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• Many UV theories predict heavy new states with sizeable 
couplings (e.g. SUSY, GUTs, String Models, …)

WHERE TO LOOK FOR BSM
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• If  is broken by VEV  of scalar, mass is related to coupling: 

• For light mediators   kinetic terms can be diagonalised 
by simple field redefinition:  

U(1)X f

MA′� ≪ MZ

SECLUDED HIDDEN PHOTONS
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L = LSM � 1

4
Xµ⌫X

µ⌫ � ✏

2
Bµ⌫X

µ⌫ � M2
X

2
Xµ Xµ � gx J

X
µ Xµ

<latexit sha1_base64="8W5HpAk7BqSQRRU8WlCm8ZHQvvY="></latexit>

[Holdom; PLB 166, 196]

eAµJ
µ
EM � ✏ eA0

µJ
µ
EMAµ ! Aµ � ✏A0µ

Hidden Photon couples to EM current suppressed by  ! ϵ

<latexit sha1_base64="dSsSn2GxE5GQU2ynfh6eeVRbVew="></latexit>

L = (DµS)
†DµS � g2xf

2A0
µA

0µ

<latexit sha1_base64="ArVeNkZsBZ68lz8mGk/uy0s8ewQ=">AAACD3icbVDLSsNAFJ3UV62vVJduBovoQkoiii4UKm7cCBXsA9oQJpNJO3QyCTMTtYR8hB/gVj/Bnbj1E/wCf8Npm4VtPXDhcM693HuPFzMqlWV9G4WFxaXlleJqaW19Y3PLLG83ZZQITBo4YpFoe0gSRjlpKKoYaceCoNBjpOUNrkd+64EISSN+r4YxcULU4zSgGCktuWb51k2vDjJ4CXvuE+wewcA1K1bVGgPOEzsnFZCj7po/XT/CSUi4wgxJ2bGtWDkpEopiRrJSN5EkRniAeqSjKUchkU46Pj2D+1rxYRAJXVzBsfp3IkWhlMPQ050hUn05643E/7xOooJzJ6U8ThTheLIoSBhUERzlAH0qCFZsqAnCgupbIe4jgbDSaU1tkfqpPvGzkk7Gns1hnjSPq/Zp1bo7qdQu8oyKYBfsgUNggzNQAzegDhoAg0fwAl7Bm/FsvBsfxuektWDkMztgCsbXL9kQmyE=</latexit>

MA0 = gx f
<latexit sha1_base64="73hFIxocfEgpn247Kc7/FsZo6yA=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4Kokouiy6cVnFPiANZTK5aYZOZsLMRCmhH+AHuNVPcCdu/Qy/wN9w2mZhWw9cOJxzL/feE6SMKu0431ZpZXVtfaO8Wdna3tndq+4ftJXIJIEWEUzIboAVMMqhpalm0E0l4CRg0AmGNxO/8whSUcEf9CgFP8EDTiNKsDaS17ung1hjKcVTv1pz6s4U9jJxC1JDBZr96k8vFCRLgGvCsFKe66Taz7HUlDAYV3qZghSTIR6AZyjHCSg/n548tk+MEtqRkKa4tqfq34kcJ0qNksB0JljHatGbiP95XqajKz+nPM00cDJbFGXM1sKe/G+HVALRbGQIJpKaW20SY4mJNinNbVHmqRjCccUk4y7msEzaZ3X3ou7cndca10VGZXSEjtEpctElaqBb1EQtRJBAL+gVvVnP1rv1YX3OWktWMXOI5mB9/QK665pK</latexit>)

<latexit sha1_base64="TMdNKY3DV7IruvTg8LmA703GvI4=">AAACAnicbVDLSsNAFL2pr1pfVZduBovoqiSi6MJFxY0boYJ9QBvKZDJpx04mYWYilJCdH+BWP8GduPVH/AJ/w2mbhW09cOFwzr3ce48Xc6a0bX9bhaXlldW14nppY3Nre6e8u9dUUSIJbZCIR7LtYUU5E7Shmea0HUuKQ4/Tlje8GfutJyoVi8SDHsXUDXFfsIARrI3UvOul18dZr1yxq/YEaJE4OalAjnqv/NP1I5KEVGjCsVIdx461m2KpGeE0K3UTRWNMhrhPO4YKHFLlppNrM3RkFB8FkTQlNJqofydSHCo1Cj3TGWI9UPPeWPzP6yQ6uHRTJuJEU0Gmi4KEIx2h8evIZ5ISzUeGYCKZuRWRAZaYaBPQzBZlnhpQPyuZZJz5HBZJ87TqnFft+7NK7SrPqAgHcAgn4MAF1OAW6tAAAo/wAq/wZj1b79aH9TltLVj5zD7MwPr6BfwBl5k=</latexit>

MA0

<latexit sha1_base64="5aFKiPTUVRQPEZKmafcMWrhtpeg=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRJRdOGi4MZlRfuANpTJ5KYdOpmEmYlYQhd+gFv9BHfi1k/xC/wNp20WtvXAhcM593LvPX7CmdKO820VVlbX1jeKm6Wt7Z3dvfL+QVPFqaTYoDGPZdsnCjkT2NBMc2wnEknkc2z5w5uJ33pEqVgsHvQoQS8ifcFCRok20n2/99QrV5yqM4W9TNycVCBHvVf+6QYxTSMUmnKiVMd1Eu1lRGpGOY5L3VRhQuiQ9LFjqCARKi+bnjq2T4wS2GEsTQltT9W/ExmJlBpFvumMiB6oRW8i/ud1Uh1eeRkTSapR0NmiMOW2ju3J33bAJFLNR4YQKpm51aYDIgnVJp25Lco8NcBgXDLJuIs5LJPmWdW9qDp355XadZ5REY7gGE7BhUuowS3UoQEU+vACr/BmPVvv1of1OWstWPnMIczB+voFP+2WrQ==</latexit>gx

smaller couplings 
  smaller mass!⇒



HIDDEN PHOTON SEARCHES
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A′

A

e− e+

θ

L coll
⇡ O(10�1) ab�1yr�1

<latexit sha1_base64="OTuzxF4O67sZIH58k3GjQd4wa+U="></latexit>

�coll
A0 / ↵2 ✏2

E2
CM

<latexit sha1_base64="V59gJYUErdw8dpFEG6ErOqT5SgY="></latexit>

�bd
A0 /

↵3 Z2 ✏2

M2
A0

<latexit sha1_base64="J+PrqN0gQElq9PWYiFqU/vECNlA="></latexit>
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<latexit sha1_base64="ZPvkwCbCfAMxLefzCGFeU+4AMpU="></latexit>
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Colliders: Beam dumps/forward experiments:

P, e

P, e

P
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A0 A
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• Production:

<latexit sha1_base64="zwuq3ml3kot9Z06nVrXI4ywnWo4="></latexit>

L bd
⇡ O(1) ab�1d�1



SECLUDED           U(1)X
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[Ilten+ ’18, Bauer+ ’18, FASER ’18]
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g- 2e

g- 2μ

APEX

Belle-II
DarkLight

FASER

FASER2

ATLAS, CMS

LHCbD* LHCbμμ

LHCbμμ

MAMI
MESA

Mu3e

SHiP

VEPP3

g- 2μ



ANOMALY FREE GAUGE 
EXTENSIONS
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<latexit sha1_base64="BF9apwPXyKmelSSeDVKLTWji7wA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4Krui6LHoRTxVsB/Q3ZZsmm1Dk+yaZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5YcKZNq777Swtr6yurRc2iptb2zu7pb39ho5TRWidxDxWrRBrypmkdcMMp61EUSxCTpvh8HriNx+p0iyW92aU0EDgvmQRI9hYqXPbbXV8kSJf0gfkdktlt+JOgRaJl5My5Kh1S19+LyapoNIQjrVue25iggwrwwin46KfappgMsR92rZUYkF1kE2vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif105NdBlkTCapoZLMFkUpRyZGkwhQjylKDB9Zgoli9lZEBlhhYmxQRRuCN//yImmcVrzzint3Vq5e5XEU4BCO4AQ8uIAq3EAN6kBAwTO8wpvz5Lw4787HrHXJyWcO4A+czx9IjJG3</latexit>

Jµ
X 6= 0



ANOMALY FREE MODELS
• Constraints on possible charge assignments of SM fields plus     

3 RH neutrinos from anomaly cancellation:  
 
                                      with 
 
 Define sum of family charges
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<latexit sha1_base64="ubYfZ8vIeQQa1dnC5VyLj50TtL8="></latexit>

Anomaly Charge combinations with Yukawa constraints
U(1)3X 2X3

L + 6X3
Q �X3

` �X3
⌫ � 3(X3

u +X3
d) X3

L �X3
⌫

U(1)2XU(1)Y 2YLX2
L + 6YQX2

Q � Y`X2
` � Y⌫X2

⌫ � 3(YuX2
u + YdX2

d) 0
U(1)XU(1)2Y 2Y 2

LXL + 6Y 2
QXQ � Y 2

` X` � Y 2
⌫ X⌫ � 3(Y 2

uXu + Y 2
d Xd) � 1

2 (XL + 3XQ)
SU(3)2U(1)X 2XQ �Xu �Xd 0
SU(2)2U(1)X 2XL + 6XQ 2XL + 6XQ

grav2U(1)X 2XL + 6XQ �X` �X⌫ � 3(Xu +Xd) XL �X⌫

ψ ψ

ψ

<latexit sha1_base64="7/YBIc6V4i2D0Hd4P8K09faHgBM=">AAACJXicbZDLSsNAFIYn9VbrrerSzWARXEhJRNGFQtGNuGrBXqCp4WQ6bYfOJGFmIpTQl3Hjq7hxYRHBla/ipM1CW38Y+PjPOZw5vx9xprRtf1m5peWV1bX8emFjc2t7p7i711BhLAmtk5CHsuWDopwFtK6Z5rQVSQrC57TpD2/TevOJSsXC4EGPItoR0A9YjxHQxvKKV/de69EVMb7G2FWx8BI3UmyMXR8kThG7J7jmZeT2QQiY9qeOVyzZZXsqvAhOBiWUqeoVJ243JLGggSYclGo7dqQ7CUjNCKfjghsrGgEZQp+2DQYgqOok0yvH+Mg4XdwLpXmBxlP390QCQqmR8E2nAD1Q87XU/K/WjnXvspOwIIo1DchsUS/mWIc4jQx3maRE85EBIJKZv2IyAAlEm2ALJgRn/uRFaJyWnfOyXTsrVW6yOPLoAB2iY+SgC1RBd6iK6oigZ/SK3tHEerHerA/rc9aas7KZffRH1vcPV5qj9Q==</latexit>

Jµ
X =

X

 

 ̄Q �
µ 

<latexit sha1_base64="neo2VbO/FMwm2UmUs7zLaxAPAWI=">AAACDnicbVC7TsMwFHV4lvIqMLJYVEVlqRIeggWpgoWxlehDatLIcZ3WquNEtoNURfkCFn6FhQGEWJnZ+BucNgO0HMnS0Tnn6voeL2JUKtP8NpaWV1bX1gsbxc2t7Z3d0t5+W4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+DbzOw9ESBryezWJiBOgIac+xUhpyS1Vuq4dSdrn8Pga2jIO3ISm/TNYbbpJZrg0PenrXNmsmVPARWLlpAxyNNzSlz0IcRwQrjBDUvYsM1JOgoSimJG0aMeSRAiP0ZD0NOUoINJJpueksKKVAfRDoR9XcKr+nkhQIOUk8HQyQGok571M/M/rxcq/chLKo1gRjmeL/JhBFcKsGziggmDFJpogLKj+K8QjJBBWusGiLsGaP3mRtE9r1kXNbJ6X6zd5HQVwCI5AFVjgEtTBHWiAFsDgETyDV/BmPBkvxrvxMYsuGfnMAfgD4/MHt4ubRg==</latexit>

Xn
 =

3X

i

(Q i)
n

<latexit sha1_base64="lcjYM7YZAI7vyg5Wwg86e+pIKQM="></latexit>

 =Q,L, u, d, `,⌫



ANOMALY FREE MODELS
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<latexit sha1_base64="wlLT0EIXTA2Ly18Oj1FwE+4eHX4=">AAACJXicbVDLSsNAFJ34rPUVdelmsAiuSlIUXSgU3bhwUcE+pAlhMp20QycPZyaFEPIzbvwVNy4sIrjyV5ykWWjrhRnOnHMvd85xI0aFNIwvbWl5ZXVtvbJR3dza3tnV9/Y7Iow5Jm0cspD3XCQIowFpSyoZ6UWcIN9lpOuOb3K9OyFc0DB4kElEbB8NA+pRjKSiHP3S8pEcYcTSu8x5vLI8jnA6yVJLPHHZyCwR+44VCQotF/ECJOVbXY5eM+pGUXARmCWogbJajj61BiGOfRJIzJAQfdOIpJ0iLilmJKtasSARwmM0JH0FA+QTYaeFywweK2YAvZCrE0hYsL8nUuQLkfiu6sw9iXktJ//T+rH0LuyUBlEsSYBni7yYQRnCPDI4oJxgyRIFEOZU/RXiEVJBSRVsVYVgzlteBJ1G3TyrG/enteZ1GUcFHIIjcAJMcA6a4Ba0QBtg8AxewTuYai/am/ahfc5al7Ry5gD8Ke37B80kpqU=</latexit>

LY =
vp
2

X

 

 ̄y  

<latexit sha1_base64="ubYfZ8vIeQQa1dnC5VyLj50TtL8="></latexit>

Anomaly Charge combinations with Yukawa constraints
U(1)3X 2X3

L + 6X3
Q �X3

` �X3
⌫ � 3(X3

u +X3
d) X3

L �X3
⌫

U(1)2XU(1)Y 2YLX2
L + 6YQX2

Q � Y`X2
` � Y⌫X2

⌫ � 3(YuX2
u + YdX2

d) 0
U(1)XU(1)2Y 2Y 2

LXL + 6Y 2
QXQ � Y 2

` X` � Y 2
⌫ X⌫ � 3(Y 2

uXu + Y 2
d Xd) � 1

2 (XL + 3XQ)
SU(3)2U(1)X 2XQ �Xu �Xd 0
SU(2)2U(1)X 2XL + 6XQ 2XL + 6XQ

grav2U(1)X 2XL + 6XQ �X` �X⌫ � 3(Xu +Xd) XL �X⌫

• Constraints on possible charge assignments of SM fields plus     
3 RH neutrinos from anomaly cancellation:  
 
                                      with 
 
 Define sum of family charges 

• Additional constraints from Yukawa terms:

ψ ψ

ψ

<latexit sha1_base64="7/YBIc6V4i2D0Hd4P8K09faHgBM=">AAACJXicbZDLSsNAFIYn9VbrrerSzWARXEhJRNGFQtGNuGrBXqCp4WQ6bYfOJGFmIpTQl3Hjq7hxYRHBla/ipM1CW38Y+PjPOZw5vx9xprRtf1m5peWV1bX8emFjc2t7p7i711BhLAmtk5CHsuWDopwFtK6Z5rQVSQrC57TpD2/TevOJSsXC4EGPItoR0A9YjxHQxvKKV/de69EVMb7G2FWx8BI3UmyMXR8kThG7J7jmZeT2QQiY9qeOVyzZZXsqvAhOBiWUqeoVJ243JLGggSYclGo7dqQ7CUjNCKfjghsrGgEZQp+2DQYgqOok0yvH+Mg4XdwLpXmBxlP390QCQqmR8E2nAD1Q87XU/K/WjnXvspOwIIo1DchsUS/mWIc4jQx3maRE85EBIJKZv2IyAAlEm2ALJgRn/uRFaJyWnfOyXTsrVW6yOPLoAB2iY+SgC1RBd6iK6oigZ/SK3tHEerHerA/rc9aas7KZffRH1vcPV5qj9Q==</latexit>

Jµ
X =

X

 

 ̄Q �
µ 

<latexit sha1_base64="neo2VbO/FMwm2UmUs7zLaxAPAWI=">AAACDnicbVC7TsMwFHV4lvIqMLJYVEVlqRIeggWpgoWxlehDatLIcZ3WquNEtoNURfkCFn6FhQGEWJnZ+BucNgO0HMnS0Tnn6voeL2JUKtP8NpaWV1bX1gsbxc2t7Z3d0t5+W4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+DbzOw9ESBryezWJiBOgIac+xUhpyS1Vuq4dSdrn8Pga2jIO3ISm/TNYbbpJZrg0PenrXNmsmVPARWLlpAxyNNzSlz0IcRwQrjBDUvYsM1JOgoSimJG0aMeSRAiP0ZD0NOUoINJJpueksKKVAfRDoR9XcKr+nkhQIOUk8HQyQGok571M/M/rxcq/chLKo1gRjmeL/JhBFcKsGziggmDFJpogLKj+K8QjJBBWusGiLsGaP3mRtE9r1kXNbJ6X6zd5HQVwCI5AFVjgEtTBHWiAFsDgETyDV/BmPBkvxrvxMYsuGfnMAfgD4/MHt4ubRg==</latexit>

Xn
 =

3X

i

(Q i)
n

<latexit sha1_base64="lcjYM7YZAI7vyg5Wwg86e+pIKQM="></latexit>

 =Q,L, u, d, `,⌫



•  After diagonalising the mass terms  
final set of constraints from 
 
  

• In absence of Majorana masses (Dirac neutrinos)  only  lepton charges 
can reproduce viable PMNS matrix! Thus:  

a3

DIRAC NEUTRINOS

9

<latexit sha1_base64="3ECLuRxQpvWjPU1MuQCZy6GS+Mo=">AAACF3icbVBNS8MwGE79nPOr6tFLcAgbjNKKohdh6MXjBu4D1lLSNNvC0rQmqTDK/oUX/4oXD4p41Zv/xmzrYW4+IfC8z/O+JO8TJIxKZds/xsrq2vrGZmGruL2zu7dvHhy2ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB0Mbyd++5EISWN+r0YJ8SLU57RHMVJa8k2r4WduIukYXsMyqupTge5DisJZFcxVQRVXfLNkW/YUcJk4OSmBHHXf/HbDGKcR4QozJGXXsRPlZUgoihkZF91UkgThIeqTrqYcRUR62XSvMTzVSgh7sdCXKzhV5ycyFEk5igLdGSE1kIveRPzP66aqd+VllCepIhzPHuqlDKoYTkKCIRUEKzbSBGFB9V8hHiCBsNJRFnUIzuLKy6R1ZjkXlt04L9Vu8jgK4BicgDJwwCWogTtQB02AwRN4AW/g3Xg2Xo0P43PWumLkM0fgD4yvX1GonD4=</latexit>

Q = (a, a, a) (a, a, b) (a, b, c)

<latexit sha1_base64="CZVqfWNZLKgL2xUq3kWDNXLMhyo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0Uuh6MVjA/YD2xA2m027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0g5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgkk4S2ScIT2QuwopwJ2tZMc9pLJcVxwGk3GN/N/O4TlYol4kFPUurFeChYxAjWRnp0fbfh+lnDDf1qza7bc6BV4hSkBgVafvVrECYki6nQhGOl+o6dai/HUjPC6bQyyBRNMRnjIe0bKnBMlZfPL56iM6OEKEqkKaHRXP09keNYqUkcmM4Y65Fa9mbif14/09GNlzORZpoKslgUZRzpBM3eRyGTlGg+MQQTycytiIywxESbkComBGf55VXSuag7V3Xbvaw1b4s4ynACp3AODlxDE+6hBW0gIOAZXuHNUtaL9W59LFpLVjFzDH9gff4AmdaQNw==</latexit>

QQ = Qu = Qd
<latexit sha1_base64="z1ff48VfSFch4L6n0tUb60k/meY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSi6EYounHhogX7gDaEyXTSDp1MwsykUEL/xI0LRdz6J+78GydtFtp64HIP59zL3DlBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8n/udCZWKxeJJTxPqRXgoWMgI1kbybbvpP942/T7lPG8i9e2qU3PmQKvELUgVCjR8+6s/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5tfPkNnRhmgMJamhEZz9fdGhiOlplFgJiOsR2rZy8X/vF6qwxsvYyJJNRVk8VCYcqRjlMeABkxSovnUEEwkM7ciMsISE23CqpgQ3OUvr5L2Rc29qjnNy2r9roijDCdwCufgwjXU4QEa0AICE3iGV3izMuvFerc+FqMlq9g5hj+wPn8AmHyS/Q==</latexit>

QL = Q` = Q⌫

<latexit sha1_base64="1dqjKPsAfTZTlOM5F0YOLUUHBB8=">AAACDHicbVDLSsNAFJ3UV62vqks3wSIIQkl8oBuh6MZlBfuANpTJ9LYdOpnEmRuxhH6AG3/FjQtF3PoB7vwbp20EbT0wcDjnXO7c40eCa3ScLyszN7+wuJRdzq2srq1v5De3qjqMFYMKC0Wo6j7VILiECnIUUI8U0MAXUPP7lyO/dgdK81De4CACL6BdyTucUTRSK1+ot5oI95gIiDCUenhw9KPcxlT19fDcMSmn6IxhzxI3JQWSotzKfzbbIYsDkMgE1brhOhF6CVXImYBhrhlriCjr0y40DJU0AO0l42OG9p5R2nYnVOZJtMfq74mEBloPAt8kA4o9Pe2NxP+8RoydMy/hMooRJJss6sTCxtAeNWO3uQKGYmAIZYqbv9qsRxVlaPrLmRLc6ZNnSfWw6J4UnevjQukirSNLdsgu2ScuOSUlckXKpEIYeSBP5IW8Wo/Ws/VmvU+iGSud2SZ/YH18A8xpnBQ=</latexit>

Xleptons + 3Xquarks = 0
<latexit sha1_base64="I3+ph0kU49KylWJcJFUivWW+/IU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahHiyJKHos9eLBQwXTFttQNttNu3SzCbsboYT8Cy8eFPHqv/Hmv3Hb5qCtDwYe780wM8+POVPatr+twsrq2vpGcbO0tb2zu1feP2ipKJGEuiTikez4WFHOBHU105x2Yklx6HPa9sc3U7/9RKVikXjQk5h6IR4KFjCCtZEe3apz2k8bZ3dZv1yxa/YMaJk4OalAjma//NUbRCQJqdCEY6W6jh1rL8VSM8JpVuolisaYjPGQdg0VOKTKS2cXZ+jEKAMURNKU0Gim/p5IcajUJPRNZ4j1SC16U/E/r5vo4NpLmYgTTQWZLwoSjnSEpu+jAZOUaD4xBBPJzK2IjLDERJuQSiYEZ/HlZdI6rzmXNfv+olJv5HEU4QiOoQoOXEEdbqEJLhAQ8Ayv8GYp68V6tz7mrQUrnzmEP7A+fwDzI4/L</latexit>

U(1)B�L

[Bauer, PF, Mosny; 2011.12973]

<latexit sha1_base64="PVrVkbxziSvxi5ez5bIvpX9wbos=">AAACIXicbZDLSsNAFIYnXmu9RV26GSyCCymJKHZZdONCoYppC00Mk8kkHTq5MDMRSumruPFV3LhQpDvxZZykEbT1wMDH/5/DmfN7KaNCGsantrC4tLyyWlmrrm9sbm3rO7ttkWQcEwsnLOFdDwnCaEwsSSUj3ZQTFHmMdLzBZe53HgkXNInv5TAlToTCmAYUI6kkV2/YHuLQTgV1r+1jaLk5KrgpACrqPNg+CkPCf6yi+c7Va0bdKArOg1lCDZTVcvWJ7Sc4i0gsMUNC9Ewjlc4IcUkxI+OqnQmSIjxAIekpjFFEhDMqLhzDQ6X4MEi4erGEhfp7YoQiIYaRpzojJPti1svF/7xeJoOGM6JxmkkS4+miIGNQJjCPC/qUEyzZUAHCnKq/QtxHHGGpQq2qEMzZk+ehfVI3z+rG7WmteVHGUQH74AAcAROcgya4Ai1gAQyewAt4A+/as/aqfWiTaeuCVs7sgT+lfX0D+byiLg==</latexit>

 ̄L U M W †
  R

<latexit sha1_base64="3aPQ5audZNHAKCeB4sbv6u45Gkw=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRJRdCMUuxFEqGDaQhPDZDJJh04ezEyEErp246+4caGIW7/AnX/jpM1CWw9cOJxzL/fe46WMCmkY31plYXFpeaW6Wltb39jc0rd3OiLJOCYWTljCex4ShNGYWJJKRnopJyjyGOl6w1bhdx8IFzSJ7+QoJU6EwpgGFCOpJFff77h2hOSAR3nr+mYMLyC03Axa97aPwpBw13f1utEwJoDzxCxJHZRou/qX7Sc4i0gsMUNC9E0jlU6OuKSYkXHNzgRJER6ikPQVjVFEhJNPXhnDQ6X4MEi4qljCifp7IkeREKPIU53F2WLWK8T/vH4mg3Mnp3GaSRLj6aIgY1AmsMgF+pQTLNlIEYQ5VbdCPEAcYanSq6kQzNmX50nnuGGeNozbk3rzsoyjCvbAATgCJjgDTXAF2sACGDyCZ/AK3rQn7UV71z6mrRWtnNkFf6B9/gCLfZmI</latexit>

VCKM = UuU
†
d

<latexit sha1_base64="G206iuJ1TK0H4yiCD1GX3Bdol9k=">AAACEHicbVA9SwNBEN2LXzF+RS1tFoNoFe5E0UYI2tgoEb0kkIvH3maSLNnbO3b3hHDkJ9j4V2wsFLG1tPPfuJek0MQHA4/3ZpiZF8ScKW3b31Zubn5hcSm/XFhZXVvfKG5u1VSUSAoujXgkGwFRwJkAVzPNoRFLIGHAoR70LzK//gBSsUjc6UEMrZB0BeswSrSR/OJ+zfdConsyTKtX17dDfIax63vAOXbvvTbpdkH6nkj8Ysku2yPgWeJMSAlNUPWLX147okkIQlNOlGo6dqxbKZGaUQ7DgpcoiAntky40DRUkBNVKRw8N8Z5R2rgTSVNC45H6eyIloVKDMDCd2fFq2svE/7xmojunrZSJONEg6HhRJ+FYRzhLB7eZBKr5wBBCJTO3YtojklBtMiyYEJzpl2dJ7bDsHJftm6NS5XwSRx7toF10gBx0giroElWRiyh6RM/oFb1ZT9aL9W59jFtz1mRmG/2B9fkDVL+cJg==</latexit>

VPMNS = U`U
†
⌫

• Structural invariance of Yukawa terms allows for three different classes of 
family charges 
 
 
 
and hence w.l.o.g.                                  and  



10
adapt.[Bauer, PF, Jaeckel; 1803.05466]
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MAJORANA NEUTRINOS
• All other anomaly free groups must have Majorana neutrinos! 

• Majorana mass terms induce neutrino flavour changing couplings of neutrino 
mass eigenstates 
 
 

• This induces neutrino decays. Potentially  
interesting for astrophysical neutrinos 
 
 
 
 

• Can still look for these bosons via charged leptons and hadrons

11

<latexit sha1_base64="Fv1BIMafkdCvvOyC64uPp731P2o=">AAACEnicbZDLSgMxFIYz9VbrbdSlm2ARFKTMiKIboejGjdCCvUBnHDLpaRuayYxJRiilz+DGV3HjQhG3rtz5NqYXUFt/CPx85xxOzh8mnCntOF9WZm5+YXEpu5xbWV1b37A3t6oqTiWFCo15LOshUcCZgIpmmkM9kUCikEMt7F4O67V7kIrF4kb3EvAj0hasxSjRBgX2QaMceMD5Ia7cXgeeSP1zPEQi/SGegDvsBHbeKTgj4VnjTkweTVQK7E+vGdM0AqEpJ0o1XCfRfp9IzSiHQc5LFSSEdkkbGsYKEoHy+6OTBnjPkCZuxdI8ofGI/p7ok0ipXhSazojojpquDeF/tUaqW2d+n4kk1SDoeFEr5VjHeJgPbjIJVPOeMYRKZv6KaYdIQrVJMWdCcKdPnjXVo4J7UnDKx/nixSSOLNpBu2gfuegUFdEVKqEKougBPaEX9Go9Ws/Wm/U+bs1Yk5lt9EfWxzdw5ZwS</latexit>

[Q`, U
M
⌫ ] = [Q⌫ , U

M
⌫ ] 6= 0

<latexit sha1_base64="Ks7Jx6Gpic0s94I6jBETYlmfx1M="></latexit>

⌫̄↵ Q↵↵�
µ ⌫↵ Xµ ! ⌫̄i U†

i↵Q↵↵U↵j| {z }
Qij

�µ ⌫j Xµ

<latexit sha1_base64="mrucUVA3Dh8hcz0bPyouXOq0f8k=">AAACEHicbVDLSgMxFM3UV62vqks3wSK6KjOlRZdFF7oRKtgHdKZDJs20oUlmSDJCGfoJbvwVNy4UcevSnX9j2s5CWw8EDufcy805Qcyo0rb9beVWVtfWN/Kbha3tnd294v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdDX12w9EKhqJez2OicfRQNCQYqSN5BdP3WvEOXJjGcU6gm4oEU4HvQrkviuSXm2S3vqdXnXiF0t22Z4BLhMnIyWQoeEXv9x+hBNOhMYMKdV17Fh7KZKaYkYmBTdRJEZ4hAaka6hAnCgvnQWawBOj9GEYSfOEhjP190aKuFJjHphJjvRQLXpT8T+vm+jwwkupiBNNBJ4fChMGTfRpO7BPJcGajQ1BWFLzV4iHyHSiTYcFU4KzGHmZtCplp1a276ql+mVWRx4cgWNwBhxwDurgBjRAE2DwCJ7BK3iznqwX6936mI/mrGznEPyB9fkDW2ycxw==</latexit>

� / g2m5
⌫

M4
X

νj
νi

νi

ν̄i

X

but

e.g.   ,  , …U(1)B−3Li
U(1)Li−Lj

[Bauer, PF, Mosny; 2011.12973]

Can this be tested 
at neutrino experiments 
at FPF via matter effects? Z ′

να νβ

<latexit sha1_base64="+VdSXuY5OZZnumwLw9GePk5ajJU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKthabUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTlLVoIhLVCVEzwSVrGW4E66SKYRwK9hCObqb+wxNTmify3oxTFsQ4kDziFI2VHn2Z9XwU6RB71Zpbd2cgy8QrSA0KNHvVL7+f0Cxm0lCBWnc9NzVBjspwKtik4meapUhHOGBdSyXGTAf57OIJObFKn0SJsiUNmam/J3KMtR7Hoe2M0Qz1ojcV//O6mYmugpzLNDNM0vmiKBPEJGT6PulzxagRY0uQKm5vJXSICqmxIVVsCN7iy8ukfVb3Luru3XmtcV3EUYYjOIZT8OASGnALTWgBBQnP8ApvjnZenHfnY95acoqZQ/gD5/MHoFWQ4g==</latexit>⌫↵
<latexit sha1_base64="k2XFOAJ1c7zFHDuDWjiV5Mcf9wQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMFWytNKJvtpF26uwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRTFFs04YnqREQjZxJbhhmOnVQhERHHh2h0M/UfnlBplsh7M04xFGQgWcwoMVZ6DGTWCyI0pFeteXVvBneZ+AWpQYFmr/oV9BOaCZSGcqJ11/dSE+ZEGUY5TipBpjEldEQG2LVUEoE6zGcHT9wTq/TdOFG2pHFn6u+JnAitxyKynYKYoV70puJ/Xjcz8VWYM5lmBiWdL4oz7prEnX7v9plCavjYEkIVs7e6dEgUocZmVLEh+IsvL5P2Wd2/qHt357XGdRFHGY7gGE7Bh0towC00oQUUBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx/XBJBu</latexit>⌫�

<latexit sha1_base64="7QXhD16UQ3cXuiVdydt6PyIAGv8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKthabUDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqhFSj4BJbhhuBnVQhjUOBD+HoZuo/PKHSPJH3ZpxiENOB5BFn1Fjp0Uchen6IhvaqNbfuzkCWiVeQGhRo9qpffj9hWYzSMEG17npuaoKcKsOZwEnFzzSmlI3oALuWShqjDvLZxRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fNTHQV5FymmUHJ5ouiTBCTkOn7pM8VMiPGllCmuL2VsCFVlBkbUsWG4C2+vEzaZ3Xvou7endca10UcZTiCYzgFDy6hAbfQhBYwkPAMr/DmaOfFeXc+5q0lp5g5hD9wPn8Ah6+Q0g==</latexit>

`�
<latexit sha1_base64="T+jXPAzjYPwBDKoctpbInElieiA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+wFJKJvtpF262Q27G6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+ndLa+sbmVnm7srO7t39QPTxqa5krii0quVTdmGjkTGDLMMOxmykkacyxE4/uZn7nCZVmUjyacYZRSgaCJYwSY6UgRM57IeHZkPSqNa/uzeGuEr8gNSjQ7FW/wr6keYrCUE60DnwvM9GEKMMox2klzDVmhI7IAANLBUlRR5P5yVP3zCp9N5HKljDuXP09MSGp1uM0tp0pMUO97M3E/7wgN8lNNGEiyw0KuliU5Nw10p397/aZQmr42BJCFbO3unRIFKHGplSxIfjLL6+S9kXdv6p7D5e1xm0RRxlO4BTOwYdraMA9NKEFFCQ8wyu8OcZ5cd6dj0VrySlmjuEPnM8fUVyRRg==</latexit>

`↵

rock FASERv

<latexit sha1_base64="FgnNT7t1wfZJemOOJ2ifB9TR+qQ=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQPIVdUfQY9OIxgnlAdgm9k04yZPbBzGwgLMGLv+LFgyJe/Qpv/o2TZA+aWNBQU9XNdFeQCK6043xbhZXVtfWN4mZpa3tnd8/eP2ioOJUM6ywWsWwFoFDwCOuaa4GtRCKEgcBmMLyd+s0RSsXj6EGPE/RD6Ee8xxloI3XsI28EEhPFhXllHohkAF6AGiYdu+xUnBnoMnFzUiY5ah37y+vGLA0x0kyAUm3XSbSfgdScCZyUvFRhAmwIfWwbGkGIys9mJ0zoqVG6tBdLU5GmM/X3RAahUuMwMJ0h6IFa9Kbif1471b1rP+NRkmqM2PyjXiqojuk0D9rlEpkWY0OASW52pWwAEpg2qZVMCO7iycukcV5xLyvO/UW5epPHUSTH5IScEZdckSq5IzVSJ4w8kmfySt6sJ+vFerc+5q0FK585JH9gff4AQIeX+Q==</latexit>"↵�



U(1)B−3Le

12
[Bauer, PF, Mosny; 2011.12973]
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U(1)B−3Lμ

13
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[Bauer, PF, Mosny; 2011.12973]



U(1)B−3Lτ

14 [Bauer, PF, Mosny; 2011.12973]
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OPPORTUNITIES AT FPF

• Neutrinos are unique way to distinguish minimal from non-minimal 
realisations 

• FASER can look for   bosons  in model-independent 
searches of charged dilepton decays 

• FASERv can probe  scattering of extra neutrino production.  
Similar analysis for electron and muon flavoured interactions? 

• Can neutrino FNCNs be probed via in-medium interactions with 
new gauge boson leading to different flavour composition 
reaching FPF experiments?

U(1)B−3Li

ντ

THANK YOU!
15



BACKUP

16



NEUTRINO FCNCS @ FASER 2 ?ν
• FASERv sees largely different fluxes of      ,       and     
 
 
 
 
 
 

• Unique opportunity to search for neutrino FCNCs as we can tag 
initial and final state flavour! 

• This would signal non-minimal realisation!

17

<latexit sha1_base64="AgVEvw4tB65UvtMDabCa4FXT+EU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5PZn1sV+tuXV3DrJKvILUoECzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYtdSSWPUQT4/dkrOrDIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6CnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzqdgQvOWXV0nrou5d1d2Hy1rjtoijDCdwCufgwTU04B6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+APn8wfWA46z</latexit>⌫e
<latexit sha1_base64="4W7KDbL/wB27FoZf/wBFUCmvpIU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOyS5idzCZDZmaXeQhhyUd48aCIV7/Hm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4buZ3nqjSLJWPZpLRSOChZAkj2DipE0rbD4XtV2t+3Z8DrZKgIDUo0OxXv8JBSqyg0hCOte4FfmaiHCvDCKfTSmg1zTAZ4yHtOSqxoDrK5+dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWZPcRDmTmTVUksWixHJkUjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRxIQTLL6+S9kU9uKr7D5e1xm0RRxlO4BTOIYBraMA9NKEFBMbwDK/w5mXei/fufSxaS14xcwx/4H3+AG1Aj6A=</latexit>⌫µ

[FASER Collaboration; 1908.02310 ]

<latexit sha1_base64="SCMsKAe1MpKVHbcosNITYX2U2zQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMFWwtNKJvtpl262cTdWaGE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvygTX6HnfTmlldW19o7xZ2dre2d2r7h+0dWoUZS2ailR1IqKZ4JK1kKNgnUwxkkSCPUSjm6n/8MSU5qm8x3HGwoQMJI85JWilTiBNL0BietWaV/dmcJeJX5AaFGj2ql9BP6UmYRKpIFp3fS/DMCcKORVsUgmMZhmhIzJgXUslSZgO89m9E/fEKn03TpUtie5M/T2Rk0TrcRLZzoTgUC96U/E/r2swvgpzLjODTNL5otgIF1N3+rzb54pRFGNLCFXc3urSIVGEoo2oYkPwF19eJu2zun9R9+7Oa43rIo4yHMExnIIPl9CAW2hCCygIeIZXeHMenRfn3fmYt5acYuYQ/sD5/AEytZAS</latexit>⌫⌧

Z ′

να νβ

<latexit sha1_base64="+VdSXuY5OZZnumwLw9GePk5ajJU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKthabUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTlLVoIhLVCVEzwSVrGW4E66SKYRwK9hCObqb+wxNTmify3oxTFsQ4kDziFI2VHn2Z9XwU6RB71Zpbd2cgy8QrSA0KNHvVL7+f0Cxm0lCBWnc9NzVBjspwKtik4meapUhHOGBdSyXGTAf57OIJObFKn0SJsiUNmam/J3KMtR7Hoe2M0Qz1ojcV//O6mYmugpzLNDNM0vmiKBPEJGT6PulzxagRY0uQKm5vJXSICqmxIVVsCN7iy8ukfVb3Luru3XmtcV3EUYYjOIZT8OASGnALTWgBBQnP8ApvjnZenHfnY95acoqZQ/gD5/MHoFWQ4g==</latexit>⌫↵
<latexit sha1_base64="k2XFOAJ1c7zFHDuDWjiV5Mcf9wQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMFWytNKJvtpF26uwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRTFFs04YnqREQjZxJbhhmOnVQhERHHh2h0M/UfnlBplsh7M04xFGQgWcwoMVZ6DGTWCyI0pFeteXVvBneZ+AWpQYFmr/oV9BOaCZSGcqJ11/dSE+ZEGUY5TipBpjEldEQG2LVUEoE6zGcHT9wTq/TdOFG2pHFn6u+JnAitxyKynYKYoV70puJ/Xjcz8VWYM5lmBiWdL4oz7prEnX7v9plCavjYEkIVs7e6dEgUocZmVLEh+IsvL5P2Wd2/qHt357XGdRFHGY7gGE7Bh0towC00oQUUBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx/XBJBu</latexit>⌫�

<latexit sha1_base64="7QXhD16UQ3cXuiVdydt6PyIAGv8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKthabUDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqhFSj4BJbhhuBnVQhjUOBD+HoZuo/PKHSPJH3ZpxiENOB5BFn1Fjp0Uchen6IhvaqNbfuzkCWiVeQGhRo9qpffj9hWYzSMEG17npuaoKcKsOZwEnFzzSmlI3oALuWShqjDvLZxRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fNTHQV5FymmUHJ5ouiTBCTkOn7pM8VMiPGllCmuL2VsCFVlBkbUsWG4C2+vEzaZ3Xvou7endca10UcZTiCYzgFDy6hAbfQhBYwkPAMr/DmaOfFeXc+5q0lp5g5hD9wPn8Ah6+Q0g==</latexit>

`�
<latexit sha1_base64="T+jXPAzjYPwBDKoctpbInElieiA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+wFJKJvtpF262Q27G6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+ndLa+sbmVnm7srO7t39QPTxqa5krii0quVTdmGjkTGDLMMOxmykkacyxE4/uZn7nCZVmUjyacYZRSgaCJYwSY6UgRM57IeHZkPSqNa/uzeGuEr8gNSjQ7FW/wr6keYrCUE60DnwvM9GEKMMox2klzDVmhI7IAANLBUlRR5P5yVP3zCp9N5HKljDuXP09MSGp1uM0tp0pMUO97M3E/7wgN8lNNGEiyw0KuliU5Nw10p397/aZQmr42BJCFbO3unRIFKHGplSxIfjLL6+S9kXdv6p7D5e1xm0RRxlO4BTOwYdraMA9NKEFFCQ8wyu8OcZ5cd6dj0VrySlmjuEPnM8fUVyRRg==</latexit>

`↵

rock FASERv

<latexit sha1_base64="FgnNT7t1wfZJemOOJ2ifB9TR+qQ=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQPIVdUfQY9OIxgnlAdgm9k04yZPbBzGwgLMGLv+LFgyJe/Qpv/o2TZA+aWNBQU9XNdFeQCK6043xbhZXVtfWN4mZpa3tnd8/eP2ioOJUM6ywWsWwFoFDwCOuaa4GtRCKEgcBmMLyd+s0RSsXj6EGPE/RD6Ee8xxloI3XsI28EEhPFhXllHohkAF6AGiYdu+xUnBnoMnFzUiY5ah37y+vGLA0x0kyAUm3XSbSfgdScCZyUvFRhAmwIfWwbGkGIys9mJ0zoqVG6tBdLU5GmM/X3RAahUuMwMJ0h6IFa9Kbif1471b1rP+NRkmqM2PyjXiqojuk0D9rlEpkWY0OASW52pWwAEpg2qZVMCO7iycukcV5xLyvO/UW5epPHUSTH5IScEZdckSq5IzVSJ4w8kmfySt6sJ+vFerc+5q0FK585JH9gff4AQIeX+Q==</latexit>"↵�

https://arxiv.org/abs/1908.02310
https://arxiv.org/abs/1908.02310


• QUESTION: Can we test this interesting parameter space with 
neutrino interactions? 

• IDEA:      contributes to neutrino-electron  
and -nucleus scattering via mixing. 

• Can be effectively treated as NSI interaction: 
 
 
 
 
with 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<latexit sha1_base64="R5J4FcP+zKHfSYuYAHKr+4+KPXg="></latexit>

LNSI = �2
p
2GF

X

f=u,d,e
↵=e,µ,⌧

"fP↵↵ [⌫̄↵�⇢PL⌫↵]
⇥
f̄�⇢Pf

⇤

να να

f f

A′

<latexit sha1_base64="CqyiLngRrC9fewd8tWR7H7aBv74="></latexit>

"fP↵↵(ER) = �
gµ⌧ Q0

⌫↵
e ✏µ⌧ QEM

f

2
p
2GF (2mfER +M2

A0)

NEUTRINO INTERACTIONS

<latexit sha1_base64="Y1QRGsnB69hXpmUwmUxvLcpxLHE=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6Kokoeqx68VjFfkAbymY7aZduNmF3I5TQf+DFgyJe/Ufe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTvzmEyrNY/loRgn6Ee1LHnJGjZUerk+6pbJbcacgi8TLSRly1Lqlr04vZmmE0jBBtW57bmL8jCrDmcBxsZNqTCgb0j62LZU0Qu1n00vH5NgqPRLGypY0ZKr+nshopPUoCmxnRM1Az3sT8T+vnZrwys+4TFKDks0WhakgJiaTt0mPK2RGjCyhTHF7K2EDqigzNpyiDcGbf3mRNM4q3kXFvT8vV2/yOApwCEdwCh5cQhXuoAZ1YBDCM7zCmzN0Xpx352PWuuTkMwfwB87nD/RwjPo=</latexit>

A0


