit sha1_base64="a41Yb04IkksfSAoW8GJH1pHmbHs=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkZrkFheAxglkgGUNPT03S2LPQ3WMIQ/7DiwdFvPov3vwbO8kIKvqg4PFeFVX13JgzqSzrw8itrK6tb+Q3C1vbO7t7xf2DjowSQaFNIx6JnkskcBZCWzHFoRcLIIHLoeveXc797j0IyaLwRk1jcAIyCpnPKFFaum3iwYR5oBj3ADeHxZJl1i27fl7FS1IrZ6RSx7ZpLVBCGVrD4vvAi2gSQKgoJ1L2bStWTkqEYpTDrDBIJMSE3pER9DUNSQDSSRdXz/CJVjzsR0JXqPBC/T6RkkDKaeDqzoCosfztzcW/vH6i/JqTsjBOFIR0uchPOFYRnkeAPSaAKj7VhFDB9K2YjokgVOmgCjqEr0/x/6RzZtoVs3xdLjUusjjy6Agdo1NkoypqoCvUQm1EkUAP6Ak9GxPj0XgxXpetOSObOUQ/YLx9AiaeklI=</latexit>

F eF

<latexit sha1_base64="5Fmh9oL5NWeKhyZcfRhbscSvP28="></latexit>

L � �mLLL
c �mNNN

c � yLHN
c � y

c
L
c
HN + h.c.� �

32⇡2f
F eF

New vector-like leptons
+

Dark confining gauge group



<latexit sha1_base64="a41Yb04IkksfSAoW8GJH1pHmbHs=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkZrkFheAxglkgGUNPT03S2LPQ3WMIQ/7DiwdFvPov3vwbO8kIKvqg4PFeFVX13JgzqSzrw8itrK6tb+Q3C1vbO7t7xf2DjowSQaFNIx6JnkskcBZCWzHFoRcLIIHLoeveXc797j0IyaLwRk1jcAIyCpnPKFFaum3iwYR5oBj3ADeHxZJl1i27fl7FS1IrZ6RSx7ZpLVBCGVrD4vvAi2gSQKgoJ1L2bStWTkqEYpTDrDBIJMSE3pER9DUNSQDSSRdXz/CJVjzsR0JXqPBC/T6RkkDKaeDqzoCosfztzcW/vH6i/JqTsjBOFIR0uchPOFYRnkeAPSaAKj7VhFDB9K2YjokgVOmgCjqEr0/x/6RzZtoVs3xdLjUusjjy6Agdo1NkoypqoCvUQm1EkUAP6Ak9GxPj0XgxXpetOSObOUQ/YLx9AiaeklI=</latexit>

F eF

[Beauchesne, Bertuzzo, Grilli di Cortona ’17]



<latexit sha1_base64="7yZKdTvPgDzLKJQoI8wvVkq9FK0=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFRKRandFF3VZwT6gDWUyuWmHTiZxZlIpod/hxoUibv0Yd/6N04fg88CFwzn3cu89fsKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WppNCgMY9l2ycKOBPQ0ExzaCcSSORzaPnDy6nfGoFULBY3epyAF5G+YCGjRBvJq3XvWACa8QBwrVcsOXbFcStlF/8mru3MUEIL1HvFt24Q0zQCoSknSnVcJ9FeRqRmlMOk0E0VJIQOSR86hgoSgfKy2dETfGSUAIexNCU0nqlfJzISKTWOfNMZET1QP72p+JfXSXV47mVMJKkGQeeLwpRjHeNpAjhgEqjmY0MIlczciumASEK1yalgQvj8FP9Pmie2W7bd69NS9WIRRx4doEN0jFx0hqroCtVRA1F0i+7RI3qyRtaD9Wy9zFtz1mJmH32D9foBt6WSFQ==</latexit>

G eG
<latexit sha1_base64="1AXLRcHiBfhXPAZHEFAUSx6tg9w=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw3SQaG5BLzlGMAskw9DT6Uma9PQM3T1CGPIRXjwo4tXv8ebf2FkE1wcFj/eqqKoXpoJr43nvzsrq2vrGZmGruL2zu7dfOjhs6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCccX8/8zh1Tmify1kxS5sdkKHnEKTFW6jQCjBpBJSiVPbfm4VoVo98Eu94cZViiGZTe+oOEZjGThgqidQ97qfFzogyngk2L/UyzlNAxGbKepZLETPv5/NwpOrXKAEWJsiUNmqtfJ3ISaz2JQ9sZEzPSP72Z+JfXy0x06edcpplhki4WRZlAJkGz39GAK0aNmFhCqOL2VkRHRBFqbEJFG8Lnp+h/0q64uOrim/Ny/WoZRwGO4QTOAMMF1KEBTWgBhTHcwyM8Oanz4Dw7L4vWFWc5cwTf4Lx+AEddjuU=</latexit>

H1H2

<latexit sha1_base64="a41Yb04IkksfSAoW8GJH1pHmbHs=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkZrkFheAxglkgGUNPT03S2LPQ3WMIQ/7DiwdFvPov3vwbO8kIKvqg4PFeFVX13JgzqSzrw8itrK6tb+Q3C1vbO7t7xf2DjowSQaFNIx6JnkskcBZCWzHFoRcLIIHLoeveXc797j0IyaLwRk1jcAIyCpnPKFFaum3iwYR5oBj3ADeHxZJl1i27fl7FS1IrZ6RSx7ZpLVBCGVrD4vvAi2gSQKgoJ1L2bStWTkqEYpTDrDBIJMSE3pER9DUNSQDSSRdXz/CJVjzsR0JXqPBC/T6RkkDKaeDqzoCosfztzcW/vH6i/JqTsjBOFIR0uchPOFYRnkeAPSaAKj7VhFDB9K2YjokgVOmgCjqEr0/x/6RzZtoVs3xdLjUusjjy6Agdo1NkoypqoCvUQm1EkUAP6Ak9GxPj0XgxXpetOSObOUQ/YLx9AiaeklI=</latexit>

F eF



BACKUP



A SIMPLE BSM TRIGGER

<latexit sha1_base64="QnniQ/0GRuCAtHZuBMESpNcI+vI=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuCpJKepCpOimywr2Am0Mk8mkHTqTxJmJUEJ3bnwVNy4UcesruPNtnKZZaOsPAz/fOYcz5/diRqWyrG+jsLS8srpWXC9tbG5t75i7e20ZJQKTFo5YJLoekoTRkLQUVYx0Y0EQ9xjpeKPrab3zQISkUXirxjFxOBqENKAYKY1c85C7acO1J3dVeGnB/n2CfJihqkYXlmuWrYqVCS4aOzdlkKvpml99P8IJJ6HCDEnZs61YOSkSimJGJqV+IkmM8AgNSE/bEHEinTS7YwKPNfFhEAn9QgUz+nsiRVzKMfd0J0dqKOdrU/hfrZeo4NxJaRgnioR4tihIGFQRnIYCfSoIVmysDcKC6r9CPEQCYaWjK+kQ7PmTF027WrFPK7WbWrl+lcdRBAfgCJwAG5yBOmiAJmgBDB7BM3gFb8aT8WK8Gx+z1oKRz+yDPzI+fwD7R5d6</latexit>

m2
H1

> 0 m2
H2

< 0

<latexit sha1_base64="g6yXj2Ev+2/x6s/WO+orUw7gCGw=">AAACKXicbZBLSwMxEMezPmt9rXr0EiyCp7JbRD0WvfRYwVahW5dsOtuGJtk1yQpl3a/jxa/iRUFRr34R08fB18DAL/+ZYTL/KOVMG897d+bmFxaXlksr5dW19Y1Nd2u7rZNMUWjRhCfqKiIaOJPQMsxwuEoVEBFxuIyGZ+P65S0ozRJ5YUYpdAXpSxYzSoyVQrcecCL7HHAj9G3WcKCm70AzATf4NBBZECtC8zsR5rahuK7dFfmEfctF6Fa8qjcJ/Bf8GVTQLJqh+xz0EpoJkIZyonXH91LTzYkyjHIoykGmISV0SPrQsSiJAN3NJ5cWeN8qPRwnyqY0eKJ+n8iJ0HokItspiBno37Wx+F+tk5n4pJszmWYGJJ0uijOOTYLHtuEeU0ANH1kgVDH7V0wHxPpirLlla4L/++S/0K5V/aPq4flhpX46s6OEdtEeOkA+OkZ11EBN1EIU3aNH9IJenQfnyXlzPqatc85sZgf9COfzC7Nfpl0=</latexit>

hH1H2i ' Bµ
|m2

H2
|

m
2
H1

<latexit sha1_base64="bDd7+s7R+I9XTMTpz44rHDVY5aA=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjcTEE2kJUY8ELx4xkY8EKtkuU9iw2za7Wwyp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeU2Nre2d/K7hb39g8Mju3jcUlEiKTRpxCPZ8YkCzkJoaqY5dGIJRPgc2v74Zu63JyAVi8J7PY3BE2QYsoBRoo3Ut4v1nkhwj4NSigk8eaj07ZJTdhbA68TNSAllaPTtr94goomAUFNOlOq6Tqy9lEjNKIdZoZcoiAkdkyF0DQ2JAOWli9Nn+NwoAxxE0lSo8UL9PZESodRU+KZTED1Sq95c/M/rJjq49lIWxomGkC4XBQnHOsLzHPCASaCaTw0hVDJzK6YjIgnVJq2CCcFdfXmdtCpl97JcvauWavUsjjw6RWfoArnoCtXQLWqgJqLoET2jV/RmPVkv1rv1sWzNWdnMCfoD6/MHeCSTgA==</latexit>

Bµ . v2

<latexit sha1_base64="DowdoYHFYXONhDVou8TWcrPukJA=">AAACC3icbVDLTgIxFO34RHyhLt00EBNXZIYQdUl0wxITeSTMSDrlAg1tZ2w7JISwd+OvuHGhMW79AXf+jQVmoeBJbnJ6zr25vSeMOdPGdb+dtfWNza3tzE52d2//4DB3dNzQUaIo1GnEI9UKiQbOJNQNMxxasQIiQg7NcHgz85sjUJpF8s6MYwgE6UvWY5QYK3VyeZ8T2eeAqx3PVgn7avH2NRPwgEf3pU6u4BbdOfAq8VJSQClqndyX341oIkAayonWbc+NTTAhyjDKYZr1Ew0xoUPSh7alkgjQwWR+yxSfWaWLe5GyJQ2eq78nJkRoPRah7RTEDPSyNxP/89qJ6V0FEybjxICki0W9hGMT4VkwuMsUUMPHlhCqmP0rpgOiCDU2vqwNwVs+eZU0SkXvoli+LRcq12kcGXSK8ugceegSVVAV1VAdUfSIntErenOenBfn3flYtK456cwJ+gPn8wePOZl+</latexit>

hH1H2i ' v
2

<latexit sha1_base64="Ebi4cbWbjZX5wkgLO+3EVSnWHcg=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJWZUrTLopsuK9gLdGrJpKdtaCYzJplCGfoqbnwVNy4U6U58GdN2QG09EPj4/3M4Ob8fcaa043xamY3Nre2d7G5ub//g8Mg+PmmoMJYU6jTkoWz5RAFnAuqaaQ6tSAIJfA5Nf3Q795tjkIqF4l5PIugEZCBYn1GijdS1yx4nYsABV7uuJ5foKRbAI/5xinjFGj8Uu3beKTiLwuvgppBHadW69szrhTQOQGjKiVJt14l0JyFSM8phmvNiBRGhIzKAtkFBAlCdZHHhFF8YpYf7oTRPaLxQf08kJFBqEvimMyB6qFa9ufif1451v9xJmIhiDYIuF/VjjnWI53HhHpNANZ8YIFQy81dMh0QSqk2oOROCu3ryOjSKBfeqULor5Ss3aRxZdIbO0SVy0TWqoCqqoTqi6Am9oDf0bj1br9aHNVu2Zqx05hT9KevrG+FOork=</latexit>

hH1i ' hH2i ' v
2

<latexit sha1_base64="NCejSP6piRrbaWrJYCfKfztrF9k=">AAACHXicbZDLSsNAFIYnXmu9RV26GSyCq5KUoi5clLrpsoK9QFPDZDJph84k6cxEKKEv4sZXceNCERduxLdxmkbQ1h8Gfr5zDmfO78WMSmVZX8bK6tr6xmZhq7i9s7u3bx4ctmWUCExaOGKR6HpIEkZD0lJUMdKNBUHcY6Tjja5n9c49EZJG4a2axKTP0SCkAcVIaeSaVe6mDdee3lXgFbSgM06QDzNWydgPqjs8gY6knIyh5Zolq2xlgsvGzk0J5Gq65ofjRzjhJFSYISl7thWrfoqEopiRadFJJIkRHqEB6WkbIk5kP82um8JTTXwYREK/UMGM/p5IEZdywj3dyZEaysXaDP5X6yUquOynNIwTRUI8XxQkDKoIzqKCPhUEKzbRBmFB9V8hHiKBsNKBFnUI9uLJy6ZdKdvn5epNtVSr53EUwDE4AWfABhegBhqgCVoAgwfwBF7Aq/FoPBtvxvu8dcXIZ47AHxmf38kln0Y=</latexit>

m2
H1

< 0 m2
H2

< 0 Bµ ' 0

<latexit sha1_base64="ce9UILYbQz0JxG9g4SdQE71+qug=">AAACJHicbZBLSwMxEMezvq2vqkcvwSJ4KrtLUcFL0UuPFawWunXJptM2NMluk6xQ1n4YL34VLx584MGLn8X0cdDWgSG//GeGZP5Rwpk2rvvlLCwuLa+srq3nNja3tnfyu3s3Ok4VhRqNeazqEdHAmYSaYYZDPVFARMThNupdjuq396A0i+W1GSTQFKQjWZtRYqwU5s8DTmSHA66Enk0fB2pyDzQT0LdHX5nsQYSZbRje+XhMvqWHYZgvuEV3HHgevCkU0DSqYf49aMU0FSAN5UTrhucmppkRZRjlMMwFqYaE0B7pQMOiJAJ0MxsvOcRHVmnhdqxsSoPH6u+JjAitByKynYKYrp6tjcT/ao3UtM+aGZNJakDSyUPtlGMT45FjuMUUUMMHFghVzP4V0y5RhBrra86a4M2uPA83ftE7KZauSoXyxdSONXSADtEx8tApKqMKqqIaougRPaNX9OY8OS/Oh/M5aV1wpjP76E843z9BtqQB</latexit>

hH1H2i '
q

|m2
H1

m
2
H2

|

<latexit sha1_base64="gfnU56VENQ3iaZjti18yGvq1sEI=">AAACCnicbZC7TsMwFIadcivlFmBkMVRILFRJVAFjBUvHItGL1KaR47qtVTuJbKdSlXZm4VVYGECIlSdg421w0wzQ8kuWPv3nHB2f348Ylcqyvo3c2vrG5lZ+u7Czu7d/YB4eNWQYC0zqOGShaPlIEkYDUldUMdKKBEHcZ6Tpj+7m9eaYCEnD4EFNIuJyNAhon2KktOWZp1PuJVXPnnWdy5QcTdMOI1JKyuG463hm0SpZqeAq2BkUQaaaZ351eiGOOQkUZkjKtm1Fyk2QUBQzMit0YkkihEdoQNoaA8SJdJP0lBk8104P9kOhX6Bg6v6eSBCXcsJ93cmRGsrl2tz8r9aOVf/GTWgQxYoEeLGoHzOoQjjPBfaoIFixiQaEBdV/hXiIBMJKp1fQIdjLJ69CwynZV6XyfblYuc3iyIMTcAYugA2uQQVUQQ3UAQaP4Bm8gjfjyXgx3o2PRWvOyGaOwR8Znz9AV5n+</latexit>

|m2
H1

�m2
H2

| . v2



A SIMPLE BSM TRIGGER

<latexit sha1_base64="DowdoYHFYXONhDVou8TWcrPukJA=">AAACC3icbVDLTgIxFO34RHyhLt00EBNXZIYQdUl0wxITeSTMSDrlAg1tZ2w7JISwd+OvuHGhMW79AXf+jQVmoeBJbnJ6zr25vSeMOdPGdb+dtfWNza3tzE52d2//4DB3dNzQUaIo1GnEI9UKiQbOJNQNMxxasQIiQg7NcHgz85sjUJpF8s6MYwgE6UvWY5QYK3VyeZ8T2eeAqx3PVgn7avH2NRPwgEf3pU6u4BbdOfAq8VJSQClqndyX341oIkAayonWbc+NTTAhyjDKYZr1Ew0xoUPSh7alkgjQwWR+yxSfWaWLe5GyJQ2eq78nJkRoPRah7RTEDPSyNxP/89qJ6V0FEybjxICki0W9hGMT4VkwuMsUUMPHlhCqmP0rpgOiCDU2vqwNwVs+eZU0SkXvoli+LRcq12kcGXSK8ugceegSVVAV1VAdUfSIntErenOenBfn3flYtK456cwJ+gPn8wePOZl+</latexit>

hH1H2i ' v
2

<latexit sha1_base64="Ebi4cbWbjZX5wkgLO+3EVSnWHcg=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJWZUrTLopsuK9gLdGrJpKdtaCYzJplCGfoqbnwVNy4U6U58GdN2QG09EPj4/3M4Ob8fcaa043xamY3Nre2d7G5ub//g8Mg+PmmoMJYU6jTkoWz5RAFnAuqaaQ6tSAIJfA5Nf3Q795tjkIqF4l5PIugEZCBYn1GijdS1yx4nYsABV7uuJ5foKRbAI/5xinjFGj8Uu3beKTiLwuvgppBHadW69szrhTQOQGjKiVJt14l0JyFSM8phmvNiBRGhIzKAtkFBAlCdZHHhFF8YpYf7oTRPaLxQf08kJFBqEvimMyB6qFa9ufif1451v9xJmIhiDYIuF/VjjnWI53HhHpNANZ8YIFQy81dMh0QSqk2oOROCu3ryOjSKBfeqULor5Ss3aRxZdIbO0SVy0TWqoCqqoTqi6Am9oDf0bj1br9aHNVu2Zqx05hT9KevrG+FOork=</latexit>

hH1i ' hH2i ' v
2

<latexit sha1_base64="f+k3/PsVxmXlNoRL+0MZiIKO4FE=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSC1USVcBYwdKxSPQitWnkuE5r1U4i26lUpV1ZeBUWBhBi5Q3YeBvcNAO0/JKlT/85R8fn92NGpbKsb2NtfWNza7uwU9zd2z84NI+OmzJKBCYNHLFItH0kCaMhaSiqGGnHgiDuM9LyR3fzemtMhKRR+KAmMXE5GoQ0oBgpbXkmnHIvrXn2rOdcZuRomnYHSo9wOO45nlmyylYmuAp2DiWQq+6ZX91+hBNOQoUZkrJjW7FyUyQUxYzMit1EkhjhERqQjsYQcSLdNLtkBs+104dBJPQLFczc3xMp4lJOuK87OVJDuVybm//VOokKbtyUhnGiSIgXi4KEQRXBeSywTwXBik00ICyo/ivEQyQQVjq8og7BXj55FZpO2b4qV+4rpeptHkcBnIIzcAFscA2qoAbqoAEweATP4BW8GU/Gi/FufCxa14x85gT8kfH5A25gmYo=</latexit>

|m2
H1

�m2
H2

| & v2

From Higgs Couplings

<latexit sha1_base64="w9VejSCBEyupsFKtTgPKPATKZgQ=">AAAB+XicbVDLSgMxFM34rPU16tJNsAiuykwp6rLUjcsK9gGdsWTStA1NMkNyp1CG/okbF4q49U/c+Tem7Sy09UDgcM653JsTJYIb8LxvZ2Nza3tnt7BX3D84PDp2T05bJk41ZU0ai1h3ImKY4Io1gYNgnUQzIiPB2tH4bu63J0wbHqtHmCYslGSo+IBTAlbquW49kCkOhmAjEk+eKj235JW9BfA68XNSQjkaPfcr6Mc0lUwBFcSYru8lEGZEA6eCzYpBalhC6JgMWddSRSQzYba4fIYvrdLHg1jbpwAv1N8TGZHGTGVkk5LAyKx6c/E/r5vC4DbMuEpSYIouFw1SgSHG8xpwn2tGQUwtIVRzeyumI6IJBVtW0Zbgr355nbQqZf+6XH2olmr1vI4COkcX6Ar56AbV0D1qoCaiaIKe0St6czLnxXl3PpbRDSefOUN/4Hz+AKwrkww=</latexit>

Bµ & v2

Or we are in the Z2 
Case



A SIMPLE BSM TRIGGER

N.B. in reality need tiny breaking of H1->-H1 to avoid domain walls, so “0” really means << v

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="LldWMx2L3dq1ZSS8RQ9JkikHMp0=">AAACGHicbVA9T8MwEHXKVylfAUYWiwqJqSQRCBakCpaORaIfUhMix3Vaq44TbAepSvszWPgrLAwgxNqNf4PbZoCWJ53u+d2dzveChFGpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqnApIFjFot2gCRhlJOGooqRdiIIigJGWsHgdlpvPREhaczv1TAhXoR6nIYUI6Ul3zxzGeI9RmDNt3U40BXz9zV05aNQ2Sjy7QdnpJOj09g3y1bFmgEuEzsnZZCj7psTtxvjNCJcYYak7NhWorwMCUUxI+OSm0qSIDxAPdLRlKOISC+bHTaGJ1rpwjAWOriCM/X3RIYiKYdRoDsjpPpysTYV/6t1UhVeeRnlSaoIx/NFYcqgiuHUJdilgmDFhpogLKj+K8R9JBBW2suSNsFePHmZNJ2KfVGx7s7L1ZvcjiI4AsfgFNjgElRBDdRBA2DwDF7BO/gwXow349P4mrcWjHzmEPyBMfkBjtqe4A==</latexit>

hH1H2i =
q

|m2
1||m2

2|

<latexit sha1_base64="qyIhEoat0T0woB8lWM0qOGMogvI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLgPTYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1l37y9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fIrmOPQ==</latexit>

m2
1

<latexit sha1_base64="pZ8WVFkg4nEx4htnDMR/h7d+TWo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLQeGwMqjW37uZAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogy4+doTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtBt177Lu3l/UmjdFHGU4gVM4Bw+uoAl30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JD+OPg==</latexit>

m2
2

<latexit sha1_base64="DtC+b+UylFBb1hxchdDy0d5JST4=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUIAWNFGRgYWqkvqYkix3Fbq7YT2Q5SFXVg4VdYGECIlY9g429w2wzQciRLR+fco+t7woRRpR3n2yqsrW9sbhW3Szu7e/sH9uFRR8WpxKSNYxbLXogUYVSQtqaakV4iCeIhI91wXJ/53QciFY1FS08S4nM0FHRAMdJGCuxyC3pDbXwOvXsTi1CQeZLDZv12GtgVp+rMAVeJm5MKyNEI7C8vinHKidCYIaX6rpNoP0NSU8zItOSliiQIj9GQ9A0ViBPlZ/MjpvDUKBEcxNI8oeFc/Z3IEFdqwkMzyZEeqWVvJv7n9VM9uPYzKpJUE4EXiwYpgzqGs0ZgRCXBmk0MQVhS81eIR0girE1vJVOCu3zyKumcV93Lqtu8qNRu8jqKoAxOwBlwwRWogTvQAG2AwSN4Bq/gzXqyXqx362MxWrDyzDH4A+vzB5Zfl2w=</latexit>

T & ⇤QCD

<latexit sha1_base64="5N7xj4N6NBGRJBV3mR8DrZ683sQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2W3iHosevFYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0mXTQfa4Nyxa26c6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEratap3VfUeLiv12zyOIpzAKZyDB9dQh3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AQHKNuQ==</latexit>

�T 2

<latexit sha1_base64="5N7xj4N6NBGRJBV3mR8DrZ683sQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2W3iHosevFYoV/QriWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0mXTQfa4Nyxa26c6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEratap3VfUeLiv12zyOIpzAKZyDB9dQh3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AQHKNuQ==</latexit>

�T 2



A SIMPLE BSM TRIGGER

N.B. in reality need tiny breaking of H1->-H1 to avoid domain walls, so “0” really means << v

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>

hH1H2i = 0

⇤2
QCD

<latexit sha1_base64="xb4coz1arfBrUYmkvLMdJ17rVhQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQU1F2xLly4aME+oIlhMpm0QyeTMDMRQqi/4saFIm79EHf+jdM2C209MHA451zuneMnjEplWd/G2vrG5tZ2aae8u7d/cGgeHfdknApMujhmsRj4SBJGOekqqhgZJIKgyGek709aM7//SISkMb9XWULcCI04DSlGSkueWXHudDhAXu6ICHZaN9OHumdWrZo1B1wldkGqoEDbM7+cIMZpRLjCDEk5tK1EuTkSimJGpmUnlSRBeIJGZKgpRxGRbj4/fgrPtBLAMBb6cQXn6u+JHEVSZpGvkxFSY7nszcT/vGGqwks3pzxJFeF4sShMGVQxnDUBAyoIVizTBGFB9a0Qj5FAWOm+yroEe/nLq6RXr9mN2lWnUW1eF3WUwAk4BefABhegCW5BG3QBBhl4Bq/gzXgyXox342MRXTOKmQr4A+PzB7LllCw=</latexit>

<latexit sha1_base64="ykNjHCKJLtR2dH89p7EIf6yeLvY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0tSFF0W68KFixbsA5oYJpNJO3QmCTMToYbir7hxoYhb/8Odf+O0zUJbDwwczjmXe+f4CaNSWda3UVhaXlldK66XNja3tnfM3b22jFOBSQvHLBZdH0nCaERaiipGuokgiPuMdPxhfeJ3HoiQNI7u1CghLkf9iIYUI6Ulzzw4dW51OkD3VS9zBIfN+vXYM8tWxZoCLhI7J2WQo+GZX04Q45STSGGGpOzZVqLcDAlFMSPjkpNKkiA8RH3S0zRCnEg3m14/hsdaCWAYC/0iBafq74kMcSlH3NdJjtRAznsT8T+vl6rw0s1olKSKRHi2KEwZVDGcVAEDKghWbKQJwoLqWyEeIIGw0oWVdAn2/JcXSbtasc8rVvOsXLvK6yiCQ3AEToANLkAN3IAGaAEMHsEzeAVvxpPxYrwbH7Nowchn9sEfGJ8/G6SUWw==</latexit>

�⇤2
QCD

<latexit sha1_base64="qyIhEoat0T0woB8lWM0qOGMogvI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLgPTYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1l37y9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fIrmOPQ==</latexit>

m2
1

<latexit sha1_base64="pZ8WVFkg4nEx4htnDMR/h7d+TWo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WLQeGwMqjW37uZAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogy4+doTOrDFEUK1vSoFz9PZFhofVUhLZTYDPWy95c/M/rpSa6DjImk9RQSRaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtBt177Lu3l/UmjdFHGU4gVM4Bw+uoAl30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JD+OPg==</latexit>

m2
2

<latexit sha1_base64="LldWMx2L3dq1ZSS8RQ9JkikHMp0=">AAACGHicbVA9T8MwEHXKVylfAUYWiwqJqSQRCBakCpaORaIfUhMix3Vaq44TbAepSvszWPgrLAwgxNqNf4PbZoCWJ53u+d2dzveChFGpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqnApIFjFot2gCRhlJOGooqRdiIIigJGWsHgdlpvPREhaczv1TAhXoR6nIYUI6Ul3zxzGeI9RmDNt3U40BXz9zV05aNQ2Sjy7QdnpJOj09g3y1bFmgEuEzsnZZCj7psTtxvjNCJcYYak7NhWorwMCUUxI+OSm0qSIDxAPdLRlKOISC+bHTaGJ1rpwjAWOriCM/X3RIYiKYdRoDsjpPpysTYV/6t1UhVeeRnlSaoIx/NFYcqgiuHUJdilgmDFhpogLKj+K8R9JBBW2suSNsFePHmZNJ2KfVGx7s7L1ZvcjiI4AsfgFNjgElRBDdRBA2DwDF7BO/gwXow349P4mrcWjHzmEPyBMfkBjtqe4A==</latexit>

hH1H2i =
q

|m2
1||m2

2|

<latexit sha1_base64="jwKAkHLsfIA9NnBo/Eb5Hz0lFVI=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVKBYKwoAwNDK9GH1ITIcZzWqp0E20Gq0q4s/AoLAwix8gds/A1umwFajmTp6JxzdX2PnzAqlWV9G0vLK6tr64WN4ubW9s6uubffknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/qE389gMRksbRrRomxOWoF9GQYqS05JnQudHhAHmZIzhs1K7G0JH3QmUj7tl3ldHYM0tW2ZoCLhI7JyWQo+6ZX04Q45STSGGGpOzaVqLcDAlFMSPjopNKkiA8QD3S1TRCnEg3m14yhsdaCWAYC/0iBafq74kMcSmH3NdJjlRfznsT8T+vm6rwws1olKSKRHi2KEwZVDGc1AIDKghWbKgJwoLqv0LcRwJhpcsr6hLs+ZMXSatSts/KVuO0VL3M6yiAQ3AEToANzkEVXIM6aAIMHsEzeAVvxpPxYrwbH7PokpHPHIA/MD5/AO0Dmdk=</latexit>

⇤QCD

q
|m2

1|

<latexit sha1_base64="arm/uNLJCW6HCp9vAVCOBBJLpV0=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJiKkkBwVhRBgaGVqIPqWkjx3Vaq3YSbAepSvMZLPwKCwMIsXbjb3AfA7Qc6UpH59xr33u8iFGpLOvbyKysrq1vZDdzW9s7u3vm/kFdhrHApIZDFoqmhyRhNCA1RRUjzUgQxD1GGt6gPPEbT0RIGgYPahiRNke9gPoUI6Ul1zxz5KNQyYi7dqc4Sh1fIJw49/qBLnITR3BYLd+mnfM04W6xU0xdM28VrCngMrHnJA/mqLjm2OmGOOYkUJghKVu2Fal2goSimJE058SSRAgPUI+0NA0QJ7KdTA9L4YlWutAPha5Awan6eyJBXMoh93QnR6ovF72J+J/XipV/3U5oEMWKBHj2kR8zqEI4SQl2qSBYsaEmCAuqd4W4j3Q2SmeZ0yHYiycvk3qxYF8WrOpFvnQzjyMLjsAxOAU2uAIlcAcqoAYweAav4B18GC/Gm/FpfM1aM8Z85hD8gTH+AQFXoFY=</latexit>q
|m2

1|
⇤3
QCD

m2
2

<latexit sha1_base64="oQUJ4Cq0eF02xmXC8Y5itWwNqMI=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoQAsaKMjAwtFJfUhNFjuO2Vm0nsh2kKurCwq+wMIAQK//Axt/gthmg5UiWjs65R9f3hAmjSjvOt1VYWV1b3yhulra2d3b37P2DtopTiUkLxyyW3RApwqggLU01I91EEsRDRjrhqDb1Ow9EKhqLph4nxOdoIGifYqSNFNjHTegxopSiHHr3JhehIPMkh43a7SSwy07FmQEuEzcnZZCjHthfXhTjlBOhMUNK9Vwn0X6GpKaYkUnJSxVJEB6hAekZKhAnys9mV0zgqVEi2I+leULDmfo7kSGu1JiHZpIjPVSL3lT8z+ulun/tZ1QkqSYCzxf1UwZ1DKeVwIhKgjUbG4KwpOavEA+RRFib4kqmBHfx5GXSPq+4lxW3cVGu3uR1FMEROAFnwAVXoAruQB20AAaP4Bm8gjfryXqx3q2P+WjByjOH4A+szx9nDpfg</latexit>

T . ⇤QCD



A GENERAL LESSON

Does anything change in the SM as we vary       ?
<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi

<latexit sha1_base64="wJlO8ds57mY5h8ubd9Okw4AbQVA="></latexit>

m2
⇡f

2
⇡

s

1� 4mumd

(mu +md)2
sin2 (⇠�+ ✓)

<latexit sha1_base64="mvnyHuxz9NvVoW80cCkNjanL22c="></latexit>

(yu + yd)vf
3
⇡

�
✓⇠�+ ⇠2�2 + ...

�

<latexit sha1_base64="45wn1ZX+pDZJDdrdDDIa+JS3FDs="></latexit>↵s

8⇡
(⇠�+ ✓)Tr

h
GG̃

i



HIERARCHY 102

<latexit sha1_base64="103v4eL9diUI6nWZGrgDFJlPzN8=">AAACFXicbVA9SwNBEN2LXzF+RS1tFoNgIeFOFC2DFrFUMImQO8Le3lyyZO+D3Tk1HPkTNv4VGwtFbAU7/42bmEITHww83pthZp6fSqHRtr+swtz8wuJScbm0srq2vlHe3GrqJFMcGjyRibrxmQYpYmigQAk3qQIW+RJafv985LduQWmRxNc4SMGLWDcWoeAMjdQpH7j3grppT9DcVRG9VkNXQojtOnXvRAAoZAC07irR7aHXKVfsqj0GnSXOhFTIBJed8qcbJDyLIEYumdZtx07Ry5lCwSUMS26mIWW8z7rQNjRmEWgvH381pHtGCWiYKFMx0rH6eyJnkdaDyDedEcOenvZG4n9eO8Pw1MtFnGYIMf9ZFGaSYkJHEdFAKOAoB4YwroS5lfIeU4yjCbJkQnCmX54lzcOqc1y1r44qtbNJHEWyQ3bJPnHICamRC3JJGoSTB/JEXsir9Wg9W2/W+09rwZrMbJM/sD6+Af3Bnrg=</latexit>

⇠�Tr
h
G eG

i

Does anything change in the SM as we vary       ?

Important Pheno Message:

Axion-Like phenomenology can be related to the 
hierarchy problem

<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi



HIERARCHY 102

More precisely: add a light scalar    and tiny coupling 
         
The effective tadpole for    at low energy is proportional 
to the vev of  

<latexit sha1_base64="JcJJBv8C5/x42NTZ21B6DTtMZb8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V013YfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxTajkM=</latexit>

�
<latexit sha1_base64="onKMDyDCEK/OMjLDHLOIO4DIWeI=">AAAB/XicbVC7TsMwFL3hWcorPDYWiwqJqUoQCMYKFjaKRB9SE1WO67RWHSeyHUSJKn6FhQGEWPkPNv4Gp80ALUeydXTOvfLxCRLOlHacb2thcWl5ZbW0Vl7f2Nzatnd2mypOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKhle537qnUrFY3OlRQv0I9wULGcHaSF1733tgyEsG5oqwHhDMs5tx1644VWcCNE/cglSgQL1rf3m9mKQRFZpwrFTHdRLtZ1hqRjgdl71U0QSTIe7TjqECR1T52ST9GB0ZpYfCWJojNJqovzcyHCk1igIzmUdUs14u/ud1Uh1e+BkTSaqpINOHwpQjHaO8CtRjkhLNR4ZgIpnJisgAS0y0KaxsSnBnvzxPmidV96zq3J5WapdFHSU4gEM4BhfOoQbXUIcGEHiEZ3iFN+vJerHerY/p6IJV7OzBH1ifPy9clQ4=</latexit>

⇠�O
<latexit sha1_base64="JcJJBv8C5/x42NTZ21B6DTtMZb8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V013YfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxTajkM=</latexit>

�
<latexit sha1_base64="KqQqnuXiz3QQK1ahNaelJfbo3xw=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhuaRaQ==</latexit>

O

SM SM



HIERARCHY 102

<latexit sha1_base64="103v4eL9diUI6nWZGrgDFJlPzN8=">AAACFXicbVA9SwNBEN2LXzF+RS1tFoNgIeFOFC2DFrFUMImQO8Le3lyyZO+D3Tk1HPkTNv4VGwtFbAU7/42bmEITHww83pthZp6fSqHRtr+swtz8wuJScbm0srq2vlHe3GrqJFMcGjyRibrxmQYpYmigQAk3qQIW+RJafv985LduQWmRxNc4SMGLWDcWoeAMjdQpH7j3grppT9DcVRG9VkNXQojtOnXvRAAoZAC07irR7aHXKVfsqj0GnSXOhFTIBJed8qcbJDyLIEYumdZtx07Ry5lCwSUMS26mIWW8z7rQNjRmEWgvH381pHtGCWiYKFMx0rH6eyJnkdaDyDedEcOenvZG4n9eO8Pw1MtFnGYIMf9ZFGaSYkJHEdFAKOAoB4YwroS5lfIeU4yjCbJkQnCmX54lzcOqc1y1r44qtbNJHEWyQ3bJPnHICamRC3JJGoSTB/JEXsir9Wg9W2/W+09rwZrMbJM/sD6+Af3Bnrg=</latexit>

⇠�Tr
h
G eG

i

Does anything change in the SM as we vary       ?

Important Pheno Message:

Axion-Like phenomenology can be related to the 
hierarchy problem

<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi



CAUSALLY CONNECTED LANDSCAPES

<latexit sha1_base64="BPCEREGA2d6cj8tLZkHEC1FUSE4=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KrtF1GPRS48V7Ad015JNs21oNhuSrFC2/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeKDnTxnW/nbX1jc2t7cJOcXdv/+CwdHTc0kmqCG2ShCeqE2JNORO0aZjhtCMVxXHIaTsc3c389hNVmiXiwYwlDWI8ECxiBBsr+QPkyyFDk/rksdorld2KOwdaJV5OypCj0St9+f2EpDEVhnCsdddzpQkyrAwjnE6LfqqpxGSEB7RrqcAx1UE2v3mKzq3SR1GibAmD5urviQzHWo/j0HbG2Az1sjcT//O6qYlugowJmRoqyGJRlHJkEjQLAPWZosTwsSWYKGZvRWSIFSbGxlS0IXjLL6+SVrXiXVXc+8ty7TaPowCncAYX4ME11KAODWgCAQnP8ApvTuq8OO/Ox6J1zclnTuAPnM8fDXaRCw==</latexit>
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[Arkani-Hamed, Cohen, RTD, Hook, Kim, Pinner ’16]

Nnaturalness

[Abbott ’84], [Graham, Kaplan, Rajendran ‘15]

Many options with fewer e-folds:  
[Espinosa, Grojean, Panico, Pomarol, Pujolas, ’15], 

…

Relaxion



EXAMPLE: ANTHROPIC
[Agrawal, Barr, Donoghue, Seckel ’97]

Symmetric 
Sector

SM Landscape

<latexit sha1_base64="dWfsYM3IHT/a0IuTETF53vHkihI=">AAACCHicbVDNS8MwHE39nPOr6tGDwSF4Gq2KehzOgweFDdwHrKWkabqFJW1JUmGUHr34r3jxoIhX/wRv/jdmWw+6+SDw8t77kfyenzAqlWV9GwuLS8srq6W18vrG5ta2ubPblnEqMGnhmMWi6yNJGI1IS1HFSDcRBHGfkY4/rI/9zgMRksbRvRolxOWoH9GQYqS05JkHzq0OB8jLHMFhs36dO4zBu+m1wXLPrFhVawI4T+yCVECBhmd+OUGMU04ihRmSsmdbiXIzJBTFjORlJ5UkQXiI+qSnaYQ4kW42WSSHR1oJYBgLfSIFJ+rviQxxKUfc10mO1EDOemPxP6+XqvDSzWiUpIpEePpQmDKoYjhuBQZUEKzYSBOEBdV/hXiABMJKd1fWJdizK8+T9knVPq+eNs8qtauijhLYB4fgGNjgAtTADWiAFsDgETyDV/BmPBkvxrvxMY0uGMXMHvgD4/MHqp6ZHw==</latexit>

⇤QCD ⌧ MPl

<latexit sha1_base64="xoKBqbnO1HC/3c5W6pNoGBtfFZk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6L9eCxBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaDcW3mt5+o0iySD2YSU1/goWQhI9hY6THtKYEatbtpv1hyy+4caJV4GSlBhnq/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/ODp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMT3vgpk3FiqCSLRWHCkYnQ7Hs0YIoSwyeWYKKYvRWREVaYGJtRwYbgLb+8SloXZe+qfNmolKq3WRx5OIFTOAcPrqEK91CHJhAQ8Ayv8OYo58V5dz4WrTknmzmGP3A+fwA1OZAH</latexit>

QCD
<latexit sha1_base64="5iVla5bZsisKW6K+uMze9rKfhJY=">AAAB8nicbVBNTwIxEO36ifiFevTSSEw8kV016pHohSMk8mGWlXRLFxq67dLOmhDCz/DiQWO8+mu8+W8ssAcFXzLJy3szmZkXJoIbcN1vZ2V1bX1jM7eV397Z3dsvHBw2jEo1ZXWqhNKtkBgmuGR14CBYK9GMxKFgzXBwN/WbT0wbruQ9jBIWxKQnecQpASv5D50hruEKHj7STqHoltwZ8DLxMlJEGaqdwle7q2gaMwlUEGN8z00gGBMNnAo2ybdTwxJCB6THfEsliZkJxrOTJ/jUKl0cKW1LAp6pvyfGJDZmFIe2MybQN4veVPzP81OIboIxl0kKTNL5oigVGBSe/o+7XDMKYmQJoZrbWzHtE00o2JTyNgRv8eVl0jgveVeli9plsXybxZFDx+gEnSEPXaMyqqAqqiOKFHpGr+jNAefFeXc+5q0rTjZzhP7A+fwBwGCQRA==</latexit>

YqQHq
c

“Friendly”

String 

Landscape?

[Arakni-Hamed, Dimopoulos, Kachru, ‘05]

For complex chemistry we need a Higgs vev not too far from 
the QCD scale



GENERAL STRUCTURE

Symmetric 
Sector

SM Landscape

“Friendly”

String 

Landscape?

[Arakni-Hamed, Dimopoulos, Kachru, ‘05]

<latexit sha1_base64="y9wNJLfsbUDraKqFwGAVCKEsP2Q=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQq6rLoxo1QwT6gCWEynbRDZ5IwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHKmdKO820tLC4tr6yW1srrG5tb2/bOblMlmSS0QRKeyHaIFeUspg3NNKftVFIsQk5b4eB67LceqFQsie/1MKW+wL2YRYxgbaTA3heBlwrkcY5ug9yTAtX5KLArTtWZAM0TtyAVKFAP7C+vm5BM0FgTjpXquE6q/RxLzQino7KXKZpiMsA92jE0xoIqP59cP0JHRumiKJGmYo0m6u+JHAulhiI0nQLrvpr1xuJ/XifT0aWfszjNNI3JdFGUcaQTNI4CdZmkRPOhIZhIZm5FpI8lJtoEVjYhuLMvz5PmSdU9r57enVVqV0UcJTiAQzgGFy6gBjdQhwYQeIRneIU368l6sd6tj2nrglXM7MEfWJ8/mVmUrw==</latexit>

m± ⌧ MPl

<latexit sha1_base64="AeeFIHiZaQ44ER3NXs8fe9b3OkE=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyoqMuiG5cV7AM6Q8mkmTY0ycQkI5ShP+HGhSJu/R13/o3pY6GtBy4czrmXe++JFWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNk2aa0AZJearbMTaUM0kblllO20pTLGJOW/HwduK3nqg2LJUPdqRoJHBfsoQRbJ3UDtWAdUMluuWKX/WnQMskmJMKzFHvlr/CXkoyQaUlHBvTCXxloxxrywin41KYGaowGeI+7TgqsaAmyqf3jtGJU3ooSbUradFU/T2RY2HMSMSuU2A7MIveRPzP62Q2uY5yJlVmqSSzRUnGkU3R5HnUY5oSy0eOYKKZuxWRAdaYWBdRyYUQLL68TJpn1eCyen5/UandzOMowhEcwykEcAU1uIM6NIAAh2d4hTfv0Xvx3r2PWWvBm88cwh94nz8dHpAH</latexit>

�±
<latexit sha1_base64="rWOThWHc2oXd0XZO6rpB8tlHoG8=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokKuqy6KIuK9gHNCFMJjft0MmDmYlSQjf+ihsXirj1M9z5N07bLLT1wIXDOfdy7z1+yplUlvVtlJaWV1bXyuuVjc2t7R1zd68tk0xQaNGEJ6LrEwmcxdBSTHHopgJI5HPo+MObid95ACFZEt+rUQpuRPoxCxklSkueeeCkA+Y5aYQb2HlkASjGA8ANz6xaNWsKvEjsglRRgaZnfjlBQrMIYkU5kbJnW6lycyIUoxzGFSeTkBI6JH3oaRqTCKSbTx8Y42OtBDhMhK5Y4an6eyInkZSjyNedEVEDOe9NxP+8XqbCKzdncZopiOlsUZhxrBI8SQMHTABVfKQJoYLpWzEdEEGo0plVdAj2/MuLpH1asy9qZ3fn1fp1EUcZHaIjdIJsdInq6BY1UQtRNEbP6BW9GU/Gi/FufMxaS0Yxs4/+wPj8Aa6kldM=</latexit>

�±G eG

<latexit sha1_base64="zeEPOwUuaDl7CYAdHC0LDYrE8jU="></latexit>
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[RTD, Teresi ’21]



Statistical 
Selection

Dynamical 
Selection

Anthropic 
Selection

[Dvali, Vilenkin ’03], [Dvali ’04], 
[Geller, Hochberg, Kuflik,’18], 

[Giudice, McCullough, You, ’21], 
…

[Graham, Rajendran, Kaplan, 
’15], [Arkani-Hamed, Cohen, 

RTD, Kim, Pinner, ’16], [Csaki, RTD, 
Geller, Ismail, ’20], [Strumia, 
Teresi, ’20], [RTD, Teresi, ’21], 

…

[Agrawal, Barr, Donoghue, 
Seckel ’97],[Arvanitaki, 

Dimopoulos, Gorbenko, Huang, 
Van Tilburg ’16],  

[Arkani-Hamed, RTD, Kim, ‘20],  
[Giudice, Kehagias, Riotto, ’20], 

…


