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Motivation
Legacy of the LHC so far

• 125 GeV Higgs discovered with SM-like couplings 
to 3rd generation of fermions 

• No BSM particles found

Where can we expect to find BSM physics at the 
LHC run 3 and HL-LHC?

The biggest gain in luminosity so (my) best bet is: 

Higgs precision measurements and rare Higgs decays



Motivation

• Higgs muon coupling will be precisely measured at HL-LHC 

•                        and                        will be tested down to   BR(h ! ⌧e)
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Motivation
It is well-known that large deviations in                and   

                                     can be obtained in several ad-hoc 
BSM models e.g. general 2HDM

see e.g. Harnik, Kopp, Zupan ’12

In this talk:

Study rare Higgs decays in a well-motivated framework 
solving strong CP problem, explaining dark matter 
puzzle and hints from stellar cooling anomalies:

DFSZ-type models for the QCD axion with light second 
Higgs doublet

 

h ! µµ
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QCD axion

QCD axion - one of the best candidates for New 
Physics

• predicted by Peccei-Quinn (PQ) mechanism 
solving the strong CP problem 

• constitutes a good dark matter candidate



Axion Models
Need anomalous breaking of PQ (fermion sector) 

and spontaneous PQ breaking (scalar sector) 

[Dine, Fischler, Srednicki, 
Zhitnitsky ’80]

[Kim, Shifman, Vainshtein, 
Zakharov ’80]

[Peccei, Quinn, 
Wilczek, Weinberg ’78]
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slide borrowed from R. Ziegler



Axion effective Lagrangian

• UV models can be described by effective Lagrangian 
well below the PQ scale

solves strong CP problem 
and generates axion mass:

ma ! 6 meV

!
109 GeV

fa

"

<latexit sha1_base64="KE4FbSw6z+8rFve208sx5PAaf+s="></latexit><latexit sha1_base64="KE4FbSw6z+8rFve208sx5PAaf+s="></latexit><latexit sha1_base64="KE4FbSw6z+8rFve208sx5PAaf+s="></latexit><latexit sha1_base64="KE4FbSw6z+8rFve208sx5PAaf+s="></latexit> axion photon couplings 
allowing to search for 
axions in helioscopes 
e.g. IAXO

axion fermion couplings 
(in general flavor-violating)



DFSZ Models

SM fermions + 2Higgs + Singlet {
<latexit sha1_base64="56rix4LcKWFQVUR1iVgj1Jg+GJA=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnqiZpJb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6baX9YslbLvlGq5eIGzjSs113Bk5cyuVGnJsPEcJlmj0i++9QUzTkEWaCqJU18GJ9jIiNaeCTQu9VLGE0DEZsq6hEQmZ8rL5pVN0YpQBCmJpKtJorn6fyEio1CT0TWdI9Ej99mbiX1431UHVy3iUpJpFdLEoSAXSMZq9jQZcMqrFxBBCJTe3IjoiklBtwimYEL4+Rf+TVtl2sO3cnJfql8s48nAEx3AKDrhQh2toQBMoBPAAT/Bsja1H68V6XbTmrOXMIfyA9fYJIJaNwQ==</latexit><latexit sha1_base64="56rix4LcKWFQVUR1iVgj1Jg+GJA=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnqiZpJb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6baX9YslbLvlGq5eIGzjSs113Bk5cyuVGnJsPEcJlmj0i++9QUzTkEWaCqJU18GJ9jIiNaeCTQu9VLGE0DEZsq6hEQmZ8rL5pVN0YpQBCmJpKtJorn6fyEio1CT0TWdI9Ej99mbiX1431UHVy3iUpJpFdLEoSAXSMZq9jQZcMqrFxBBCJTe3IjoiklBtwimYEL4+Rf+TVtl2sO3cnJfql8s48nAEx3AKDrhQh2toQBMoBPAAT/Bsja1H68V6XbTmrOXMIfyA9fYJIJaNwQ==</latexit><latexit sha1_base64="56rix4LcKWFQVUR1iVgj1Jg+GJA=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnqiZpJb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6baX9YslbLvlGq5eIGzjSs113Bk5cyuVGnJsPEcJlmj0i++9QUzTkEWaCqJU18GJ9jIiNaeCTQu9VLGE0DEZsq6hEQmZ8rL5pVN0YpQBCmJpKtJorn6fyEio1CT0TWdI9Ej99mbiX1431UHVy3iUpJpFdLEoSAXSMZq9jQZcMqrFxBBCJTe3IjoiklBtwimYEL4+Rf+TVtl2sO3cnJfql8s48nAEx3AKDrhQh2toQBMoBPAAT/Bsja1H68V6XbTmrOXMIfyA9fYJIJaNwQ==</latexit><latexit sha1_base64="56rix4LcKWFQVUR1iVgj1Jg+GJA=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnqiZpJb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6baX9YslbLvlGq5eIGzjSs113Bk5cyuVGnJsPEcJlmj0i++9QUzTkEWaCqJU18GJ9jIiNaeCTQu9VLGE0DEZsq6hEQmZ8rL5pVN0YpQBCmJpKtJorn6fyEio1CT0TWdI9Ej99mbiX1431UHVy3iUpJpFdLEoSAXSMZq9jQZcMqrFxBBCJTe3IjoiklBtwimYEL4+Rf+TVtl2sO3cnJfql8s48nAEx3AKDrhQh2toQBMoBPAAT/Bsja1H68V6XbTmrOXMIfyA9fYJIJaNwQ==</latexit>

!H1" = c! v
<latexit sha1_base64="EA5sahpnmdgi/9aANg3uBnIdtpU=">AAACCHicdVA9SwNBEN3zM8avqKWFi0GwOvai5kwhiDaWEUwUcuHY20ySJXt7x+6eEEJKG/+KjYUitv4EO/+Nmw9BRR8MPN6bYWZelAquDSEfzszs3PzCYm4pv7yyurZe2Nis6yRTDGosEYm6iagGwSXUDDcCblIFNI4EXEe985F/fQtK80RemX4KzZh2JG9zRo2VwsJOIKjsCMAXoYcDNeEnmIVBBIbi27BQJK5fqpDjI0xcUq74nj8iB365XMGeS8YooimqYeE9aCUsi0EaJqjWDY+kpjmgynAmYJgPMg0pZT3agYalksagm4PxI0O8Z5UWbifKljR4rH6fGNBY634c2c6Ymq7+7Y3Ev7xGZtrHzQGXaWZAssmidiawSfAoFdziCpgRfUsoU9zeilmXKsqMzS5vQ/j6FP9P6iXXI653eVg8PZvGkUPbaBftIw/56BRdoCqqIYbu0AN6Qs/OvfPovDivk9YZZzqzhX7AefsEHa2Yxg==</latexit><latexit sha1_base64="EA5sahpnmdgi/9aANg3uBnIdtpU=">AAACCHicdVA9SwNBEN3zM8avqKWFi0GwOvai5kwhiDaWEUwUcuHY20ySJXt7x+6eEEJKG/+KjYUitv4EO/+Nmw9BRR8MPN6bYWZelAquDSEfzszs3PzCYm4pv7yyurZe2Nis6yRTDGosEYm6iagGwSXUDDcCblIFNI4EXEe985F/fQtK80RemX4KzZh2JG9zRo2VwsJOIKjsCMAXoYcDNeEnmIVBBIbi27BQJK5fqpDjI0xcUq74nj8iB365XMGeS8YooimqYeE9aCUsi0EaJqjWDY+kpjmgynAmYJgPMg0pZT3agYalksagm4PxI0O8Z5UWbifKljR4rH6fGNBY634c2c6Ymq7+7Y3Ev7xGZtrHzQGXaWZAssmidiawSfAoFdziCpgRfUsoU9zeilmXKsqMzS5vQ/j6FP9P6iXXI653eVg8PZvGkUPbaBftIw/56BRdoCqqIYbu0AN6Qs/OvfPovDivk9YZZzqzhX7AefsEHa2Yxg==</latexit><latexit sha1_base64="EA5sahpnmdgi/9aANg3uBnIdtpU=">AAACCHicdVA9SwNBEN3zM8avqKWFi0GwOvai5kwhiDaWEUwUcuHY20ySJXt7x+6eEEJKG/+KjYUitv4EO/+Nmw9BRR8MPN6bYWZelAquDSEfzszs3PzCYm4pv7yyurZe2Nis6yRTDGosEYm6iagGwSXUDDcCblIFNI4EXEe985F/fQtK80RemX4KzZh2JG9zRo2VwsJOIKjsCMAXoYcDNeEnmIVBBIbi27BQJK5fqpDjI0xcUq74nj8iB365XMGeS8YooimqYeE9aCUsi0EaJqjWDY+kpjmgynAmYJgPMg0pZT3agYalksagm4PxI0O8Z5UWbifKljR4rH6fGNBY634c2c6Ymq7+7Y3Ev7xGZtrHzQGXaWZAssmidiawSfAoFdziCpgRfUsoU9zeilmXKsqMzS5vQ/j6FP9P6iXXI653eVg8PZvGkUPbaBftIw/56BRdoCqqIYbu0AN6Qs/OvfPovDivk9YZZzqzhX7AefsEHa2Yxg==</latexit><latexit sha1_base64="EA5sahpnmdgi/9aANg3uBnIdtpU=">AAACCHicdVA9SwNBEN3zM8avqKWFi0GwOvai5kwhiDaWEUwUcuHY20ySJXt7x+6eEEJKG/+KjYUitv4EO/+Nmw9BRR8MPN6bYWZelAquDSEfzszs3PzCYm4pv7yyurZe2Nis6yRTDGosEYm6iagGwSXUDDcCblIFNI4EXEe985F/fQtK80RemX4KzZh2JG9zRo2VwsJOIKjsCMAXoYcDNeEnmIVBBIbi27BQJK5fqpDjI0xcUq74nj8iB365XMGeS8YooimqYeE9aCUsi0EaJqjWDY+kpjmgynAmYJgPMg0pZT3agYalksagm4PxI0O8Z5UWbifKljR4rH6fGNBY634c2c6Ymq7+7Y3Ev7xGZtrHzQGXaWZAssmidiawSfAoFdziCpgRfUsoU9zeilmXKsqMzS5vQ/j6FP9P6iXXI653eVg8PZvGkUPbaBftIw/56BRdoCqqIYbu0AN6Qs/OvfPovDivk9YZZzqzhX7AefsEHa2Yxg==</latexit>

!H2" = s! v
<latexit sha1_base64="wNuRJIVtLA8oibsqatCUHzlPtC4=">AAACCHicdVA9SwNBEN3z2/gVtbRwMQhWx17UnCkE0SZlBBMDuXDsbSZxyd7esbsXCMHSxr9iY6GIrT/Bzn/j5kNQ0QcDj/dmmJkXpYJrQ8iHMzM7N7+wuLScW1ldW9/Ib27VdZIpBjWWiEQ1IqpBcAk1w42ARqqAxpGA66h3MfKv+6A0T+SVGaTQimlX8g5n1FgpzO8GgsquAFwJizhQE36KdRhEYCjuh/kCcf1imZwcY+KSUtn3/BE59EulMvZcMkYBTVEN8+9BO2FZDNIwQbVueiQ1rSFVhjMBt7kg05BS1qNdaFoqaQy6NRw/cov3rdLGnUTZkgaP1e8TQxprPYgj2xlTc6N/eyPxL6+Zmc5Ja8hlmhmQbLKokwlsEjxKBbe5AmbEwBLKFLe3YnZDFWXGZpezIXx9iv8n9aLrEde7PCqcnU/jWEI7aA8dIA/56AxVUBXVEEN36AE9oWfn3nl0XpzXSeuMM53ZRj/gvH0COAWY1w==</latexit><latexit sha1_base64="wNuRJIVtLA8oibsqatCUHzlPtC4=">AAACCHicdVA9SwNBEN3z2/gVtbRwMQhWx17UnCkE0SZlBBMDuXDsbSZxyd7esbsXCMHSxr9iY6GIrT/Bzn/j5kNQ0QcDj/dmmJkXpYJrQ8iHMzM7N7+wuLScW1ldW9/Ib27VdZIpBjWWiEQ1IqpBcAk1w42ARqqAxpGA66h3MfKv+6A0T+SVGaTQimlX8g5n1FgpzO8GgsquAFwJizhQE36KdRhEYCjuh/kCcf1imZwcY+KSUtn3/BE59EulMvZcMkYBTVEN8+9BO2FZDNIwQbVueiQ1rSFVhjMBt7kg05BS1qNdaFoqaQy6NRw/cov3rdLGnUTZkgaP1e8TQxprPYgj2xlTc6N/eyPxL6+Zmc5Ja8hlmhmQbLKokwlsEjxKBbe5AmbEwBLKFLe3YnZDFWXGZpezIXx9iv8n9aLrEde7PCqcnU/jWEI7aA8dIA/56AxVUBXVEEN36AE9oWfn3nl0XpzXSeuMM53ZRj/gvH0COAWY1w==</latexit><latexit sha1_base64="wNuRJIVtLA8oibsqatCUHzlPtC4=">AAACCHicdVA9SwNBEN3z2/gVtbRwMQhWx17UnCkE0SZlBBMDuXDsbSZxyd7esbsXCMHSxr9iY6GIrT/Bzn/j5kNQ0QcDj/dmmJkXpYJrQ8iHMzM7N7+wuLScW1ldW9/Ib27VdZIpBjWWiEQ1IqpBcAk1w42ARqqAxpGA66h3MfKv+6A0T+SVGaTQimlX8g5n1FgpzO8GgsquAFwJizhQE36KdRhEYCjuh/kCcf1imZwcY+KSUtn3/BE59EulMvZcMkYBTVEN8+9BO2FZDNIwQbVueiQ1rSFVhjMBt7kg05BS1qNdaFoqaQy6NRw/cov3rdLGnUTZkgaP1e8TQxprPYgj2xlTc6N/eyPxL6+Zmc5Ja8hlmhmQbLKokwlsEjxKBbe5AmbEwBLKFLe3YnZDFWXGZpezIXx9iv8n9aLrEde7PCqcnU/jWEI7aA8dIA/56AxVUBXVEEN36AE9oWfn3nl0XpzXSeuMM53ZRj/gvH0COAWY1w==</latexit><latexit sha1_base64="wNuRJIVtLA8oibsqatCUHzlPtC4=">AAACCHicdVA9SwNBEN3z2/gVtbRwMQhWx17UnCkE0SZlBBMDuXDsbSZxyd7esbsXCMHSxr9iY6GIrT/Bzn/j5kNQ0QcDj/dmmJkXpYJrQ8iHMzM7N7+wuLScW1ldW9/Ib27VdZIpBjWWiEQ1IqpBcAk1w42ARqqAxpGA66h3MfKv+6A0T+SVGaTQimlX8g5n1FgpzO8GgsquAFwJizhQE36KdRhEYCjuh/kCcf1imZwcY+KSUtn3/BE59EulMvZcMkYBTVEN8+9BO2FZDNIwQbVueiQ1rSFVhjMBt7kg05BS1qNdaFoqaQy6NRw/cov3rdLGnUTZkgaP1e8TQxprPYgj2xlTc6N/eyPxL6+Zmc5Ja8hlmhmQbLKokwlsEjxKBbe5AmbEwBLKFLe3YnZDFWXGZpezIXx9iv8n9aLrEde7PCqcnU/jWEI7aA8dIA/56AxVUBXVEEN36AE9oWfn3nl0XpzXSeuMM53ZRj/gvH0COAWY1w==</latexit>

! ! " = vPQ # v
<latexit sha1_base64="rQ1gOBRVYiAktM38A7u9yDR2hTs="></latexit><latexit sha1_base64="rQ1gOBRVYiAktM38A7u9yDR2hTs="></latexit><latexit sha1_base64="rQ1gOBRVYiAktM38A7u9yDR2hTs="></latexit><latexit sha1_base64="rQ1gOBRVYiAktM38A7u9yDR2hTs="></latexit>

Construct 2HDM Lagrangian invariant under single U(1)

{
<latexit sha1_base64="56rix4LcKWFQVUR1iVgj1Jg+GJA=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnqiZpJb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6baX9YslbLvlGq5eIGzjSs113Bk5cyuVGnJsPEcJlmj0i++9QUzTkEWaCqJU18GJ9jIiNaeCTQu9VLGE0DEZsq6hEQmZ8rL5pVN0YpQBCmJpKtJorn6fyEio1CT0TWdI9Ej99mbiX1431UHVy3iUpJpFdLEoSAXSMZq9jQZcMqrFxBBCJTe3IjoiklBtwimYEL4+Rf+TVtl2sO3cnJfql8s48nAEx3AKDrhQh2toQBMoBPAAT/Bsja1H68V6XbTmrOXMIfyA9fYJIJaNwQ==</latexit><latexit sha1_base64="56rix4LcKWFQVUR1iVgj1Jg+GJA=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnqiZpJb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6baX9YslbLvlGq5eIGzjSs113Bk5cyuVGnJsPEcJlmj0i++9QUzTkEWaCqJU18GJ9jIiNaeCTQu9VLGE0DEZsq6hEQmZ8rL5pVN0YpQBCmJpKtJorn6fyEio1CT0TWdI9Ej99mbiX1431UHVy3iUpJpFdLEoSAXSMZq9jQZcMqrFxBBCJTe3IjoiklBtwimYEL4+Rf+TVtl2sO3cnJfql8s48nAEx3AKDrhQh2toQBMoBPAAT/Bsja1H68V6XbTmrOXMIfyA9fYJIJaNwQ==</latexit><latexit sha1_base64="56rix4LcKWFQVUR1iVgj1Jg+GJA=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnqiZpJb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6baX9YslbLvlGq5eIGzjSs113Bk5cyuVGnJsPEcJlmj0i++9QUzTkEWaCqJU18GJ9jIiNaeCTQu9VLGE0DEZsq6hEQmZ8rL5pVN0YpQBCmJpKtJorn6fyEio1CT0TWdI9Ej99mbiX1431UHVy3iUpJpFdLEoSAXSMZq9jQZcMqrFxBBCJTe3IjoiklBtwimYEL4+Rf+TVtl2sO3cnJfql8s48nAEx3AKDrhQh2toQBMoBPAAT/Bsja1H68V6XbTmrOXMIfyA9fYJIJaNwQ==</latexit><latexit sha1_base64="56rix4LcKWFQVUR1iVgj1Jg+GJA=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnqiZpJb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6baX9YslbLvlGq5eIGzjSs113Bk5cyuVGnJsPEcJlmj0i++9QUzTkEWaCqJU18GJ9jIiNaeCTQu9VLGE0DEZsq6hEQmZ8rL5pVN0YpQBCmJpKtJorn6fyEio1CT0TWdI9Ej99mbiX1431UHVy3iUpJpFdLEoSAXSMZq9jQZcMqrFxBBCJTe3IjoiklBtwimYEL4+Rf+TVtl2sO3cnJfql8s48nAEx3AKDrhQh2toQBMoBPAAT/Bsja1H68V6XbTmrOXMIfyA9fYJIJaNwQ==</latexit>

H1
<latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit><latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit><latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit><latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit>

H2
<latexit sha1_base64="Q0urcFohlIQmoVVqj2SlzsuCYY0=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ7PJkNkHM7NCCPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vs789j2TisfRnZ4kzAvJMOIBp0Qb6bbeL/ULRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCmacgiTQVRquvgRHtTIjWngs3yvVSxhNAxGbKuoREJmfKm81Nn6NQoAxTE0lSk0Vz9PjEloVKT0DedIdEj9dvLxL+8bqqDijflUZJqFtHFoiAVSMco+xsNuGRUi4khhEpubkV0RCSh2qSTNyF8fYr+J62S7WDbubko1q6WceTgGE7gDBxwoQZ1aEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CUkXjc0=</latexit><latexit sha1_base64="Q0urcFohlIQmoVVqj2SlzsuCYY0=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ7PJkNkHM7NCCPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vs789j2TisfRnZ4kzAvJMOIBp0Qb6bbeL/ULRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCmacgiTQVRquvgRHtTIjWngs3yvVSxhNAxGbKuoREJmfKm81Nn6NQoAxTE0lSk0Vz9PjEloVKT0DedIdEj9dvLxL+8bqqDijflUZJqFtHFoiAVSMco+xsNuGRUi4khhEpubkV0RCSh2qSTNyF8fYr+J62S7WDbubko1q6WceTgGE7gDBxwoQZ1aEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CUkXjc0=</latexit><latexit sha1_base64="Q0urcFohlIQmoVVqj2SlzsuCYY0=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ7PJkNkHM7NCCPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vs789j2TisfRnZ4kzAvJMOIBp0Qb6bbeL/ULRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCmacgiTQVRquvgRHtTIjWngs3yvVSxhNAxGbKuoREJmfKm81Nn6NQoAxTE0lSk0Vz9PjEloVKT0DedIdEj9dvLxL+8bqqDijflUZJqFtHFoiAVSMco+xsNuGRUi4khhEpubkV0RCSh2qSTNyF8fYr+J62S7WDbubko1q6WceTgGE7gDBxwoQZ1aEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CUkXjc0=</latexit><latexit sha1_base64="Q0urcFohlIQmoVVqj2SlzsuCYY0=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ7PJkNkHM7NCCPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vs789j2TisfRnZ4kzAvJMOIBp0Qb6bbeL/ULRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCmacgiTQVRquvgRHtTIjWngs3yvVSxhNAxGbKuoREJmfKm81Nn6NQoAxTE0lSk0Vz9PjEloVKT0DedIdEj9dvLxL+8bqqDijflUZJqFtHFoiAVSMco+xsNuGRUi4khhEpubkV0RCSh2qSTNyF8fYr+J62S7WDbubko1q6WceTgGE7gDBxwoQZ1aEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CUkXjc0=</latexit>

flavor-universal

U(1) charges
Lyuk = yu

ijQiUj
<latexit sha1_base64="7mooeFiPku+sN+ZwceXDrKJQK3g=">AAACGnicbVDNS8MwHE39nPOr6tFLcAieRiuCXoShFw8eNrDbYK0lzdItW/pBkgol9O/w4r/ixYMi3sSL/43ptoNuPgg83vu9JL8XpIwKaVnfxtLyyuraemWjurm1vbNr7u23RZJxTBycsIR3AyQIozFxJJWMdFNOUBQw0gnG16XfeSBc0CS+k3lKvAgNYhpSjKSWfNNWLkYM3ha+cnkE82xcwEuY32e+oqMCuokOl3erVuFT6Pgj6Js1q25NABeJPSM1MEPTNz/dfoKziMQSMyREz7ZS6SnEJcWMFFU3EyRFeIwGpKdpjCIiPDVZrYDHWunDMOH6xBJO1N8JhSIh8ijQkxGSQzHvleJ/Xi+T4YWnaJxmksR4+lCYMSgTWPYE+5QTLFmuCcKc6r9CPEQcYanbrOoS7PmVF0n7tG5bdbt1VmtczeqogENwBE6ADc5BA9yAJnAABo/gGbyCN+PJeDHejY/p6JIxyxyAPzC+fgAABKDS</latexit><latexit sha1_base64="7mooeFiPku+sN+ZwceXDrKJQK3g=">AAACGnicbVDNS8MwHE39nPOr6tFLcAieRiuCXoShFw8eNrDbYK0lzdItW/pBkgol9O/w4r/ixYMi3sSL/43ptoNuPgg83vu9JL8XpIwKaVnfxtLyyuraemWjurm1vbNr7u23RZJxTBycsIR3AyQIozFxJJWMdFNOUBQw0gnG16XfeSBc0CS+k3lKvAgNYhpSjKSWfNNWLkYM3ha+cnkE82xcwEuY32e+oqMCuokOl3erVuFT6Pgj6Js1q25NABeJPSM1MEPTNz/dfoKziMQSMyREz7ZS6SnEJcWMFFU3EyRFeIwGpKdpjCIiPDVZrYDHWunDMOH6xBJO1N8JhSIh8ijQkxGSQzHvleJ/Xi+T4YWnaJxmksR4+lCYMSgTWPYE+5QTLFmuCcKc6r9CPEQcYanbrOoS7PmVF0n7tG5bdbt1VmtczeqogENwBE6ADc5BA9yAJnAABo/gGbyCN+PJeDHejY/p6JIxyxyAPzC+fgAABKDS</latexit><latexit sha1_base64="7mooeFiPku+sN+ZwceXDrKJQK3g=">AAACGnicbVDNS8MwHE39nPOr6tFLcAieRiuCXoShFw8eNrDbYK0lzdItW/pBkgol9O/w4r/ixYMi3sSL/43ptoNuPgg83vu9JL8XpIwKaVnfxtLyyuraemWjurm1vbNr7u23RZJxTBycsIR3AyQIozFxJJWMdFNOUBQw0gnG16XfeSBc0CS+k3lKvAgNYhpSjKSWfNNWLkYM3ha+cnkE82xcwEuY32e+oqMCuokOl3erVuFT6Pgj6Js1q25NABeJPSM1MEPTNz/dfoKziMQSMyREz7ZS6SnEJcWMFFU3EyRFeIwGpKdpjCIiPDVZrYDHWunDMOH6xBJO1N8JhSIh8ijQkxGSQzHvleJ/Xi+T4YWnaJxmksR4+lCYMSgTWPYE+5QTLFmuCcKc6r9CPEQcYanbrOoS7PmVF0n7tG5bdbt1VmtczeqogENwBE6ADc5BA9yAJnAABo/gGbyCN+PJeDHejY/p6JIxyxyAPzC+fgAABKDS</latexit><latexit sha1_base64="7mooeFiPku+sN+ZwceXDrKJQK3g=">AAACGnicbVDNS8MwHE39nPOr6tFLcAieRiuCXoShFw8eNrDbYK0lzdItW/pBkgol9O/w4r/ixYMi3sSL/43ptoNuPgg83vu9JL8XpIwKaVnfxtLyyuraemWjurm1vbNr7u23RZJxTBycsIR3AyQIozFxJJWMdFNOUBQw0gnG16XfeSBc0CS+k3lKvAgNYhpSjKSWfNNWLkYM3ha+cnkE82xcwEuY32e+oqMCuokOl3erVuFT6Pgj6Js1q25NABeJPSM1MEPTNz/dfoKziMQSMyREz7ZS6SnEJcWMFFU3EyRFeIwGpKdpjCIiPDVZrYDHWunDMOH6xBJO1N8JhSIh8ijQkxGSQzHvleJ/Xi+T4YWnaJxmksR4+lCYMSgTWPYE+5QTLFmuCcKc6r9CPEQcYanbrOoS7PmVF0n7tG5bdbt1VmtczeqogENwBE6ADc5BA9yAJnAABo/gGbyCN+PJeDHejY/p6JIxyxyAPzC+fgAABKDS</latexit>

L iEj
<latexit sha1_base64="WkmKTTK2ZrpA2YhPlmqlmuYIupU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GVRBBcuKtgHtCFMptN27GQSZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3MO9c4KYM6Ud59sqrayurW+UNytb2zu7e/b+QVtFiSS0RSIeyW6AFeVM0JZmmtNuLCkOA047weQq9zuPVCoWiXudxtQL8UiwISNYG8m3q6gfGT+PZ7dTn6Fr/8G3a07dmQEtE7cgNSjQ9O2v/iAiSUiFJhwr1XOdWHsZlpoRTqeVfqJojMkEj2jPUIFDqrxsdvwUHRtlgIaRNE9oNFN/JzIcKpWGgZkMsR6rRS8X//N6iR5eeBkTcaKpIPNFw4QjHaG8CTRgkhLNU0MwkczcisgYS0y06atiSnAXv7xM2qd116m7d2e1xmVRRxkO4QhOwIVzaMANNKEFBFJ4hld4s56sF+vd+piPlqwiU4U/sD5/AEaSlIM=</latexit><latexit sha1_base64="WkmKTTK2ZrpA2YhPlmqlmuYIupU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GVRBBcuKtgHtCFMptN27GQSZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3MO9c4KYM6Ud59sqrayurW+UNytb2zu7e/b+QVtFiSS0RSIeyW6AFeVM0JZmmtNuLCkOA047weQq9zuPVCoWiXudxtQL8UiwISNYG8m3q6gfGT+PZ7dTn6Fr/8G3a07dmQEtE7cgNSjQ9O2v/iAiSUiFJhwr1XOdWHsZlpoRTqeVfqJojMkEj2jPUIFDqrxsdvwUHRtlgIaRNE9oNFN/JzIcKpWGgZkMsR6rRS8X//N6iR5eeBkTcaKpIPNFw4QjHaG8CTRgkhLNU0MwkczcisgYS0y06atiSnAXv7xM2qd116m7d2e1xmVRRxkO4QhOwIVzaMANNKEFBFJ4hld4s56sF+vd+piPlqwiU4U/sD5/AEaSlIM=</latexit><latexit sha1_base64="WkmKTTK2ZrpA2YhPlmqlmuYIupU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GVRBBcuKtgHtCFMptN27GQSZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3MO9c4KYM6Ud59sqrayurW+UNytb2zu7e/b+QVtFiSS0RSIeyW6AFeVM0JZmmtNuLCkOA047weQq9zuPVCoWiXudxtQL8UiwISNYG8m3q6gfGT+PZ7dTn6Fr/8G3a07dmQEtE7cgNSjQ9O2v/iAiSUiFJhwr1XOdWHsZlpoRTqeVfqJojMkEj2jPUIFDqrxsdvwUHRtlgIaRNE9oNFN/JzIcKpWGgZkMsR6rRS8X//N6iR5eeBkTcaKpIPNFw4QjHaG8CTRgkhLNU0MwkczcisgYS0y06atiSnAXv7xM2qd116m7d2e1xmVRRxkO4QhOwIVzaMANNKEFBFJ4hld4s56sF+vd+piPlqwiU4U/sD5/AEaSlIM=</latexit><latexit sha1_base64="WkmKTTK2ZrpA2YhPlmqlmuYIupU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GVRBBcuKtgHtCFMptN27GQSZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3MO9c4KYM6Ud59sqrayurW+UNytb2zu7e/b+QVtFiSS0RSIeyW6AFeVM0JZmmtNuLCkOA047weQq9zuPVCoWiXudxtQL8UiwISNYG8m3q6gfGT+PZ7dTn6Fr/8G3a07dmQEtE7cgNSjQ9O2v/iAiSUiFJhwr1XOdWHsZlpoRTqeVfqJojMkEj2jPUIFDqrxsdvwUHRtlgIaRNE9oNFN/JzIcKpWGgZkMsR6rRS8X//N6iR5eeBkTcaKpIPNFw4QjHaG8CTRgkhLNU0MwkczcisgYS0y06atiSnAXv7xM2qd116m7d2e1xmVRRxkO4QhOwIVzaMANNKEFBFJ4hld4s56sF+vd+piPlqwiU4U/sD5/AEaSlIM=</latexit>

QiUj
<latexit sha1_base64="RKei4PjpVuSwpwG/Ik4dAUR5Pdg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy5bMG2hDWEynbRjJ5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAwOGce7h3TphyprTjfFulldW19Y3yZmVre2d3z94/aKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzdTv/1ApWKJuNPjlPoxHggWMYK1kQL7CPUS40/jeXMSMOQF9yiwq07NmQEtE7cgVSjQCOyvXj8hWUyFJhwr1XWdVPs5lpoRTieVXqZoiskID2jXUIFjqvx8dv0EnRqlj6JEmic0mqm/EzmOlRrHoZmMsR6qRW8q/ud1Mx1d+TkTaaapIPNFUcaRTtC0CtRnkhLNx4ZgIpm5FZEhlphoU1jFlOAufnmZtM5rrlNzmxfV+nVRRxmO4QTOwIVLqMMtNMADAo/wDK/wZj1ZL9a79TEfLVlF5hD+wPr8AcN/lMI=</latexit><latexit sha1_base64="RKei4PjpVuSwpwG/Ik4dAUR5Pdg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy5bMG2hDWEynbRjJ5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAwOGce7h3TphyprTjfFulldW19Y3yZmVre2d3z94/aKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzdTv/1ApWKJuNPjlPoxHggWMYK1kQL7CPUS40/jeXMSMOQF9yiwq07NmQEtE7cgVSjQCOyvXj8hWUyFJhwr1XWdVPs5lpoRTieVXqZoiskID2jXUIFjqvx8dv0EnRqlj6JEmic0mqm/EzmOlRrHoZmMsR6qRW8q/ud1Mx1d+TkTaaapIPNFUcaRTtC0CtRnkhLNx4ZgIpm5FZEhlphoU1jFlOAufnmZtM5rrlNzmxfV+nVRRxmO4QTOwIVLqMMtNMADAo/wDK/wZj1ZL9a79TEfLVlF5hD+wPr8AcN/lMI=</latexit><latexit sha1_base64="RKei4PjpVuSwpwG/Ik4dAUR5Pdg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy5bMG2hDWEynbRjJ5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAwOGce7h3TphyprTjfFulldW19Y3yZmVre2d3z94/aKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzdTv/1ApWKJuNPjlPoxHggWMYK1kQL7CPUS40/jeXMSMOQF9yiwq07NmQEtE7cgVSjQCOyvXj8hWUyFJhwr1XWdVPs5lpoRTieVXqZoiskID2jXUIFjqvx8dv0EnRqlj6JEmic0mqm/EzmOlRrHoZmMsR6qRW8q/ud1Mx1d+TkTaaapIPNFUcaRTtC0CtRnkhLNx4ZgIpm5FZEhlphoU1jFlOAufnmZtM5rrlNzmxfV+nVRRxmO4QTOwIVLqMMtNMADAo/wDK/wZj1ZL9a79TEfLVlF5hD+wPr8AcN/lMI=</latexit><latexit sha1_base64="RKei4PjpVuSwpwG/Ik4dAUR5Pdg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy5bMG2hDWEynbRjJ5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAwOGce7h3TphyprTjfFulldW19Y3yZmVre2d3z94/aKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzdTv/1ApWKJuNPjlPoxHggWMYK1kQL7CPUS40/jeXMSMOQF9yiwq07NmQEtE7cgVSjQCOyvXj8hWUyFJhwr1XWdVPs5lpoRTieVXqZoiskID2jXUIFjqvx8dv0EnRqlj6JEmic0mqm/EzmOlRrHoZmMsR6qRW8q/ud1Mx1d+TkTaaapIPNFUcaRTtC0CtRnkhLNx4ZgIpm5FZEhlphoU1jFlOAufnmZtM5rrlNzmxfV+nVRRxmO4QTOwIVLqMMtNMADAo/wDK/wZj1ZL9a79TEfLVlF5hD+wPr8AcN/lMI=</latexit>

QiDj
<latexit sha1_base64="PEVhewRqtEz7x4OS/GBlWPoyjpA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LKoC5ct2Ae0IUymk3bsJBNmJkINxV9x40IRt/6HO//GSZuFth4YOJxzD/fOCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0qkktAmEVzIToAV5SymTc00p51EUhwFnLaD0XXutx+oVEzEd3qcUC/Cg5iFjGBtJN8+RD1h/DyeNSY+Qzf+PfLtilN1pkCLxC1IBQrUffur1xckjWisCcdKdV0n0V6GpWaE00m5lyqaYDLCA9o1NMYRVV42vX6CTozSR6GQ5sUaTdXfiQxHSo2jwExGWA/VvJeL/3ndVIeXXsbiJNU0JrNFYcqRFiivAvWZpETzsSGYSGZuRWSIJSbaFFY2JbjzX14krbOq61TdxnmldlXUUYIjOIZTcOECanALdWgCgUd4hld4s56sF+vd+piNLllF5gD+wPr8AamIlLE=</latexit><latexit sha1_base64="PEVhewRqtEz7x4OS/GBlWPoyjpA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LKoC5ct2Ae0IUymk3bsJBNmJkINxV9x40IRt/6HO//GSZuFth4YOJxzD/fOCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0qkktAmEVzIToAV5SymTc00p51EUhwFnLaD0XXutx+oVEzEd3qcUC/Cg5iFjGBtJN8+RD1h/DyeNSY+Qzf+PfLtilN1pkCLxC1IBQrUffur1xckjWisCcdKdV0n0V6GpWaE00m5lyqaYDLCA9o1NMYRVV42vX6CTozSR6GQ5sUaTdXfiQxHSo2jwExGWA/VvJeL/3ndVIeXXsbiJNU0JrNFYcqRFiivAvWZpETzsSGYSGZuRWSIJSbaFFY2JbjzX14krbOq61TdxnmldlXUUYIjOIZTcOECanALdWgCgUd4hld4s56sF+vd+piNLllF5gD+wPr8AamIlLE=</latexit><latexit sha1_base64="PEVhewRqtEz7x4OS/GBlWPoyjpA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LKoC5ct2Ae0IUymk3bsJBNmJkINxV9x40IRt/6HO//GSZuFth4YOJxzD/fOCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0qkktAmEVzIToAV5SymTc00p51EUhwFnLaD0XXutx+oVEzEd3qcUC/Cg5iFjGBtJN8+RD1h/DyeNSY+Qzf+PfLtilN1pkCLxC1IBQrUffur1xckjWisCcdKdV0n0V6GpWaE00m5lyqaYDLCA9o1NMYRVV42vX6CTozSR6GQ5sUaTdXfiQxHSo2jwExGWA/VvJeL/3ndVIeXXsbiJNU0JrNFYcqRFiivAvWZpETzsSGYSGZuRWSIJSbaFFY2JbjzX14krbOq61TdxnmldlXUUYIjOIZTcOECanALdWgCgUd4hld4s56sF+vd+piNLllF5gD+wPr8AamIlLE=</latexit><latexit sha1_base64="PEVhewRqtEz7x4OS/GBlWPoyjpA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LKoC5ct2Ae0IUymk3bsJBNmJkINxV9x40IRt/6HO//GSZuFth4YOJxzD/fOCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0qkktAmEVzIToAV5SymTc00p51EUhwFnLaD0XXutx+oVEzEd3qcUC/Cg5iFjGBtJN8+RD1h/DyeNSY+Qzf+PfLtilN1pkCLxC1IBQrUffur1xckjWisCcdKdV0n0V6GpWaE00m5lyqaYDLCA9o1NMYRVV42vX6CTozSR6GQ5sUaTdXfiQxHSo2jwExGWA/VvJeL/3ndVIeXXsbiJNU0JrNFYcqRFiivAvWZpETzsSGYSGZuRWSIJSbaFFY2JbjzX14krbOq61TdxnmldlXUUYIjOIZTcOECanALdWgCgUd4hld4s56sF+vd+piNLllF5gD+wPr8AamIlLE=</latexit>

H1
<latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit><latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit><latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit><latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit>

Break residual U(1) by H-Singlet
couplings L ⇠

<latexit sha1_base64="/4USZrnwhvTdZ8x8jCmXVKbJDkk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiwcPFewHNLFstpt26e4m7G6UEvo/vHhQxKv/xZv/xk2bg7Y+GHi8N8PMvDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/oK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOL7O/c4jVZrF8t5MEhoIPJQsYgQbKz1kPsEc3U6Rr5lA/WrNrbszoGXiFaQGBZr96pc/iEkqqDSEY617npuYIMPKMMLptOKnmiaYjPGQ9iyVWFAdZLOrp+jEKgMUxcqWNGim/p7IsNB6IkLbKbAZ6UUvF//zeqmJLoOMySQ1VJL5oijlyMQojwANmKLE8IklmChmb0VkhBUmxgZVsSF4iy8vk/ZZ3XPr3t15rXFVxFGGIziGU/DgAhpwA01oAQEFz/AKb86T8+K8Ox/z1pJTzBzCHzifP4T0kds=</latexit><latexit sha1_base64="/4USZrnwhvTdZ8x8jCmXVKbJDkk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiwcPFewHNLFstpt26e4m7G6UEvo/vHhQxKv/xZv/xk2bg7Y+GHi8N8PMvDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/oK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOL7O/c4jVZrF8t5MEhoIPJQsYgQbKz1kPsEc3U6Rr5lA/WrNrbszoGXiFaQGBZr96pc/iEkqqDSEY617npuYIMPKMMLptOKnmiaYjPGQ9iyVWFAdZLOrp+jEKgMUxcqWNGim/p7IsNB6IkLbKbAZ6UUvF//zeqmJLoOMySQ1VJL5oijlyMQojwANmKLE8IklmChmb0VkhBUmxgZVsSF4iy8vk/ZZ3XPr3t15rXFVxFGGIziGU/DgAhpwA01oAQEFz/AKb86T8+K8Ox/z1pJTzBzCHzifP4T0kds=</latexit><latexit sha1_base64="/4USZrnwhvTdZ8x8jCmXVKbJDkk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiwcPFewHNLFstpt26e4m7G6UEvo/vHhQxKv/xZv/xk2bg7Y+GHi8N8PMvDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/oK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOL7O/c4jVZrF8t5MEhoIPJQsYgQbKz1kPsEc3U6Rr5lA/WrNrbszoGXiFaQGBZr96pc/iEkqqDSEY617npuYIMPKMMLptOKnmiaYjPGQ9iyVWFAdZLOrp+jEKgMUxcqWNGim/p7IsNB6IkLbKbAZ6UUvF//zeqmJLoOMySQ1VJL5oijlyMQojwANmKLE8IklmChmb0VkhBUmxgZVsSF4iy8vk/ZZ3XPr3t15rXFVxFGGIziGU/DgAhpwA01oAQEFz/AKb86T8+K8Ox/z1pJTzBzCHzifP4T0kds=</latexit><latexit sha1_base64="/4USZrnwhvTdZ8x8jCmXVKbJDkk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiwcPFewHNLFstpt26e4m7G6UEvo/vHhQxKv/xZv/xk2bg7Y+GHi8N8PMvDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/oK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOL7O/c4jVZrF8t5MEhoIPJQsYgQbKz1kPsEc3U6Rr5lA/WrNrbszoGXiFaQGBZr96pc/iEkqqDSEY617npuYIMPKMMLptOKnmiaYjPGQ9iyVWFAdZLOrp+jEKgMUxcqWNGim/p7IsNB6IkLbKbAZ6UUvF//zeqmJLoOMySQ1VJL5oijlyMQojwANmKLE8IklmChmb0VkhBUmxgZVsSF4iy8vk/ZZ3XPr3t15rXFVxFGGIziGU/DgAhpwA01oAQEFz/AKb86T8+K8Ox/z1pJTzBzCHzifP4T0kds=</latexit>

H̃1 or 2
<latexit sha1_base64="8x5Ch5sEolrf5aeZ7YElCKCdLYM=">AAACBnicdVDLSgMxFM3UV62vqksRgkVwIUOmaqfdFd10WcE+oDMMmTRtQzMPkoxQhlm58VfcuFDErd/gzr8xfQgqeuDC4Zx7ufceP+ZMKoQ+jNzS8srqWn69sLG5tb1T3N1ryygRhLZIxCPR9bGknIW0pZjitBsLigOf044/vpr6nVsqJIvCGzWJqRvgYcgGjGClJa946CjG+zRtZF5qQecUpo4IYCQyTcuZVywh0y7XUPUCIhNVarZlT8mZXanUoGWiGUpggaZXfHf6EUkCGirCsZQ9C8XKTbFQjHCaFZxE0hiTMR7SnqYhDqh009kbGTzWSh8OIqErVHCmfp9IcSDlJPB1Z4DVSP72puJfXi9Rg6qbsjBOFA3JfNEg4VBFcJoJ7DNBieITTTARTN8KyQgLTJROrqBD+PoU/k/aZdNCpnV9XqpfLuLIgwNwBE6ABWxQBw3QBC1AwB14AE/g2bg3Ho0X43XemjMWM/vgB4y3TwoymDU=</latexit><latexit sha1_base64="8x5Ch5sEolrf5aeZ7YElCKCdLYM=">AAACBnicdVDLSgMxFM3UV62vqksRgkVwIUOmaqfdFd10WcE+oDMMmTRtQzMPkoxQhlm58VfcuFDErd/gzr8xfQgqeuDC4Zx7ufceP+ZMKoQ+jNzS8srqWn69sLG5tb1T3N1ryygRhLZIxCPR9bGknIW0pZjitBsLigOf044/vpr6nVsqJIvCGzWJqRvgYcgGjGClJa946CjG+zRtZF5qQecUpo4IYCQyTcuZVywh0y7XUPUCIhNVarZlT8mZXanUoGWiGUpggaZXfHf6EUkCGirCsZQ9C8XKTbFQjHCaFZxE0hiTMR7SnqYhDqh009kbGTzWSh8OIqErVHCmfp9IcSDlJPB1Z4DVSP72puJfXi9Rg6qbsjBOFA3JfNEg4VBFcJoJ7DNBieITTTARTN8KyQgLTJROrqBD+PoU/k/aZdNCpnV9XqpfLuLIgwNwBE6ABWxQBw3QBC1AwB14AE/g2bg3Ho0X43XemjMWM/vgB4y3TwoymDU=</latexit><latexit sha1_base64="8x5Ch5sEolrf5aeZ7YElCKCdLYM=">AAACBnicdVDLSgMxFM3UV62vqksRgkVwIUOmaqfdFd10WcE+oDMMmTRtQzMPkoxQhlm58VfcuFDErd/gzr8xfQgqeuDC4Zx7ufceP+ZMKoQ+jNzS8srqWn69sLG5tb1T3N1ryygRhLZIxCPR9bGknIW0pZjitBsLigOf044/vpr6nVsqJIvCGzWJqRvgYcgGjGClJa946CjG+zRtZF5qQecUpo4IYCQyTcuZVywh0y7XUPUCIhNVarZlT8mZXanUoGWiGUpggaZXfHf6EUkCGirCsZQ9C8XKTbFQjHCaFZxE0hiTMR7SnqYhDqh009kbGTzWSh8OIqErVHCmfp9IcSDlJPB1Z4DVSP72puJfXi9Rg6qbsjBOFA3JfNEg4VBFcJoJ7DNBieITTTARTN8KyQgLTJROrqBD+PoU/k/aZdNCpnV9XqpfLuLIgwNwBE6ABWxQBw3QBC1AwB14AE/g2bg3Ho0X43XemjMWM/vgB4y3TwoymDU=</latexit><latexit sha1_base64="8x5Ch5sEolrf5aeZ7YElCKCdLYM=">AAACBnicdVDLSgMxFM3UV62vqksRgkVwIUOmaqfdFd10WcE+oDMMmTRtQzMPkoxQhlm58VfcuFDErd/gzr8xfQgqeuDC4Zx7ufceP+ZMKoQ+jNzS8srqWn69sLG5tb1T3N1ryygRhLZIxCPR9bGknIW0pZjitBsLigOf044/vpr6nVsqJIvCGzWJqRvgYcgGjGClJa946CjG+zRtZF5qQecUpo4IYCQyTcuZVywh0y7XUPUCIhNVarZlT8mZXanUoGWiGUpggaZXfHf6EUkCGirCsZQ9C8XKTbFQjHCaFZxE0hiTMR7SnqYhDqh009kbGTzWSh8OIqErVHCmfp9IcSDlJPB1Z4DVSP72puJfXi9Rg6qbsjBOFA3JfNEg4VBFcJoJ7DNBieITTTARTN8KyQgLTJROrqBD+PoU/k/aZdNCpnV9XqpfLuLIgwNwBE6ABWxQBw3QBC1AwB14AE/g2bg3Ho0X43XemjMWM/vgB4y3TwoymDU=</latexit>

H̃2
<latexit sha1_base64="8THIFTZ6rVE5lU1ko3hR02Paryk=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFSZVm3ZXdNNlBfuANpTJZNIOnTycmRRKyHe4caGIWz/GnX/jpK2gogcuHM65l3vvcWPOpELowyisrW9sbhW3Szu7e/sH5cOjrowSQWiHRDwSfRdLyllIO4opTvuxoDhwOe2505vc782okCwK79Q8pk6AxyHzGcFKS85QMe7RtJWN0mo2KleQaVcbqH4FkYlqDduyc3Jh12oNaJlogQpYoT0qvw+9iCQBDRXhWMqBhWLlpFgoRjjNSsNE0hiTKR7TgaYhDqh00sXRGTzTigf9SOgKFVyo3ydSHEg5D1zdGWA1kb+9XPzLGyTKrzspC+NE0ZAsF/kJhyqCeQLQY4ISxeeaYCKYvhWSCRaYKJ1TSYfw9Sn8n3SrpoVM6/ay0rxexVEEJ+AUnAML2KAJWqANOoCAe/AAnsCzMTMejRfjddlaMFYzx+AHjLdPeBqSjw==</latexit><latexit sha1_base64="8THIFTZ6rVE5lU1ko3hR02Paryk=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFSZVm3ZXdNNlBfuANpTJZNIOnTycmRRKyHe4caGIWz/GnX/jpK2gogcuHM65l3vvcWPOpELowyisrW9sbhW3Szu7e/sH5cOjrowSQWiHRDwSfRdLyllIO4opTvuxoDhwOe2505vc782okCwK79Q8pk6AxyHzGcFKS85QMe7RtJWN0mo2KleQaVcbqH4FkYlqDduyc3Jh12oNaJlogQpYoT0qvw+9iCQBDRXhWMqBhWLlpFgoRjjNSsNE0hiTKR7TgaYhDqh00sXRGTzTigf9SOgKFVyo3ydSHEg5D1zdGWA1kb+9XPzLGyTKrzspC+NE0ZAsF/kJhyqCeQLQY4ISxeeaYCKYvhWSCRaYKJ1TSYfw9Sn8n3SrpoVM6/ay0rxexVEEJ+AUnAML2KAJWqANOoCAe/AAnsCzMTMejRfjddlaMFYzx+AHjLdPeBqSjw==</latexit><latexit sha1_base64="8THIFTZ6rVE5lU1ko3hR02Paryk=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFSZVm3ZXdNNlBfuANpTJZNIOnTycmRRKyHe4caGIWz/GnX/jpK2gogcuHM65l3vvcWPOpELowyisrW9sbhW3Szu7e/sH5cOjrowSQWiHRDwSfRdLyllIO4opTvuxoDhwOe2505vc782okCwK79Q8pk6AxyHzGcFKS85QMe7RtJWN0mo2KleQaVcbqH4FkYlqDduyc3Jh12oNaJlogQpYoT0qvw+9iCQBDRXhWMqBhWLlpFgoRjjNSsNE0hiTKR7TgaYhDqh00sXRGTzTigf9SOgKFVyo3ydSHEg5D1zdGWA1kb+9XPzLGyTKrzspC+NE0ZAsF/kJhyqCeQLQY4ISxeeaYCKYvhWSCRaYKJ1TSYfw9Sn8n3SrpoVM6/ay0rxexVEEJ+AUnAML2KAJWqANOoCAe/AAnsCzMTMejRfjddlaMFYzx+AHjLdPeBqSjw==</latexit><latexit sha1_base64="8THIFTZ6rVE5lU1ko3hR02Paryk=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFSZVm3ZXdNNlBfuANpTJZNIOnTycmRRKyHe4caGIWz/GnX/jpK2gogcuHM65l3vvcWPOpELowyisrW9sbhW3Szu7e/sH5cOjrowSQWiHRDwSfRdLyllIO4opTvuxoDhwOe2505vc782okCwK79Q8pk6AxyHzGcFKS85QMe7RtJWN0mo2KleQaVcbqH4FkYlqDduyc3Jh12oNaJlogQpYoT0qvw+9iCQBDRXhWMqBhWLlpFgoRjjNSsNE0hiTKR7TgaYhDqh00sXRGTzTigf9SOgKFVyo3ydSHEg5D1zdGWA1kb+9XPzLGyTKrzspC+NE0ZAsF/kJhyqCeQLQY4ISxeeaYCKYvhWSCRaYKJ1TSYfw9Sn8n3SrpoVM6/ay0rxexVEEJ+AUnAML2KAJWqANOoCAe/AAnsCzMTMejRfjddlaMFYzx+AHjLdPeBqSjw==</latexit>

H †
1H2�

<latexit sha1_base64="Z+oMvekzFgh4nKo24b2OksC2yQo=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchSSGtu6KbrqsYB/QxjCZTNqhkwczE6XEfoobF4q49Uvc+TdO2goqeuDC4Zx7ufceP2VUSNP80FZW19Y3Nktb5e2d3b19vXLQFUnGMenghCW87yNBGI1JR1LJSD/lBEU+Iz1/cln4vVvCBU3iazlNiRuhUUxDipFUkqdXWp51MwzQCLY8Gw7bY+rpVdM4b9RspwZNwzTrlm0VxK47Zw60lFKgCpZoe/r7MEhwFpFYYoaEGFhmKt0ccUkxI7PyMBMkRXiCRmSgaIwiItx8fvoMniglgGHCVcUSztXvEzmKhJhGvuqMkByL314h/uUNMhk23JzGaSZJjBeLwoxBmcAiBxhQTrBkU0UQ5lTdCvEYcYSlSqusQvj6FP5PurZhmYZ15VSbF8s4SuAIHINTYIE6aIIWaIMOwOAOPIAn8Kzda4/ai/a6aF3RljOH4Ae0t0+V0pLr</latexit><latexit sha1_base64="Z+oMvekzFgh4nKo24b2OksC2yQo=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchSSGtu6KbrqsYB/QxjCZTNqhkwczE6XEfoobF4q49Uvc+TdO2goqeuDC4Zx7ufceP2VUSNP80FZW19Y3Nktb5e2d3b19vXLQFUnGMenghCW87yNBGI1JR1LJSD/lBEU+Iz1/cln4vVvCBU3iazlNiRuhUUxDipFUkqdXWp51MwzQCLY8Gw7bY+rpVdM4b9RspwZNwzTrlm0VxK47Zw60lFKgCpZoe/r7MEhwFpFYYoaEGFhmKt0ccUkxI7PyMBMkRXiCRmSgaIwiItx8fvoMniglgGHCVcUSztXvEzmKhJhGvuqMkByL314h/uUNMhk23JzGaSZJjBeLwoxBmcAiBxhQTrBkU0UQ5lTdCvEYcYSlSqusQvj6FP5PurZhmYZ15VSbF8s4SuAIHINTYIE6aIIWaIMOwOAOPIAn8Kzda4/ai/a6aF3RljOH4Ae0t0+V0pLr</latexit><latexit sha1_base64="Z+oMvekzFgh4nKo24b2OksC2yQo=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchSSGtu6KbrqsYB/QxjCZTNqhkwczE6XEfoobF4q49Uvc+TdO2goqeuDC4Zx7ufceP2VUSNP80FZW19Y3Nktb5e2d3b19vXLQFUnGMenghCW87yNBGI1JR1LJSD/lBEU+Iz1/cln4vVvCBU3iazlNiRuhUUxDipFUkqdXWp51MwzQCLY8Gw7bY+rpVdM4b9RspwZNwzTrlm0VxK47Zw60lFKgCpZoe/r7MEhwFpFYYoaEGFhmKt0ccUkxI7PyMBMkRXiCRmSgaIwiItx8fvoMniglgGHCVcUSztXvEzmKhJhGvuqMkByL314h/uUNMhk23JzGaSZJjBeLwoxBmcAiBxhQTrBkU0UQ5lTdCvEYcYSlSqusQvj6FP5PurZhmYZ15VSbF8s4SuAIHINTYIE6aIIWaIMOwOAOPIAn8Kzda4/ai/a6aF3RljOH4Ae0t0+V0pLr</latexit><latexit sha1_base64="Z+oMvekzFgh4nKo24b2OksC2yQo=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchSSGtu6KbrqsYB/QxjCZTNqhkwczE6XEfoobF4q49Uvc+TdO2goqeuDC4Zx7ufceP2VUSNP80FZW19Y3Nktb5e2d3b19vXLQFUnGMenghCW87yNBGI1JR1LJSD/lBEU+Iz1/cln4vVvCBU3iazlNiRuhUUxDipFUkqdXWp51MwzQCLY8Gw7bY+rpVdM4b9RspwZNwzTrlm0VxK47Zw60lFKgCpZoe/r7MEhwFpFYYoaEGFhmKt0ccUkxI7PyMBMkRXiCRmSgaIwiItx8fvoMniglgGHCVcUSztXvEzmKhJhGvuqMkByL314h/uUNMhk23JzGaSZJjBeLwoxBmcAiBxhQTrBkU0UQ5lTdCvEYcYSlSqusQvj6FP5PurZhmYZ15VSbF8s4SuAIHINTYIE6aIIWaIMOwOAOPIAn8Kzda4/ai/a6aF3RljOH4Ae0t0+V0pLr</latexit>

Axion fermion couplings fixed by tan�
<latexit sha1_base64="mQwx9/6x6w48aMxuEC/ILfKkEgU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo49U+SFH2q/W3Lo7B1klXkFqUKDZr375g4RlMVfIJDWm57kpBjnVKJjk04qfGZ5SNqZD3rNU0ZibIJ8fPCVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/Xi/D6DrIhUoz5IotFkWZJJiQ2fdkIDRnKCeWUKaFvZWwEdWUoc2oYkPwll9eJe2LuufWvfvLWuOmiKMMJ3AK5+DBFTTgDprQAgYxPMMrvDnaeXHenY9Fa8kpZo7hD5zPH9czkGs=</latexit><latexit sha1_base64="mQwx9/6x6w48aMxuEC/ILfKkEgU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo49U+SFH2q/W3Lo7B1klXkFqUKDZr375g4RlMVfIJDWm57kpBjnVKJjk04qfGZ5SNqZD3rNU0ZibIJ8fPCVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/Xi/D6DrIhUoz5IotFkWZJJiQ2fdkIDRnKCeWUKaFvZWwEdWUoc2oYkPwll9eJe2LuufWvfvLWuOmiKMMJ3AK5+DBFTTgDprQAgYxPMMrvDnaeXHenY9Fa8kpZo7hD5zPH9czkGs=</latexit><latexit sha1_base64="mQwx9/6x6w48aMxuEC/ILfKkEgU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo49U+SFH2q/W3Lo7B1klXkFqUKDZr375g4RlMVfIJDWm57kpBjnVKJjk04qfGZ5SNqZD3rNU0ZibIJ8fPCVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/Xi/D6DrIhUoz5IotFkWZJJiQ2fdkIDRnKCeWUKaFvZWwEdWUoc2oYkPwll9eJe2LuufWvfvLWuOmiKMMJ3AK5+DBFTTgDprQAgYxPMMrvDnaeXHenY9Fa8kpZo7hD5zPH9czkGs=</latexit><latexit sha1_base64="mQwx9/6x6w48aMxuEC/ILfKkEgU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo49U+SFH2q/W3Lo7B1klXkFqUKDZr375g4RlMVfIJDWm57kpBjnVKJjk04qfGZ5SNqZD3rNU0ZibIJ8fPCVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/Xi/D6DrIhUoz5IotFkWZJJiQ2fdkIDRnKCeWUKaFvZWwEdWUoc2oYkPwll9eJe2LuufWvfvLWuOmiKMMJ3AK5+DBFTTgDprQAgYxPMMrvDnaeXHenY9Fa8kpZo7hD5zPH9czkGs=</latexit>



Stellar cooling hints

• Excessive energy losses have been observed in 
several stellar environments e.g. anomalous cooling 
of  White Dwarfs

• This can be explained by emission of axions with a 
sizeable coupling to electrons [Giannotti, Irastorza, Redondo, Ringwald ’16]



Constraints from SN1987A and 
neutron star cooling

• Light axions efficiently cool SN and neutron stars 
via  axion bremstrasslung off nucleons

• SN1987A and neutron star cooling set lower bound 
on                               in standard axion models 

• In standard DFSZ models best-fit to cooling 
anomalies imply non-perturbative Yukawa 
couplings: 

fa & O(109) GeV
<latexit sha1_base64="cApgc9cb9Aykj75wxWUwPWuH+uc=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyURQd0VXejOCvYBTQyT6aQdOpOEmYlQQr7Bjb/ixoUibl2582+ctFlo64GBwznnMvceP2ZUKsv6NkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/vsz97gMRkkbhnZrExOVoGNKAYqS05Jn1wEPOUOkAh6nDkRphxOBNVrOt+/O6ozXB4RXpZNAzq1bDmgIuErsgVVCg5ZlfziDCCSehwgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXNEScSDednpTBI60MYBAJ/UIFp+rviRRxKSfc18l8aTnv5eJ/Xj9RwZmb0jBOFAnx7KMgYVBFMO8HDqggWLGJJggLqneFeIQEwkq3WNEl2PMnL5LOccO2GvbtSbV5UdRRBgfgENSADU5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+zaMkoZvbBHxifP/AXnFQ=</latexit><latexit sha1_base64="cApgc9cb9Aykj75wxWUwPWuH+uc=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyURQd0VXejOCvYBTQyT6aQdOpOEmYlQQr7Bjb/ixoUibl2582+ctFlo64GBwznnMvceP2ZUKsv6NkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/vsz97gMRkkbhnZrExOVoGNKAYqS05Jn1wEPOUOkAh6nDkRphxOBNVrOt+/O6ozXB4RXpZNAzq1bDmgIuErsgVVCg5ZlfziDCCSehwgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXNEScSDednpTBI60MYBAJ/UIFp+rviRRxKSfc18l8aTnv5eJ/Xj9RwZmb0jBOFAnx7KMgYVBFMO8HDqggWLGJJggLqneFeIQEwkq3WNEl2PMnL5LOccO2GvbtSbV5UdRRBgfgENSADU5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+zaMkoZvbBHxifP/AXnFQ=</latexit><latexit sha1_base64="cApgc9cb9Aykj75wxWUwPWuH+uc=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyURQd0VXejOCvYBTQyT6aQdOpOEmYlQQr7Bjb/ixoUibl2582+ctFlo64GBwznnMvceP2ZUKsv6NkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/vsz97gMRkkbhnZrExOVoGNKAYqS05Jn1wEPOUOkAh6nDkRphxOBNVrOt+/O6ozXB4RXpZNAzq1bDmgIuErsgVVCg5ZlfziDCCSehwgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXNEScSDednpTBI60MYBAJ/UIFp+rviRRxKSfc18l8aTnv5eJ/Xj9RwZmb0jBOFAnx7KMgYVBFMO8HDqggWLGJJggLqneFeIQEwkq3WNEl2PMnL5LOccO2GvbtSbV5UdRRBgfgENSADU5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+zaMkoZvbBHxifP/AXnFQ=</latexit><latexit sha1_base64="cApgc9cb9Aykj75wxWUwPWuH+uc=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyURQd0VXejOCvYBTQyT6aQdOpOEmYlQQr7Bjb/ixoUibl2582+ctFlo64GBwznnMvceP2ZUKsv6NkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/vsz97gMRkkbhnZrExOVoGNKAYqS05Jn1wEPOUOkAh6nDkRphxOBNVrOt+/O6ozXB4RXpZNAzq1bDmgIuErsgVVCg5ZlfziDCCSehwgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXNEScSDednpTBI60MYBAJ/UIFp+rviRRxKSfc18l8aTnv5eJ/Xj9RwZmb0jBOFAnx7KMgYVBFMO8HDqggWLGJJggLqneFeIQEwkq3WNEl2PMnL5LOccO2GvbtSbV5UdRRBgfgENSADU5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+zaMkoZvbBHxifP/AXnFQ=</latexit>

[Giannotti, Irastorza, Redondo, Ringwald, Saikawa ’17]

N + N ! N + N + a
<latexit sha1_base64="NXevhaJQn+ucfKUAYbS6750yyBc=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCIJQZEXRZdOOqVLAP6Awlk2ba0ExmSDJCGYobf8WNC0Xc+hXu/BvT6Sy09UDC4Zx7Sc4JEs6Udpxva2l5ZXVtvbRR3tza3tm19/ZbKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GN1O//UClYrG41+OE+hEeCBYygrWRevZh3UNnHqojT8eo4PmNe3bFqTo50CJxC1KBAo2e/eX1Y5JGVGjCsVJd10m0n2GpGeF0UvZSRRNMRnhAu4YKHFHlZ3mECToxSh+FsTRHaJSrvzcyHCk1jgIzGWE9VPPeVPzP66Y6vPIzJpJUU0FmD4UpRybutA/UZ5ISzceGYCKZ+SsiQywx0aa1sinBnY+8SFrnVdepuncXldp1UUcJjuAYTsGFS6jBLTSgCQQe4Rle4c16sl6sd+tjNrpkFTsH8AfW5w9L/5Qm</latexit><latexit sha1_base64="NXevhaJQn+ucfKUAYbS6750yyBc=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCIJQZEXRZdOOqVLAP6Awlk2ba0ExmSDJCGYobf8WNC0Xc+hXu/BvT6Sy09UDC4Zx7Sc4JEs6Udpxva2l5ZXVtvbRR3tza3tm19/ZbKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GN1O//UClYrG41+OE+hEeCBYygrWRevZh3UNnHqojT8eo4PmNe3bFqTo50CJxC1KBAo2e/eX1Y5JGVGjCsVJd10m0n2GpGeF0UvZSRRNMRnhAu4YKHFHlZ3mECToxSh+FsTRHaJSrvzcyHCk1jgIzGWE9VPPeVPzP66Y6vPIzJpJUU0FmD4UpRybutA/UZ5ISzceGYCKZ+SsiQywx0aa1sinBnY+8SFrnVdepuncXldp1UUcJjuAYTsGFS6jBLTSgCQQe4Rle4c16sl6sd+tjNrpkFTsH8AfW5w9L/5Qm</latexit><latexit sha1_base64="NXevhaJQn+ucfKUAYbS6750yyBc=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCIJQZEXRZdOOqVLAP6Awlk2ba0ExmSDJCGYobf8WNC0Xc+hXu/BvT6Sy09UDC4Zx7Sc4JEs6Udpxva2l5ZXVtvbRR3tza3tm19/ZbKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GN1O//UClYrG41+OE+hEeCBYygrWRevZh3UNnHqojT8eo4PmNe3bFqTo50CJxC1KBAo2e/eX1Y5JGVGjCsVJd10m0n2GpGeF0UvZSRRNMRnhAu4YKHFHlZ3mECToxSh+FsTRHaJSrvzcyHCk1jgIzGWE9VPPeVPzP66Y6vPIzJpJUU0FmD4UpRybutA/UZ5ISzceGYCKZ+SsiQywx0aa1sinBnY+8SFrnVdepuncXldp1UUcJjuAYTsGFS6jBLTSgCQQe4Rle4c16sl6sd+tjNrpkFTsH8AfW5w9L/5Qm</latexit><latexit sha1_base64="NXevhaJQn+ucfKUAYbS6750yyBc=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCIJQZEXRZdOOqVLAP6Awlk2ba0ExmSDJCGYobf8WNC0Xc+hXu/BvT6Sy09UDC4Zx7Sc4JEs6Udpxva2l5ZXVtvbRR3tza3tm19/ZbKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GN1O//UClYrG41+OE+hEeCBYygrWRevZh3UNnHqojT8eo4PmNe3bFqTo50CJxC1KBAo2e/eX1Y5JGVGjCsVJd10m0n2GpGeF0UvZSRRNMRnhAu4YKHFHlZ3mECToxSh+FsTRHaJSrvzcyHCk1jgIzGWE9VPPeVPzP66Y6vPIzJpJUU0FmD4UpRybutA/UZ5ISzceGYCKZ+SsiQywx0aa1sinBnY+8SFrnVdepuncXldp1UUcJjuAYTsGFS6jBLTSgCQQe4Rle4c16sl6sd+tjNrpkFTsH8AfW5w9L/5Qm</latexit>



• SN1987A and NS bounds can be relaxed if axion 
nucleon coupling is suppressed which happens for

• Nucleophobia realised in DFSZ-like models with 
non-universal PQ charges 

Nucleophobia !  flavor-violating axion couplings!

Nucleophobic axion models

Cu + Cd = 1
<latexit sha1_base64="Nr1lkhXEdHCbyAQb8s3Mc/uj2ws=">AAAB8XicbVBNS8NAEJ31s9avqkcvi0UQhJKIoBeh2IvHCvYD2xA2m027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0gF18ZxvtHK6tr6xmZpq7y9s7u3Xzk4bOskU5S1aCIS1Q2IZoJL1jLcCNZNFSNxIFgnGDWmfueJKc0T+WDGKfNiMpA84pQYKz02/Oy84Yc3LvYrVafmzICXiVuQKhRo+pWvfpjQLGbSUEG07rlOarycKMOpYJNyP9MsJXREBqxnqSQx014+u3iCT60S4ihRtqTBM/X3RE5ircdxYDtjYoZ60ZuK/3m9zETXXs5lmhkm6XxRlAlsEjx9H4dcMWrE2BJCFbe3YjokilBjQyrbENzFl5dJ+6LmOjX3/rJavy3iKMExnMAZuHAFdbiDJrSAgoRneIU3pNELekcf89YVVMwcwR+gzx/Xco+0</latexit><latexit sha1_base64="Nr1lkhXEdHCbyAQb8s3Mc/uj2ws=">AAAB8XicbVBNS8NAEJ31s9avqkcvi0UQhJKIoBeh2IvHCvYD2xA2m027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0gF18ZxvtHK6tr6xmZpq7y9s7u3Xzk4bOskU5S1aCIS1Q2IZoJL1jLcCNZNFSNxIFgnGDWmfueJKc0T+WDGKfNiMpA84pQYKz02/Oy84Yc3LvYrVafmzICXiVuQKhRo+pWvfpjQLGbSUEG07rlOarycKMOpYJNyP9MsJXREBqxnqSQx014+u3iCT60S4ihRtqTBM/X3RE5ircdxYDtjYoZ60ZuK/3m9zETXXs5lmhkm6XxRlAlsEjx9H4dcMWrE2BJCFbe3YjokilBjQyrbENzFl5dJ+6LmOjX3/rJavy3iKMExnMAZuHAFdbiDJrSAgoRneIU3pNELekcf89YVVMwcwR+gzx/Xco+0</latexit><latexit sha1_base64="Nr1lkhXEdHCbyAQb8s3Mc/uj2ws=">AAAB8XicbVBNS8NAEJ31s9avqkcvi0UQhJKIoBeh2IvHCvYD2xA2m027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0gF18ZxvtHK6tr6xmZpq7y9s7u3Xzk4bOskU5S1aCIS1Q2IZoJL1jLcCNZNFSNxIFgnGDWmfueJKc0T+WDGKfNiMpA84pQYKz02/Oy84Yc3LvYrVafmzICXiVuQKhRo+pWvfpjQLGbSUEG07rlOarycKMOpYJNyP9MsJXREBqxnqSQx014+u3iCT60S4ihRtqTBM/X3RE5ircdxYDtjYoZ60ZuK/3m9zETXXs5lmhkm6XxRlAlsEjx9H4dcMWrE2BJCFbe3YjokilBjQyrbENzFl5dJ+6LmOjX3/rJavy3iKMExnMAZuHAFdbiDJrSAgoRneIU3pNELekcf89YVVMwcwR+gzx/Xco+0</latexit><latexit sha1_base64="Nr1lkhXEdHCbyAQb8s3Mc/uj2ws=">AAAB8XicbVBNS8NAEJ31s9avqkcvi0UQhJKIoBeh2IvHCvYD2xA2m027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0gF18ZxvtHK6tr6xmZpq7y9s7u3Xzk4bOskU5S1aCIS1Q2IZoJL1jLcCNZNFSNxIFgnGDWmfueJKc0T+WDGKfNiMpA84pQYKz02/Oy84Yc3LvYrVafmzICXiVuQKhRo+pWvfpjQLGbSUEG07rlOarycKMOpYJNyP9MsJXREBqxnqSQx014+u3iCT60S4ihRtqTBM/X3RE5ircdxYDtjYoZ60ZuK/3m9zETXXs5lmhkm6XxRlAlsEjx9H4dcMWrE2BJCFbe3YjokilBjQyrbENzFl5dJ+6LmOjX3/rJavy3iKMExnMAZuHAFdbiDJrSAgoRneIU3pNELekcf89YVVMwcwR+gzx/Xco+0</latexit>

Cu ! 2/3
<latexit sha1_base64="4uDjEVt8Vf6MsI4poEN/LTik3LY=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5pUQZfFblxWsA9oQ5hMJ+3QyWSYh1hDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeSDCqtOd9O4W19Y3NreJ2aWd3b7/sHhy2VWokJi2cslR2I6QIo5y0NNWMdIUkKIkY6UTjxszvPBCpaMrv9USQIEFDTmOKkbZS6JYboekjIWT6CGvnFzB0K17VmwOuEj8nFZCjGbpf/UGKTUK4xgwp1fM9oYMMSU0xI9NS3ygiEB6jIelZylFCVJDND5/CU6sMYJxKW1zDufp7IkOJUpMksp0J0iO17M3E/7ye0fF1kFEujCYcLxbFhkGdwlkKcEAlwZpNLEFYUnsrxCMkEdY2q5INwV9+eZW0a1Xfq/p3l5X6TR5HERyDE3AGfHAF6uAWNEELYGDAM3gFb86T8+K8Ox+L1oKTzxyBP3A+fwA5tJIi</latexit><latexit sha1_base64="4uDjEVt8Vf6MsI4poEN/LTik3LY=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5pUQZfFblxWsA9oQ5hMJ+3QyWSYh1hDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeSDCqtOd9O4W19Y3NreJ2aWd3b7/sHhy2VWokJi2cslR2I6QIo5y0NNWMdIUkKIkY6UTjxszvPBCpaMrv9USQIEFDTmOKkbZS6JYboekjIWT6CGvnFzB0K17VmwOuEj8nFZCjGbpf/UGKTUK4xgwp1fM9oYMMSU0xI9NS3ygiEB6jIelZylFCVJDND5/CU6sMYJxKW1zDufp7IkOJUpMksp0J0iO17M3E/7ye0fF1kFEujCYcLxbFhkGdwlkKcEAlwZpNLEFYUnsrxCMkEdY2q5INwV9+eZW0a1Xfq/p3l5X6TR5HERyDE3AGfHAF6uAWNEELYGDAM3gFb86T8+K8Ox+L1oKTzxyBP3A+fwA5tJIi</latexit><latexit sha1_base64="4uDjEVt8Vf6MsI4poEN/LTik3LY=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5pUQZfFblxWsA9oQ5hMJ+3QyWSYh1hDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeSDCqtOd9O4W19Y3NreJ2aWd3b7/sHhy2VWokJi2cslR2I6QIo5y0NNWMdIUkKIkY6UTjxszvPBCpaMrv9USQIEFDTmOKkbZS6JYboekjIWT6CGvnFzB0K17VmwOuEj8nFZCjGbpf/UGKTUK4xgwp1fM9oYMMSU0xI9NS3ygiEB6jIelZylFCVJDND5/CU6sMYJxKW1zDufp7IkOJUpMksp0J0iO17M3E/7ye0fF1kFEujCYcLxbFhkGdwlkKcEAlwZpNLEFYUnsrxCMkEdY2q5INwV9+eZW0a1Xfq/p3l5X6TR5HERyDE3AGfHAF6uAWNEELYGDAM3gFb86T8+K8Ox+L1oKTzxyBP3A+fwA5tJIi</latexit><latexit sha1_base64="4uDjEVt8Vf6MsI4poEN/LTik3LY=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5pUQZfFblxWsA9oQ5hMJ+3QyWSYh1hDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeSDCqtOd9O4W19Y3NreJ2aWd3b7/sHhy2VWokJi2cslR2I6QIo5y0NNWMdIUkKIkY6UTjxszvPBCpaMrv9USQIEFDTmOKkbZS6JYboekjIWT6CGvnFzB0K17VmwOuEj8nFZCjGbpf/UGKTUK4xgwp1fM9oYMMSU0xI9NS3ygiEB6jIelZylFCVJDND5/CU6sMYJxKW1zDufp7IkOJUpMksp0J0iO17M3E/7ye0fF1kFEujCYcLxbFhkGdwlkKcEAlwZpNLEFYUnsrxCMkEdY2q5INwV9+eZW0a1Xfq/p3l5X6TR5HERyDE3AGfHAF6uAWNEELYGDAM3gFb86T8+K8Ox+L1oKTzxyBP3A+fwA5tJIi</latexit>

[Di Luzio, Mescia, Nardi, Panci, Ziegler ’17]



Non-universal DFSZ models
Generalized DFSZ-type models:

Have non-trivial transition to mass basis 

Depend on 2 misalignment parameters in each sector

! f
ij ! (Vf )⇤i 3(Vf )j 3

<latexit sha1_base64="ILwYgqb/vkojuYz+tArd59215TI="></latexit><latexit sha1_base64="ILwYgqb/vkojuYz+tArd59215TI="></latexit><latexit sha1_base64="ILwYgqb/vkojuYz+tArd59215TI="></latexit><latexit sha1_base64="ILwYgqb/vkojuYz+tArd59215TI="></latexit>

Xf = diag(X1, X1, X3) ! V  
f XfVf = X1! ij + ( X3 " X1) "fij

<latexit sha1_base64="URADWtwOf1yTR881+31zab1Siiw="></latexit><latexit sha1_base64="URADWtwOf1yTR881+31zab1Siiw="></latexit><latexit sha1_base64="URADWtwOf1yTR881+31zab1Siiw="></latexit><latexit sha1_base64="URADWtwOf1yTR881+31zab1Siiw="></latexit>

0  ✏fii  1
<latexit sha1_base64="gqhL9bPnMvtr/PhjQXK3cL16Qro="></latexit><latexit sha1_base64="gqhL9bPnMvtr/PhjQXK3cL16Qro="></latexit><latexit sha1_base64="gqhL9bPnMvtr/PhjQXK3cL16Qro="></latexit><latexit sha1_base64="gqhL9bPnMvtr/PhjQXK3cL16Qro="></latexit>

X

i

✏fii = 1
<latexit sha1_base64="vssO2+SzraZwQubdlAvuSjBAQNg="></latexit><latexit sha1_base64="vssO2+SzraZwQubdlAvuSjBAQNg="></latexit><latexit sha1_base64="vssO2+SzraZwQubdlAvuSjBAQNg="></latexit><latexit sha1_base64="vssO2+SzraZwQubdlAvuSjBAQNg="></latexit>

Cf
ii = X1 + (X3 �X1)✏

f
ii

<latexit sha1_base64="MsFG2jkYwybvbDQPNF1fYnAjtW8="></latexit><latexit sha1_base64="MsFG2jkYwybvbDQPNF1fYnAjtW8="></latexit><latexit sha1_base64="MsFG2jkYwybvbDQPNF1fYnAjtW8="></latexit><latexit sha1_base64="MsFG2jkYwybvbDQPNF1fYnAjtW8="></latexit>

|Cf
i!= j | = |X3 �X1|

!
! fii!

f
jj

<latexit sha1_base64="tHC0kPe+tJXNNX+Sji46fB/Z2LE="></latexit><latexit sha1_base64="tHC0kPe+tJXNNX+Sji46fB/Z2LE="></latexit><latexit sha1_base64="tHC0kPe+tJXNNX+Sji46fB/Z2LE="></latexit><latexit sha1_base64="tHC0kPe+tJXNNX+Sji46fB/Z2LE="></latexit>

f = uL , uR , dL , dR
<latexit sha1_base64="ezTcvEmDLc72WFjW9GPEd6u5do4=">AAACF3icbZDLSsNAFIYn9VbrLV52bgaL4KKURATdCEU3LlzUYi/QhjCZTNqhk0yYi1BDH8SdW30Jd+LWpe/gQzhts9DWAzN8/P85cM4fpIxK5ThfVmFpeWV1rbhe2tjc2t6xd/dakmuBSRNzxkUnQJIwmpCmooqRTioIigNG2sHweuK3H4iQlCf3apQSL0b9hEYUI2Uk3z6ILqH2byvab1RgaMB8Dd8uO1VnWnAR3BzKIK+6b3/3Qo51TBKFGZKy6zqp8jIkFMWMjEs9LUmK8BD1SddggmIivWy6/RgeGyWEERfmJQpO1d8TGYqlHMWB6YyRGsh5byL+6wUBZ+F/Tler6MLLaJJqRRI8WyHSDCoOJyHBkAqCFRsZQFhQcwXEAyQQVibKkonHnQ9jEVqnVdepundn5dpVHlQRHIIjcAJccA5q4AbUQRNg8AiewQt4tZ6sN+vd+pi1Fqx8Zh/8KevzB2CYndw=</latexit><latexit sha1_base64="ezTcvEmDLc72WFjW9GPEd6u5do4=">AAACF3icbZDLSsNAFIYn9VbrLV52bgaL4KKURATdCEU3LlzUYi/QhjCZTNqhk0yYi1BDH8SdW30Jd+LWpe/gQzhts9DWAzN8/P85cM4fpIxK5ThfVmFpeWV1rbhe2tjc2t6xd/dakmuBSRNzxkUnQJIwmpCmooqRTioIigNG2sHweuK3H4iQlCf3apQSL0b9hEYUI2Uk3z6ILqH2byvab1RgaMB8Dd8uO1VnWnAR3BzKIK+6b3/3Qo51TBKFGZKy6zqp8jIkFMWMjEs9LUmK8BD1SddggmIivWy6/RgeGyWEERfmJQpO1d8TGYqlHMWB6YyRGsh5byL+6wUBZ+F/Tler6MLLaJJqRRI8WyHSDCoOJyHBkAqCFRsZQFhQcwXEAyQQVibKkonHnQ9jEVqnVdepundn5dpVHlQRHIIjcAJccA5q4AbUQRNg8AiewQt4tZ6sN+vd+pi1Fqx8Zh/8KevzB2CYndw=</latexit><latexit sha1_base64="ezTcvEmDLc72WFjW9GPEd6u5do4=">AAACF3icbZDLSsNAFIYn9VbrLV52bgaL4KKURATdCEU3LlzUYi/QhjCZTNqhk0yYi1BDH8SdW30Jd+LWpe/gQzhts9DWAzN8/P85cM4fpIxK5ThfVmFpeWV1rbhe2tjc2t6xd/dakmuBSRNzxkUnQJIwmpCmooqRTioIigNG2sHweuK3H4iQlCf3apQSL0b9hEYUI2Uk3z6ILqH2byvab1RgaMB8Dd8uO1VnWnAR3BzKIK+6b3/3Qo51TBKFGZKy6zqp8jIkFMWMjEs9LUmK8BD1SddggmIivWy6/RgeGyWEERfmJQpO1d8TGYqlHMWB6YyRGsh5byL+6wUBZ+F/Tler6MLLaJJqRRI8WyHSDCoOJyHBkAqCFRsZQFhQcwXEAyQQVibKkonHnQ9jEVqnVdepundn5dpVHlQRHIIjcAJccA5q4AbUQRNg8AiewQt4tZ6sN+vd+pi1Fqx8Zh/8KevzB2CYndw=</latexit><latexit sha1_base64="ezTcvEmDLc72WFjW9GPEd6u5do4=">AAACF3icbZDLSsNAFIYn9VbrLV52bgaL4KKURATdCEU3LlzUYi/QhjCZTNqhk0yYi1BDH8SdW30Jd+LWpe/gQzhts9DWAzN8/P85cM4fpIxK5ThfVmFpeWV1rbhe2tjc2t6xd/dakmuBSRNzxkUnQJIwmpCmooqRTioIigNG2sHweuK3H4iQlCf3apQSL0b9hEYUI2Uk3z6ILqH2byvab1RgaMB8Dd8uO1VnWnAR3BzKIK+6b3/3Qo51TBKFGZKy6zqp8jIkFMWMjEs9LUmK8BD1SddggmIivWy6/RgeGyWEERfmJQpO1d8TGYqlHMWB6YyRGsh5byL+6wUBZ+F/Tler6MLLaJJqRRI8WyHSDCoOJyHBkAqCFRsZQFhQcwXEAyQQVibKkonHnQ9jEVqnVdepundn5dpVHlQRHIIjcAJccA5q4AbUQRNg8AiewQt4tZ6sN+vd+pi1Fqx8Zh/8KevzB2CYndw=</latexit>

PQ charges universal only for two generations

! fij
<latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit><latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit><latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit><latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit>

⇠fij
<latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit><latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit><latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit><latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit>

⇠fii
<latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit>

! f
ii

<latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit>

! f
ii

<latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit>

|⇠fij | =
q

⇠fii⇠
f
jj

<latexit sha1_base64="LiDPaW/TpFp0/BvLPS7tB+nXXys="></latexit><latexit sha1_base64="LiDPaW/TpFp0/BvLPS7tB+nXXys="></latexit><latexit sha1_base64="LiDPaW/TpFp0/BvLPS7tB+nXXys="></latexit><latexit sha1_base64="LiDPaW/TpFp0/BvLPS7tB+nXXys="></latexit>

|! f
ij |

<latexit sha1_base64="BBcI4O9zd2xFDdceu3y0MQcXvF0=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT6giWUynbSjk0mYmYgl7W+4caGIW3/GnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf32jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJbs9zv3NHhKQxv1LjhPgRGnIaUoyUlryJd0/7Gb2ZXoeTfrlimaf1quNWoWVaVs127Jw4NffEhbZWclTAAs1++d0bxDiNCFeYISl7tpUoP0NCUczItOSlkiQI36Ih6WnKUUSkn81unsIjrQxgGAtdXMGZ+n0iQ5GU4yjQnRFSI/nby8W/vF6qwrqfUZ6kinA8XxSmDKoY5gHAARUEKzbWBGFB9a0Qj5BAWOmYSjqEr0/h/6TtmLZl2pdupXG2iKMIDsAhOAY2qIEGuABN0AIYJOABPIFnIzUejRfjdd5aMBYz++AHjLdPDHmSVw==</latexit><latexit sha1_base64="BBcI4O9zd2xFDdceu3y0MQcXvF0=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT6giWUynbSjk0mYmYgl7W+4caGIW3/GnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf32jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJbs9zv3NHhKQxv1LjhPgRGnIaUoyUlryJd0/7Gb2ZXoeTfrlimaf1quNWoWVaVs127Jw4NffEhbZWclTAAs1++d0bxDiNCFeYISl7tpUoP0NCUczItOSlkiQI36Ih6WnKUUSkn81unsIjrQxgGAtdXMGZ+n0iQ5GU4yjQnRFSI/nby8W/vF6qwrqfUZ6kinA8XxSmDKoY5gHAARUEKzbWBGFB9a0Qj5BAWOmYSjqEr0/h/6TtmLZl2pdupXG2iKMIDsAhOAY2qIEGuABN0AIYJOABPIFnIzUejRfjdd5aMBYz++AHjLdPDHmSVw==</latexit><latexit sha1_base64="BBcI4O9zd2xFDdceu3y0MQcXvF0=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT6giWUynbSjk0mYmYgl7W+4caGIW3/GnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf32jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJbs9zv3NHhKQxv1LjhPgRGnIaUoyUlryJd0/7Gb2ZXoeTfrlimaf1quNWoWVaVs127Jw4NffEhbZWclTAAs1++d0bxDiNCFeYISl7tpUoP0NCUczItOSlkiQI36Ih6WnKUUSkn81unsIjrQxgGAtdXMGZ+n0iQ5GU4yjQnRFSI/nby8W/vF6qwrqfUZ6kinA8XxSmDKoY5gHAARUEKzbWBGFB9a0Qj5BAWOmYSjqEr0/h/6TtmLZl2pdupXG2iKMIDsAhOAY2qIEGuABN0AIYJOABPIFnIzUejRfjdd5aMBYz++AHjLdPDHmSVw==</latexit><latexit sha1_base64="BBcI4O9zd2xFDdceu3y0MQcXvF0=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT6giWUynbSjk0mYmYgl7W+4caGIW3/GnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf32jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJbs9zv3NHhKQxv1LjhPgRGnIaUoyUlryJd0/7Gb2ZXoeTfrlimaf1quNWoWVaVs127Jw4NffEhbZWclTAAs1++d0bxDiNCFeYISl7tpUoP0NCUczItOSlkiQI36Ih6WnKUUSkn81unsIjrQxgGAtdXMGZ+n0iQ5GU4yjQnRFSI/nby8W/vF6qwrqfUZ6kinA8XxSmDKoY5gHAARUEKzbWBGFB9a0Qj5BAWOmYSjqEr0/h/6TtmLZl2pdupXG2iKMIDsAhOAY2qIEGuABN0AIYJOABPIFnIzUejRfjdd5aMBYz++AHjLdPDHmSVw==</latexit>

, eL , eR
<latexit sha1_base64="qNX81QxO2KetO/bKknwdJcvBz0A=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhAsJNyJoGXQxsIiivmA5Ah7m7lkyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XaWlldW19YLG8XNre2d3dLefkPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw+uJ33xCpXksH8woQT+ifclDzqixUusUu7e27rulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpPnSY8rZEaMLKFMcXsrYQOqKDM2oqINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyB8/kDAkyPSA==</latexit><latexit sha1_base64="qNX81QxO2KetO/bKknwdJcvBz0A=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhAsJNyJoGXQxsIiivmA5Ah7m7lkyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XaWlldW19YLG8XNre2d3dLefkPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw+uJ33xCpXksH8woQT+ifclDzqixUusUu7e27rulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpPnSY8rZEaMLKFMcXsrYQOqKDM2oqINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyB8/kDAkyPSA==</latexit><latexit sha1_base64="qNX81QxO2KetO/bKknwdJcvBz0A=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhAsJNyJoGXQxsIiivmA5Ah7m7lkyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XaWlldW19YLG8XNre2d3dLefkPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw+uJ33xCpXksH8woQT+ifclDzqixUusUu7e27rulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpPnSY8rZEaMLKFMcXsrYQOqKDM2oqINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyB8/kDAkyPSA==</latexit><latexit sha1_base64="qNX81QxO2KetO/bKknwdJcvBz0A=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhAsJNyJoGXQxsIiivmA5Ah7m7lkyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XaWlldW19YLG8XNre2d3dLefkPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw+uJ33xCpXksH8woQT+ifclDzqixUusUu7e27rulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpPnSY8rZEaMLKFMcXsrYQOqKDM2oqINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyB8/kDAkyPSA==</latexit>



Non-universal DFSZ models

There are 4 nucleophobic charge assignments in the quark 
sector: non-universal in q or u/d sector

f L3f R3

f La f R 3fL3fRa

f La f Rbu

d
L ⇠ +

(
h1

h̃2
<latexit sha1_base64="IttQb5Q4CFhlCMtJjhZLLGbAsJQ=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0Hew62JXMx5CPpz4jYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378TzqlW</latexit><latexit sha1_base64="IttQb5Q4CFhlCMtJjhZLLGbAsJQ=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0Hew62JXMx5CPpz4jYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378TzqlW</latexit><latexit sha1_base64="IttQb5Q4CFhlCMtJjhZLLGbAsJQ=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0Hew62JXMx5CPpz4jYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378TzqlW</latexit><latexit sha1_base64="IttQb5Q4CFhlCMtJjhZLLGbAsJQ=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0Hew62JXMx5CPpz4jYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378TzqlW</latexit>

(
h2

h̃1
<latexit sha1_base64="e0vodiU+HIEfkDuAHMNobzPizng=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0G9g18WuZjyEfDjxnYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378T3alW</latexit><latexit sha1_base64="e0vodiU+HIEfkDuAHMNobzPizng=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0G9g18WuZjyEfDjxnYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378T3alW</latexit><latexit sha1_base64="e0vodiU+HIEfkDuAHMNobzPizng=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0G9g18WuZjyEfDjxnYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378T3alW</latexit><latexit sha1_base64="e0vodiU+HIEfkDuAHMNobzPizng=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0G9g18WuZjyEfDjxnYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378T3alW</latexit>

d
ue.g.

Each model in the quark sector can be combined with 4 
models in the charged lepton sector 

16 nucleophobic models in total



• Quark flavor violation does not impact stellar 
cooling anomalies so we neglect it (by setting only 
one non-zero     )

• Nucleophobia realised  for 

•              to avoid                and               decays

• Axion phenomenology determined by       
(controlling coupling to electrons) and

Axion phenomenology

⇠qii
<latexit sha1_base64="PTaVPucmgXeBVCV1SaSNxBAaxSU=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfmAby2Y7aZduNnF3I5bQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTfzmIyrNY3lrRgn6Ee1LHnJGjZXuOk+8m3E+vn/olspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTS8ek2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhM3ic9rpAZMbKEMsXtrYQNqKLM2JCKNgRv/uVF0jiteG7FuzkrVy/zOApwCEdwAh6cQxWuoQZ1YCDhGV7hzdHOi/PufMxal5x85gD+wPn8AfAVkRM=</latexit><latexit sha1_base64="PTaVPucmgXeBVCV1SaSNxBAaxSU=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfmAby2Y7aZduNnF3I5bQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTfzmIyrNY3lrRgn6Ee1LHnJGjZXuOk+8m3E+vn/olspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTS8ek2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhM3ic9rpAZMbKEMsXtrYQNqKLM2JCKNgRv/uVF0jiteG7FuzkrVy/zOApwCEdwAh6cQxWuoQZ1YCDhGV7hzdHOi/PufMxal5x85gD+wPn8AfAVkRM=</latexit><latexit sha1_base64="PTaVPucmgXeBVCV1SaSNxBAaxSU=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfmAby2Y7aZduNnF3I5bQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTfzmIyrNY3lrRgn6Ee1LHnJGjZXuOk+8m3E+vn/olspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTS8ek2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhM3ic9rpAZMbKEMsXtrYQNqKLM2JCKNgRv/uVF0jiteG7FuzkrVy/zOApwCEdwAh6cQxWuoQZ1YCDhGV7hzdHOi/PufMxal5x85gD+wPn8AfAVkRM=</latexit><latexit sha1_base64="PTaVPucmgXeBVCV1SaSNxBAaxSU=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfmAby2Y7aZduNnF3I5bQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTfzmIyrNY3lrRgn6Ee1LHnJGjZXuOk+8m3E+vn/olspuxZ2CLBIvJ2XIUeuWvjq9mKURSsME1brtuYnxM6oMZwLHxU6qMaFsSPvYtlTSCLWfTS8ek2Or9EgYK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmrCCz/jMkkNSjZbFKaCmJhM3ic9rpAZMbKEMsXtrYQNqKLM2JCKNgRv/uVF0jiteG7FuzkrVy/zOApwCEdwAh6cQxWuoQZ1YCDhGV7hzdHOi/PufMxal5x85gD+wPn8AfAVkRM=</latexit>

⇠e22 ⇡ 0
<latexit sha1_base64="ABB+815pEziVWjuQ30ZhJNhipiA=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclZki6LLoxmUF+4BOHTJppg3NJCHJSIeh/oobF4q49UPc+Tem7Sy09cCFwzn3cu89kWRUG8/7dtbWNza3tks75d29/YND9+i4rUWqMGlhwYTqRkgTRjlpGWoY6UpFUBIx0onGNzO/80iUpoLfm0ySfoKGnMYUI2Ol0K0EExrm9fr0gQRISiUm0Avdqlfz5oCrxC9IFRRohu5XMBA4TQg3mCGte74nTT9HylDMyLQcpJpIhMdoSHqWcpQQ3c/nx0/hmVUGMBbKFjdwrv6eyFGidZZEtjNBZqSXvZn4n9dLTXzVzymXqSEcLxbFKYNGwFkScEAVwYZlliCsqL0V4hFSCBubV9mG4C+/vEra9Zrv1fy7i2rjuoijBE7AKTgHPrgEDXALmqAFMMjAM3gFb86T8+K8Ox+L1jWnmKmAP3A+fwAhW5Rq</latexit><latexit sha1_base64="ABB+815pEziVWjuQ30ZhJNhipiA=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclZki6LLoxmUF+4BOHTJppg3NJCHJSIeh/oobF4q49UPc+Tem7Sy09cCFwzn3cu89kWRUG8/7dtbWNza3tks75d29/YND9+i4rUWqMGlhwYTqRkgTRjlpGWoY6UpFUBIx0onGNzO/80iUpoLfm0ySfoKGnMYUI2Ol0K0EExrm9fr0gQRISiUm0Avdqlfz5oCrxC9IFRRohu5XMBA4TQg3mCGte74nTT9HylDMyLQcpJpIhMdoSHqWcpQQ3c/nx0/hmVUGMBbKFjdwrv6eyFGidZZEtjNBZqSXvZn4n9dLTXzVzymXqSEcLxbFKYNGwFkScEAVwYZlliCsqL0V4hFSCBubV9mG4C+/vEra9Zrv1fy7i2rjuoijBE7AKTgHPrgEDXALmqAFMMjAM3gFb86T8+K8Ox+L1jWnmKmAP3A+fwAhW5Rq</latexit><latexit sha1_base64="ABB+815pEziVWjuQ30ZhJNhipiA=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclZki6LLoxmUF+4BOHTJppg3NJCHJSIeh/oobF4q49UPc+Tem7Sy09cCFwzn3cu89kWRUG8/7dtbWNza3tks75d29/YND9+i4rUWqMGlhwYTqRkgTRjlpGWoY6UpFUBIx0onGNzO/80iUpoLfm0ySfoKGnMYUI2Ol0K0EExrm9fr0gQRISiUm0Avdqlfz5oCrxC9IFRRohu5XMBA4TQg3mCGte74nTT9HylDMyLQcpJpIhMdoSHqWcpQQ3c/nx0/hmVUGMBbKFjdwrv6eyFGidZZEtjNBZqSXvZn4n9dLTXzVzymXqSEcLxbFKYNGwFkScEAVwYZlliCsqL0V4hFSCBubV9mG4C+/vEra9Zrv1fy7i2rjuoijBE7AKTgHPrgEDXALmqAFMMjAM3gFb86T8+K8Ox+L1jWnmKmAP3A+fwAhW5Rq</latexit><latexit sha1_base64="ABB+815pEziVWjuQ30ZhJNhipiA=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclZki6LLoxmUF+4BOHTJppg3NJCHJSIeh/oobF4q49UPc+Tem7Sy09cCFwzn3cu89kWRUG8/7dtbWNza3tks75d29/YND9+i4rUWqMGlhwYTqRkgTRjlpGWoY6UpFUBIx0onGNzO/80iUpoLfm0ySfoKGnMYUI2Ol0K0EExrm9fr0gQRISiUm0Avdqlfz5oCrxC9IFRRohu5XMBA4TQg3mCGte74nTT9HylDMyLQcpJpIhMdoSHqWcpQQ3c/nx0/hmVUGMBbKFjdwrv6eyFGidZZEtjNBZqSXvZn4n9dLTXzVzymXqSEcLxbFKYNGwFkScEAVwYZlliCsqL0V4hFSCBubV9mG4C+/vEra9Zrv1fy7i2rjuoijBE7AKTgHPrgEDXALmqAFMMjAM3gFb86T8+K8Ox+L1jWnmKmAP3A+fwAhW5Rq</latexit>

µ ! e�
<latexit sha1_base64="UpcJVB32vc3B2HYRPDmZ3b5VPng=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbbbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelAqujed9O6WNza3tnfJuZW//4PDIPT5p6SRTlDVpIhLViVAzwWPWNNwI1kkVQxkJ1o7G93O/PWFK8yR+MtOUhRKHMR9wisZKPdcNZEYCkxBGgiFKiT236tW8Bcg68QtShQKNnvsV9BOaSRYbKlDrru+lJsxRGU4Fm1WCTLMU6RiHrGtpjJLpMF9cPiMXVumTQaJsxYYs1N8TOUqtpzKynRLNSK96c/E/r5uZwW2Y8zjNDIvpctEgE8R+Oo+B9Lli1IipJUgVt7cSOkKF1NiwKjYEf/XlddK6qvlezX+8rtbvijjKcAbncAk+3EAdHqABTaAwgWd4hTcnd16cd+dj2VpyiplT+APn8weEh5Ls</latexit><latexit sha1_base64="UpcJVB32vc3B2HYRPDmZ3b5VPng=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbbbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelAqujed9O6WNza3tnfJuZW//4PDIPT5p6SRTlDVpIhLViVAzwWPWNNwI1kkVQxkJ1o7G93O/PWFK8yR+MtOUhRKHMR9wisZKPdcNZEYCkxBGgiFKiT236tW8Bcg68QtShQKNnvsV9BOaSRYbKlDrru+lJsxRGU4Fm1WCTLMU6RiHrGtpjJLpMF9cPiMXVumTQaJsxYYs1N8TOUqtpzKynRLNSK96c/E/r5uZwW2Y8zjNDIvpctEgE8R+Oo+B9Lli1IipJUgVt7cSOkKF1NiwKjYEf/XlddK6qvlezX+8rtbvijjKcAbncAk+3EAdHqABTaAwgWd4hTcnd16cd+dj2VpyiplT+APn8weEh5Ls</latexit><latexit sha1_base64="UpcJVB32vc3B2HYRPDmZ3b5VPng=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbbbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelAqujed9O6WNza3tnfJuZW//4PDIPT5p6SRTlDVpIhLViVAzwWPWNNwI1kkVQxkJ1o7G93O/PWFK8yR+MtOUhRKHMR9wisZKPdcNZEYCkxBGgiFKiT236tW8Bcg68QtShQKNnvsV9BOaSRYbKlDrru+lJsxRGU4Fm1WCTLMU6RiHrGtpjJLpMF9cPiMXVumTQaJsxYYs1N8TOUqtpzKynRLNSK96c/E/r5uZwW2Y8zjNDIvpctEgE8R+Oo+B9Lli1IipJUgVt7cSOkKF1NiwKjYEf/XlddK6qvlezX+8rtbvijjKcAbncAk+3EAdHqABTaAwgWd4hTcnd16cd+dj2VpyiplT+APn8weEh5Ls</latexit><latexit sha1_base64="UpcJVB32vc3B2HYRPDmZ3b5VPng=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbbbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelAqujed9O6WNza3tnfJuZW//4PDIPT5p6SRTlDVpIhLViVAzwWPWNNwI1kkVQxkJ1o7G93O/PWFK8yR+MtOUhRKHMR9wisZKPdcNZEYCkxBGgiFKiT236tW8Bcg68QtShQKNnvsV9BOaSRYbKlDrru+lJsxRGU4Fm1WCTLMU6RiHrGtpjJLpMF9cPiMXVumTQaJsxYYs1N8TOUqtpzKynRLNSK96c/E/r5uZwW2Y8zjNDIvpctEgE8R+Oo+B9Lli1IipJUgVt7cSOkKF1NiwKjYEf/XlddK6qvlezX+8rtbvijjKcAbncAk+3EAdHqABTaAwgWd4hTcnd16cd+dj2VpyiplT+APn8weEh5Ls</latexit>

µ ! ea
<latexit sha1_base64="LAJ8gW38oNB/11nvt58Ef1We9Ro=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVbC3MDCWTZtrQPIYkI5Shn+HGhSJu/Rp3/o1pOwttPRA4nHMvueckGWfG+v63V1lb39jcqm7Xdnb39g/qh0ddo3JNaIcornQvwYZyJmnHMstpL9MUi4TTx2R8O/Mfn6g2TMkHO8loLPBQspQRbJ0URiJHkVWIItyvN/ymPwdaJUFJGlCi3a9/RQNFckGlJRwbEwZ+ZuMCa8sIp9NalBuaYTLGQxo6KrGgJi7mJ0/RmVMGKFXaPWnRXP29UWBhzEQkblJgOzLL3kz8zwtzm17HBZNZbqkki4/SnCMXcpYfDZimxPKJI5ho5m5FZIQ1Jta1VHMlBMuRV0n3ohn4zeD+stG6KeuowgmcwjkEcAUtuIM2dICAgmd4hTfPei/eu/exGK145c4x/IH3+QM4d5CL</latexit><latexit sha1_base64="LAJ8gW38oNB/11nvt58Ef1We9Ro=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVbC3MDCWTZtrQPIYkI5Shn+HGhSJu/Rp3/o1pOwttPRA4nHMvueckGWfG+v63V1lb39jcqm7Xdnb39g/qh0ddo3JNaIcornQvwYZyJmnHMstpL9MUi4TTx2R8O/Mfn6g2TMkHO8loLPBQspQRbJ0URiJHkVWIItyvN/ymPwdaJUFJGlCi3a9/RQNFckGlJRwbEwZ+ZuMCa8sIp9NalBuaYTLGQxo6KrGgJi7mJ0/RmVMGKFXaPWnRXP29UWBhzEQkblJgOzLL3kz8zwtzm17HBZNZbqkki4/SnCMXcpYfDZimxPKJI5ho5m5FZIQ1Jta1VHMlBMuRV0n3ohn4zeD+stG6KeuowgmcwjkEcAUtuIM2dICAgmd4hTfPei/eu/exGK145c4x/IH3+QM4d5CL</latexit><latexit sha1_base64="LAJ8gW38oNB/11nvt58Ef1We9Ro=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVbC3MDCWTZtrQPIYkI5Shn+HGhSJu/Rp3/o1pOwttPRA4nHMvueckGWfG+v63V1lb39jcqm7Xdnb39g/qh0ddo3JNaIcornQvwYZyJmnHMstpL9MUi4TTx2R8O/Mfn6g2TMkHO8loLPBQspQRbJ0URiJHkVWIItyvN/ymPwdaJUFJGlCi3a9/RQNFckGlJRwbEwZ+ZuMCa8sIp9NalBuaYTLGQxo6KrGgJi7mJ0/RmVMGKFXaPWnRXP29UWBhzEQkblJgOzLL3kz8zwtzm17HBZNZbqkki4/SnCMXcpYfDZimxPKJI5ho5m5FZIQ1Jta1VHMlBMuRV0n3ohn4zeD+stG6KeuowgmcwjkEcAUtuIM2dICAgmd4hTfPei/eu/exGK145c4x/IH3+QM4d5CL</latexit><latexit sha1_base64="LAJ8gW38oNB/11nvt58Ef1We9Ro=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVbC3MDCWTZtrQPIYkI5Shn+HGhSJu/Rp3/o1pOwttPRA4nHMvueckGWfG+v63V1lb39jcqm7Xdnb39g/qh0ddo3JNaIcornQvwYZyJmnHMstpL9MUi4TTx2R8O/Mfn6g2TMkHO8loLPBQspQRbJ0URiJHkVWIItyvN/ymPwdaJUFJGlCi3a9/RQNFckGlJRwbEwZ+ZuMCa8sIp9NalBuaYTLGQxo6KrGgJi7mJ0/RmVMGKFXaPWnRXP29UWBhzEQkblJgOzLL3kz8zwtzm17HBZNZbqkki4/SnCMXcpYfDZimxPKJI5ho5m5FZIQ1Jta1VHMlBMuRV0n3ohn4zeD+stG6KeuowgmcwjkEcAUtuIM2dICAgmd4hTfPei/eu/exGK145c4x/IH3+QM4d5CL</latexit>

! e11 ⌘ ! 11
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• Cooling hints explained for large range of            and 

• For                      bounds from SN1987A enforce flavor violation 

• IAXO will probe the entire region explaining cooling anomalies          
even up to 

Axion phenomenology
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<latexit sha1_base64="amvf0MaVEVbZj5wgPHJYH7oJvZc=">AAAB+XicdVBNSwMxEM3Wr1q/Vj16CRahXkpSxLa3ohePFWwtdJeSTdM2NJtdk2yxLP0nXjwo4tV/4s1/Y7atoKIPBh7vzTAzL4gF1wahDye3srq2vpHfLGxt7+zuufsHbR0lirIWjUSkOgHRTHDJWoYbwTqxYiQMBLsNxpeZfzthSvNI3phpzPyQDCUfcEqMlXquW/LueS/FeOZJdgfRac8tojJCCGMMM4Kr58iSer1WwTWIM8uiCJZo9tx3rx/RJGTSUEG07mIUGz8lynAq2KzgJZrFhI7JkHUtlSRk2k/nl8/giVX6cBApW9LAufp9IiWh1tMwsJ0hMSP928vEv7xuYgY1P+UyTgyTdLFokAhoIpjFAPtcMWrE1BJCFbe3QjoiilBjwyrYEL4+hf+TdqWMURlfnxUbF8s48uAIHIMSwKAKGuAKNEELUDABD+AJPDup8+i8OK+L1pyznDkEP+C8fQIw6pK4</latexit><latexit sha1_base64="amvf0MaVEVbZj5wgPHJYH7oJvZc=">AAAB+XicdVBNSwMxEM3Wr1q/Vj16CRahXkpSxLa3ohePFWwtdJeSTdM2NJtdk2yxLP0nXjwo4tV/4s1/Y7atoKIPBh7vzTAzL4gF1wahDye3srq2vpHfLGxt7+zuufsHbR0lirIWjUSkOgHRTHDJWoYbwTqxYiQMBLsNxpeZfzthSvNI3phpzPyQDCUfcEqMlXquW/LueS/FeOZJdgfRac8tojJCCGMMM4Kr58iSer1WwTWIM8uiCJZo9tx3rx/RJGTSUEG07mIUGz8lynAq2KzgJZrFhI7JkHUtlSRk2k/nl8/giVX6cBApW9LAufp9IiWh1tMwsJ0hMSP928vEv7xuYgY1P+UyTgyTdLFokAhoIpjFAPtcMWrE1BJCFbe3QjoiilBjwyrYEL4+hf+TdqWMURlfnxUbF8s48uAIHIMSwKAKGuAKNEELUDABD+AJPDup8+i8OK+L1pyznDkEP+C8fQIw6pK4</latexit><latexit sha1_base64="amvf0MaVEVbZj5wgPHJYH7oJvZc=">AAAB+XicdVBNSwMxEM3Wr1q/Vj16CRahXkpSxLa3ohePFWwtdJeSTdM2NJtdk2yxLP0nXjwo4tV/4s1/Y7atoKIPBh7vzTAzL4gF1wahDye3srq2vpHfLGxt7+zuufsHbR0lirIWjUSkOgHRTHDJWoYbwTqxYiQMBLsNxpeZfzthSvNI3phpzPyQDCUfcEqMlXquW/LueS/FeOZJdgfRac8tojJCCGMMM4Kr58iSer1WwTWIM8uiCJZo9tx3rx/RJGTSUEG07mIUGz8lynAq2KzgJZrFhI7JkHUtlSRk2k/nl8/giVX6cBApW9LAufp9IiWh1tMwsJ0hMSP928vEv7xuYgY1P+UyTgyTdLFokAhoIpjFAPtcMWrE1BJCFbe3QjoiilBjwyrYEL4+hf+TdqWMURlfnxUbF8s48uAIHIMSwKAKGuAKNEELUDABD+AJPDup8+i8OK+L1pyznDkEP+C8fQIw6pK4</latexit><latexit sha1_base64="amvf0MaVEVbZj5wgPHJYH7oJvZc=">AAAB+XicdVBNSwMxEM3Wr1q/Vj16CRahXkpSxLa3ohePFWwtdJeSTdM2NJtdk2yxLP0nXjwo4tV/4s1/Y7atoKIPBh7vzTAzL4gF1wahDye3srq2vpHfLGxt7+zuufsHbR0lirIWjUSkOgHRTHDJWoYbwTqxYiQMBLsNxpeZfzthSvNI3phpzPyQDCUfcEqMlXquW/LueS/FeOZJdgfRac8tojJCCGMMM4Kr58iSer1WwTWIM8uiCJZo9tx3rx/RJGTSUEG07mIUGz8lynAq2KzgJZrFhI7JkHUtlSRk2k/nl8/giVX6cBApW9LAufp9IiWh1tMwsJ0hMSP928vEv7xuYgY1P+UyTgyTdLFokAhoIpjFAPtcMWrE1BJCFbe3QjoiilBjwyrYEL4+hf+TdqWMURlfnxUbF8s48uAIHIMSwKAKGuAKNEELUDABD+AJPDup8+i8OK+L1pyznDkEP+C8fQIw6pK4</latexit>

fa = 108 GeV
<latexit sha1_base64="Ge4s7s2JHd8VnAgGkp5KqE3juLU=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuSlLEtguh6EKXFewDOuOQSTNtaOZBkhGGof6KGxeKuPVD3Pk3ZtoKKnrgwuGce7n3Hi8WXGmEPqyl5ZXVtfXCRnFza3tnt7S331VRIinr0EhEsu8RxQQPWUdzLVg/lowEnmA9b3KR+707JhWPwhudxswJyCjkPqdEG8ktlX2XnGF027BhZssAXrLu1C1VUBUhhDGGOcH1U2RIs9mo4QbEuWVQAQu03dK7PYxoErBQU0GUGmAUaycjUnMq2LRoJ4rFhE7IiA0MDUnAlJPNjp/CI6MMoR9JU6GGM/X7REYCpdLAM50B0WP128vFv7xBov2Gk/EwTjQL6XyRnwioI5gnAYdcMqpFagihkptbIR0TSag2eRVNCF+fwv9Jt1bFqIqvTyqt80UcBXAADsExwKAOWuAKtEEHUJCCB/AEnq1769F6sV7nrUvWYqYMfsB6+wQeC5PK</latexit><latexit sha1_base64="Ge4s7s2JHd8VnAgGkp5KqE3juLU=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuSlLEtguh6EKXFewDOuOQSTNtaOZBkhGGof6KGxeKuPVD3Pk3ZtoKKnrgwuGce7n3Hi8WXGmEPqyl5ZXVtfXCRnFza3tnt7S331VRIinr0EhEsu8RxQQPWUdzLVg/lowEnmA9b3KR+707JhWPwhudxswJyCjkPqdEG8ktlX2XnGF027BhZssAXrLu1C1VUBUhhDGGOcH1U2RIs9mo4QbEuWVQAQu03dK7PYxoErBQU0GUGmAUaycjUnMq2LRoJ4rFhE7IiA0MDUnAlJPNjp/CI6MMoR9JU6GGM/X7REYCpdLAM50B0WP128vFv7xBov2Gk/EwTjQL6XyRnwioI5gnAYdcMqpFagihkptbIR0TSag2eRVNCF+fwv9Jt1bFqIqvTyqt80UcBXAADsExwKAOWuAKtEEHUJCCB/AEnq1769F6sV7nrUvWYqYMfsB6+wQeC5PK</latexit><latexit sha1_base64="Ge4s7s2JHd8VnAgGkp5KqE3juLU=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuSlLEtguh6EKXFewDOuOQSTNtaOZBkhGGof6KGxeKuPVD3Pk3ZtoKKnrgwuGce7n3Hi8WXGmEPqyl5ZXVtfXCRnFza3tnt7S331VRIinr0EhEsu8RxQQPWUdzLVg/lowEnmA9b3KR+707JhWPwhudxswJyCjkPqdEG8ktlX2XnGF027BhZssAXrLu1C1VUBUhhDGGOcH1U2RIs9mo4QbEuWVQAQu03dK7PYxoErBQU0GUGmAUaycjUnMq2LRoJ4rFhE7IiA0MDUnAlJPNjp/CI6MMoR9JU6GGM/X7REYCpdLAM50B0WP128vFv7xBov2Gk/EwTjQL6XyRnwioI5gnAYdcMqpFagihkptbIR0TSag2eRVNCF+fwv9Jt1bFqIqvTyqt80UcBXAADsExwKAOWuAKtEEHUJCCB/AEnq1769F6sV7nrUvWYqYMfsB6+wQeC5PK</latexit><latexit sha1_base64="Ge4s7s2JHd8VnAgGkp5KqE3juLU=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuSlLEtguh6EKXFewDOuOQSTNtaOZBkhGGof6KGxeKuPVD3Pk3ZtoKKnrgwuGce7n3Hi8WXGmEPqyl5ZXVtfXCRnFza3tnt7S331VRIinr0EhEsu8RxQQPWUdzLVg/lowEnmA9b3KR+707JhWPwhudxswJyCjkPqdEG8ktlX2XnGF027BhZssAXrLu1C1VUBUhhDGGOcH1U2RIs9mo4QbEuWVQAQu03dK7PYxoErBQU0GUGmAUaycjUnMq2LRoJ4rFhE7IiA0MDUnAlJPNjp/CI6MMoR9JU6GGM/X7REYCpdLAM50B0WP128vFv7xBov2Gk/EwTjQL6XyRnwioI5gnAYdcMqpFagihkptbIR0TSag2eRVNCF+fwv9Jt1bFqIqvTyqt80UcBXAADsExwKAOWuAKtEEHUJCCB/AEnq1769F6sV7nrUvWYqYMfsB6+wQeC5PK</latexit>

fa = 109 GeV
<latexit sha1_base64="QSBpw8F9H4lhFFa23+HYDUFqQ5Q=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0MdCKLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08ys5PX</latexit><latexit sha1_base64="QSBpw8F9H4lhFFa23+HYDUFqQ5Q=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0MdCKLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08ys5PX</latexit><latexit sha1_base64="QSBpw8F9H4lhFFa23+HYDUFqQ5Q=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0MdCKLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08ys5PX</latexit><latexit sha1_base64="QSBpw8F9H4lhFFa23+HYDUFqQ5Q=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0MdCKLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08ys5PX</latexit>



Flavor-violating Higgs decays

• Stellar cooling hints         flavor-violating axion 
couplings       flavor-violating Higgs decays

• Decay width grows with cos(� ! ↵) " v2/m 2
H

<latexit sha1_base64="IzxSGPUT0FasKX74sXUEzanKpUw=">AAACDHicbVDLTgIxFO3gC/GFunQzkZjgQpwhJrokumGJiTwSZiB3SoGGzrRpOyRkwge48VfcuNAYt36AO//GArNQ8CRNTs45N7f3BIJRpR3n28qsrW9sbmW3czu7e/sH+cOjhuKxxKSOOeOyFYAijEakrqlmpCUkgTBgpBmM7mZ+c0ykojx60BNB/BAGEe1TDNpI3XzBw1wVvYBouPCAiSGce0Jyobk97pQvw261UzYpp+TMYa8SNyUFlKLWzX95PY7jkEQaM1Cq7TpC+wlITTEj05wXKyIAj2BA2oZGEBLlJ/NjpvaZUXp2n0vzIm3P1d8TCYRKTcLAJEPQQ7XszcT/vHas+zd+QiMRaxLhxaJ+zGxz6qwZu0clwZpNDAEsqfmrjYcgAWvTX86U4C6fvEoa5ZLrlNz7q0LlNq0ji07QKSoiF12jCqqiGqojjB7RM3pFb9aT9WK9Wx+LaMZKZ47RH1ifP02Rmns=</latexit><latexit sha1_base64="IzxSGPUT0FasKX74sXUEzanKpUw=">AAACDHicbVDLTgIxFO3gC/GFunQzkZjgQpwhJrokumGJiTwSZiB3SoGGzrRpOyRkwge48VfcuNAYt36AO//GArNQ8CRNTs45N7f3BIJRpR3n28qsrW9sbmW3czu7e/sH+cOjhuKxxKSOOeOyFYAijEakrqlmpCUkgTBgpBmM7mZ+c0ykojx60BNB/BAGEe1TDNpI3XzBw1wVvYBouPCAiSGce0Jyobk97pQvw261UzYpp+TMYa8SNyUFlKLWzX95PY7jkEQaM1Cq7TpC+wlITTEj05wXKyIAj2BA2oZGEBLlJ/NjpvaZUXp2n0vzIm3P1d8TCYRKTcLAJEPQQ7XszcT/vHas+zd+QiMRaxLhxaJ+zGxz6qwZu0clwZpNDAEsqfmrjYcgAWvTX86U4C6fvEoa5ZLrlNz7q0LlNq0ji07QKSoiF12jCqqiGqojjB7RM3pFb9aT9WK9Wx+LaMZKZ47RH1ifP02Rmns=</latexit><latexit sha1_base64="IzxSGPUT0FasKX74sXUEzanKpUw=">AAACDHicbVDLTgIxFO3gC/GFunQzkZjgQpwhJrokumGJiTwSZiB3SoGGzrRpOyRkwge48VfcuNAYt36AO//GArNQ8CRNTs45N7f3BIJRpR3n28qsrW9sbmW3czu7e/sH+cOjhuKxxKSOOeOyFYAijEakrqlmpCUkgTBgpBmM7mZ+c0ykojx60BNB/BAGEe1TDNpI3XzBw1wVvYBouPCAiSGce0Jyobk97pQvw261UzYpp+TMYa8SNyUFlKLWzX95PY7jkEQaM1Cq7TpC+wlITTEj05wXKyIAj2BA2oZGEBLlJ/NjpvaZUXp2n0vzIm3P1d8TCYRKTcLAJEPQQ7XszcT/vHas+zd+QiMRaxLhxaJ+zGxz6qwZu0clwZpNDAEsqfmrjYcgAWvTX86U4C6fvEoa5ZLrlNz7q0LlNq0ji07QKSoiF12jCqqiGqojjB7RM3pFb9aT9WK9Wx+LaMZKZ47RH1ifP02Rmns=</latexit><latexit sha1_base64="IzxSGPUT0FasKX74sXUEzanKpUw=">AAACDHicbVDLTgIxFO3gC/GFunQzkZjgQpwhJrokumGJiTwSZiB3SoGGzrRpOyRkwge48VfcuNAYt36AO//GArNQ8CRNTs45N7f3BIJRpR3n28qsrW9sbmW3czu7e/sH+cOjhuKxxKSOOeOyFYAijEakrqlmpCUkgTBgpBmM7mZ+c0ykojx60BNB/BAGEe1TDNpI3XzBw1wVvYBouPCAiSGce0Jyobk97pQvw261UzYpp+TMYa8SNyUFlKLWzX95PY7jkEQaM1Cq7TpC+wlITTEj05wXKyIAj2BA2oZGEBLlJ/NjpvaZUXp2n0vzIm3P1d8TCYRKTcLAJEPQQ7XszcT/vHas+zd+QiMRaxLhxaJ+zGxz6qwZu0clwZpNDAEsqfmrjYcgAWvTX86U4C6fvEoa5ZLrlNz7q0LlNq0ji07QKSoiF12jCqqiGqojjB7RM3pFb9aT9WK9Wx+LaMZKZ47RH1ifP02Rmns=</latexit>



Higgs quark couplings

Approximate Higgs quark couplings (normalized to SM)

In Q1/Q4 models modifications to top and bottom 
couplings are correlated which allows for larger  
consistent with the Higgs coupling measurements

cos(! ! " )
<latexit sha1_base64="b5seEDeGs8j+O0RQlhcGTO/Z0kU=">AAAB+3icbVBNSwMxEM3Wr1q/aj16CRahHiy7Iuix6MVjBfsB3aXMptk2NJssSVYsS/+KFw+KePWPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB9W2lqmitAWkVyqbgiaciZoyzDDaTdRFOKQ0044vp35nUeqNJPiwUwSGsQwFCxiBIyV+uWKT6Su+SE1cO4DT0Zw1i9X3bo7B14lXk6qKEezX/7yB5KkMRWGcNC657mJCTJQhhFOpyU/1TQBMoYh7VkqIKY6yOa3T/GpVQY4ksqWMHiu/p7IINZ6Eoe2MwYz0sveTPzP66Umug4yJpLUUEEWi6KUYyPxLAg8YIoSwyeWAFHM3orJCBQQY+Mq2RC85ZdXSfui7rl17/6y2rjJ4yiiY3SCashDV6iB7lATtRBBT+gZvaI3Z+q8OO/Ox6K14OQzR+gPnM8fJPKT2A==</latexit><latexit sha1_base64="b5seEDeGs8j+O0RQlhcGTO/Z0kU=">AAAB+3icbVBNSwMxEM3Wr1q/aj16CRahHiy7Iuix6MVjBfsB3aXMptk2NJssSVYsS/+KFw+KePWPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB9W2lqmitAWkVyqbgiaciZoyzDDaTdRFOKQ0044vp35nUeqNJPiwUwSGsQwFCxiBIyV+uWKT6Su+SE1cO4DT0Zw1i9X3bo7B14lXk6qKEezX/7yB5KkMRWGcNC657mJCTJQhhFOpyU/1TQBMoYh7VkqIKY6yOa3T/GpVQY4ksqWMHiu/p7IINZ6Eoe2MwYz0sveTPzP66Umug4yJpLUUEEWi6KUYyPxLAg8YIoSwyeWAFHM3orJCBQQY+Mq2RC85ZdXSfui7rl17/6y2rjJ4yiiY3SCashDV6iB7lATtRBBT+gZvaI3Z+q8OO/Ox6K14OQzR+gPnM8fJPKT2A==</latexit><latexit sha1_base64="b5seEDeGs8j+O0RQlhcGTO/Z0kU=">AAAB+3icbVBNSwMxEM3Wr1q/aj16CRahHiy7Iuix6MVjBfsB3aXMptk2NJssSVYsS/+KFw+KePWPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB9W2lqmitAWkVyqbgiaciZoyzDDaTdRFOKQ0044vp35nUeqNJPiwUwSGsQwFCxiBIyV+uWKT6Su+SE1cO4DT0Zw1i9X3bo7B14lXk6qKEezX/7yB5KkMRWGcNC657mJCTJQhhFOpyU/1TQBMoYh7VkqIKY6yOa3T/GpVQY4ksqWMHiu/p7IINZ6Eoe2MwYz0sveTPzP66Umug4yJpLUUEEWi6KUYyPxLAg8YIoSwyeWAFHM3orJCBQQY+Mq2RC85ZdXSfui7rl17/6y2rjJ4yiiY3SCashDV6iB7lATtRBBT+gZvaI3Z+q8OO/Ox6K14OQzR+gPnM8fJPKT2A==</latexit><latexit sha1_base64="b5seEDeGs8j+O0RQlhcGTO/Z0kU=">AAAB+3icbVBNSwMxEM3Wr1q/aj16CRahHiy7Iuix6MVjBfsB3aXMptk2NJssSVYsS/+KFw+KePWPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB9W2lqmitAWkVyqbgiaciZoyzDDaTdRFOKQ0044vp35nUeqNJPiwUwSGsQwFCxiBIyV+uWKT6Su+SE1cO4DT0Zw1i9X3bo7B14lXk6qKEezX/7yB5KkMRWGcNC657mJCTJQhhFOpyU/1TQBMoYh7VkqIKY6yOa3T/GpVQY4ksqWMHiu/p7IINZ6Eoe2MwYz0sveTPzP66Umug4yJpLUUEEWi6KUYyPxLAg8YIoSwyeWAFHM3orJCBQQY+Mq2RC85ZdXSfui7rl17/6y2rjJ4yiiY3SCashDV6iB7lATtRBBT+gZvaI3Z+q8OO/Ox6K14OQzR+gPnM8fJPKT2A==</latexit>



In Q1 and Q4 models                        can be as large as the 
current upper bound from the LHC of 0.22%

LHC constraints from Higgs coupling 
measurements
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BR(h ! ! e)
<latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit>



Higgs decays to muons

• Higgs couplings to muons are modified too

• Higgs decays to muons can be substantially different 
from the SM!



Higgs-axion interplay

LHC bound on                         saturated in large parts of 
parameter space explaining the cooling anomalies

fa = 109 GeV
<latexit sha1_base64="QSBpw8F9H4lhFFa23+HYDUFqQ5Q=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0MdCKLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08ys5PX</latexit><latexit sha1_base64="QSBpw8F9H4lhFFa23+HYDUFqQ5Q=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0MdCKLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08ys5PX</latexit><latexit sha1_base64="QSBpw8F9H4lhFFa23+HYDUFqQ5Q=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0MdCKLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08ys5PX</latexit><latexit sha1_base64="QSBpw8F9H4lhFFa23+HYDUFqQ5Q=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0MdCKLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08ys5PX</latexit>

BR(h ! ! e)
<latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit>



• SN1987A and NS constraints shrink parameter space but still                        

• Higgs muon coupling larger than in the SM by up to 20%

• In Q4E1 model                                                                               
(due to enhanced      and suppressed      )   

Higgs-axion interplay
f a = 108 GeV

<latexit sha1_base64="QMNxt2klfLbt6U9HyR9vtz3GjeY=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFclUkNbV0IRRe6rGAf0MQymU7aoZMHMxMhhPorblwo4tYPceffOGkrqOiBC4dz7uXee7yYM6kQ+jCWlldW19YLG8XNre2dXXNvvyOjRBDaJhGPRM/DknIW0rZiitNeLCgOPE673uQi97t3VEgWhTcqjakb4FHIfEaw0tLALPkDfGah24YDM0cE8JJ2pgOzjCqnjVrVrkFUQahuVa2cVOv2iQ0treQogwVaA/PdGUYkCWioCMdS9i0UKzfDQjHC6bToJJLGmEzwiPY1DXFApZvNjp/CI60MoR8JXaGCM/X7RIYDKdPA050BVmP528vFv7x+ovyGm7EwThQNyXyRn3CoIpgnAYdMUKJ4qgkmgulbIRljgYnSeRV1CF+fwv9Jp1qxUMW6tsvN80UcBXAADsExsEAdNMEVaIE2ICAFD+AJPBv3xqPxYrzOW5eMxUwJ/IDx9gkxJJPW</latexit><latexit sha1_base64="QMNxt2klfLbt6U9HyR9vtz3GjeY=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFclUkNbV0IRRe6rGAf0MQymU7aoZMHMxMhhPorblwo4tYPceffOGkrqOiBC4dz7uXee7yYM6kQ+jCWlldW19YLG8XNre2dXXNvvyOjRBDaJhGPRM/DknIW0rZiitNeLCgOPE673uQi97t3VEgWhTcqjakb4FHIfEaw0tLALPkDfGah24YDM0cE8JJ2pgOzjCqnjVrVrkFUQahuVa2cVOv2iQ0treQogwVaA/PdGUYkCWioCMdS9i0UKzfDQjHC6bToJJLGmEzwiPY1DXFApZvNjp/CI60MoR8JXaGCM/X7RIYDKdPA050BVmP528vFv7x+ovyGm7EwThQNyXyRn3CoIpgnAYdMUKJ4qgkmgulbIRljgYnSeRV1CF+fwv9Jp1qxUMW6tsvN80UcBXAADsExsEAdNMEVaIE2ICAFD+AJPBv3xqPxYrzOW5eMxUwJ/IDx9gkxJJPW</latexit><latexit sha1_base64="QMNxt2klfLbt6U9HyR9vtz3GjeY=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFclUkNbV0IRRe6rGAf0MQymU7aoZMHMxMhhPorblwo4tYPceffOGkrqOiBC4dz7uXee7yYM6kQ+jCWlldW19YLG8XNre2dXXNvvyOjRBDaJhGPRM/DknIW0rZiitNeLCgOPE673uQi97t3VEgWhTcqjakb4FHIfEaw0tLALPkDfGah24YDM0cE8JJ2pgOzjCqnjVrVrkFUQahuVa2cVOv2iQ0treQogwVaA/PdGUYkCWioCMdS9i0UKzfDQjHC6bToJJLGmEzwiPY1DXFApZvNjp/CI60MoR8JXaGCM/X7RIYDKdPA050BVmP528vFv7x+ovyGm7EwThQNyXyRn3CoIpgnAYdMUKJ4qgkmgulbIRljgYnSeRV1CF+fwv9Jp1qxUMW6tsvN80UcBXAADsExsEAdNMEVaIE2ICAFD+AJPBv3xqPxYrzOW5eMxUwJ/IDx9gkxJJPW</latexit><latexit sha1_base64="QMNxt2klfLbt6U9HyR9vtz3GjeY=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFclUkNbV0IRRe6rGAf0MQymU7aoZMHMxMhhPorblwo4tYPceffOGkrqOiBC4dz7uXee7yYM6kQ+jCWlldW19YLG8XNre2dXXNvvyOjRBDaJhGPRM/DknIW0rZiitNeLCgOPE673uQi97t3VEgWhTcqjakb4FHIfEaw0tLALPkDfGah24YDM0cE8JJ2pgOzjCqnjVrVrkFUQahuVa2cVOv2iQ0treQogwVaA/PdGUYkCWioCMdS9i0UKzfDQjHC6bToJJLGmEzwiPY1DXFApZvNjp/CI60MoR8JXaGCM/X7RIYDKdPA050BVmP528vFv7x+ovyGm7EwThQNyXyRn3CoIpgnAYdMUKJ4qgkmgulbIRljgYnSeRV1CF+fwv9Jp1qxUMW6tsvN80UcBXAADsExsEAdNMEVaIE2ICAFD+AJPBv3xqPxYrzOW5eMxUwJ/IDx9gkxJJPW</latexit>

BR(h ! µµ) ! 1.6BR(h ! µµ)SM
<latexit sha1_base64="xhG9WqDVXntNtOGenzspl2w3gCY="></latexit><latexit sha1_base64="xhG9WqDVXntNtOGenzspl2w3gCY="></latexit><latexit sha1_base64="xhG9WqDVXntNtOGenzspl2w3gCY="></latexit><latexit sha1_base64="xhG9WqDVXntNtOGenzspl2w3gCY="></latexit>

BR(h ! ! e) " O(0.1)%
<latexit sha1_base64="YO2WoZUepOI7mLsUHyQqvOt7SWw=">AAACFnicbZDNSgMxFIUz9a/Wv1GXboKl0C4sMyLostSNO6vYWmiGkkkzbWgyMyQZoQx9Cje+ihsXirgVd76NmXYW2nogcDj3XnLv58ecKe0431ZhZXVtfaO4Wdra3tnds/cPOipKJKFtEvFIdn2sKGchbWumOe3GkmLhc3rvjy+z+v0DlYpF4Z2exNQTeBiygBGsTdS3T1IkBWzeTqsjpCOINE4grSHFBEyRwHpEMIfX06pTd2uo0rfLTt2ZCS4bNzdlkKvVt7/QICKJoKEmHCvVc51YeymWmhFOpyWUKBpjMsZD2jM2xIIqL52dNYUVkwxgEEnzQg1n6e+JFAulJsI3ndmmarGWhf/VeokOLryUhXGiaUjmHwUJhwZAxggOmKRE84kxmEhmdoVkhCUm2pAsGQju4snLpnNadw20m7Nyo5njKIIjcAyqwAXnoAGuQAu0AQGP4Bm8gjfryXqx3q2PeWvBymcOwR9Znz8GWJ1a</latexit><latexit sha1_base64="YO2WoZUepOI7mLsUHyQqvOt7SWw=">AAACFnicbZDNSgMxFIUz9a/Wv1GXboKl0C4sMyLostSNO6vYWmiGkkkzbWgyMyQZoQx9Cje+ihsXirgVd76NmXYW2nogcDj3XnLv58ecKe0431ZhZXVtfaO4Wdra3tnds/cPOipKJKFtEvFIdn2sKGchbWumOe3GkmLhc3rvjy+z+v0DlYpF4Z2exNQTeBiygBGsTdS3T1IkBWzeTqsjpCOINE4grSHFBEyRwHpEMIfX06pTd2uo0rfLTt2ZCS4bNzdlkKvVt7/QICKJoKEmHCvVc51YeymWmhFOpyWUKBpjMsZD2jM2xIIqL52dNYUVkwxgEEnzQg1n6e+JFAulJsI3ndmmarGWhf/VeokOLryUhXGiaUjmHwUJhwZAxggOmKRE84kxmEhmdoVkhCUm2pAsGQju4snLpnNadw20m7Nyo5njKIIjcAyqwAXnoAGuQAu0AQGP4Bm8gjfryXqx3q2PeWvBymcOwR9Znz8GWJ1a</latexit><latexit sha1_base64="YO2WoZUepOI7mLsUHyQqvOt7SWw=">AAACFnicbZDNSgMxFIUz9a/Wv1GXboKl0C4sMyLostSNO6vYWmiGkkkzbWgyMyQZoQx9Cje+ihsXirgVd76NmXYW2nogcDj3XnLv58ecKe0431ZhZXVtfaO4Wdra3tnds/cPOipKJKFtEvFIdn2sKGchbWumOe3GkmLhc3rvjy+z+v0DlYpF4Z2exNQTeBiygBGsTdS3T1IkBWzeTqsjpCOINE4grSHFBEyRwHpEMIfX06pTd2uo0rfLTt2ZCS4bNzdlkKvVt7/QICKJoKEmHCvVc51YeymWmhFOpyWUKBpjMsZD2jM2xIIqL52dNYUVkwxgEEnzQg1n6e+JFAulJsI3ndmmarGWhf/VeokOLryUhXGiaUjmHwUJhwZAxggOmKRE84kxmEhmdoVkhCUm2pAsGQju4snLpnNadw20m7Nyo5njKIIjcAyqwAXnoAGuQAu0AQGP4Bm8gjfryXqx3q2PeWvBymcOwR9Znz8GWJ1a</latexit><latexit sha1_base64="YO2WoZUepOI7mLsUHyQqvOt7SWw=">AAACFnicbZDNSgMxFIUz9a/Wv1GXboKl0C4sMyLostSNO6vYWmiGkkkzbWgyMyQZoQx9Cje+ihsXirgVd76NmXYW2nogcDj3XnLv58ecKe0431ZhZXVtfaO4Wdra3tnds/cPOipKJKFtEvFIdn2sKGchbWumOe3GkmLhc3rvjy+z+v0DlYpF4Z2exNQTeBiygBGsTdS3T1IkBWzeTqsjpCOINE4grSHFBEyRwHpEMIfX06pTd2uo0rfLTt2ZCS4bNzdlkKvVt7/QICKJoKEmHCvVc51YeymWmhFOpyWUKBpjMsZD2jM2xIIqL52dNYUVkwxgEEnzQg1n6e+JFAulJsI3ndmmarGWhf/VeokOLryUhXGiaUjmHwUJhwZAxggOmKRE84kxmEhmdoVkhCUm2pAsGQju4snLpnNadw20m7Nyo5njKIIjcAyqwAXnoAGuQAu0AQGP4Bm8gjfryXqx3q2PeWvBymcOwR9Znz8GWJ1a</latexit>

! µ
<latexit sha1_base64="xBxNWrmiVZElWqqXqdIOJe5gcPI=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad2lzKbZtvQJBuSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxmAoZ5K2LLOcdpWmIGJOO/H4duZ3nqg2LJUPdqJoJGAoWcIIWCc9hmNQCvqhyPrVml/358CrJChIDRVo9qtf4SAlmaDSEg7G9AJf2SgHbRnhdFoJM0MVkDEMac9RCYKaKJ9fPMVnThngJNWupMVz9fdEDsKYiYhdpwA7MsveTPzP62U2uY5yJlVmqSSLRUnGsU3x7H08YJoSyyeOANHM3YrJCDQQ60KquBCC5ZdXSfuiHvj14P6y1rgp4iijE3SKzlGArlAD3aEmaiGCJHpGr+jNM96L9+59LFpLXjFzjP7A+/wBp/eQ5A==</latexit><latexit sha1_base64="xBxNWrmiVZElWqqXqdIOJe5gcPI=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad2lzKbZtvQJBuSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxmAoZ5K2LLOcdpWmIGJOO/H4duZ3nqg2LJUPdqJoJGAoWcIIWCc9hmNQCvqhyPrVml/358CrJChIDRVo9qtf4SAlmaDSEg7G9AJf2SgHbRnhdFoJM0MVkDEMac9RCYKaKJ9fPMVnThngJNWupMVz9fdEDsKYiYhdpwA7MsveTPzP62U2uY5yJlVmqSSLRUnGsU3x7H08YJoSyyeOANHM3YrJCDQQ60KquBCC5ZdXSfuiHvj14P6y1rgp4iijE3SKzlGArlAD3aEmaiGCJHpGr+jNM96L9+59LFpLXjFzjP7A+/wBp/eQ5A==</latexit><latexit sha1_base64="xBxNWrmiVZElWqqXqdIOJe5gcPI=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad2lzKbZtvQJBuSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxmAoZ5K2LLOcdpWmIGJOO/H4duZ3nqg2LJUPdqJoJGAoWcIIWCc9hmNQCvqhyPrVml/358CrJChIDRVo9qtf4SAlmaDSEg7G9AJf2SgHbRnhdFoJM0MVkDEMac9RCYKaKJ9fPMVnThngJNWupMVz9fdEDsKYiYhdpwA7MsveTPzP62U2uY5yJlVmqSSLRUnGsU3x7H08YJoSyyeOANHM3YrJCDQQ60KquBCC5ZdXSfuiHvj14P6y1rgp4iijE3SKzlGArlAD3aEmaiGCJHpGr+jNM96L9+59LFpLXjFzjP7A+/wBp/eQ5A==</latexit><latexit sha1_base64="xBxNWrmiVZElWqqXqdIOJe5gcPI=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad2lzKbZtvQJBuSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxmAoZ5K2LLOcdpWmIGJOO/H4duZ3nqg2LJUPdqJoJGAoWcIIWCc9hmNQCvqhyPrVml/358CrJChIDRVo9qtf4SAlmaDSEg7G9AJf2SgHbRnhdFoJM0MVkDEMac9RCYKaKJ9fPMVnThngJNWupMVz9fdEDsKYiYhdpwA7MsveTPzP62U2uY5yJlVmqSSLRUnGsU3x7H08YJoSyyeOANHM3YrJCDQQ60KquBCC5ZdXSfuiHvj14P6y1rgp4iijE3SKzlGArlAD3aEmaiGCJHpGr+jNM96L9+59LFpLXjFzjP7A+/wBp/eQ5A==</latexit>

b
<latexit sha1_base64="So8C1U7+TgdvHjgbXXwtof5W9D8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKexFvXLFr/pzkFUS5KQCOeq98le3n9IsYdJSgcZ0Al/ZcILacirYtNTNDFNIRzhgHUclJsyEk/m9U3LmlD6JU+1KWjJXf09MMDFmnESuM0E7NMveTPzP62Q2vg4nXKrMMkkXi+JMEJuS2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifPwndj/Q=</latexit><latexit sha1_base64="So8C1U7+TgdvHjgbXXwtof5W9D8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKexFvXLFr/pzkFUS5KQCOeq98le3n9IsYdJSgcZ0Al/ZcILacirYtNTNDFNIRzhgHUclJsyEk/m9U3LmlD6JU+1KWjJXf09MMDFmnESuM0E7NMveTPzP62Q2vg4nXKrMMkkXi+JMEJuS2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifPwndj/Q=</latexit><latexit sha1_base64="So8C1U7+TgdvHjgbXXwtof5W9D8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKexFvXLFr/pzkFUS5KQCOeq98le3n9IsYdJSgcZ0Al/ZcILacirYtNTNDFNIRzhgHUclJsyEk/m9U3LmlD6JU+1KWjJXf09MMDFmnESuM0E7NMveTPzP62Q2vg4nXKrMMkkXi+JMEJuS2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifPwndj/Q=</latexit><latexit sha1_base64="So8C1U7+TgdvHjgbXXwtof5W9D8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKexFvXLFr/pzkFUS5KQCOeq98le3n9IsYdJSgcZ0Al/ZcILacirYtNTNDFNIRzhgHUclJsyEk/m9U3LmlD6JU+1KWjJXf09MMDFmnESuM0E7NMveTPzP62Q2vg4nXKrMMkkXi+JMEJuS2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifPwndj/Q=</latexit>



• Non-universal DFSZ models easily accommodate 
stellar cooling anomalies 

•                   can be as large as allowed by the LHC

•                       larger than in the SM by up to 60%

• The stellar cooling hint region will be 
complementarily tested by IAXO and Higgs searches 
at the HL-LHC

Summary

BR(h ! µµ)
<latexit sha1_base64="Zx5P+MLnPsMfW1KeR5qED13lZ2Y=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8Ei1E1JRNBlqRuXVewDmlAm02k7dCYJMxOhhLrxV9y4UMStf+HOv3HSZqGtBy4czrmXmXOCmDOlHefbKqysrq1vFDdLW9s7u3v2/kFLRYkktEkiHslOgBXlLKRNzTSnnVhSLAJO28H4OvPbD1QqFoX3ehJTX+BhyAaMYG2knn2UelKg+h2aVkbI0xHyRJLNWc8uO1VnBrRM3JyUIUejZ395/YgkgoaacKxU13Vi7adYakY4nZa8RNEYkzEe0q6hIRZU+ekswRSdGqWPBpE0E2o0U39fpFgoNRGB2RRYj9Sil4n/ed1ED678lIVxomlI5g8NEo5M0qwO1GeSEs0nhmAimfkrIiMsMdGmtJIpwV2MvExa51XXqbq3F+VaPa+jCMdwAhVw4RJqcAMNaAKBR3iGV3iznqwX6936mK8WrPzmEP7A+vwBP6yVdg==</latexit><latexit sha1_base64="Zx5P+MLnPsMfW1KeR5qED13lZ2Y=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8Ei1E1JRNBlqRuXVewDmlAm02k7dCYJMxOhhLrxV9y4UMStf+HOv3HSZqGtBy4czrmXmXOCmDOlHefbKqysrq1vFDdLW9s7u3v2/kFLRYkktEkiHslOgBXlLKRNzTSnnVhSLAJO28H4OvPbD1QqFoX3ehJTX+BhyAaMYG2knn2UelKg+h2aVkbI0xHyRJLNWc8uO1VnBrRM3JyUIUejZ395/YgkgoaacKxU13Vi7adYakY4nZa8RNEYkzEe0q6hIRZU+ekswRSdGqWPBpE0E2o0U39fpFgoNRGB2RRYj9Sil4n/ed1ED678lIVxomlI5g8NEo5M0qwO1GeSEs0nhmAimfkrIiMsMdGmtJIpwV2MvExa51XXqbq3F+VaPa+jCMdwAhVw4RJqcAMNaAKBR3iGV3iznqwX6936mK8WrPzmEP7A+vwBP6yVdg==</latexit><latexit sha1_base64="Zx5P+MLnPsMfW1KeR5qED13lZ2Y=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8Ei1E1JRNBlqRuXVewDmlAm02k7dCYJMxOhhLrxV9y4UMStf+HOv3HSZqGtBy4czrmXmXOCmDOlHefbKqysrq1vFDdLW9s7u3v2/kFLRYkktEkiHslOgBXlLKRNzTSnnVhSLAJO28H4OvPbD1QqFoX3ehJTX+BhyAaMYG2knn2UelKg+h2aVkbI0xHyRJLNWc8uO1VnBrRM3JyUIUejZ395/YgkgoaacKxU13Vi7adYakY4nZa8RNEYkzEe0q6hIRZU+ekswRSdGqWPBpE0E2o0U39fpFgoNRGB2RRYj9Sil4n/ed1ED678lIVxomlI5g8NEo5M0qwO1GeSEs0nhmAimfkrIiMsMdGmtJIpwV2MvExa51XXqbq3F+VaPa+jCMdwAhVw4RJqcAMNaAKBR3iGV3iznqwX6936mK8WrPzmEP7A+vwBP6yVdg==</latexit><latexit sha1_base64="Zx5P+MLnPsMfW1KeR5qED13lZ2Y=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8Ei1E1JRNBlqRuXVewDmlAm02k7dCYJMxOhhLrxV9y4UMStf+HOv3HSZqGtBy4czrmXmXOCmDOlHefbKqysrq1vFDdLW9s7u3v2/kFLRYkktEkiHslOgBXlLKRNzTSnnVhSLAJO28H4OvPbD1QqFoX3ehJTX+BhyAaMYG2knn2UelKg+h2aVkbI0xHyRJLNWc8uO1VnBrRM3JyUIUejZ395/YgkgoaacKxU13Vi7adYakY4nZa8RNEYkzEe0q6hIRZU+ekswRSdGqWPBpE0E2o0U39fpFgoNRGB2RRYj9Sil4n/ed1ED678lIVxomlI5g8NEo5M0qwO1GeSEs0nhmAimfkrIiMsMdGmtJIpwV2MvExa51XXqbq3F+VaPa+jCMdwAhVw4RJqcAMNaAKBR3iGV3iznqwX6936mK8WrPzmEP7A+vwBP6yVdg==</latexit>

BR(h ! ⌧e)
<latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="2q5EQyniuc5v/tzwvQ3+yahsIjw=">AAAB83icbZDNSgMxFIXv1L9aq46CKzfBItRNmXGjS9GNyyq2FjpDyaSZNjSTGZI7QhkKvoobF4r4Lu58G9OfhbYeCHyck5B7T5RJYdDzvp3S2vrG5lZ5u7JT3d3bdw+qbZPmmvEWS2WqOxE1XArFWyhQ8k6mOU0iyR+j0c00f3zi2ohUPeA442FCB0rEglG0Vs89KgKdkOv7SX0YYEoCpDnhZz235jW8mcgq+AuowULNnvsV9FOWJ1whk9SYru9lGBZUo2CSTypBbnhG2YgOeNeiogk3YTEbf0JOrdMncartUUhm7u8XBU2MGSeRvZlQHJrlbGr+l3VzjC/DQqgsR67Y/KM4l8QuOu2C9IXmDOXYAmVa2FkJG1JNGdrGKrYEf3nlVWifN3yv4d95UIZjOIE6+HABV3ALTWgBgwJe4A3enWfn1fmY11VyFr0dwh85nz9ON5M+</latexit><latexit sha1_base64="2q5EQyniuc5v/tzwvQ3+yahsIjw=">AAAB83icbZDNSgMxFIXv1L9aq46CKzfBItRNmXGjS9GNyyq2FjpDyaSZNjSTGZI7QhkKvoobF4r4Lu58G9OfhbYeCHyck5B7T5RJYdDzvp3S2vrG5lZ5u7JT3d3bdw+qbZPmmvEWS2WqOxE1XArFWyhQ8k6mOU0iyR+j0c00f3zi2ohUPeA442FCB0rEglG0Vs89KgKdkOv7SX0YYEoCpDnhZz235jW8mcgq+AuowULNnvsV9FOWJ1whk9SYru9lGBZUo2CSTypBbnhG2YgOeNeiogk3YTEbf0JOrdMncartUUhm7u8XBU2MGSeRvZlQHJrlbGr+l3VzjC/DQqgsR67Y/KM4l8QuOu2C9IXmDOXYAmVa2FkJG1JNGdrGKrYEf3nlVWifN3yv4d95UIZjOIE6+HABV3ALTWgBgwJe4A3enWfn1fmY11VyFr0dwh85nz9ON5M+</latexit><latexit sha1_base64="xEqppw9N4WW+U59Qq9xAEaOAboA=">AAAB/nicbVA9SwNBEJ2LXzF+nYqVzWIQYhPubLQMsbGMYj4gd4S9zSZZsrt37O4J4Qj4V2wsFLH1d9j5b9wkV2jig4HHezPMzIsSzrTxvG+nsLa+sblV3C7t7O7tH7iHRy0dp4rQJol5rDoR1pQzSZuGGU47iaJYRJy2o/HNzG8/UqVZLB/MJKGhwEPJBoxgY6Wee5IFSqD6/bQyCkyMAoNTRC96btmrenOgVeLnpAw5Gj33K+jHJBVUGsKx1l3fS0yYYWUY4XRaClJNE0zGeEi7lkosqA6z+flTdG6VPhrEypY0aK7+nsiw0HoiItspsBnpZW8m/ud1UzO4DjMmk9RQSRaLBilH9tFZFqjPFCWGTyzBRDF7KyIjrDAxNrGSDcFffnmVtC6rvlf177xyrZ7HUYRTOIMK+HAFNbiFBjSBQAbP8ApvzpPz4rw7H4vWgpPPHMMfOJ8/sgKUow==</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit>


