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Higgs discovery completes the standard model spectrum

Knowing             , all the Higgs coupling parameters are predicted! 

Coupling ~ mass, due to Higgs mechanism

mHiggs
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Predicted Measured
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Br(H ! ��) = 0.23%

Br(H ! ZZ) = 2.6%

Br(H ! WW ) = 21.4%

Br(H ! ⌧⌧) = 6.3%

Br(H ! bb) = 58.2%

Br(H ! µµ) = 0.02%

High reconstruction, precision measurements

on Higgs mass, CP, gauge couplings

High BR but low S/B, directly probe

Higgs fermion couplings

See Yanping Huang’s talk

See Xin Chen’s talk
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Any deviation from SM couplings is new physics!
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Higgs self coupling, Higgs rare decay (charm, electron), not yet determined 

Shape of Higgs potential could be different from SM!
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CP violating Higgs coupling, Higgs exotic decay 
are well motivated! 

New neutral scalar, charged scalar, light scalar 
are direct sign of new physics!

See Muhammad Ahmad’s talk 
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Top-down approach: new physics models

Bottom-up approach: Higgs effective field theory (HEFT)

Sim
plified m

odel
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Vacuum
Stability

Baryon 
Asymmetry

GW

Naturalness

Neutrino
Mass

Dark 
matter

Inflation

Motivations for new physics beyond the SM
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Among all the motivations

naturalness directly addresses nature of Higgs boson

Higgs mass parameter

+�(100 GeV)2 = + +

⇤2

16⇡2

✓
�6y2t +

3

4
(3g2 + g02) + 6�

◆
+=

�(100 GeV)2 =+ 36127890984789307394520932878928907398 GeV2

� 36127890984789307394520932878928917398 GeV2

Need fine tuning, hierarchy problem! 

(m0)2

Susskind 1979;    t’Hooft 1980;    Veltman, 1981;    Witten, 1981⇤ = MplTake
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Naturalness Solutions

Hierarchy
Problem
Solutions

Supersymmetry

Composite Higgs Extra Dimension

shift: h ! h+ a

H $ H̃

Introduce new symmetry for the Higgs Boson

Conformal: h ! e!h

KK top

Higgs similar to pion
Higgs as 5D gauge boson

Higgs Higgsino

See Jun-Jie Cao’s talk
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How to protect the Higgs mass?

Top Partner Searches

Smoking-gun signature: sub-TeV top partner

Little  
hierarchy problem!

+�(100 GeV)2 = +

+= (m0)2
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 15



Jiang-Hao Yu  16

Post-Naturalness Era

Giudice 2017: We are entering into post-naturalness era!

Neutral Naturalness  
in UV

Dynamical selection  
in IR

Seems Naturalness paradigm runs out of mileage …

Supersymmetry 
Composite Higgs 
Extra Dimensions

Relaxion 
NNaturalness 

…

G. F. Giudice, 1710.07663



Jiang-Hao Yu

Neutral Naturalness

 17

Neutral naturalness = QCD neutral top partner

Top partner is charged under hidden SU(3)color sector

Light top partner, solve little hierarchy problem!

N. Craig, A. Katz, M. Strassler,R. Sundrum JHEP07(2015)105

Minimal neutral naturalnessFolded SUSYTwin Higgs Trigonometric HiggsQuirky little Higgs

Z. Chacko, H.-S. Goh, R. Harnik 
PRL96(2006)231802

G. Burdman, Z. Chacko, H.-S. Goh, R. Harnik 
JHEP0702(2007)009

L.-X. Xu, JHY, S.-h. Zhu 
1810.01882

C. Csaki, T. Ma, J. Shu
PRL121(2018)231801

J. Serra, R. Torre
PRD97(2018)035017

H. Cai, H.-C. Cheng, J. Terning
JHEP0905(2009)045

JHY, PRD94(2016)111704

Top quark loop has 3 d.o.f
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Mirror Standard Model

Z2

Sector A Sector B

Accidental SU(4) symmetry for Higgs Boson

Top partner carries twin QCD color, twin EW symmetry

 SU(2)A

 SU(2)B
H ⌘

✓
HA

HB

◆
SU(4) ! SU(3)

Too many particles in hidden sector, Neff problem!

Z. Chacko, H.-S. Goh, R. Harnik PRL96(2006)231802

JHY, PRD94(2016)111704

JHY, JHEP1612(2016)143

N. Craig, S. Knapen, P. Longhi, PRL114(2015)061803

Higgs as one of 7 PNGBs
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S

Minimal Hidden Sector 

Minimal matter content: two hidden QCD vector-like top partners

No tree-level potential, radiatively generate Higgs potential

Minimal Higgs symmetry: SO(5)/SO(4)

SU(6)

Higgs as one of 4 Goldstone Bosons in SO(5)/SO(4) breaking

L.-X. Xu, JHY, S.-h. Zhu 1810.01882

Also L.-X. Xu’s talk

Top partners carry hidden QCD, form quirk hadrons, glueball 
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Pheno on Neutral Naturalness

Higgs displaced vertices signature

Introduce new particles only in dark sector: dark matter, cosmo

Top partner (in dark sector) cannot be searched via typical channels

Dark 
Sector 

SM 
particles

Higgs Boson

Z

Z

t̃ g̃

mono-Z or Z + displaced vertices
N. Craig, A. Katz, M. Strassler,R. Sundrum JHEP07(2015)105
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Baryon 
asymmetry

Neutrino 
Mass

Gauge 
Unification

Higgs Singlet

Higgs Doublet

Higgs Triplet

Minimal DMType-II seesaw

Minimal neutral 
naturalness

Singlet-doublet 
dark matter

Leptoquark

U(1) extensions

G221

G331

Pati-Salam

SO(10) GUT

Apologize if not including your favorite model …

Inert doublet 

Naturalness Dark Matter

Higgs portal DMType-I seesawMSSM

Little Higgs

Composite 
Higgs

Twin Higgs

Trigonometric 
Higgs

NMSSM

Type-III seesaw

Type-I seesaw
Scalar Portal DM

Z-prime Portal

Vector Fermion

Some models address several problems together

Fermion Portal SU(5) GUT

Hidden U(N)

Randall-Sundrum

4th gen. quark

Top Seesaw
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Higgs Singlet

Higgs Doublet

Higgs Triplet

Minimal DM

Minimal neutral 
naturalness

Singlet-doublet 
dark matter

U(1) extensions

G221

G331

Pati-Salam

SO(10) GUT

Inert doublet 

Higgs is not elementary

Higgs portal DMMSSMLittle Higgs

Composite 
Higgs

Twin Higgs

Trigonometric 
Higgs

NMSSM

Type-II seesaw

Scalar Portal DM

Z-prime Portal

Vector Fermion

Fermion Portal SU(5) GUT

Hidden U(N)

Randall-Sundrum

4th gen. quark

Higgs is elementary

Gauge-Higgs

Top Seesaw
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Higgs is not elementary Higgs is elementary

Goldstone Higgs Extended scalar 
model

Strongly interacting 
Higgs EFT

Weakly interacting 
Higgs EFT

Integrate out sub-TeV scalar
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Integrate out TeV heavy states
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Goldstone Higgs, other Goldstone scalar
<latexit sha1_base64="FctUqVPd/2q9G2YW5ciFeBjdMLM=">AAACEHicbVC7SkNBEN0bXzG+opY2i0G0kHBvGi2DFqaMYB6QhLB3M0mW7N297M4VQsgn2PgrNhaK2Fra+TduHqAmHhg4nDPDzJwwlsKi7395qZXVtfWN9GZma3tndy+7f1C1OjEcKlxLbeohsyCFggoKlFCPDbAolFALB9cTv3YPxgqt7nAYQytiPSW6gjN0Ujt7eqNlx6JWQEui17PnVGMfDP2RLWeSmXY25+f9KegyCeYkR+Yot7OfzY7mSQQKuWTWNgI/xtaIGRRcwjjTTCzEjA9YDxqOKhaBbY2mD43piVM6tKuNK4V0qv6eGLHI2mEUus6IYd8uehPxP6+RYPeyNRIqThAUny3qJpKippN0aEcY4CiHjjBuhLuV8j4zjKPLMONCCBZfXibVQj7w88FtIVe8mseRJkfkmJyRgFyQIimRMqkQTh7IE3khr96j9+y9ee+z1pQ3nzkkf+B9fANWZpzD</latexit><latexit sha1_base64="FctUqVPd/2q9G2YW5ciFeBjdMLM=">AAACEHicbVC7SkNBEN0bXzG+opY2i0G0kHBvGi2DFqaMYB6QhLB3M0mW7N297M4VQsgn2PgrNhaK2Fra+TduHqAmHhg4nDPDzJwwlsKi7395qZXVtfWN9GZma3tndy+7f1C1OjEcKlxLbeohsyCFggoKlFCPDbAolFALB9cTv3YPxgqt7nAYQytiPSW6gjN0Ujt7eqNlx6JWQEui17PnVGMfDP2RLWeSmXY25+f9KegyCeYkR+Yot7OfzY7mSQQKuWTWNgI/xtaIGRRcwjjTTCzEjA9YDxqOKhaBbY2mD43piVM6tKuNK4V0qv6eGLHI2mEUus6IYd8uehPxP6+RYPeyNRIqThAUny3qJpKippN0aEcY4CiHjjBuhLuV8j4zjKPLMONCCBZfXibVQj7w88FtIVe8mseRJkfkmJyRgFyQIimRMqkQTh7IE3khr96j9+y9ee+z1pQ3nzkkf+B9fANWZpzD</latexit><latexit sha1_base64="FctUqVPd/2q9G2YW5ciFeBjdMLM=">AAACEHicbVC7SkNBEN0bXzG+opY2i0G0kHBvGi2DFqaMYB6QhLB3M0mW7N297M4VQsgn2PgrNhaK2Fra+TduHqAmHhg4nDPDzJwwlsKi7395qZXVtfWN9GZma3tndy+7f1C1OjEcKlxLbeohsyCFggoKlFCPDbAolFALB9cTv3YPxgqt7nAYQytiPSW6gjN0Ujt7eqNlx6JWQEui17PnVGMfDP2RLWeSmXY25+f9KegyCeYkR+Yot7OfzY7mSQQKuWTWNgI/xtaIGRRcwjjTTCzEjA9YDxqOKhaBbY2mD43piVM6tKuNK4V0qv6eGLHI2mEUus6IYd8uehPxP6+RYPeyNRIqThAUny3qJpKippN0aEcY4CiHjjBuhLuV8j4zjKPLMONCCBZfXibVQj7w88FtIVe8mseRJkfkmJyRgFyQIimRMqkQTh7IE3khr96j9+y9ee+z1pQ3nzkkf+B9fANWZpzD</latexit><latexit sha1_base64="FctUqVPd/2q9G2YW5ciFeBjdMLM=">AAACEHicbVC7SkNBEN0bXzG+opY2i0G0kHBvGi2DFqaMYB6QhLB3M0mW7N297M4VQsgn2PgrNhaK2Fra+TduHqAmHhg4nDPDzJwwlsKi7395qZXVtfWN9GZma3tndy+7f1C1OjEcKlxLbeohsyCFggoKlFCPDbAolFALB9cTv3YPxgqt7nAYQytiPSW6gjN0Ujt7eqNlx6JWQEui17PnVGMfDP2RLWeSmXY25+f9KegyCeYkR+Yot7OfzY7mSQQKuWTWNgI/xtaIGRRcwjjTTCzEjA9YDxqOKhaBbY2mD43piVM6tKuNK4V0qv6eGLHI2mEUus6IYd8uehPxP6+RYPeyNRIqThAUny3qJpKippN0aEcY4CiHjjBuhLuV8j4zjKPLMONCCBZfXibVQj7w88FtIVe8mseRJkfkmJyRgFyQIimRMqkQTh7IE3khr96j9+y9ee+z1pQ3nzkkf+B9fANWZpzD</latexit>

Higgs, additional scalar, EW fermion
<latexit sha1_base64="8GFtzO/YDjQvSzeMo9mxvWx8wp8=">AAACDXicbVDLSsNAFJ3UV62vqks3g1VwUUrSjS6LInRZwT6gDeVmMkmHTh7MTIQS+gNu/BU3LhRx696df+MkzUJbD1w4nHMul3ucmDOpTPPbKK2tb2xulbcrO7t7+wfVw6OejBJBaJdEPBIDByTlLKRdxRSng1hQCBxO+870JvP7D1RIFoX3ahZTOwA/ZB4joLQ0rp61me/LOgbXZZkCHEsCHEQd3/axR0WQx2pmw8yBV4lVkBoq0BlXv0ZuRJKAhopwkHJombGyUxCKEU7nlVEiaQxkCj4dahpCQKWd5t/M8blWXOxFQk+ocK7+3kghkHIWODoZgJrIZS8T//OGifKu7JSFcaJoSBaHvIRjFeGsGuwyQYniM02ACF0HwWQCAojSBVZ0Cdbyy6uk12xYZsO6a9Za10UdZXSCTtEFstAlaqE26qAuIugRPaNX9GY8GS/Gu/GxiJaMYucY/YHx+QMm2Jr2</latexit><latexit sha1_base64="8GFtzO/YDjQvSzeMo9mxvWx8wp8=">AAACDXicbVDLSsNAFJ3UV62vqks3g1VwUUrSjS6LInRZwT6gDeVmMkmHTh7MTIQS+gNu/BU3LhRx696df+MkzUJbD1w4nHMul3ucmDOpTPPbKK2tb2xulbcrO7t7+wfVw6OejBJBaJdEPBIDByTlLKRdxRSng1hQCBxO+870JvP7D1RIFoX3ahZTOwA/ZB4joLQ0rp61me/LOgbXZZkCHEsCHEQd3/axR0WQx2pmw8yBV4lVkBoq0BlXv0ZuRJKAhopwkHJombGyUxCKEU7nlVEiaQxkCj4dahpCQKWd5t/M8blWXOxFQk+ocK7+3kghkHIWODoZgJrIZS8T//OGifKu7JSFcaJoSBaHvIRjFeGsGuwyQYniM02ACF0HwWQCAojSBVZ0Cdbyy6uk12xYZsO6a9Za10UdZXSCTtEFstAlaqE26qAuIugRPaNX9GY8GS/Gu/GxiJaMYucY/YHx+QMm2Jr2</latexit><latexit sha1_base64="8GFtzO/YDjQvSzeMo9mxvWx8wp8=">AAACDXicbVDLSsNAFJ3UV62vqks3g1VwUUrSjS6LInRZwT6gDeVmMkmHTh7MTIQS+gNu/BU3LhRx696df+MkzUJbD1w4nHMul3ucmDOpTPPbKK2tb2xulbcrO7t7+wfVw6OejBJBaJdEPBIDByTlLKRdxRSng1hQCBxO+870JvP7D1RIFoX3ahZTOwA/ZB4joLQ0rp61me/LOgbXZZkCHEsCHEQd3/axR0WQx2pmw8yBV4lVkBoq0BlXv0ZuRJKAhopwkHJombGyUxCKEU7nlVEiaQxkCj4dahpCQKWd5t/M8blWXOxFQk+ocK7+3kghkHIWODoZgJrIZS8T//OGifKu7JSFcaJoSBaHvIRjFeGsGuwyQYniM02ACF0HwWQCAojSBVZ0Cdbyy6uk12xYZsO6a9Za10UdZXSCTtEFstAlaqE26qAuIugRPaNX9GY8GS/Gu/GxiJaMYucY/YHx+QMm2Jr2</latexit><latexit sha1_base64="8GFtzO/YDjQvSzeMo9mxvWx8wp8=">AAACDXicbVDLSsNAFJ3UV62vqks3g1VwUUrSjS6LInRZwT6gDeVmMkmHTh7MTIQS+gNu/BU3LhRx696df+MkzUJbD1w4nHMul3ucmDOpTPPbKK2tb2xulbcrO7t7+wfVw6OejBJBaJdEPBIDByTlLKRdxRSng1hQCBxO+870JvP7D1RIFoX3ahZTOwA/ZB4joLQ0rp61me/LOgbXZZkCHEsCHEQd3/axR0WQx2pmw8yBV4lVkBoq0BlXv0ZuRJKAhopwkHJombGyUxCKEU7nlVEiaQxkCj4dahpCQKWd5t/M8blWXOxFQk+ocK7+3kghkHIWODoZgJrIZS8T//OGifKu7JSFcaJoSBaHvIRjFeGsGuwyQYniM02ACF0HwWQCAojSBVZ0Cdbyy6uk12xYZsO6a9Za10UdZXSCTtEFstAlaqE26qAuIugRPaNX9GY8GS/Gu/GxiJaMYucY/YHx+QMm2Jr2</latexit>

neutralino, etc
<latexit sha1_base64="MCv549ZS3FqFOJWOiCqu0reDy2U=">AAAB+HicbVC7SgNBFJ2NrxgfWbW0GQyChYTdNFoGbSwjmAckS5id3CRDZmeXmbtCXPIlNhaK2Popdv6Nk2QLTTwwcDjnHu6dEyZSGPS8b6ewsbm1vVPcLe3tHxyW3aPjlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ7dxvP4I2IlYPOE0giNhIiaHgDK3Ud8sKUtTMxuNLCsj7bsWregvQdeLnpEJyNPruV28Q8zQChVwyY7q+l2CQMY2CS5iVeqmBhPEJG0HXUsUiMEG2OHxGz60yoMNY26eQLtTfiYxFxkyj0E5GDMdm1ZuL/3ndFIfXQSZUkiIovlw0TCXFmM5boAOhgaOcWsK4FvZWysdMM462q5ItwV/98jpp1aq+V/Xva5X6TV5HkZySM3JBfHJF6uSONEiTcJKSZ/JK3pwn58V5dz6WowUnz5yQP3A+fwCcq5MI</latexit><latexit sha1_base64="MCv549ZS3FqFOJWOiCqu0reDy2U=">AAAB+HicbVC7SgNBFJ2NrxgfWbW0GQyChYTdNFoGbSwjmAckS5id3CRDZmeXmbtCXPIlNhaK2Popdv6Nk2QLTTwwcDjnHu6dEyZSGPS8b6ewsbm1vVPcLe3tHxyW3aPjlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ7dxvP4I2IlYPOE0giNhIiaHgDK3Ud8sKUtTMxuNLCsj7bsWregvQdeLnpEJyNPruV28Q8zQChVwyY7q+l2CQMY2CS5iVeqmBhPEJG0HXUsUiMEG2OHxGz60yoMNY26eQLtTfiYxFxkyj0E5GDMdm1ZuL/3ndFIfXQSZUkiIovlw0TCXFmM5boAOhgaOcWsK4FvZWysdMM462q5ItwV/98jpp1aq+V/Xva5X6TV5HkZySM3JBfHJF6uSONEiTcJKSZ/JK3pwn58V5dz6WowUnz5yQP3A+fwCcq5MI</latexit><latexit sha1_base64="MCv549ZS3FqFOJWOiCqu0reDy2U=">AAAB+HicbVC7SgNBFJ2NrxgfWbW0GQyChYTdNFoGbSwjmAckS5id3CRDZmeXmbtCXPIlNhaK2Popdv6Nk2QLTTwwcDjnHu6dEyZSGPS8b6ewsbm1vVPcLe3tHxyW3aPjlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ7dxvP4I2IlYPOE0giNhIiaHgDK3Ud8sKUtTMxuNLCsj7bsWregvQdeLnpEJyNPruV28Q8zQChVwyY7q+l2CQMY2CS5iVeqmBhPEJG0HXUsUiMEG2OHxGz60yoMNY26eQLtTfiYxFxkyj0E5GDMdm1ZuL/3ndFIfXQSZUkiIovlw0TCXFmM5boAOhgaOcWsK4FvZWysdMM462q5ItwV/98jpp1aq+V/Xva5X6TV5HkZySM3JBfHJF6uSONEiTcJKSZ/JK3pwn58V5dz6WowUnz5yQP3A+fwCcq5MI</latexit><latexit sha1_base64="MCv549ZS3FqFOJWOiCqu0reDy2U=">AAAB+HicbVC7SgNBFJ2NrxgfWbW0GQyChYTdNFoGbSwjmAckS5id3CRDZmeXmbtCXPIlNhaK2Popdv6Nk2QLTTwwcDjnHu6dEyZSGPS8b6ewsbm1vVPcLe3tHxyW3aPjlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ7dxvP4I2IlYPOE0giNhIiaHgDK3Ud8sKUtTMxuNLCsj7bsWregvQdeLnpEJyNPruV28Q8zQChVwyY7q+l2CQMY2CS5iVeqmBhPEJG0HXUsUiMEG2OHxGz60yoMNY26eQLtTfiYxFxkyj0E5GDMdm1ZuL/3ndFIfXQSZUkiIovlw0TCXFmM5boAOhgaOcWsK4FvZWysdMM462q5ItwV/98jpp1aq+V/Xva5X6TV5HkZySM3JBfHJF6uSONEiTcJKSZ/JK3pwn58V5dz6WowUnz5yQP3A+fwCcq5MI</latexit>

SM Higgs

Only Higgs
<latexit sha1_base64="eRh7+gMoUbUwwPwnH5FF5PhmvAA=">AAAB8XicbVC7TsMwFL0ur1JeBUYWiwqJqUq6wFjB0o0i0Ydoo8pxnNSq40S2g1RF/QsWBhBi5W/Y+BvcNgO0HMnS0Tn3yvccPxVcG8f5RqWNza3tnfJuZW//4PCoenzS1UmmKOvQRCSq7xPNBJesY7gRrJ8qRmJfsJ4/uZ37vSemNE/kg5mmzItJJHnIKTFWeryTYopbPIr0qFpz6s4CeJ24BalBgfao+jUMEprFTBoqiNYD10mNlxNlOBVsVhlmmqWETkjEBpZKEjPt5YuLZ/jCKgEOE2WfNHih/t7ISaz1NPbtZEzMWK96c/E/b5CZ8NrLuUwzwyRdfhRmApsEz+PjgCtGjQ0dcEIVt7diOiaKUGNLqtgS3NXI66TbqLtO3b1v1Jo3RR1lOINzuAQXrqAJLWhDByhIeIZXeEMavaB39LEcLaFi5xT+AH3+AClvkJA=</latexit><latexit sha1_base64="eRh7+gMoUbUwwPwnH5FF5PhmvAA=">AAAB8XicbVC7TsMwFL0ur1JeBUYWiwqJqUq6wFjB0o0i0Ydoo8pxnNSq40S2g1RF/QsWBhBi5W/Y+BvcNgO0HMnS0Tn3yvccPxVcG8f5RqWNza3tnfJuZW//4PCoenzS1UmmKOvQRCSq7xPNBJesY7gRrJ8qRmJfsJ4/uZ37vSemNE/kg5mmzItJJHnIKTFWeryTYopbPIr0qFpz6s4CeJ24BalBgfao+jUMEprFTBoqiNYD10mNlxNlOBVsVhlmmqWETkjEBpZKEjPt5YuLZ/jCKgEOE2WfNHih/t7ISaz1NPbtZEzMWK96c/E/b5CZ8NrLuUwzwyRdfhRmApsEz+PjgCtGjQ0dcEIVt7diOiaKUGNLqtgS3NXI66TbqLtO3b1v1Jo3RR1lOINzuAQXrqAJLWhDByhIeIZXeEMavaB39LEcLaFi5xT+AH3+AClvkJA=</latexit><latexit sha1_base64="eRh7+gMoUbUwwPwnH5FF5PhmvAA=">AAAB8XicbVC7TsMwFL0ur1JeBUYWiwqJqUq6wFjB0o0i0Ydoo8pxnNSq40S2g1RF/QsWBhBi5W/Y+BvcNgO0HMnS0Tn3yvccPxVcG8f5RqWNza3tnfJuZW//4PCoenzS1UmmKOvQRCSq7xPNBJesY7gRrJ8qRmJfsJ4/uZ37vSemNE/kg5mmzItJJHnIKTFWeryTYopbPIr0qFpz6s4CeJ24BalBgfao+jUMEprFTBoqiNYD10mNlxNlOBVsVhlmmqWETkjEBpZKEjPt5YuLZ/jCKgEOE2WfNHih/t7ISaz1NPbtZEzMWK96c/E/b5CZ8NrLuUwzwyRdfhRmApsEz+PjgCtGjQ0dcEIVt7diOiaKUGNLqtgS3NXI66TbqLtO3b1v1Jo3RR1lOINzuAQXrqAJLWhDByhIeIZXeEMavaB39LEcLaFi5xT+AH3+AClvkJA=</latexit><latexit sha1_base64="eRh7+gMoUbUwwPwnH5FF5PhmvAA=">AAAB8XicbVC7TsMwFL0ur1JeBUYWiwqJqUq6wFjB0o0i0Ydoo8pxnNSq40S2g1RF/QsWBhBi5W/Y+BvcNgO0HMnS0Tn3yvccPxVcG8f5RqWNza3tnfJuZW//4PCoenzS1UmmKOvQRCSq7xPNBJesY7gRrJ8qRmJfsJ4/uZ37vSemNE/kg5mmzItJJHnIKTFWeryTYopbPIr0qFpz6s4CeJ24BalBgfao+jUMEprFTBoqiNYD10mNlxNlOBVsVhlmmqWETkjEBpZKEjPt5YuLZ/jCKgEOE2WfNHih/t7ISaz1NPbtZEzMWK96c/E/b5CZ8NrLuUwzwyRdfhRmApsEz+PjgCtGjQ0dcEIVt7diOiaKUGNLqtgS3NXI66TbqLtO3b1v1Jo3RR1lOINzuAQXrqAJLWhDByhIeIZXeEMavaB39LEcLaFi5xT+AH3+AClvkJA=</latexit>

Higgs + scalar
<latexit sha1_base64="7uv7zSU8JI+Df75+01fdxQOAXUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEErSix6LXnqsYFuhjWWy3aZLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRVmLxiJW9wFqJrhkLcONYPeJYhgFgnWC8c3M7zwypXks78wkYX6EoeRDTtFY6aHBw1CTC6IpClT9csWtunOQVeLlpAI5mv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COMWRdSyVGTPvZ/OopObPKgAxjZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UzO88jMuk9QwSReLhqkgJiazCMiAK0aNmFiCVHF7K6EjVEiNDapkQ/CWX14l7VrVc6veba1Sv87jKMIJnMI5eHAJdWhAE1pAQcEzvMKb8+S8OO/Ox6K14OQzx/AHzucPfmKR1w==</latexit><latexit sha1_base64="7uv7zSU8JI+Df75+01fdxQOAXUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEErSix6LXnqsYFuhjWWy3aZLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRVmLxiJW9wFqJrhkLcONYPeJYhgFgnWC8c3M7zwypXks78wkYX6EoeRDTtFY6aHBw1CTC6IpClT9csWtunOQVeLlpAI5mv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COMWRdSyVGTPvZ/OopObPKgAxjZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UzO88jMuk9QwSReLhqkgJiazCMiAK0aNmFiCVHF7K6EjVEiNDapkQ/CWX14l7VrVc6veba1Sv87jKMIJnMI5eHAJdWhAE1pAQcEzvMKb8+S8OO/Ox6K14OQzx/AHzucPfmKR1w==</latexit><latexit sha1_base64="7uv7zSU8JI+Df75+01fdxQOAXUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEErSix6LXnqsYFuhjWWy3aZLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRVmLxiJW9wFqJrhkLcONYPeJYhgFgnWC8c3M7zwypXks78wkYX6EoeRDTtFY6aHBw1CTC6IpClT9csWtunOQVeLlpAI5mv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COMWRdSyVGTPvZ/OopObPKgAxjZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UzO88jMuk9QwSReLhqkgJiazCMiAK0aNmFiCVHF7K6EjVEiNDapkQ/CWX14l7VrVc6veba1Sv87jKMIJnMI5eHAJdWhAE1pAQcEzvMKb8+S8OO/Ox6K14OQzx/AHzucPfmKR1w==</latexit><latexit sha1_base64="7uv7zSU8JI+Df75+01fdxQOAXUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEErSix6LXnqsYFuhjWWy3aZLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRVmLxiJW9wFqJrhkLcONYPeJYhgFgnWC8c3M7zwypXks78wkYX6EoeRDTtFY6aHBw1CTC6IpClT9csWtunOQVeLlpAI5mv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COMWRdSyVGTPvZ/OopObPKgAxjZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UzO88jMuk9QwSReLhqkgJiazCMiAK0aNmFiCVHF7K6EjVEiNDapkQ/CWX14l7VrVc6veba1Sv87jKMIJnMI5eHAJdWhAE1pAQcEzvMKb8+S8OO/Ox6K14OQzx/AHzucPfmKR1w==</latexit>

with exotic decay
<latexit sha1_base64="42D3HRhXV2g/FmzNTfws96m5Qnw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKxgYSwSfUhtVTnOTWvVcSLboUShn8LCAEKsfAkbf4PTZoCWI13p6Jx77XuPF3OmtON8W6WNza3tnfJuZW//4PDIrh53VJRICm0a8Uj2PKKAMwFtzTSHXiyBhB6Hrje9yf3uA0jFInGv0xiGIRkLFjBKtJFGdnXG9ATDY6QZxT5Qko7smlN3FsDrxC1IDRVojeyvgR/RJAShKSdK9V0n1sOMSPMkh3llkCiICZ2SMfQNFSQENcwWq8/xuVF8HETSlNB4of6eyEioVBp6pjMkeqJWvVz8z+snOrgaZkzEiQZBlx8FCcc6wnkO2GcSqOapIYRKlp9PJ0QSqk1aFROCu3ryOuk06q5Td+8ateZ1EUcZnaIzdIFcdIma6Ba1UBtRNEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ARvTk+E=</latexit><latexit sha1_base64="42D3HRhXV2g/FmzNTfws96m5Qnw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKxgYSwSfUhtVTnOTWvVcSLboUShn8LCAEKsfAkbf4PTZoCWI13p6Jx77XuPF3OmtON8W6WNza3tnfJuZW//4PDIrh53VJRICm0a8Uj2PKKAMwFtzTSHXiyBhB6Hrje9yf3uA0jFInGv0xiGIRkLFjBKtJFGdnXG9ATDY6QZxT5Qko7smlN3FsDrxC1IDRVojeyvgR/RJAShKSdK9V0n1sOMSPMkh3llkCiICZ2SMfQNFSQENcwWq8/xuVF8HETSlNB4of6eyEioVBp6pjMkeqJWvVz8z+snOrgaZkzEiQZBlx8FCcc6wnkO2GcSqOapIYRKlp9PJ0QSqk1aFROCu3ryOuk06q5Td+8ateZ1EUcZnaIzdIFcdIma6Ba1UBtRNEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ARvTk+E=</latexit><latexit sha1_base64="42D3HRhXV2g/FmzNTfws96m5Qnw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKxgYSwSfUhtVTnOTWvVcSLboUShn8LCAEKsfAkbf4PTZoCWI13p6Jx77XuPF3OmtON8W6WNza3tnfJuZW//4PDIrh53VJRICm0a8Uj2PKKAMwFtzTSHXiyBhB6Hrje9yf3uA0jFInGv0xiGIRkLFjBKtJFGdnXG9ATDY6QZxT5Qko7smlN3FsDrxC1IDRVojeyvgR/RJAShKSdK9V0n1sOMSPMkh3llkCiICZ2SMfQNFSQENcwWq8/xuVF8HETSlNB4of6eyEioVBp6pjMkeqJWvVz8z+snOrgaZkzEiQZBlx8FCcc6wnkO2GcSqOapIYRKlp9PJ0QSqk1aFROCu3ryOuk06q5Td+8ateZ1EUcZnaIzdIFcdIma6Ba1UBtRNEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ARvTk+E=</latexit><latexit sha1_base64="42D3HRhXV2g/FmzNTfws96m5Qnw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKxgYSwSfUhtVTnOTWvVcSLboUShn8LCAEKsfAkbf4PTZoCWI13p6Jx77XuPF3OmtON8W6WNza3tnfJuZW//4PDIrh53VJRICm0a8Uj2PKKAMwFtzTSHXiyBhB6Hrje9yf3uA0jFInGv0xiGIRkLFjBKtJFGdnXG9ATDY6QZxT5Qko7smlN3FsDrxC1IDRVojeyvgR/RJAShKSdK9V0n1sOMSPMkh3llkCiICZ2SMfQNFSQENcwWq8/xuVF8HETSlNB4of6eyEioVBp6pjMkeqJWvVz8z+snOrgaZkzEiQZBlx8FCcc6wnkO2GcSqOapIYRKlp9PJ0QSqk1aFROCu3ryOuk06q5Td+8ateZ1EUcZnaIzdIFcdIma6Ba1UBtRNEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ARvTk+E=</latexit>
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could have other light Goldstone
<latexit sha1_base64="e+A14zec7xbadMuoWcHbBSs6zZ0=">AAACCXicbVA9SwNBEN3zM8avqKXNYhCswl0aLYMWWkYwH5CEsLc3yS3Z2z125wIhpLXxr9hYKGLrP7Dz37j5KDTxwcDjvRlm5oWpFBZ9/9tbW9/Y3NrO7eR39/YPDgtHx3WrM8OhxrXUphkyC1IoqKFACc3UAEtCCY1wcDP1G0MwVmj1gKMUOgnrK9ETnKGTugXKdSYjGrMhUI0xGCpFP0Z6q2VkUSvoFop+yZ+BrpJgQYpkgWq38NWONM8SUMgls7YV+Cl2xsyg4BIm+XZmIWV8wPrQclSxBGxnPPtkQs+dEtGeNq4U0pn6e2LMEmtHSeg6E4axXfam4n9eK8PeVWcsVJohKD5f1MskRU2nsdBIGOAoR44wboS7lfKYGcbRhZd3IQTLL6+SerkU+KXgvlysXC/iyJFTckYuSEAuSYXckSqpEU4eyTN5JW/ek/fivXsf89Y1bzFzQv7A+/wBRmaaDQ==</latexit><latexit sha1_base64="e+A14zec7xbadMuoWcHbBSs6zZ0=">AAACCXicbVA9SwNBEN3zM8avqKXNYhCswl0aLYMWWkYwH5CEsLc3yS3Z2z125wIhpLXxr9hYKGLrP7Dz37j5KDTxwcDjvRlm5oWpFBZ9/9tbW9/Y3NrO7eR39/YPDgtHx3WrM8OhxrXUphkyC1IoqKFACc3UAEtCCY1wcDP1G0MwVmj1gKMUOgnrK9ETnKGTugXKdSYjGrMhUI0xGCpFP0Z6q2VkUSvoFop+yZ+BrpJgQYpkgWq38NWONM8SUMgls7YV+Cl2xsyg4BIm+XZmIWV8wPrQclSxBGxnPPtkQs+dEtGeNq4U0pn6e2LMEmtHSeg6E4axXfam4n9eK8PeVWcsVJohKD5f1MskRU2nsdBIGOAoR44wboS7lfKYGcbRhZd3IQTLL6+SerkU+KXgvlysXC/iyJFTckYuSEAuSYXckSqpEU4eyTN5JW/ek/fivXsf89Y1bzFzQv7A+/wBRmaaDQ==</latexit><latexit sha1_base64="e+A14zec7xbadMuoWcHbBSs6zZ0=">AAACCXicbVA9SwNBEN3zM8avqKXNYhCswl0aLYMWWkYwH5CEsLc3yS3Z2z125wIhpLXxr9hYKGLrP7Dz37j5KDTxwcDjvRlm5oWpFBZ9/9tbW9/Y3NrO7eR39/YPDgtHx3WrM8OhxrXUphkyC1IoqKFACc3UAEtCCY1wcDP1G0MwVmj1gKMUOgnrK9ETnKGTugXKdSYjGrMhUI0xGCpFP0Z6q2VkUSvoFop+yZ+BrpJgQYpkgWq38NWONM8SUMgls7YV+Cl2xsyg4BIm+XZmIWV8wPrQclSxBGxnPPtkQs+dEtGeNq4U0pn6e2LMEmtHSeg6E4axXfam4n9eK8PeVWcsVJohKD5f1MskRU2nsdBIGOAoR44wboS7lfKYGcbRhZd3IQTLL6+SerkU+KXgvlysXC/iyJFTckYuSEAuSYXckSqpEU4eyTN5JW/ek/fivXsf89Y1bzFzQv7A+/wBRmaaDQ==</latexit><latexit sha1_base64="e+A14zec7xbadMuoWcHbBSs6zZ0=">AAACCXicbVA9SwNBEN3zM8avqKXNYhCswl0aLYMWWkYwH5CEsLc3yS3Z2z125wIhpLXxr9hYKGLrP7Dz37j5KDTxwcDjvRlm5oWpFBZ9/9tbW9/Y3NrO7eR39/YPDgtHx3WrM8OhxrXUphkyC1IoqKFACc3UAEtCCY1wcDP1G0MwVmj1gKMUOgnrK9ETnKGTugXKdSYjGrMhUI0xGCpFP0Z6q2VkUSvoFop+yZ+BrpJgQYpkgWq38NWONM8SUMgls7YV+Cl2xsyg4BIm+XZmIWV8wPrQclSxBGxnPPtkQs+dEtGeNq4U0pn6e2LMEmtHSeg6E4axXfam4n9eK8PeVWcsVJohKD5f1MskRU2nsdBIGOAoR44wboS7lfKYGcbRhZd3IQTLL6+SerkU+KXgvlysXC/iyJFTckYuSEAuSYXckSqpEU4eyTN5JW/ek/fivXsf89Y1bzFzQv7A+/wBRmaaDQ==</latexit>

UV model
<latexit sha1_base64="mR9+m+0tJd76L2iiVxhz9DG6ru8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDHxgAQuZG9vDzbsx7m7Z0IIf8LGQmNs/Tt2/hsXuELBl0zy8t5MZubFGWfG+v63V9rY3NreKe9W9vYPDo+qxydto3JNaEgUV7obY0M5kzS0zHLazTTFIua0E49v537niWrDlHywk4xGAg8lSxnB1kndsI2ESigfVGt+3V8ArZOgIDUo0BpUv/qJIrmg0hKOjekFfmajKdaWEU5nlX5uaIbJGA9pz1GJBTXRdHHvDF04JUGp0q6kRQv198QUC2MmInadAtuRWfXm4n9eL7fpdTRlMsstlWS5KM05sgrNn0cJ05RYPnEEE83crYiMsMbEuogqLoRg9eV10m7UA78e3DdqzZsijjKcwTlcQgBX0IQ7aEEIBDg8wyu8eY/ei/fufSxbS14xcwp/4H3+AJD/j6Q=</latexit><latexit sha1_base64="mR9+m+0tJd76L2iiVxhz9DG6ru8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDHxgAQuZG9vDzbsx7m7Z0IIf8LGQmNs/Tt2/hsXuELBl0zy8t5MZubFGWfG+v63V9rY3NreKe9W9vYPDo+qxydto3JNaEgUV7obY0M5kzS0zHLazTTFIua0E49v537niWrDlHywk4xGAg8lSxnB1kndsI2ESigfVGt+3V8ArZOgIDUo0BpUv/qJIrmg0hKOjekFfmajKdaWEU5nlX5uaIbJGA9pz1GJBTXRdHHvDF04JUGp0q6kRQv198QUC2MmInadAtuRWfXm4n9eL7fpdTRlMsstlWS5KM05sgrNn0cJ05RYPnEEE83crYiMsMbEuogqLoRg9eV10m7UA78e3DdqzZsijjKcwTlcQgBX0IQ7aEEIBDg8wyu8eY/ei/fufSxbS14xcwp/4H3+AJD/j6Q=</latexit><latexit sha1_base64="mR9+m+0tJd76L2iiVxhz9DG6ru8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDHxgAQuZG9vDzbsx7m7Z0IIf8LGQmNs/Tt2/hsXuELBl0zy8t5MZubFGWfG+v63V9rY3NreKe9W9vYPDo+qxydto3JNaEgUV7obY0M5kzS0zHLazTTFIua0E49v537niWrDlHywk4xGAg8lSxnB1kndsI2ESigfVGt+3V8ArZOgIDUo0BpUv/qJIrmg0hKOjekFfmajKdaWEU5nlX5uaIbJGA9pz1GJBTXRdHHvDF04JUGp0q6kRQv198QUC2MmInadAtuRWfXm4n9eL7fpdTRlMsstlWS5KM05sgrNn0cJ05RYPnEEE83crYiMsMbEuogqLoRg9eV10m7UA78e3DdqzZsijjKcwTlcQgBX0IQ7aEEIBDg8wyu8eY/ei/fufSxbS14xcwp/4H3+AJD/j6Q=</latexit><latexit sha1_base64="mR9+m+0tJd76L2iiVxhz9DG6ru8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDHxgAQuZG9vDzbsx7m7Z0IIf8LGQmNs/Tt2/hsXuELBl0zy8t5MZubFGWfG+v63V9rY3NreKe9W9vYPDo+qxydto3JNaEgUV7obY0M5kzS0zHLazTTFIua0E49v537niWrDlHywk4xGAg8lSxnB1kndsI2ESigfVGt+3V8ArZOgIDUo0BpUv/qJIrmg0hKOjekFfmajKdaWEU5nlX5uaIbJGA9pz1GJBTXRdHHvDF04JUGp0q6kRQv198QUC2MmInadAtuRWfXm4n9eL7fpdTRlMsstlWS5KM05sgrNn0cJ05RYPnEEE83crYiMsMbEuogqLoRg9eV10m7UA78e3DdqzZsijjKcwTlcQgBX0IQ7aEEIBDg8wyu8eY/ei/fufSxbS14xcwp/4H3+AJD/j6Q=</latexit>

UV model
<latexit sha1_base64="mR9+m+0tJd76L2iiVxhz9DG6ru8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDHxgAQuZG9vDzbsx7m7Z0IIf8LGQmNs/Tt2/hsXuELBl0zy8t5MZubFGWfG+v63V9rY3NreKe9W9vYPDo+qxydto3JNaEgUV7obY0M5kzS0zHLazTTFIua0E49v537niWrDlHywk4xGAg8lSxnB1kndsI2ESigfVGt+3V8ArZOgIDUo0BpUv/qJIrmg0hKOjekFfmajKdaWEU5nlX5uaIbJGA9pz1GJBTXRdHHvDF04JUGp0q6kRQv198QUC2MmInadAtuRWfXm4n9eL7fpdTRlMsstlWS5KM05sgrNn0cJ05RYPnEEE83crYiMsMbEuogqLoRg9eV10m7UA78e3DdqzZsijjKcwTlcQgBX0IQ7aEEIBDg8wyu8eY/ei/fufSxbS14xcwp/4H3+AJD/j6Q=</latexit><latexit sha1_base64="mR9+m+0tJd76L2iiVxhz9DG6ru8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDHxgAQuZG9vDzbsx7m7Z0IIf8LGQmNs/Tt2/hsXuELBl0zy8t5MZubFGWfG+v63V9rY3NreKe9W9vYPDo+qxydto3JNaEgUV7obY0M5kzS0zHLazTTFIua0E49v537niWrDlHywk4xGAg8lSxnB1kndsI2ESigfVGt+3V8ArZOgIDUo0BpUv/qJIrmg0hKOjekFfmajKdaWEU5nlX5uaIbJGA9pz1GJBTXRdHHvDF04JUGp0q6kRQv198QUC2MmInadAtuRWfXm4n9eL7fpdTRlMsstlWS5KM05sgrNn0cJ05RYPnEEE83crYiMsMbEuogqLoRg9eV10m7UA78e3DdqzZsijjKcwTlcQgBX0IQ7aEEIBDg8wyu8eY/ei/fufSxbS14xcwp/4H3+AJD/j6Q=</latexit><latexit sha1_base64="mR9+m+0tJd76L2iiVxhz9DG6ru8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDHxgAQuZG9vDzbsx7m7Z0IIf8LGQmNs/Tt2/hsXuELBl0zy8t5MZubFGWfG+v63V9rY3NreKe9W9vYPDo+qxydto3JNaEgUV7obY0M5kzS0zHLazTTFIua0E49v537niWrDlHywk4xGAg8lSxnB1kndsI2ESigfVGt+3V8ArZOgIDUo0BpUv/qJIrmg0hKOjekFfmajKdaWEU5nlX5uaIbJGA9pz1GJBTXRdHHvDF04JUGp0q6kRQv198QUC2MmInadAtuRWfXm4n9eL7fpdTRlMsstlWS5KM05sgrNn0cJ05RYPnEEE83crYiMsMbEuogqLoRg9eV10m7UA78e3DdqzZsijjKcwTlcQgBX0IQ7aEEIBDg8wyu8eY/ei/fufSxbS14xcwp/4H3+AJD/j6Q=</latexit><latexit sha1_base64="mR9+m+0tJd76L2iiVxhz9DG6ru8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDHxgAQuZG9vDzbsx7m7Z0IIf8LGQmNs/Tt2/hsXuELBl0zy8t5MZubFGWfG+v63V9rY3NreKe9W9vYPDo+qxydto3JNaEgUV7obY0M5kzS0zHLazTTFIua0E49v537niWrDlHywk4xGAg8lSxnB1kndsI2ESigfVGt+3V8ArZOgIDUo0BpUv/qJIrmg0hKOjekFfmajKdaWEU5nlX5uaIbJGA9pz1GJBTXRdHHvDF04JUGp0q6kRQv198QUC2MmInadAtuRWfXm4n9eL7fpdTRlMsstlWS5KM05sgrNn0cJ05RYPnEEE83crYiMsMbEuogqLoRg9eV10m7UA78e3DdqzZsijjKcwTlcQgBX0IQ7aEEIBDg8wyu8eY/ei/fufSxbS14xcwp/4H3+AJD/j6Q=</latexit>
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Pseudo-Goldstone HiggsPion potential

Radiative symmetry breaking mechanism

V (�) = �a sin2(�/f) + b sin4(�/f)

JHY, PRD94(2016)111704

Marzocca, Serone, Shu, JHEP 1208(2012)013

JHY, JHEP1612(2016)143

Csaki, Ma, Shu, JHY, 1810.07704

Csaki, Ma, Shu, PRL119(2017)131803

Foadi, J. Laverty, C. Schmidt, JHY, JHEP1006(2010)026
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<latexit sha1_base64="zCqOHWpATGyNjOixSP6o34qYci4="></latexit><latexit sha1_base64="zCqOHWpATGyNjOixSP6o34qYci4="></latexit><latexit sha1_base64="zCqOHWpATGyNjOixSP6o34qYci4="></latexit><latexit sha1_base64="zCqOHWpATGyNjOixSP6o34qYci4="></latexit>

Higgs couplings deviate SM couplings (misalignment, form factor)

diHiggs signature!



Jiang-Hao Yu

Higgs as Elementary Scalar

 25

If additional scalar, similar to SM Higgs? New scalar could have VEV

Higgs
<latexit sha1_base64="AxP3yFPa+IbrEVNWvP0zJtbbS9o=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9Ej0whETCyTQkO0yLRu222Z3a0IIv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemAmujet+O6Wt7Z3dvfJ+5eDw6PikenrW0WmuGPosFanqhVSj4BJ9w43AXqaQJqHAbji5X/jdJ1Sap/LRTDMMEhpLHnFGjZX8Fo9jPazW3Lq7BNkkXkFqUKA9rH4NRinLE5SGCap133MzE8yoMpwJnFcGucaMsgmNsW+ppAnqYLY8dk6urDIiUapsSUOW6u+JGU20niah7UyoGet1byH+5/VzE90GMy6z3KBkq0VRLohJyeJzMuIKmRFTSyhT3N5K2JgqyozNp2JD8NZf3iSdRt1z695Do9a8K+IowwVcwjV4cANNaEEbfGDA4Rle4c2Rzovz7nysWktOMXMOf+B8/gC52o6c</latexit><latexit sha1_base64="AxP3yFPa+IbrEVNWvP0zJtbbS9o=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9Ej0whETCyTQkO0yLRu222Z3a0IIv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemAmujet+O6Wt7Z3dvfJ+5eDw6PikenrW0WmuGPosFanqhVSj4BJ9w43AXqaQJqHAbji5X/jdJ1Sap/LRTDMMEhpLHnFGjZX8Fo9jPazW3Lq7BNkkXkFqUKA9rH4NRinLE5SGCap133MzE8yoMpwJnFcGucaMsgmNsW+ppAnqYLY8dk6urDIiUapsSUOW6u+JGU20niah7UyoGet1byH+5/VzE90GMy6z3KBkq0VRLohJyeJzMuIKmRFTSyhT3N5K2JgqyozNp2JD8NZf3iSdRt1z695Do9a8K+IowwVcwjV4cANNaEEbfGDA4Rle4c2Rzovz7nysWktOMXMOf+B8/gC52o6c</latexit><latexit sha1_base64="AxP3yFPa+IbrEVNWvP0zJtbbS9o=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9Ej0whETCyTQkO0yLRu222Z3a0IIv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemAmujet+O6Wt7Z3dvfJ+5eDw6PikenrW0WmuGPosFanqhVSj4BJ9w43AXqaQJqHAbji5X/jdJ1Sap/LRTDMMEhpLHnFGjZX8Fo9jPazW3Lq7BNkkXkFqUKA9rH4NRinLE5SGCap133MzE8yoMpwJnFcGucaMsgmNsW+ppAnqYLY8dk6urDIiUapsSUOW6u+JGU20niah7UyoGet1byH+5/VzE90GMy6z3KBkq0VRLohJyeJzMuIKmRFTSyhT3N5K2JgqyozNp2JD8NZf3iSdRt1z695Do9a8K+IowwVcwjV4cANNaEEbfGDA4Rle4c2Rzovz7nysWktOMXMOf+B8/gC52o6c</latexit><latexit sha1_base64="AxP3yFPa+IbrEVNWvP0zJtbbS9o=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc9Ej0whETCyTQkO0yLRu222Z3a0IIv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemAmujet+O6Wt7Z3dvfJ+5eDw6PikenrW0WmuGPosFanqhVSj4BJ9w43AXqaQJqHAbji5X/jdJ1Sap/LRTDMMEhpLHnFGjZX8Fo9jPazW3Lq7BNkkXkFqUKA9rH4NRinLE5SGCap133MzE8yoMpwJnFcGucaMsgmNsW+ppAnqYLY8dk6urDIiUapsSUOW6u+JGU20niah7UyoGet1byH+5/VzE90GMy6z3KBkq0VRLohJyeJzMuIKmRFTSyhT3N5K2JgqyozNp2JD8NZf3iSdRt1z695Do9a8K+IowwVcwjV4cANNaEEbfGDA4Rle4c2Rzovz7nysWktOMXMOf+B8/gC52o6c</latexit>

Singlet, Doublet, Triplet
<latexit sha1_base64="wb8q8jWHbiuIBH/OU7REHvWUKUE=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksggspSTe6LOrCZcXeoA1lMp20QyeTMDMRSihufBU3LhRx61O4822cpllo6w8DH/85hzPn92POlHacb6uwsrq2vlHcLG1t7+zu2fsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374+tZvf1ApWKRaOhJTL0QDwULGMHaWH376J6JIaf6HN1EiZ9BQ7LYQN8uOxUnE1oGN4cy5Kr37a/eICJJSIUmHCvVdZ1YeymWmhFOp6VeomiMyRgPadegwCFVXpqdMEWnxhmgIJLmCY0y9/dEikOlJqFvOkOsR2qxNjP/q3UTHVx6KRNxoqkg80VBwpGO0CwPNGCSEs0nBjCRzPwVkRGWmGiTWsmE4C6evAytasV1Ku5dtVy7yuMowjGcwBm4cAE1uIU6NIHAIzzDK7xZT9aL9W59zFsLVj5zCH9kff4AY0OWxA==</latexit><latexit sha1_base64="wb8q8jWHbiuIBH/OU7REHvWUKUE=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksggspSTe6LOrCZcXeoA1lMp20QyeTMDMRSihufBU3LhRx61O4822cpllo6w8DH/85hzPn92POlHacb6uwsrq2vlHcLG1t7+zu2fsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374+tZvf1ApWKRaOhJTL0QDwULGMHaWH376J6JIaf6HN1EiZ9BQ7LYQN8uOxUnE1oGN4cy5Kr37a/eICJJSIUmHCvVdZ1YeymWmhFOp6VeomiMyRgPadegwCFVXpqdMEWnxhmgIJLmCY0y9/dEikOlJqFvOkOsR2qxNjP/q3UTHVx6KRNxoqkg80VBwpGO0CwPNGCSEs0nBjCRzPwVkRGWmGiTWsmE4C6evAytasV1Ku5dtVy7yuMowjGcwBm4cAE1uIU6NIHAIzzDK7xZT9aL9W59zFsLVj5zCH9kff4AY0OWxA==</latexit><latexit sha1_base64="wb8q8jWHbiuIBH/OU7REHvWUKUE=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksggspSTe6LOrCZcXeoA1lMp20QyeTMDMRSihufBU3LhRx61O4822cpllo6w8DH/85hzPn92POlHacb6uwsrq2vlHcLG1t7+zu2fsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374+tZvf1ApWKRaOhJTL0QDwULGMHaWH376J6JIaf6HN1EiZ9BQ7LYQN8uOxUnE1oGN4cy5Kr37a/eICJJSIUmHCvVdZ1YeymWmhFOp6VeomiMyRgPadegwCFVXpqdMEWnxhmgIJLmCY0y9/dEikOlJqFvOkOsR2qxNjP/q3UTHVx6KRNxoqkg80VBwpGO0CwPNGCSEs0nBjCRzPwVkRGWmGiTWsmE4C6evAytasV1Ku5dtVy7yuMowjGcwBm4cAE1uIU6NIHAIzzDK7xZT9aL9W59zFsLVj5zCH9kff4AY0OWxA==</latexit><latexit sha1_base64="wb8q8jWHbiuIBH/OU7REHvWUKUE=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksggspSTe6LOrCZcXeoA1lMp20QyeTMDMRSihufBU3LhRx61O4822cpllo6w8DH/85hzPn92POlHacb6uwsrq2vlHcLG1t7+zu2fsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374+tZvf1ApWKRaOhJTL0QDwULGMHaWH376J6JIaf6HN1EiZ9BQ7LYQN8uOxUnE1oGN4cy5Kr37a/eICJJSIUmHCvVdZ1YeymWmhFOp6VeomiMyRgPadegwCFVXpqdMEWnxhmgIJLmCY0y9/dEikOlJqFvOkOsR2qxNjP/q3UTHVx6KRNxoqkg80VBwpGO0CwPNGCSEs0nBjCRzPwVkRGWmGiTWsmE4C6evAytasV1Ku5dtVy7yuMowjGcwBm4cAE1uIU6NIHAIzzDK7xZT9aL9W59zFsLVj5zCH9kff4AY0OWxA==</latexit>

Mixing between scalars

If VEV is zero, no mixing, scalar could be dark matter!

If no additional scalar, just SM Higgs (could have invisible decay)
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Higgs Singlet Higgs Doublet Higgs Triplet

Type-II seesaw

H ! hh

H
++ ! `

+
`
+

H
++ ! W

+
W

+
H

+ ! hW
+

H
+ ! ⌧⌫

MSSM HiggsNMSSM limit
Inert Higgs

ghff ⇠ tan�, cot�
<latexit sha1_base64="efo5AM7EnuAsKpV9dznjHTMxcSE=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJCLosunFZwV6gCWEynbRDJ5MwcyKU0LUbX8WNC0Xc+gTufBunaRba+sPAx3/O4cz5w1RwDY7zbS0tr6yurVc2qptb2zu79t5+WyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upnWOw9MaZ7IexinzI/JQPKIUwLGCuyjQZAPo2iCPc1j7AGRXsiAnGGPJlBgYNeculMIL4JbQg2Vagb2l9dPaBYzCVQQrXuuk4KfEwWcCjapeplmKaEjMmA9g5LETPt5ccoEnxinj6NEmScBF+7viZzEWo/j0HTGBIZ6vjY1/6v1Moiu/JzLNAMm6WxRlAkMCZ7mgvtcMQpibIBQxc1fMR0SRSiY9KomBHf+5EVon9ddp+7eXdQa12UcFXSIjtEpctElaqBb1EQtRNEjekav6M16sl6sd+tj1rpklTMH6I+szx/B95pJ</latexit><latexit sha1_base64="efo5AM7EnuAsKpV9dznjHTMxcSE=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJCLosunFZwV6gCWEynbRDJ5MwcyKU0LUbX8WNC0Xc+gTufBunaRba+sPAx3/O4cz5w1RwDY7zbS0tr6yurVc2qptb2zu79t5+WyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upnWOw9MaZ7IexinzI/JQPKIUwLGCuyjQZAPo2iCPc1j7AGRXsiAnGGPJlBgYNeculMIL4JbQg2Vagb2l9dPaBYzCVQQrXuuk4KfEwWcCjapeplmKaEjMmA9g5LETPt5ccoEnxinj6NEmScBF+7viZzEWo/j0HTGBIZ6vjY1/6v1Moiu/JzLNAMm6WxRlAkMCZ7mgvtcMQpibIBQxc1fMR0SRSiY9KomBHf+5EVon9ddp+7eXdQa12UcFXSIjtEpctElaqBb1EQtRNEjekav6M16sl6sd+tj1rpklTMH6I+szx/B95pJ</latexit><latexit sha1_base64="efo5AM7EnuAsKpV9dznjHTMxcSE=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJCLosunFZwV6gCWEynbRDJ5MwcyKU0LUbX8WNC0Xc+gTufBunaRba+sPAx3/O4cz5w1RwDY7zbS0tr6yurVc2qptb2zu79t5+WyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upnWOw9MaZ7IexinzI/JQPKIUwLGCuyjQZAPo2iCPc1j7AGRXsiAnGGPJlBgYNeculMIL4JbQg2Vagb2l9dPaBYzCVQQrXuuk4KfEwWcCjapeplmKaEjMmA9g5LETPt5ccoEnxinj6NEmScBF+7viZzEWo/j0HTGBIZ6vjY1/6v1Moiu/JzLNAMm6WxRlAkMCZ7mgvtcMQpibIBQxc1fMR0SRSiY9KomBHf+5EVon9ddp+7eXdQa12UcFXSIjtEpctElaqBb1EQtRNEjekav6M16sl6sd+tj1rpklTMH6I+szx/B95pJ</latexit><latexit sha1_base64="efo5AM7EnuAsKpV9dznjHTMxcSE=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJCLosunFZwV6gCWEynbRDJ5MwcyKU0LUbX8WNC0Xc+gTufBunaRba+sPAx3/O4cz5w1RwDY7zbS0tr6yurVc2qptb2zu79t5+WyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upnWOw9MaZ7IexinzI/JQPKIUwLGCuyjQZAPo2iCPc1j7AGRXsiAnGGPJlBgYNeculMIL4JbQg2Vagb2l9dPaBYzCVQQrXuuk4KfEwWcCjapeplmKaEjMmA9g5LETPt5ccoEnxinj6NEmScBF+7viZzEWo/j0HTGBIZ6vjY1/6v1Moiu/JzLNAMm6WxRlAkMCZ7mgvtcMQpibIBQxc1fMR0SRSiY9KomBHf+5EVon9ddp+7eXdQa12UcFXSIjtEpctElaqBb1EQtRNEjekav6M16sl6sd+tj1rpklTMH6I+szx/B95pJ</latexit>

No mixing

H
+ ! W

+ +MET
<latexit sha1_base64="kLZtDDey3z20B7OqaZvS6rklF0s=">AAACAHicbVBLSwMxGMzWV62vVQ8evASLIBTKrgh6LIrQi1ChL+iuJZtm29AkuyRZoSx78a948aCIV3+GN/+NabsHbR0IGWa+j2QmiBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gnGN1O/80ikopFo6klMfI6GgoYUI22kvn1Uf6hAT0ewY+4KTD3J4d1tM+vbZafqzACXiZuTMsjR6Ntf3iDCCSdCY4aU6rlOrP0USU0xI1nJSxSJER6jIekZKhAnyk9nATJ4apQBDCNpjtBwpv7eSBFXasIDM8mRHqlFbyr+5/USHV75KRVxoonA84fChEETeNoGHFBJsGYTQxCW1PwV4hGSCGvTWcmU4C5GXibt86rrVN37i3LtOq+jCI7BCTgDLrgENVAHDdACGGTgGbyCN+vJerHerY/5aMHKdw7BH1ifP3hUlGU=</latexit><latexit sha1_base64="kLZtDDey3z20B7OqaZvS6rklF0s=">AAACAHicbVBLSwMxGMzWV62vVQ8evASLIBTKrgh6LIrQi1ChL+iuJZtm29AkuyRZoSx78a948aCIV3+GN/+NabsHbR0IGWa+j2QmiBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gnGN1O/80ikopFo6klMfI6GgoYUI22kvn1Uf6hAT0ewY+4KTD3J4d1tM+vbZafqzACXiZuTMsjR6Ntf3iDCCSdCY4aU6rlOrP0USU0xI1nJSxSJER6jIekZKhAnyk9nATJ4apQBDCNpjtBwpv7eSBFXasIDM8mRHqlFbyr+5/USHV75KRVxoonA84fChEETeNoGHFBJsGYTQxCW1PwV4hGSCGvTWcmU4C5GXibt86rrVN37i3LtOq+jCI7BCTgDLrgENVAHDdACGGTgGbyCN+vJerHerY/5aMHKdw7BH1ifP3hUlGU=</latexit><latexit sha1_base64="kLZtDDey3z20B7OqaZvS6rklF0s=">AAACAHicbVBLSwMxGMzWV62vVQ8evASLIBTKrgh6LIrQi1ChL+iuJZtm29AkuyRZoSx78a948aCIV3+GN/+NabsHbR0IGWa+j2QmiBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gnGN1O/80ikopFo6klMfI6GgoYUI22kvn1Uf6hAT0ewY+4KTD3J4d1tM+vbZafqzACXiZuTMsjR6Ntf3iDCCSdCY4aU6rlOrP0USU0xI1nJSxSJER6jIekZKhAnyk9nATJ4apQBDCNpjtBwpv7eSBFXasIDM8mRHqlFbyr+5/USHV75KRVxoonA84fChEETeNoGHFBJsGYTQxCW1PwV4hGSCGvTWcmU4C5GXibt86rrVN37i3LtOq+jCI7BCTgDLrgENVAHDdACGGTgGbyCN+vJerHerY/5aMHKdw7BH1ifP3hUlGU=</latexit><latexit sha1_base64="kLZtDDey3z20B7OqaZvS6rklF0s=">AAACAHicbVBLSwMxGMzWV62vVQ8evASLIBTKrgh6LIrQi1ChL+iuJZtm29AkuyRZoSx78a948aCIV3+GN/+NabsHbR0IGWa+j2QmiBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gnGN1O/80ikopFo6klMfI6GgoYUI22kvn1Uf6hAT0ewY+4KTD3J4d1tM+vbZafqzACXiZuTMsjR6Ntf3iDCCSdCY4aU6rlOrP0USU0xI1nJSxSJER6jIekZKhAnyk9nATJ4apQBDCNpjtBwpv7eSBFXasIDM8mRHqlFbyr+5/USHV75KRVxoonA84fChEETeNoGHFBJsGYTQxCW1PwV4hGSCGvTWcmU4C5GXibt86rrVN37i3LtOq+jCI7BCTgDLrgENVAHDdACGGTgGbyCN+vJerHerY/5aMHKdw7BH1ifP3hUlGU=</latexit>

A ! hZ
<latexit sha1_base64="9+HdAGc8wRLzns2f8AHkcvZb36I=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7EPboWTSTBuax5BkhDL0K9y4UMStn+POvzFtZ6GtBwKHc+4l95wo4cxY3//2Ciura+sbxc3S1vbO7l55/6BpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaikY3U7/1RLVhSt7bcUJDgQeSxYxg66SHK9S1Cg3RY69c8av+DGiZBDmpQI56r/zV7SuSCiot4diYTuAnNsywtoxwOil1U0MTTEZ4QDuOSiyoCbPZwRN04pQ+ipV2T1o0U39vZFgYMxaRmxTYDs2iNxX/8zqpjS/DjMkktVSS+UdxypELOU2P+kxTYvnYEUw0c7ciMsQaE+s6KrkSgsXIy6R5Vg38anB3Xqld53UU4QiO4RQCuIAa3EIdGkBAwDO8wpunvRfv3fuYjxa8fOcQ/sD7/AFf5I92</latexit><latexit sha1_base64="9+HdAGc8wRLzns2f8AHkcvZb36I=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7EPboWTSTBuax5BkhDL0K9y4UMStn+POvzFtZ6GtBwKHc+4l95wo4cxY3//2Ciura+sbxc3S1vbO7l55/6BpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaikY3U7/1RLVhSt7bcUJDgQeSxYxg66SHK9S1Cg3RY69c8av+DGiZBDmpQI56r/zV7SuSCiot4diYTuAnNsywtoxwOil1U0MTTEZ4QDuOSiyoCbPZwRN04pQ+ipV2T1o0U39vZFgYMxaRmxTYDs2iNxX/8zqpjS/DjMkktVSS+UdxypELOU2P+kxTYvnYEUw0c7ciMsQaE+s6KrkSgsXIy6R5Vg38anB3Xqld53UU4QiO4RQCuIAa3EIdGkBAwDO8wpunvRfv3fuYjxa8fOcQ/sD7/AFf5I92</latexit><latexit sha1_base64="9+HdAGc8wRLzns2f8AHkcvZb36I=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7EPboWTSTBuax5BkhDL0K9y4UMStn+POvzFtZ6GtBwKHc+4l95wo4cxY3//2Ciura+sbxc3S1vbO7l55/6BpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaikY3U7/1RLVhSt7bcUJDgQeSxYxg66SHK9S1Cg3RY69c8av+DGiZBDmpQI56r/zV7SuSCiot4diYTuAnNsywtoxwOil1U0MTTEZ4QDuOSiyoCbPZwRN04pQ+ipV2T1o0U39vZFgYMxaRmxTYDs2iNxX/8zqpjS/DjMkktVSS+UdxypELOU2P+kxTYvnYEUw0c7ciMsQaE+s6KrkSgsXIy6R5Vg38anB3Xqld53UU4QiO4RQCuIAa3EIdGkBAwDO8wpunvRfv3fuYjxa8fOcQ/sD7/AFf5I92</latexit><latexit sha1_base64="9+HdAGc8wRLzns2f8AHkcvZb36I=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7EPboWTSTBuax5BkhDL0K9y4UMStn+POvzFtZ6GtBwKHc+4l95wo4cxY3//2Ciura+sbxc3S1vbO7l55/6BpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaikY3U7/1RLVhSt7bcUJDgQeSxYxg66SHK9S1Cg3RY69c8av+DGiZBDmpQI56r/zV7SuSCiot4diYTuAnNsywtoxwOil1U0MTTEZ4QDuOSiyoCbPZwRN04pQ+ipV2T1o0U39vZFgYMxaRmxTYDs2iNxX/8zqpjS/DjMkktVSS+UdxypELOU2P+kxTYvnYEUw0c7ciMsQaE+s6KrkSgsXIy6R5Vg38anB3Xqld53UU4QiO4RQCuIAa3EIdGkBAwDO8wpunvRfv3fuYjxa8fOcQ/sD7/AFf5I92</latexit>

H ! AZ
<latexit sha1_base64="ZB0HWzcp1Jf2JCG8KKJ6NKCuRHU=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl102UF+8B2KJk004ZmMmNyRyhDf8KNC0Xc+jvu/BvTdhbaeiBwOOdecs8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKzucZxwP6IDJULBKFqpXSNdjMn1Q69UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZvRNyapU+CWNtn0IyU39vZDQyZhwFdjKiODSL3lT8z+ukGF75mVBJilyx+UdhKonNOA1P+kJzhnJsCWVa2FsJG1JNGdqKirYEbzHyMmmeVzy34t1dlKs3eR0FOIYTOAMPLqEKNahDAxhIeIZXeHMenRfn3fmYj644+c4R/IHz+QPXpY8s</latexit><latexit sha1_base64="ZB0HWzcp1Jf2JCG8KKJ6NKCuRHU=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl102UF+8B2KJk004ZmMmNyRyhDf8KNC0Xc+jvu/BvTdhbaeiBwOOdecs8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKzucZxwP6IDJULBKFqpXSNdjMn1Q69UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZvRNyapU+CWNtn0IyU39vZDQyZhwFdjKiODSL3lT8z+ukGF75mVBJilyx+UdhKonNOA1P+kJzhnJsCWVa2FsJG1JNGdqKirYEbzHyMmmeVzy34t1dlKs3eR0FOIYTOAMPLqEKNahDAxhIeIZXeHMenRfn3fmYj644+c4R/IHz+QPXpY8s</latexit><latexit sha1_base64="ZB0HWzcp1Jf2JCG8KKJ6NKCuRHU=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl102UF+8B2KJk004ZmMmNyRyhDf8KNC0Xc+jvu/BvTdhbaeiBwOOdecs8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKzucZxwP6IDJULBKFqpXSNdjMn1Q69UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZvRNyapU+CWNtn0IyU39vZDQyZhwFdjKiODSL3lT8z+ukGF75mVBJilyx+UdhKonNOA1P+kJzhnJsCWVa2FsJG1JNGdqKirYEbzHyMmmeVzy34t1dlKs3eR0FOIYTOAMPLqEKNahDAxhIeIZXeHMenRfn3fmYj644+c4R/IHz+QPXpY8s</latexit><latexit sha1_base64="ZB0HWzcp1Jf2JCG8KKJ6NKCuRHU=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl102UF+8B2KJk004ZmMmNyRyhDf8KNC0Xc+jvu/BvTdhbaeiBwOOdecs8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKzucZxwP6IDJULBKFqpXSNdjMn1Q69UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZvRNyapU+CWNtn0IyU39vZDQyZhwFdjKiODSL3lT8z+ukGF75mVBJilyx+UdhKonNOA1P+kJzhnJsCWVa2FsJG1JNGdqKirYEbzHyMmmeVzy34t1dlKs3eR0FOIYTOAMPLqEKNahDAxhIeIZXeHMenRfn3fmYj644+c4R/IHz+QPXpY8s</latexit>

ghff
ghSMff

' ghV V

ghSMV V
⇠ mixing angle

<latexit sha1_base64="HhFQx6LUshqQY/oW+F+5xcNNYF0="></latexit><latexit sha1_base64="HhFQx6LUshqQY/oW+F+5xcNNYF0="></latexit><latexit sha1_base64="HhFQx6LUshqQY/oW+F+5xcNNYF0="></latexit><latexit sha1_base64="HhFQx6LUshqQY/oW+F+5xcNNYF0="></latexit>

P. F. Perez, H. Patel, M. Ramsey-Musolf, 
K. Wang, PRD79(2009)055024

H ! hh,AA, bb, tt
<latexit sha1_base64="zCI0reD6QKXuIE5lFdhvBYAXnZw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi5b3XRZwT6gDWUynTRDJ5MwcyPUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee/xEcA2O822trK6tb2wWtorbO7t7+/bBYUvHqaKsSWMRq45PNBNcsiZwEKyTKEYiX7C2P7qd+u0HpjSP5T2ME+ZFZCh5wCkBI/Xt4zruQYzDsIxrtTL2/TIG6Nslp+LMgJeJm5MSytHo21+9QUzTiEmggmjddZ0EvIwo4FSwSbGXapYQOiJD1jVUkohpL5tdP8FnRhngIFamJOCZ+nsiI5HW48g3nRGBUC96U/E/r5tCcO1lXCYpMEnni4JUYPPvNAo84IpREGNDCFXc3IppSBShYAIrmhDcxZeXSeui4joV9+6yVL3J4yigE3SKzpGLrlAV1VEDNRFFj+gZvaI368l6sd6tj3nripXPHKE/sD5/ADEzkxw=</latexit><latexit sha1_base64="zCI0reD6QKXuIE5lFdhvBYAXnZw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi5b3XRZwT6gDWUynTRDJ5MwcyPUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee/xEcA2O822trK6tb2wWtorbO7t7+/bBYUvHqaKsSWMRq45PNBNcsiZwEKyTKEYiX7C2P7qd+u0HpjSP5T2ME+ZFZCh5wCkBI/Xt4zruQYzDsIxrtTL2/TIG6Nslp+LMgJeJm5MSytHo21+9QUzTiEmggmjddZ0EvIwo4FSwSbGXapYQOiJD1jVUkohpL5tdP8FnRhngIFamJOCZ+nsiI5HW48g3nRGBUC96U/E/r5tCcO1lXCYpMEnni4JUYPPvNAo84IpREGNDCFXc3IppSBShYAIrmhDcxZeXSeui4joV9+6yVL3J4yigE3SKzpGLrlAV1VEDNRFFj+gZvaI368l6sd6tj3nripXPHKE/sD5/ADEzkxw=</latexit><latexit sha1_base64="zCI0reD6QKXuIE5lFdhvBYAXnZw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi5b3XRZwT6gDWUynTRDJ5MwcyPUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee/xEcA2O822trK6tb2wWtorbO7t7+/bBYUvHqaKsSWMRq45PNBNcsiZwEKyTKEYiX7C2P7qd+u0HpjSP5T2ME+ZFZCh5wCkBI/Xt4zruQYzDsIxrtTL2/TIG6Nslp+LMgJeJm5MSytHo21+9QUzTiEmggmjddZ0EvIwo4FSwSbGXapYQOiJD1jVUkohpL5tdP8FnRhngIFamJOCZ+nsiI5HW48g3nRGBUC96U/E/r5tCcO1lXCYpMEnni4JUYPPvNAo84IpREGNDCFXc3IppSBShYAIrmhDcxZeXSeui4joV9+6yVL3J4yigE3SKzpGLrlAV1VEDNRFFj+gZvaI368l6sd6tj3nripXPHKE/sD5/ADEzkxw=</latexit><latexit sha1_base64="zCI0reD6QKXuIE5lFdhvBYAXnZw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi5b3XRZwT6gDWUynTRDJ5MwcyPUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee/xEcA2O822trK6tb2wWtorbO7t7+/bBYUvHqaKsSWMRq45PNBNcsiZwEKyTKEYiX7C2P7qd+u0HpjSP5T2ME+ZFZCh5wCkBI/Xt4zruQYzDsIxrtTL2/TIG6Nslp+LMgJeJm5MSytHo21+9QUzTiEmggmjddZ0EvIwo4FSwSbGXapYQOiJD1jVUkohpL5tdP8FnRhngIFamJOCZ+nsiI5HW48g3nRGBUC96U/E/r5tCcO1lXCYpMEnni4JUYPPvNAo84IpREGNDCFXc3IppSBShYAIrmhDcxZeXSeui4joV9+6yVL3J4yigE3SKzpGLrlAV1VEDNRFFj+gZvaI368l6sd6tj3nripXPHKE/sD5/ADEzkxw=</latexit>

H
+ ! WZ

<latexit sha1_base64="xQfH0g0aagKcOWDQwivKj1sGkv8=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBEEocyIoMuimy4r2AdOx5JJM21oZjIkd4RS+hluXCji1q9x59+YtrPQ1gOBwzn3kntOmEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJXc4yjlQUz7iYgEo2glv/Z4TjqoSIs8dEtlt+LOQJaJl5My5Kh3S1+dnmJZzBNkkhrje26KwZhqFEzySbGTGZ5SNqR97lua0JibYDw7eUJOrdIjkdL2JUhm6u+NMY2NGcWhnYwpDsyiNxX/8/wMo+tgLJI0Q56w+UdRJokNOc1PekJzhnJkCWVa2FsJG1BNGdqWirYEbzHyMmleVDy34t1dlqs3eR0FOIYTOAMPrqAKNahDAxgoeIZXeHPQeXHenY/56IqT7xzBHzifP2+lkAk=</latexit><latexit sha1_base64="xQfH0g0aagKcOWDQwivKj1sGkv8=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBEEocyIoMuimy4r2AdOx5JJM21oZjIkd4RS+hluXCji1q9x59+YtrPQ1gOBwzn3kntOmEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJXc4yjlQUz7iYgEo2glv/Z4TjqoSIs8dEtlt+LOQJaJl5My5Kh3S1+dnmJZzBNkkhrje26KwZhqFEzySbGTGZ5SNqR97lua0JibYDw7eUJOrdIjkdL2JUhm6u+NMY2NGcWhnYwpDsyiNxX/8/wMo+tgLJI0Q56w+UdRJokNOc1PekJzhnJkCWVa2FsJG1BNGdqWirYEbzHyMmleVDy34t1dlqs3eR0FOIYTOAMPrqAKNahDAxgoeIZXeHPQeXHenY/56IqT7xzBHzifP2+lkAk=</latexit><latexit sha1_base64="xQfH0g0aagKcOWDQwivKj1sGkv8=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBEEocyIoMuimy4r2AdOx5JJM21oZjIkd4RS+hluXCji1q9x59+YtrPQ1gOBwzn3kntOmEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJXc4yjlQUz7iYgEo2glv/Z4TjqoSIs8dEtlt+LOQJaJl5My5Kh3S1+dnmJZzBNkkhrje26KwZhqFEzySbGTGZ5SNqR97lua0JibYDw7eUJOrdIjkdL2JUhm6u+NMY2NGcWhnYwpDsyiNxX/8/wMo+tgLJI0Q56w+UdRJokNOc1PekJzhnJkCWVa2FsJG1BNGdqWirYEbzHyMmleVDy34t1dlqs3eR0FOIYTOAMPrqAKNahDAxgoeIZXeHPQeXHenY/56IqT7xzBHzifP2+lkAk=</latexit><latexit sha1_base64="xQfH0g0aagKcOWDQwivKj1sGkv8=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBEEocyIoMuimy4r2AdOx5JJM21oZjIkd4RS+hluXCji1q9x59+YtrPQ1gOBwzn3kntOmEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNCrTjDeYkkq3Q2q4FAlvoEDJ26nmNA4lb4XD26nfeuLaCJXc4yjlQUz7iYgEo2glv/Z4TjqoSIs8dEtlt+LOQJaJl5My5Kh3S1+dnmJZzBNkkhrje26KwZhqFEzySbGTGZ5SNqR97lua0JibYDw7eUJOrdIjkdL2JUhm6u+NMY2NGcWhnYwpDsyiNxX/8/wMo+tgLJI0Q56w+UdRJokNOc1PekJzhnJkCWVa2FsJG1BNGdqWirYEbzHyMmleVDy34t1dlqs3eR0FOIYTOAMPrqAKNahDAxgoeIZXeHPQeXHenY/56IqT7xzBHzifP2+lkAk=</latexit>

Extended Scalar Models

Q.-H. Cao, E. Ma, G. Rajasekaran,
PRD76(2007)095011

P. F. Perez, T. Han, G. Huang, T. Li 
K. Wang, PRD78(2008)015018

Y. Cai, T. Han, T. Li, R. Ruiz, F.Phy6(2018)40
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Vacuum Stability
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Additional scalar helps Higgs quartic positive up to Planck scale

Higgs potential at large field value

M.-L. Xiao, JHY, PRD90(2014)014007

J. Elias-Miro, J. Espinosa, G. Giudice, A. Strumia, JHEP1206(2012)031
Other Goldstone or

New elementary scalar
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Higgs Inflation
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VE =
��4

4(1 + ⇠�2/M2
p )

2
! flat at large �

S =
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4
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p
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2
R+ LHiggs + · · ·

�
<latexit sha1_base64="NSwcn0CuUkyQqN249JhMg4vTmPs="></latexit><latexit sha1_base64="NSwcn0CuUkyQqN249JhMg4vTmPs="></latexit><latexit sha1_base64="NSwcn0CuUkyQqN249JhMg4vTmPs="></latexit><latexit sha1_base64="NSwcn0CuUkyQqN249JhMg4vTmPs="></latexit>

Additional scalar helps Higgs inflation!
Aravind, Xiao, JHY, PRD93(2016)123513

H.-J. He, Z.-Z. Xianyu, JCAP1410(2014)019

H.-Y. Chen, I. Gogoladze, S. Hu, T.-j. Li, L. Wu,1805.00161
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Electroweak Baryogenesis
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75 GeV

125 GeV

Baryon number violation

Departure from equilibrium at early universe!
C and CP violation

Scalar 
d.o.f First order

SM is crossover!



Jiang-Hao Yu

First Order Phase Transition
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Huang, JHY, PRD98(2018)095022

A. Katz, M. Perelstein, M. Ramsey-Musolf, 
P. Winslow, PRD92(2015)095019

M.-L. Xiao, JHY, PRD94(2016)015011

W. Huang, Z. Kang, J. Shu, P. Wu, J.-M. Yang,
PRD91(2015)025006

Additional scalar helps develop loop or tree level barrier

¢  Tree level barrier¢  Loop level barrier

S. Profumo, M. Ramsey-Musolf, C. Wainwright, 
P. Winslow, PRD91(2015)035018

(Other Goldstone or New elementary scalar)
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Gravitational Wave (GW)
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F. P. Huang, JHY, PRD98(2018)095022

W. Chao, H.-K. Guo, J. Shu, JCAP 1709(2017)009

F. P. Huang, P.-H. Gu, P.-F. Yin, Z.-H. Yu, X.-m. Zhang, PRD93(2016)103515

First order phase transition generates GW signal  

Q.-H. Cao, F. P. Huang, K.-P. Xie, X.-m.Zhang, CPC42(2018)023103

Interplay among baryon asymmetry, collider and GW signatures

R.-G. Cai, M. Sasaki, S.-J. Wang, JCAP 1708(2017)004



Jiang-Hao Yu

Bottom up Approach
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Higgs is not elementary Higgs is elementary

Goldstone Higgs Extended scalar 
model

Strongly interacting 
Higgs EFT

Weakly interacting 
Higgs EFT

Integrate out sub-TeV scalar
<latexit sha1_base64="Zy5QFpB+vFOdlesQ2fd2FK6O2m0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCjeEujZZBG+0iJFGIR5jbTOKSvb1jd04IIY2Nf8XGQhFb/4Od/8ZNvMKvBwOP92aYmRelSlry/Q+vMDe/sLhUXC6trK6tb5Q3t9o2yYzAlkhUYq4isKikxhZJUniVGoQ4UngZDU+n/uUtGisT3aRRimEMAy37UgA5qVvePdeEAwOEPMmI2yw6bGKbWwEKTLdc8av+DPwvCXJSYTka3fL7dS8RWYyahAJrO4GfUjgGQ1IonJSuM4spiCEMsOOohhhtOJ59MeH7TunxfmJcaeIz9fvEGGJrR3HkOmOgG/vbm4r/eZ2M+sfhWOo0I9Tia1E/U5wSPo2E96RBQWrkCAgj3a1c3IABQS64kgsh+P3yX9KuVQO/GlzUKvWTPI4i22F77IAF7IjV2RlrsBYT7I49sCf27N17j96L9/rVWvDymW32A97bJ8oymBg=</latexit><latexit sha1_base64="Zy5QFpB+vFOdlesQ2fd2FK6O2m0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCjeEujZZBG+0iJFGIR5jbTOKSvb1jd04IIY2Nf8XGQhFb/4Od/8ZNvMKvBwOP92aYmRelSlry/Q+vMDe/sLhUXC6trK6tb5Q3t9o2yYzAlkhUYq4isKikxhZJUniVGoQ4UngZDU+n/uUtGisT3aRRimEMAy37UgA5qVvePdeEAwOEPMmI2yw6bGKbWwEKTLdc8av+DPwvCXJSYTka3fL7dS8RWYyahAJrO4GfUjgGQ1IonJSuM4spiCEMsOOohhhtOJ59MeH7TunxfmJcaeIz9fvEGGJrR3HkOmOgG/vbm4r/eZ2M+sfhWOo0I9Tia1E/U5wSPo2E96RBQWrkCAgj3a1c3IABQS64kgsh+P3yX9KuVQO/GlzUKvWTPI4i22F77IAF7IjV2RlrsBYT7I49sCf27N17j96L9/rVWvDymW32A97bJ8oymBg=</latexit><latexit sha1_base64="Zy5QFpB+vFOdlesQ2fd2FK6O2m0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCjeEujZZBG+0iJFGIR5jbTOKSvb1jd04IIY2Nf8XGQhFb/4Od/8ZNvMKvBwOP92aYmRelSlry/Q+vMDe/sLhUXC6trK6tb5Q3t9o2yYzAlkhUYq4isKikxhZJUniVGoQ4UngZDU+n/uUtGisT3aRRimEMAy37UgA5qVvePdeEAwOEPMmI2yw6bGKbWwEKTLdc8av+DPwvCXJSYTka3fL7dS8RWYyahAJrO4GfUjgGQ1IonJSuM4spiCEMsOOohhhtOJ59MeH7TunxfmJcaeIz9fvEGGJrR3HkOmOgG/vbm4r/eZ2M+sfhWOo0I9Tia1E/U5wSPo2E96RBQWrkCAgj3a1c3IABQS64kgsh+P3yX9KuVQO/GlzUKvWTPI4i22F77IAF7IjV2RlrsBYT7I49sCf27N17j96L9/rVWvDymW32A97bJ8oymBg=</latexit><latexit sha1_base64="Zy5QFpB+vFOdlesQ2fd2FK6O2m0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCjeEujZZBG+0iJFGIR5jbTOKSvb1jd04IIY2Nf8XGQhFb/4Od/8ZNvMKvBwOP92aYmRelSlry/Q+vMDe/sLhUXC6trK6tb5Q3t9o2yYzAlkhUYq4isKikxhZJUniVGoQ4UngZDU+n/uUtGisT3aRRimEMAy37UgA5qVvePdeEAwOEPMmI2yw6bGKbWwEKTLdc8av+DPwvCXJSYTka3fL7dS8RWYyahAJrO4GfUjgGQ1IonJSuM4spiCEMsOOohhhtOJ59MeH7TunxfmJcaeIz9fvEGGJrR3HkOmOgG/vbm4r/eZ2M+sfhWOo0I9Tia1E/U5wSPo2E96RBQWrkCAgj3a1c3IABQS64kgsh+P3yX9KuVQO/GlzUKvWTPI4i22F77IAF7IjV2RlrsBYT7I49sCf27N17j96L9/rVWvDymW32A97bJ8oymBg=</latexit>

Integrate out TeV heavy states
<latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit><latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit><latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit><latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit>

SM Higgs

Only Higgs
<latexit sha1_base64="eRh7+gMoUbUwwPwnH5FF5PhmvAA=">AAAB8XicbVC7TsMwFL0ur1JeBUYWiwqJqUq6wFjB0o0i0Ydoo8pxnNSq40S2g1RF/QsWBhBi5W/Y+BvcNgO0HMnS0Tn3yvccPxVcG8f5RqWNza3tnfJuZW//4PCoenzS1UmmKOvQRCSq7xPNBJesY7gRrJ8qRmJfsJ4/uZ37vSemNE/kg5mmzItJJHnIKTFWeryTYopbPIr0qFpz6s4CeJ24BalBgfao+jUMEprFTBoqiNYD10mNlxNlOBVsVhlmmqWETkjEBpZKEjPt5YuLZ/jCKgEOE2WfNHih/t7ISaz1NPbtZEzMWK96c/E/b5CZ8NrLuUwzwyRdfhRmApsEz+PjgCtGjQ0dcEIVt7diOiaKUGNLqtgS3NXI66TbqLtO3b1v1Jo3RR1lOINzuAQXrqAJLWhDByhIeIZXeEMavaB39LEcLaFi5xT+AH3+AClvkJA=</latexit><latexit sha1_base64="eRh7+gMoUbUwwPwnH5FF5PhmvAA=">AAAB8XicbVC7TsMwFL0ur1JeBUYWiwqJqUq6wFjB0o0i0Ydoo8pxnNSq40S2g1RF/QsWBhBi5W/Y+BvcNgO0HMnS0Tn3yvccPxVcG8f5RqWNza3tnfJuZW//4PCoenzS1UmmKOvQRCSq7xPNBJesY7gRrJ8qRmJfsJ4/uZ37vSemNE/kg5mmzItJJHnIKTFWeryTYopbPIr0qFpz6s4CeJ24BalBgfao+jUMEprFTBoqiNYD10mNlxNlOBVsVhlmmqWETkjEBpZKEjPt5YuLZ/jCKgEOE2WfNHih/t7ISaz1NPbtZEzMWK96c/E/b5CZ8NrLuUwzwyRdfhRmApsEz+PjgCtGjQ0dcEIVt7diOiaKUGNLqtgS3NXI66TbqLtO3b1v1Jo3RR1lOINzuAQXrqAJLWhDByhIeIZXeEMavaB39LEcLaFi5xT+AH3+AClvkJA=</latexit><latexit sha1_base64="eRh7+gMoUbUwwPwnH5FF5PhmvAA=">AAAB8XicbVC7TsMwFL0ur1JeBUYWiwqJqUq6wFjB0o0i0Ydoo8pxnNSq40S2g1RF/QsWBhBi5W/Y+BvcNgO0HMnS0Tn3yvccPxVcG8f5RqWNza3tnfJuZW//4PCoenzS1UmmKOvQRCSq7xPNBJesY7gRrJ8qRmJfsJ4/uZ37vSemNE/kg5mmzItJJHnIKTFWeryTYopbPIr0qFpz6s4CeJ24BalBgfao+jUMEprFTBoqiNYD10mNlxNlOBVsVhlmmqWETkjEBpZKEjPt5YuLZ/jCKgEOE2WfNHih/t7ISaz1NPbtZEzMWK96c/E/b5CZ8NrLuUwzwyRdfhRmApsEz+PjgCtGjQ0dcEIVt7diOiaKUGNLqtgS3NXI66TbqLtO3b1v1Jo3RR1lOINzuAQXrqAJLWhDByhIeIZXeEMavaB39LEcLaFi5xT+AH3+AClvkJA=</latexit><latexit sha1_base64="eRh7+gMoUbUwwPwnH5FF5PhmvAA=">AAAB8XicbVC7TsMwFL0ur1JeBUYWiwqJqUq6wFjB0o0i0Ydoo8pxnNSq40S2g1RF/QsWBhBi5W/Y+BvcNgO0HMnS0Tn3yvccPxVcG8f5RqWNza3tnfJuZW//4PCoenzS1UmmKOvQRCSq7xPNBJesY7gRrJ8qRmJfsJ4/uZ37vSemNE/kg5mmzItJJHnIKTFWeryTYopbPIr0qFpz6s4CeJ24BalBgfao+jUMEprFTBoqiNYD10mNlxNlOBVsVhlmmqWETkjEBpZKEjPt5YuLZ/jCKgEOE2WfNHih/t7ISaz1NPbtZEzMWK96c/E/b5CZ8NrLuUwzwyRdfhRmApsEz+PjgCtGjQ0dcEIVt7diOiaKUGNLqtgS3NXI66TbqLtO3b1v1Jo3RR1lOINzuAQXrqAJLWhDByhIeIZXeEMavaB39LEcLaFi5xT+AH3+AClvkJA=</latexit>

Higgs + scalar
<latexit sha1_base64="7uv7zSU8JI+Df75+01fdxQOAXUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEErSix6LXnqsYFuhjWWy3aZLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRVmLxiJW9wFqJrhkLcONYPeJYhgFgnWC8c3M7zwypXks78wkYX6EoeRDTtFY6aHBw1CTC6IpClT9csWtunOQVeLlpAI5mv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COMWRdSyVGTPvZ/OopObPKgAxjZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UzO88jMuk9QwSReLhqkgJiazCMiAK0aNmFiCVHF7K6EjVEiNDapkQ/CWX14l7VrVc6veba1Sv87jKMIJnMI5eHAJdWhAE1pAQcEzvMKb8+S8OO/Ox6K14OQzx/AHzucPfmKR1w==</latexit><latexit sha1_base64="7uv7zSU8JI+Df75+01fdxQOAXUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEErSix6LXnqsYFuhjWWy3aZLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRVmLxiJW9wFqJrhkLcONYPeJYhgFgnWC8c3M7zwypXks78wkYX6EoeRDTtFY6aHBw1CTC6IpClT9csWtunOQVeLlpAI5mv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COMWRdSyVGTPvZ/OopObPKgAxjZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UzO88jMuk9QwSReLhqkgJiazCMiAK0aNmFiCVHF7K6EjVEiNDapkQ/CWX14l7VrVc6veba1Sv87jKMIJnMI5eHAJdWhAE1pAQcEzvMKb8+S8OO/Ox6K14OQzx/AHzucPfmKR1w==</latexit><latexit sha1_base64="7uv7zSU8JI+Df75+01fdxQOAXUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEErSix6LXnqsYFuhjWWy3aZLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRVmLxiJW9wFqJrhkLcONYPeJYhgFgnWC8c3M7zwypXks78wkYX6EoeRDTtFY6aHBw1CTC6IpClT9csWtunOQVeLlpAI5mv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COMWRdSyVGTPvZ/OopObPKgAxjZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UzO88jMuk9QwSReLhqkgJiazCMiAK0aNmFiCVHF7K6EjVEiNDapkQ/CWX14l7VrVc6veba1Sv87jKMIJnMI5eHAJdWhAE1pAQcEzvMKb8+S8OO/Ox6K14OQzx/AHzucPfmKR1w==</latexit><latexit sha1_base64="7uv7zSU8JI+Df75+01fdxQOAXUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEErSix6LXnqsYFuhjWWy3aZLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRVmLxiJW9wFqJrhkLcONYPeJYhgFgnWC8c3M7zwypXks78wkYX6EoeRDTtFY6aHBw1CTC6IpClT9csWtunOQVeLlpAI5mv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COMWRdSyVGTPvZ/OopObPKgAxjZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UzO88jMuk9QwSReLhqkgJiazCMiAK0aNmFiCVHF7K6EjVEiNDapkQ/CWX14l7VrVc6veba1Sv87jKMIJnMI5eHAJdWhAE1pAQcEzvMKb8+S8OO/Ox6K14OQzx/AHzucPfmKR1w==</latexit>

with exotic decay
<latexit sha1_base64="42D3HRhXV2g/FmzNTfws96m5Qnw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKxgYSwSfUhtVTnOTWvVcSLboUShn8LCAEKsfAkbf4PTZoCWI13p6Jx77XuPF3OmtON8W6WNza3tnfJuZW//4PDIrh53VJRICm0a8Uj2PKKAMwFtzTSHXiyBhB6Hrje9yf3uA0jFInGv0xiGIRkLFjBKtJFGdnXG9ATDY6QZxT5Qko7smlN3FsDrxC1IDRVojeyvgR/RJAShKSdK9V0n1sOMSPMkh3llkCiICZ2SMfQNFSQENcwWq8/xuVF8HETSlNB4of6eyEioVBp6pjMkeqJWvVz8z+snOrgaZkzEiQZBlx8FCcc6wnkO2GcSqOapIYRKlp9PJ0QSqk1aFROCu3ryOuk06q5Td+8ateZ1EUcZnaIzdIFcdIma6Ba1UBtRNEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ARvTk+E=</latexit><latexit sha1_base64="42D3HRhXV2g/FmzNTfws96m5Qnw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKxgYSwSfUhtVTnOTWvVcSLboUShn8LCAEKsfAkbf4PTZoCWI13p6Jx77XuPF3OmtON8W6WNza3tnfJuZW//4PDIrh53VJRICm0a8Uj2PKKAMwFtzTSHXiyBhB6Hrje9yf3uA0jFInGv0xiGIRkLFjBKtJFGdnXG9ATDY6QZxT5Qko7smlN3FsDrxC1IDRVojeyvgR/RJAShKSdK9V0n1sOMSPMkh3llkCiICZ2SMfQNFSQENcwWq8/xuVF8HETSlNB4of6eyEioVBp6pjMkeqJWvVz8z+snOrgaZkzEiQZBlx8FCcc6wnkO2GcSqOapIYRKlp9PJ0QSqk1aFROCu3ryOuk06q5Td+8ateZ1EUcZnaIzdIFcdIma6Ba1UBtRNEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ARvTk+E=</latexit><latexit sha1_base64="42D3HRhXV2g/FmzNTfws96m5Qnw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKxgYSwSfUhtVTnOTWvVcSLboUShn8LCAEKsfAkbf4PTZoCWI13p6Jx77XuPF3OmtON8W6WNza3tnfJuZW//4PDIrh53VJRICm0a8Uj2PKKAMwFtzTSHXiyBhB6Hrje9yf3uA0jFInGv0xiGIRkLFjBKtJFGdnXG9ATDY6QZxT5Qko7smlN3FsDrxC1IDRVojeyvgR/RJAShKSdK9V0n1sOMSPMkh3llkCiICZ2SMfQNFSQENcwWq8/xuVF8HETSlNB4of6eyEioVBp6pjMkeqJWvVz8z+snOrgaZkzEiQZBlx8FCcc6wnkO2GcSqOapIYRKlp9PJ0QSqk1aFROCu3ryOuk06q5Td+8ateZ1EUcZnaIzdIFcdIma6Ba1UBtRNEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ARvTk+E=</latexit><latexit sha1_base64="42D3HRhXV2g/FmzNTfws96m5Qnw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKxgYSwSfUhtVTnOTWvVcSLboUShn8LCAEKsfAkbf4PTZoCWI13p6Jx77XuPF3OmtON8W6WNza3tnfJuZW//4PDIrh53VJRICm0a8Uj2PKKAMwFtzTSHXiyBhB6Hrje9yf3uA0jFInGv0xiGIRkLFjBKtJFGdnXG9ATDY6QZxT5Qko7smlN3FsDrxC1IDRVojeyvgR/RJAShKSdK9V0n1sOMSPMkh3llkCiICZ2SMfQNFSQENcwWq8/xuVF8HETSlNB4of6eyEioVBp6pjMkeqJWvVz8z+snOrgaZkzEiQZBlx8FCcc6wnkO2GcSqOapIYRKlp9PJ0QSqk1aFROCu3ryOuk06q5Td+8ateZ1EUcZnaIzdIFcdIma6Ba1UBtRNEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ARvTk+E=</latexit>
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<latexit sha1_base64="N+tvkDFblSjF0xsKMGAFjORcSzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2m3Tp7ibubgol9Hd48aCIV3+MN/+N2zQHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcr/wu1OqNIvlo5kl1Bc4kixkBBsr+WKYDZRATRZFej6s1ty6mwOtE68gNSjQGla/BqOYpIJKQzjWuu+5ifEzrAwjnM4rg1TTBJMJjmjfUokF1X6WHz1HF1YZoTBWtqRBufp7IsNC65kIbKfAZqxXvYX4n9dPTXjrZ0wmqaGSLBeFKUcmRosE0IgpSgyfWYKJYvZWRMZYYWJsThUbgrf68jrpXNU9t+49XNcad0UcZTiDc7gED26gAU1oQRsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MHt+CSDQ==</latexit><latexit sha1_base64="N+tvkDFblSjF0xsKMGAFjORcSzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2m3Tp7ibubgol9Hd48aCIV3+MN/+N2zQHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcr/wu1OqNIvlo5kl1Bc4kixkBBsr+WKYDZRATRZFej6s1ty6mwOtE68gNSjQGla/BqOYpIJKQzjWuu+5ifEzrAwjnM4rg1TTBJMJjmjfUokF1X6WHz1HF1YZoTBWtqRBufp7IsNC65kIbKfAZqxXvYX4n9dPTXjrZ0wmqaGSLBeFKUcmRosE0IgpSgyfWYKJYvZWRMZYYWJsThUbgrf68jrpXNU9t+49XNcad0UcZTiDc7gED26gAU1oQRsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MHt+CSDQ==</latexit><latexit sha1_base64="N+tvkDFblSjF0xsKMGAFjORcSzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2m3Tp7ibubgol9Hd48aCIV3+MN/+N2zQHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcr/wu1OqNIvlo5kl1Bc4kixkBBsr+WKYDZRATRZFej6s1ty6mwOtE68gNSjQGla/BqOYpIJKQzjWuu+5ifEzrAwjnM4rg1TTBJMJjmjfUokF1X6WHz1HF1YZoTBWtqRBufp7IsNC65kIbKfAZqxXvYX4n9dPTXjrZ0wmqaGSLBeFKUcmRosE0IgpSgyfWYKJYvZWRMZYYWJsThUbgrf68jrpXNU9t+49XNcad0UcZTiDc7gED26gAU1oQRsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MHt+CSDQ==</latexit><latexit sha1_base64="N+tvkDFblSjF0xsKMGAFjORcSzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2m3Tp7ibubgol9Hd48aCIV3+MN/+N2zQHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcr/wu1OqNIvlo5kl1Bc4kixkBBsr+WKYDZRATRZFej6s1ty6mwOtE68gNSjQGla/BqOYpIJKQzjWuu+5ifEzrAwjnM4rg1TTBJMJjmjfUokF1X6WHz1HF1YZoTBWtqRBufp7IsNC65kIbKfAZqxXvYX4n9dPTXjrZ0wmqaGSLBeFKUcmRosE0IgpSgyfWYKJYvZWRMZYYWJsThUbgrf68jrpXNU9t+49XNcad0UcZTiDc7gED26gAU1oQRsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MHt+CSDQ==</latexit>

Electroweak breaking scale
<latexit sha1_base64="jFvm2Ni/2/tFQfw3ZCmCiNijovY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnpRpdFEVxWsA9oh5JJ77ShmWRIMkoZCm78FTcuFHHrT7jzb0zbWWjrgcDhnHu4uSdMONPG876dwsrq2vpGcbO0tb2zu+fuHzS1TBWFBpVcqnZINHAmoGGY4dBOFJA45NAKR1dTv3UPSjMp7sw4gSAmA8EiRomxUs89uuZAjZIPQEY4tMkREwOsKeHQc8texZsBLxM/J2WUo95zv7p9SdMYhKGcaN3xvcQEGVGGUQ6TUjfVkBA6IgPoWCpIDDrIZjdM8KlV+jiSyj5h8Ez9nchIrPU4Du1kTMxQL3pT8T+vk5roIsiYSFIDgs4XRSnHRuJpIbjPlG2Ajy0hVDH7V0yHRBFqbG0lW4K/ePIyaVYrvlfxb6vl2mVeRxEdoxN0hnx0jmroBtVRA1H0iJ7RK3pznpwX5935mI8WnDxziP7A+fwB7fCXrg==</latexit><latexit sha1_base64="jFvm2Ni/2/tFQfw3ZCmCiNijovY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnpRpdFEVxWsA9oh5JJ77ShmWRIMkoZCm78FTcuFHHrT7jzb0zbWWjrgcDhnHu4uSdMONPG876dwsrq2vpGcbO0tb2zu+fuHzS1TBWFBpVcqnZINHAmoGGY4dBOFJA45NAKR1dTv3UPSjMp7sw4gSAmA8EiRomxUs89uuZAjZIPQEY4tMkREwOsKeHQc8texZsBLxM/J2WUo95zv7p9SdMYhKGcaN3xvcQEGVGGUQ6TUjfVkBA6IgPoWCpIDDrIZjdM8KlV+jiSyj5h8Ez9nchIrPU4Du1kTMxQL3pT8T+vk5roIsiYSFIDgs4XRSnHRuJpIbjPlG2Ajy0hVDH7V0yHRBFqbG0lW4K/ePIyaVYrvlfxb6vl2mVeRxEdoxN0hnx0jmroBtVRA1H0iJ7RK3pznpwX5935mI8WnDxziP7A+fwB7fCXrg==</latexit><latexit sha1_base64="jFvm2Ni/2/tFQfw3ZCmCiNijovY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnpRpdFEVxWsA9oh5JJ77ShmWRIMkoZCm78FTcuFHHrT7jzb0zbWWjrgcDhnHu4uSdMONPG876dwsrq2vpGcbO0tb2zu+fuHzS1TBWFBpVcqnZINHAmoGGY4dBOFJA45NAKR1dTv3UPSjMp7sw4gSAmA8EiRomxUs89uuZAjZIPQEY4tMkREwOsKeHQc8texZsBLxM/J2WUo95zv7p9SdMYhKGcaN3xvcQEGVGGUQ6TUjfVkBA6IgPoWCpIDDrIZjdM8KlV+jiSyj5h8Ez9nchIrPU4Du1kTMxQL3pT8T+vk5roIsiYSFIDgs4XRSnHRuJpIbjPlG2Ajy0hVDH7V0yHRBFqbG0lW4K/ePIyaVYrvlfxb6vl2mVeRxEdoxN0hnx0jmroBtVRA1H0iJ7RK3pznpwX5935mI8WnDxziP7A+fwB7fCXrg==</latexit><latexit sha1_base64="jFvm2Ni/2/tFQfw3ZCmCiNijovY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnpRpdFEVxWsA9oh5JJ77ShmWRIMkoZCm78FTcuFHHrT7jzb0zbWWjrgcDhnHu4uSdMONPG876dwsrq2vpGcbO0tb2zu+fuHzS1TBWFBpVcqnZINHAmoGGY4dBOFJA45NAKR1dTv3UPSjMp7sw4gSAmA8EiRomxUs89uuZAjZIPQEY4tMkREwOsKeHQc8texZsBLxM/J2WUo95zv7p9SdMYhKGcaN3xvcQEGVGGUQ6TUjfVkBA6IgPoWCpIDDrIZjdM8KlV+jiSyj5h8Ez9nchIrPU4Du1kTMxQL3pT8T+vk5roIsiYSFIDgs4XRSnHRuJpIbjPlG2Ajy0hVDH7V0yHRBFqbG0lW4K/ePIyaVYrvlfxb6vl2mVeRxEdoxN0hnx0jmroBtVRA1H0iJ7RK3pznpwX5935mI8WnDxziP7A+fwB7fCXrg==</latexit>

Warshaw basis
<latexit sha1_base64="3PxE8JSbAvhj1txEAyEzWqyY4Bo=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDGRjwQuZG7Zgw17e+fuHoZc+B02Fhpj64+x89+4wBUKvmSSl/dmdmdekAiujet+O4WNza3tneJuaW//4PCofHzS0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb+d+e8KU5rF8MNOE+REOJQ85RWMlv41Kj/CJ2Ce47pcrbtVdgKwTLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBZqVeqlmCdIxD1rVUYsS0ny2WnpELqwxIGCtb0pCF+nsiw0jraRTYzgjNSK96c/E/r5ua8NrPuExSwyRdfhSmgpiYzBMgA64YNWJqCVLF7a6EjlAhNTankg3BWz15nbRqVc+teve1Sv0mj6MIZ3AOl+DBFdThDhrQBAqP8Ayv8OZMnBfn3flYthacfOYU/sD5/AG0OZIJ</latexit><latexit sha1_base64="3PxE8JSbAvhj1txEAyEzWqyY4Bo=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDGRjwQuZG7Zgw17e+fuHoZc+B02Fhpj64+x89+4wBUKvmSSl/dmdmdekAiujet+O4WNza3tneJuaW//4PCofHzS0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb+d+e8KU5rF8MNOE+REOJQ85RWMlv41Kj/CJ2Ce47pcrbtVdgKwTLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBZqVeqlmCdIxD1rVUYsS0ny2WnpELqwxIGCtb0pCF+nsiw0jraRTYzgjNSK96c/E/r5ua8NrPuExSwyRdfhSmgpiYzBMgA64YNWJqCVLF7a6EjlAhNTankg3BWz15nbRqVc+teve1Sv0mj6MIZ3AOl+DBFdThDhrQBAqP8Ayv8OZMnBfn3flYthacfOYU/sD5/AG0OZIJ</latexit><latexit sha1_base64="3PxE8JSbAvhj1txEAyEzWqyY4Bo=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDGRjwQuZG7Zgw17e+fuHoZc+B02Fhpj64+x89+4wBUKvmSSl/dmdmdekAiujet+O4WNza3tneJuaW//4PCofHzS0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb+d+e8KU5rF8MNOE+REOJQ85RWMlv41Kj/CJ2Ce47pcrbtVdgKwTLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBZqVeqlmCdIxD1rVUYsS0ny2WnpELqwxIGCtb0pCF+nsiw0jraRTYzgjNSK96c/E/r5ua8NrPuExSwyRdfhSmgpiYzBMgA64YNWJqCVLF7a6EjlAhNTankg3BWz15nbRqVc+teve1Sv0mj6MIZ3AOl+DBFdThDhrQBAqP8Ayv8OZMnBfn3flYthacfOYU/sD5/AG0OZIJ</latexit><latexit sha1_base64="3PxE8JSbAvhj1txEAyEzWqyY4Bo=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDGRjwQuZG7Zgw17e+fuHoZc+B02Fhpj64+x89+4wBUKvmSSl/dmdmdekAiujet+O4WNza3tneJuaW//4PCofHzS0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb+d+e8KU5rF8MNOE+REOJQ85RWMlv41Kj/CJ2Ce47pcrbtVdgKwTLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBZqVeqlmCdIxD1rVUYsS0ny2WnpELqwxIGCtb0pCF+nsiw0jraRTYzgjNSK96c/E/r5ua8NrPuExSwyRdfhSmgpiYzBMgA64YNWJqCVLF7a6EjlAhNTankg3BWz15nbRqVc+teve1Sv0mj6MIZ3AOl+DBFdThDhrQBAqP8Ayv8OZMnBfn3flYthacfOYU/sD5/AG0OZIJ</latexit>SILH basis

<latexit sha1_base64="6BOXOuXMlU6dfCYHAk2sa8JMQSQ=">AAAB8XicbVC7SgNBFL0bXzG+opY2g0GwCrtptAzaRLCIaB6YLGF2cjcZMju7zMwKIeQvbCwUsfVv7PwbJ8kWmnhg4HDOPcy9J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3zW0+oNI/lgxkn6Ed0IHnIGTVWery/ua0Rm+e6Vyy5ZXcOskq8jJQgQ71X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yXzjKTmzSp+EsbJPGjJXfycmNNJ6HAV2MqJmqJe9mfif10lNeOlPuExSg5ItPgpTQUxMZueTPlfIjBhbQpnidlfChlRRZmxJBVuCt3zyKmlWyp5b9u4qpepVVkceTuAUzsGDC6hCDerQAAYSnuEV3hztvDjvzsdiNOdkmWP4A+fzB6p4kD4=</latexit><latexit sha1_base64="6BOXOuXMlU6dfCYHAk2sa8JMQSQ=">AAAB8XicbVC7SgNBFL0bXzG+opY2g0GwCrtptAzaRLCIaB6YLGF2cjcZMju7zMwKIeQvbCwUsfVv7PwbJ8kWmnhg4HDOPcy9J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3zW0+oNI/lgxkn6Ed0IHnIGTVWery/ua0Rm+e6Vyy5ZXcOskq8jJQgQ71X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yXzjKTmzSp+EsbJPGjJXfycmNNJ6HAV2MqJmqJe9mfif10lNeOlPuExSg5ItPgpTQUxMZueTPlfIjBhbQpnidlfChlRRZmxJBVuCt3zyKmlWyp5b9u4qpepVVkceTuAUzsGDC6hCDerQAAYSnuEV3hztvDjvzsdiNOdkmWP4A+fzB6p4kD4=</latexit><latexit sha1_base64="6BOXOuXMlU6dfCYHAk2sa8JMQSQ=">AAAB8XicbVC7SgNBFL0bXzG+opY2g0GwCrtptAzaRLCIaB6YLGF2cjcZMju7zMwKIeQvbCwUsfVv7PwbJ8kWmnhg4HDOPcy9J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3zW0+oNI/lgxkn6Ed0IHnIGTVWery/ua0Rm+e6Vyy5ZXcOskq8jJQgQ71X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yXzjKTmzSp+EsbJPGjJXfycmNNJ6HAV2MqJmqJe9mfif10lNeOlPuExSg5ItPgpTQUxMZueTPlfIjBhbQpnidlfChlRRZmxJBVuCt3zyKmlWyp5b9u4qpepVVkceTuAUzsGDC6hCDerQAAYSnuEV3hztvDjvzsdiNOdkmWP4A+fzB6p4kD4=</latexit><latexit sha1_base64="6BOXOuXMlU6dfCYHAk2sa8JMQSQ=">AAAB8XicbVC7SgNBFL0bXzG+opY2g0GwCrtptAzaRLCIaB6YLGF2cjcZMju7zMwKIeQvbCwUsfVv7PwbJ8kWmnhg4HDOPcy9J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3zW0+oNI/lgxkn6Ed0IHnIGTVWery/ua0Rm+e6Vyy5ZXcOskq8jJQgQ71X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yXzjKTmzSp+EsbJPGjJXfycmNNJ6HAV2MqJmqJe9mfif10lNeOlPuExSg5ItPgpTQUxMZueTPlfIjBhbQpnidlfChlRRZmxJBVuCt3zyKmlWyp5b9u4qpepVVkceTuAUzsGDC6hCDerQAAYSnuEV3hztvDjvzsdiNOdkmWP4A+fzB6p4kD4=</latexit>
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Light Scalar Still Alive!
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Higgs to aa searches

Pseudo-scalar in Complex Higgs Singlet
NMSSM

Caveat: light scalar (lighter than 100 GeV) cannot be integrated out!

W. Chao, M. Ramsey-Musolf, JHY, PRD93(2016)095025

J. Liu, Y.-L. Tang, C. Zhang, S.-h. Zhu, EPJC77(2017)457

X. Liu, L. Bian, X.-Q. Li, J. Shu, NPB909(2016)507

L. Wang, J.-M. Yang, M. Zhang, Y. Zhang, PLB788(2019)519

Light pseudo-Goldstone 
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Higgs Effective Field Theory
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New Physics Model

SU(2)L ⇥ U(1)Y invariant

v ⇠ 246 GeV
<latexit sha1_base64="S76sF3lMSm5Q6ReOX6gbfwlBnTg=">AAAB/3icbVDLSgNBEOyNrxhfUcGLl8EgeAq7QdSLGPSgxwjmAdklzE5mkyEzu8vMbCCsAf0VLx4U8eoXePfm3zh5HDSxoKGo6qa7y485U9q2v63MwuLS8kp2Nbe2vrG5ld/eqakokYRWScQj2fCxopyFtKqZ5rQRS4qFz2nd712N/HqfSsWi8E4PYuoJ3AlZwAjWRmrl9/rIVUyg0vGJi1DqSoGuaW3Yyhfsoj0GmifOlBQuPnPnDwBQaeW/3HZEEkFDTThWqunYsfZSLDUjnA5zbqJojEkPd2jT0BALqrx0fP8QHRqljYJImgo1Gqu/J1IslBoI33QKrLtq1huJ/3nNRAdnXsrCONE0JJNFQcKRjtAoDNRmkhLNB4ZgIpm5FZEulphoE1nOhODMvjxPaqWiYxedW6dQvoQJsrAPB3AEDpxCGW6gAlUgcA9P8AKv1qP1bL1Z75PWjDWd2YU/sD5+AN6Uljk=</latexit><latexit sha1_base64="dhrXvPBUontX4IJelUKmvJ9vj6k=">AAAB/3icbVC7SgNBFJ2Nr7i+VgUbm8EgWIXdIGojBi20jGAekF3C7GQ2GTIzu8zMBsKawl/RwkIRW7/A3kb8GyeJhSYeuHA4517uvSdMGFXadb+s3Nz8wuJSftleWV1b33A2t2oqTiUmVRyzWDZCpAijglQ11Yw0EkkQDxmph72LkV/vE6loLG70ICEBRx1BI4qRNlLL2elDX1EOS4dHPoSZLzm8JLVhyym4RXcMOEu8H1I4e7dPk4dPu9JyPvx2jFNOhMYMKdX03EQHGZKaYkaGtp8qkiDcQx3SNFQgTlSQje8fwn2jtGEUS1NCw7H6eyJDXKkBD00nR7qrpr2R+J/XTHV0EmRUJKkmAk8WRSmDOoajMGCbSoI1GxiCsKTmVoi7SCKsTWS2CcGbfnmW1EpFzy16116hfA4myINdsAcOgAeOQRlcgQqoAgxuwT14As/WnfVovVivk9ac9TOzDf7AevsG0COXrQ==</latexit><latexit sha1_base64="dhrXvPBUontX4IJelUKmvJ9vj6k=">AAAB/3icbVC7SgNBFJ2Nr7i+VgUbm8EgWIXdIGojBi20jGAekF3C7GQ2GTIzu8zMBsKawl/RwkIRW7/A3kb8GyeJhSYeuHA4517uvSdMGFXadb+s3Nz8wuJSftleWV1b33A2t2oqTiUmVRyzWDZCpAijglQ11Yw0EkkQDxmph72LkV/vE6loLG70ICEBRx1BI4qRNlLL2elDX1EOS4dHPoSZLzm8JLVhyym4RXcMOEu8H1I4e7dPk4dPu9JyPvx2jFNOhMYMKdX03EQHGZKaYkaGtp8qkiDcQx3SNFQgTlSQje8fwn2jtGEUS1NCw7H6eyJDXKkBD00nR7qrpr2R+J/XTHV0EmRUJKkmAk8WRSmDOoajMGCbSoI1GxiCsKTmVoi7SCKsTWS2CcGbfnmW1EpFzy16116hfA4myINdsAcOgAeOQRlcgQqoAgxuwT14As/WnfVovVivk9ac9TOzDf7AevsG0COXrQ==</latexit><latexit sha1_base64="CDdYG8CeZT/S5GKP8ujtnHkYFI0=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8FSSIuqx6EGPFewHNKFstpt26W4SdjeFEnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlBwpnSjvNtFVZW19Y3ipulre2d3T17/6Cp4lQS2iAxj2U7wIpyFtGGZprTdiIpFgGnrWB4M/VbIyoVi6MHPU6oL3A/YiEjWBupax+NkKeYQNXzCw+hzJMC3dLmpGuXnYozA1ombk7KkKPetb+8XkxSQSNNOFaq4zqJ9jMsNSOcTkpeqmiCyRD3acfQCAuq/Gx2/wSdGqWHwliaijSaqb8nMiyUGovAdAqsB2rRm4r/eZ1Uh1d+xqIk1TQi80VhypGO0TQM1GOSEs3HhmAimbkVkQGWmGgTWcmE4C6+vEya1YrrVNx7t1y7zuMowjGcwBm4cAk1uIM6NIDAIzzDK7xZT9aL9W59zFsLVj5zCH9gff4Ab1yUbA==</latexit>

mHiggs = 125 GeV
<latexit sha1_base64="KgFycQzFPsQyi9SoeafBb/ebqUY=">AAACCHicbVC7SgNBFL0bXzG+Vi0tHIyCVdgNiDZC0MKUEcwDkhBmJ5NkyMzuMjMrhGVLG3/FxsIHduIn2Pkh9k42KTTxwIXDOfdy7z1eyJnSjvNlZRYWl5ZXsqu5tfWNzS17e6emgkgSWiUBD2TDw4py5tOqZprTRigpFh6ndW94Ofbrt1QqFvg3ehTStsB9n/UYwdpIHXtfdOKWFKjM+n2VoHPkFk9aCKXaFa0lHTvvFJwUaJ64U5IvHX6/vANApWN/troBiQT1NeFYqabrhLodY6kZ4TTJtSJFQ0yGuE+bhvpYUNWO00cSdGSULuoF0pSvUar+noixUGokPNMpsB6oWW8s/uc1I907a8fMDyNNfTJZ1Is40gEap4K6TFKi+cgQTCQztyIywBITbbLLmRDc2ZfnSa1YcJ2Ce+3mSxcwQRb24ACOwYVTKEEZKlAFAnfwAE/wbN1bj9ar9TZpzVjTmV34A+vjB7JUmsQ=</latexit><latexit sha1_base64="YD06cRgHtKnlTJ6FWam7eaavEJ0=">AAACCHicbVDLSsNAFJ34rK2PqEsXDlbBVUkKohuh6MIuK9gHtCFMptN06EwSZiaFErJ046+4ceEDt/oH7vwQXTtNu9DWAxcO59zLvfd4EaNSWdansbC4tLyymlvLF9Y3NrfM7Z2GDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3B5dhvDomQNAxu1CgiDkd+QHsUI6Ul19znbtIRHFap78sUnkO7fNKBMNOuSCN1zaJVsjLAeWJPSbFy+PX8Pix811zzo9MNccxJoDBDUrZtK1JOgoSimJE034kliRAeIJ+0NQ0QJ9JJskdSeKSVLuyFQlegYKb+nkgQl3LEPd3JkerLWW8s/ue1Y9U7cxIaRLEiAZ4s6sUMqhCOU4FdKghWbKQJwoLqWyHuI4Gw0tnldQj27MvzpFEu2VbJvraLlQswQQ7sgQNwDGxwCiqgCmqgDjC4BffgETwZd8aD8WK8TloXjOnMLvgD4+0HqvScPg==</latexit><latexit sha1_base64="YD06cRgHtKnlTJ6FWam7eaavEJ0=">AAACCHicbVDLSsNAFJ34rK2PqEsXDlbBVUkKohuh6MIuK9gHtCFMptN06EwSZiaFErJ046+4ceEDt/oH7vwQXTtNu9DWAxcO59zLvfd4EaNSWdansbC4tLyymlvLF9Y3NrfM7Z2GDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3B5dhvDomQNAxu1CgiDkd+QHsUI6Ul19znbtIRHFap78sUnkO7fNKBMNOuSCN1zaJVsjLAeWJPSbFy+PX8Pix811zzo9MNccxJoDBDUrZtK1JOgoSimJE034kliRAeIJ+0NQ0QJ9JJskdSeKSVLuyFQlegYKb+nkgQl3LEPd3JkerLWW8s/ue1Y9U7cxIaRLEiAZ4s6sUMqhCOU4FdKghWbKQJwoLqWyHuI4Gw0tnldQj27MvzpFEu2VbJvraLlQswQQ7sgQNwDGxwCiqgCmqgDjC4BffgETwZd8aD8WK8TloXjOnMLvgD4+0HqvScPg==</latexit><latexit sha1_base64="1Xz0p8yWeXRbHuTjQcmPqKVMwus=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUkKohuh6MIuK9gHNCFMppN06EwSZiZCCVm68VfcuFDErZ/gzr9xmmahrQcuHM65l3vv8RNGpbKsb6Oysrq2vlHdrG1t7+zumfsHPRmnApMujlksBj6ShNGIdBVVjAwSQRD3Gen7k5uZ338gQtI4ulfThLgchRENKEZKS555zL3MERy2aRjKHF5Bu3nuQFhot6SXe2bdalgF4DKxS1IHJTqe+eWMYpxyEinMkJRD20qUmyGhKGYkrzmpJAnCExSSoaYR4kS6WfFIDk+1MoJBLHRFChbq74kMcSmn3NedHKmxXPRm4n/eMFXBpZvRKEkVifB8UZAyqGI4SwWOqCBYsakmCAuqb4V4jATCSmdX0yHYiy8vk16zYVsN+86ut67LOKrgCJyAM2CDC9ACbdABXYDBI3gGr+DNeDJejHfjY95aMcqZQ/AHxucP5+SX9Q==</latexit>

E↵ective Field Theory
<latexit sha1_base64="3Wg4nx0xUL1bwgE5ZGg93pp47DE=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FSSXvRYFMVjhX5BG8pmM2mXbjZhd1MItQf/ihcPinj1b3jz37htc9DWBwOP92aYmecnnCntON9WYW19Y3OruF3a2d3bP7APj1oqTiWFJo15LDs+UcCZgKZmmkMnkUAin0PbH93M/PYYpGKxaOgsAS8iA8FCRok2Ut8+uQ1DoJqNAd8x4AFuDCGWWd8uOxVnDrxK3JyUUY563/7qBTFNIxCacqJU13US7U2I1IxymJZ6qYKE0BEZQNdQQSJQ3mR+/xSfGyXAYSxNCY3n6u+JCYmUyiLfdEZED9WyNxP/87qpDq+8CRNJqkHQxaIw5VjHeBYGDpg0z/PMEEIlM7diOiSSUG0iK5kQ3OWXV0mrWnGdivtQLdeu8ziK6BSdoQvkoktUQ/eojpqIokf0jF7Rm/VkvVjv1seitWDlM8foD6zPH27zlbU=</latexit><latexit sha1_base64="3Wg4nx0xUL1bwgE5ZGg93pp47DE=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FSSXvRYFMVjhX5BG8pmM2mXbjZhd1MItQf/ihcPinj1b3jz37htc9DWBwOP92aYmecnnCntON9WYW19Y3OruF3a2d3bP7APj1oqTiWFJo15LDs+UcCZgKZmmkMnkUAin0PbH93M/PYYpGKxaOgsAS8iA8FCRok2Ut8+uQ1DoJqNAd8x4AFuDCGWWd8uOxVnDrxK3JyUUY563/7qBTFNIxCacqJU13US7U2I1IxymJZ6qYKE0BEZQNdQQSJQ3mR+/xSfGyXAYSxNCY3n6u+JCYmUyiLfdEZED9WyNxP/87qpDq+8CRNJqkHQxaIw5VjHeBYGDpg0z/PMEEIlM7diOiSSUG0iK5kQ3OWXV0mrWnGdivtQLdeu8ziK6BSdoQvkoktUQ/eojpqIokf0jF7Rm/VkvVjv1seitWDlM8foD6zPH27zlbU=</latexit><latexit sha1_base64="3Wg4nx0xUL1bwgE5ZGg93pp47DE=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FSSXvRYFMVjhX5BG8pmM2mXbjZhd1MItQf/ihcPinj1b3jz37htc9DWBwOP92aYmecnnCntON9WYW19Y3OruF3a2d3bP7APj1oqTiWFJo15LDs+UcCZgKZmmkMnkUAin0PbH93M/PYYpGKxaOgsAS8iA8FCRok2Ut8+uQ1DoJqNAd8x4AFuDCGWWd8uOxVnDrxK3JyUUY563/7qBTFNIxCacqJU13US7U2I1IxymJZ6qYKE0BEZQNdQQSJQ3mR+/xSfGyXAYSxNCY3n6u+JCYmUyiLfdEZED9WyNxP/87qpDq+8CRNJqkHQxaIw5VjHeBYGDpg0z/PMEEIlM7diOiSSUG0iK5kQ3OWXV0mrWnGdivtQLdeu8ziK6BSdoQvkoktUQ/eojpqIokf0jF7Rm/VkvVjv1seitWDlM8foD6zPH27zlbU=</latexit><latexit sha1_base64="3Wg4nx0xUL1bwgE5ZGg93pp47DE=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FSSXvRYFMVjhX5BG8pmM2mXbjZhd1MItQf/ihcPinj1b3jz37htc9DWBwOP92aYmecnnCntON9WYW19Y3OruF3a2d3bP7APj1oqTiWFJo15LDs+UcCZgKZmmkMnkUAin0PbH93M/PYYpGKxaOgsAS8iA8FCRok2Ut8+uQ1DoJqNAd8x4AFuDCGWWd8uOxVnDrxK3JyUUY563/7qBTFNIxCacqJU13US7U2I1IxymJZ6qYKE0BEZQNdQQSJQ3mR+/xSfGyXAYSxNCY3n6u+JCYmUyiLfdEZED9WyNxP/87qpDq+8CRNJqkHQxaIw5VjHeBYGDpg0z/PMEEIlM7diOiSSUG0iK5kQ3OWXV0mrWnGdivtQLdeu8ziK6BSdoQvkoktUQ/eojpqIokf0jF7Rm/VkvVjv1seitWDlM8foD6zPH27zlbU=</latexit>

with anomalous couplings
<latexit sha1_base64="GjWo9VwOKKfbusRnYodhNeq9eWc=">AAACAXicbVC7SgNBFL3rM8bXqo1gMxgEq7CbRsugjWUE84BkCbOTSTJkHsvMrBKW2PgrNhaK2PoXdv6Nk2QLTTxw4XDOvdx7T5xwZmwQfHsrq2vrG5uFreL2zu7evn9w2DAq1YTWieJKt2JsKGeS1i2znLYSTbGIOW3Go+up37yn2jAl7+w4oZHAA8n6jGDrpK5//MDsEGGpBOYqNYio1K2VA9P1S0E5mAEtkzAnJchR6/pfnZ4iqaDSEo6NaYdBYqMMa8sIp5NiJzU0wWSEB7TtqMSCmiibfTBBZ07pob7SrqRFM/X3RIaFMWMRu06B7dAselPxP6+d2v5llDGZpJZKMl/UTzmyCk3jQD2mKbF87AgmmrlbERlijYl1oRVdCOHiy8ukUSmHQTm8rZSqV3kcBTiBUziHEC6gCjdQgzoQeIRneIU378l78d69j3nripfPHMEfeJ8//hOXOA==</latexit><latexit sha1_base64="GjWo9VwOKKfbusRnYodhNeq9eWc=">AAACAXicbVC7SgNBFL3rM8bXqo1gMxgEq7CbRsugjWUE84BkCbOTSTJkHsvMrBKW2PgrNhaK2PoXdv6Nk2QLTTxw4XDOvdx7T5xwZmwQfHsrq2vrG5uFreL2zu7evn9w2DAq1YTWieJKt2JsKGeS1i2znLYSTbGIOW3Go+up37yn2jAl7+w4oZHAA8n6jGDrpK5//MDsEGGpBOYqNYio1K2VA9P1S0E5mAEtkzAnJchR6/pfnZ4iqaDSEo6NaYdBYqMMa8sIp5NiJzU0wWSEB7TtqMSCmiibfTBBZ07pob7SrqRFM/X3RIaFMWMRu06B7dAselPxP6+d2v5llDGZpJZKMl/UTzmyCk3jQD2mKbF87AgmmrlbERlijYl1oRVdCOHiy8ukUSmHQTm8rZSqV3kcBTiBUziHEC6gCjdQgzoQeIRneIU378l78d69j3nripfPHMEfeJ8//hOXOA==</latexit><latexit sha1_base64="GjWo9VwOKKfbusRnYodhNeq9eWc=">AAACAXicbVC7SgNBFL3rM8bXqo1gMxgEq7CbRsugjWUE84BkCbOTSTJkHsvMrBKW2PgrNhaK2PoXdv6Nk2QLTTxw4XDOvdx7T5xwZmwQfHsrq2vrG5uFreL2zu7evn9w2DAq1YTWieJKt2JsKGeS1i2znLYSTbGIOW3Go+up37yn2jAl7+w4oZHAA8n6jGDrpK5//MDsEGGpBOYqNYio1K2VA9P1S0E5mAEtkzAnJchR6/pfnZ4iqaDSEo6NaYdBYqMMa8sIp5NiJzU0wWSEB7TtqMSCmiibfTBBZ07pob7SrqRFM/X3RIaFMWMRu06B7dAselPxP6+d2v5llDGZpJZKMl/UTzmyCk3jQD2mKbF87AgmmrlbERlijYl1oRVdCOHiy8ukUSmHQTm8rZSqV3kcBTiBUziHEC6gCjdQgzoQeIRneIU378l78d69j3nripfPHMEfeJ8//hOXOA==</latexit><latexit sha1_base64="GjWo9VwOKKfbusRnYodhNeq9eWc=">AAACAXicbVC7SgNBFL3rM8bXqo1gMxgEq7CbRsugjWUE84BkCbOTSTJkHsvMrBKW2PgrNhaK2PoXdv6Nk2QLTTxw4XDOvdx7T5xwZmwQfHsrq2vrG5uFreL2zu7evn9w2DAq1YTWieJKt2JsKGeS1i2znLYSTbGIOW3Go+up37yn2jAl7+w4oZHAA8n6jGDrpK5//MDsEGGpBOYqNYio1K2VA9P1S0E5mAEtkzAnJchR6/pfnZ4iqaDSEo6NaYdBYqMMa8sIp5NiJzU0wWSEB7TtqMSCmiibfTBBZ07pob7SrqRFM/X3RIaFMWMRu06B7dAselPxP6+d2v5llDGZpJZKMl/UTzmyCk3jQD2mKbF87AgmmrlbERlijYl1oRVdCOHiy8ukUSmHQTm8rZSqV3kcBTiBUziHEC6gCjdQgzoQeIRneIU378l78d69j3nripfPHMEfeJ8//hOXOA==</latexit>

and exotic decays

If new physics states are heavy, Higgs effective theory

E↵ective Couplings
<latexit sha1_base64="EeKuJkoEB61LHTPr7Z6mzlhegZc=">AAAB/HicbVBNSwMxEJ2tX7V+rfboJVgET2W3Fz0Wi+Cxgv2AtpRsmm1Ds8mSZAvLUv+KFw+KePWHePPfmLZ70NYHA4/3ZpiZF8ScaeN5305ha3tnd6+4Xzo4PDo+cU/P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBtLHwOzOqNJPi0aQxHUR4LFjICDZWGrrluzCkxLAZRQ2Z2I1irIduxat6S6BN4uekAjmaQ/erP5IkiagwhGOte74Xm0GGlWGE03mpn2gaYzLFY9qzVOCI6kG2PH6OLq0yQqFUtoRBS/X3RIYjrdMosJ0RNhO97i3E/7xeYsKbQcZEnBgqyGpRmHBkJFokgUZM2c95agkmitlbEZlghYmxeZVsCP76y5ukXav6XtV/qFXqt3kcRTiHC7gCH66hDvfQhBYQSOEZXuHNeXJenHfnY9VacPKZMvyB8/kDt5CUzA==</latexit><latexit sha1_base64="EeKuJkoEB61LHTPr7Z6mzlhegZc=">AAAB/HicbVBNSwMxEJ2tX7V+rfboJVgET2W3Fz0Wi+Cxgv2AtpRsmm1Ds8mSZAvLUv+KFw+KePWHePPfmLZ70NYHA4/3ZpiZF8ScaeN5305ha3tnd6+4Xzo4PDo+cU/P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBtLHwOzOqNJPi0aQxHUR4LFjICDZWGrrluzCkxLAZRQ2Z2I1irIduxat6S6BN4uekAjmaQ/erP5IkiagwhGOte74Xm0GGlWGE03mpn2gaYzLFY9qzVOCI6kG2PH6OLq0yQqFUtoRBS/X3RIYjrdMosJ0RNhO97i3E/7xeYsKbQcZEnBgqyGpRmHBkJFokgUZM2c95agkmitlbEZlghYmxeZVsCP76y5ukXav6XtV/qFXqt3kcRTiHC7gCH66hDvfQhBYQSOEZXuHNeXJenHfnY9VacPKZMvyB8/kDt5CUzA==</latexit><latexit sha1_base64="EeKuJkoEB61LHTPr7Z6mzlhegZc=">AAAB/HicbVBNSwMxEJ2tX7V+rfboJVgET2W3Fz0Wi+Cxgv2AtpRsmm1Ds8mSZAvLUv+KFw+KePWHePPfmLZ70NYHA4/3ZpiZF8ScaeN5305ha3tnd6+4Xzo4PDo+cU/P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBtLHwOzOqNJPi0aQxHUR4LFjICDZWGrrluzCkxLAZRQ2Z2I1irIduxat6S6BN4uekAjmaQ/erP5IkiagwhGOte74Xm0GGlWGE03mpn2gaYzLFY9qzVOCI6kG2PH6OLq0yQqFUtoRBS/X3RIYjrdMosJ0RNhO97i3E/7xeYsKbQcZEnBgqyGpRmHBkJFokgUZM2c95agkmitlbEZlghYmxeZVsCP76y5ukXav6XtV/qFXqt3kcRTiHC7gCH66hDvfQhBYQSOEZXuHNeXJenHfnY9VacPKZMvyB8/kDt5CUzA==</latexit><latexit sha1_base64="EeKuJkoEB61LHTPr7Z6mzlhegZc=">AAAB/HicbVBNSwMxEJ2tX7V+rfboJVgET2W3Fz0Wi+Cxgv2AtpRsmm1Ds8mSZAvLUv+KFw+KePWHePPfmLZ70NYHA4/3ZpiZF8ScaeN5305ha3tnd6+4Xzo4PDo+cU/P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBtLHwOzOqNJPi0aQxHUR4LFjICDZWGrrluzCkxLAZRQ2Z2I1irIduxat6S6BN4uekAjmaQ/erP5IkiagwhGOte74Xm0GGlWGE03mpn2gaYzLFY9qzVOCI6kG2PH6OLq0yQqFUtoRBS/X3RIYjrdMosJ0RNhO97i3E/7xeYsKbQcZEnBgqyGpRmHBkJFokgUZM2c95agkmitlbEZlghYmxeZVsCP76y5ukXav6XtV/qFXqt3kcRTiHC7gCH66hDvfQhBYQSOEZXuHNeXJenHfnY9VacPKZMvyB8/kDt5CUzA==</latexit>

New physics scale
<latexit sha1_base64="xs+/TmrrNwAF6ST+eVSFZ5o8X7g=">AAAB+nicbVDLTgJBEOzFF+Jr0aOXicTEE9nlokeiF08GE3kksCGzQwMTZh+ZmZVsVj7FiweN8eqXePNvHGAPClbSSaWqO91dfiy40o7zbRU2Nre2d4q7pb39g8Mju3zcUlEiGTZZJCLZ8alCwUNsaq4FdmKJNPAFtv3JzdxvP6JUPAofdBqjF9BRyIecUW2kvl2+wymJx6niTBHFqMC+XXGqzgJknbg5qUCORt/+6g0ilgQYaiaoUl3XibWXUak5Ezgr9RKFMWUTOsKuoSENUHnZ4vQZOTfKgAwjaSrUZKH+nshooFQa+KYzoHqsVr25+J/XTfTwyst4GCcaQ7ZcNEwE0RGZ50AGXCLTIjWEMsnNrYSNqaRMm7RKJgR39eV10qpVXafq3tcq9es8jiKcwhlcgAuXUIdbaEATGEzhGV7hzXqyXqx362PZWrDymRP4A+vzB/PAk8g=</latexit><latexit sha1_base64="xs+/TmrrNwAF6ST+eVSFZ5o8X7g=">AAAB+nicbVDLTgJBEOzFF+Jr0aOXicTEE9nlokeiF08GE3kksCGzQwMTZh+ZmZVsVj7FiweN8eqXePNvHGAPClbSSaWqO91dfiy40o7zbRU2Nre2d4q7pb39g8Mju3zcUlEiGTZZJCLZ8alCwUNsaq4FdmKJNPAFtv3JzdxvP6JUPAofdBqjF9BRyIecUW2kvl2+wymJx6niTBHFqMC+XXGqzgJknbg5qUCORt/+6g0ilgQYaiaoUl3XibWXUak5Ezgr9RKFMWUTOsKuoSENUHnZ4vQZOTfKgAwjaSrUZKH+nshooFQa+KYzoHqsVr25+J/XTfTwyst4GCcaQ7ZcNEwE0RGZ50AGXCLTIjWEMsnNrYSNqaRMm7RKJgR39eV10qpVXafq3tcq9es8jiKcwhlcgAuXUIdbaEATGEzhGV7hzXqyXqx362PZWrDymRP4A+vzB/PAk8g=</latexit><latexit sha1_base64="xs+/TmrrNwAF6ST+eVSFZ5o8X7g=">AAAB+nicbVDLTgJBEOzFF+Jr0aOXicTEE9nlokeiF08GE3kksCGzQwMTZh+ZmZVsVj7FiweN8eqXePNvHGAPClbSSaWqO91dfiy40o7zbRU2Nre2d4q7pb39g8Mju3zcUlEiGTZZJCLZ8alCwUNsaq4FdmKJNPAFtv3JzdxvP6JUPAofdBqjF9BRyIecUW2kvl2+wymJx6niTBHFqMC+XXGqzgJknbg5qUCORt/+6g0ilgQYaiaoUl3XibWXUak5Ezgr9RKFMWUTOsKuoSENUHnZ4vQZOTfKgAwjaSrUZKH+nshooFQa+KYzoHqsVr25+J/XTfTwyst4GCcaQ7ZcNEwE0RGZ50AGXCLTIjWEMsnNrYSNqaRMm7RKJgR39eV10qpVXafq3tcq9es8jiKcwhlcgAuXUIdbaEATGEzhGV7hzXqyXqx362PZWrDymRP4A+vzB/PAk8g=</latexit><latexit sha1_base64="xs+/TmrrNwAF6ST+eVSFZ5o8X7g=">AAAB+nicbVDLTgJBEOzFF+Jr0aOXicTEE9nlokeiF08GE3kksCGzQwMTZh+ZmZVsVj7FiweN8eqXePNvHGAPClbSSaWqO91dfiy40o7zbRU2Nre2d4q7pb39g8Mju3zcUlEiGTZZJCLZ8alCwUNsaq4FdmKJNPAFtv3JzdxvP6JUPAofdBqjF9BRyIecUW2kvl2+wymJx6niTBHFqMC+XXGqzgJknbg5qUCORt/+6g0ilgQYaiaoUl3XibWXUak5Ezgr9RKFMWUTOsKuoSENUHnZ4vQZOTfKgAwjaSrUZKH+nshooFQa+KYzoHqsVr25+J/XTfTwyst4GCcaQ7ZcNEwE0RGZ50AGXCLTIjWEMsnNrYSNqaRMm7RKJgR39eV10qpVXafq3tcq9es8jiKcwhlcgAuXUIdbaEATGEzhGV7hzXqyXqx362PZWrDymRP4A+vzB/PAk8g=</latexit>
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New Physics 
models

Higgs EFT

J. Ellis, C. Murphy, V. Sanz, T. You, JHEP1806(2018)146

Higgs EFT Operators
<latexit sha1_base64="DAJS9SkQYjopIx7krWmq66G7pYE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5L0oseiKL1ZoV/QhrLZbtqlm03Y3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbm+TFnSjvOt1XY2Nza3inulvb2Dw6P7OOTjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96c3c7z5SqVgkWjqNqRfisWABI1gbaWiXG2w8Vuj2roXuYyqxjqQa2hWn6iyA1ombkwrkaA7tr8EoIklIhSYcK9V3nVh7GZaaEU5npUGiaIzJFI9p31CBQ6q8bHH8DJ0bZYSCSJoSGi3U3xMZDpVKQ990hlhP1Ko3F//z+okOrryMiTjRVJDloiDhSEdongQaMUmJ5qkhmEhmbkVkgiUm2uRVMiG4qy+vk06t6jpV96FWqV/ncRThFM7gAly4hDo0oAltIJDCM7zCm/VkvVjv1seytWDlM2X4A+vzB86JlDc=</latexit><latexit sha1_base64="DAJS9SkQYjopIx7krWmq66G7pYE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5L0oseiKL1ZoV/QhrLZbtqlm03Y3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbm+TFnSjvOt1XY2Nza3inulvb2Dw6P7OOTjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96c3c7z5SqVgkWjqNqRfisWABI1gbaWiXG2w8Vuj2roXuYyqxjqQa2hWn6iyA1ombkwrkaA7tr8EoIklIhSYcK9V3nVh7GZaaEU5npUGiaIzJFI9p31CBQ6q8bHH8DJ0bZYSCSJoSGi3U3xMZDpVKQ990hlhP1Ko3F//z+okOrryMiTjRVJDloiDhSEdongQaMUmJ5qkhmEhmbkVkgiUm2uRVMiG4qy+vk06t6jpV96FWqV/ncRThFM7gAly4hDo0oAltIJDCM7zCm/VkvVjv1seytWDlM2X4A+vzB86JlDc=</latexit><latexit sha1_base64="DAJS9SkQYjopIx7krWmq66G7pYE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5L0oseiKL1ZoV/QhrLZbtqlm03Y3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbm+TFnSjvOt1XY2Nza3inulvb2Dw6P7OOTjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96c3c7z5SqVgkWjqNqRfisWABI1gbaWiXG2w8Vuj2roXuYyqxjqQa2hWn6iyA1ombkwrkaA7tr8EoIklIhSYcK9V3nVh7GZaaEU5npUGiaIzJFI9p31CBQ6q8bHH8DJ0bZYSCSJoSGi3U3xMZDpVKQ990hlhP1Ko3F//z+okOrryMiTjRVJDloiDhSEdongQaMUmJ5qkhmEhmbkVkgiUm2uRVMiG4qy+vk06t6jpV96FWqV/ncRThFM7gAly4hDo0oAltIJDCM7zCm/VkvVjv1seytWDlM2X4A+vzB86JlDc=</latexit><latexit sha1_base64="DAJS9SkQYjopIx7krWmq66G7pYE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5L0oseiKL1ZoV/QhrLZbtqlm03Y3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbm+TFnSjvOt1XY2Nza3inulvb2Dw6P7OOTjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96c3c7z5SqVgkWjqNqRfisWABI1gbaWiXG2w8Vuj2roXuYyqxjqQa2hWn6iyA1ombkwrkaA7tr8EoIklIhSYcK9V3nVh7GZaaEU5npUGiaIzJFI9p31CBQ6q8bHH8DJ0bZYSCSJoSGi3U3xMZDpVKQ990hlhP1Ko3F//z+okOrryMiTjRVJDloiDhSEdongQaMUmJ5qkhmEhmbkVkgiUm2uRVMiG4qy+vk06t6jpV96FWqV/ncRThFM7gAly4hDo0oAltIJDCM7zCm/VkvVjv1seytWDlM2X4A+vzB86JlDc=</latexit>
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Higgs is not elementary Higgs is elementary

Goldstone Higgs Extended scalar 
model

Strongly interacting 
Higgs EFT

Weakly interacting 
Higgs EFT

Integrate out sub-TeV scalar
<latexit sha1_base64="Zy5QFpB+vFOdlesQ2fd2FK6O2m0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCjeEujZZBG+0iJFGIR5jbTOKSvb1jd04IIY2Nf8XGQhFb/4Od/8ZNvMKvBwOP92aYmRelSlry/Q+vMDe/sLhUXC6trK6tb5Q3t9o2yYzAlkhUYq4isKikxhZJUniVGoQ4UngZDU+n/uUtGisT3aRRimEMAy37UgA5qVvePdeEAwOEPMmI2yw6bGKbWwEKTLdc8av+DPwvCXJSYTka3fL7dS8RWYyahAJrO4GfUjgGQ1IonJSuM4spiCEMsOOohhhtOJ59MeH7TunxfmJcaeIz9fvEGGJrR3HkOmOgG/vbm4r/eZ2M+sfhWOo0I9Tia1E/U5wSPo2E96RBQWrkCAgj3a1c3IABQS64kgsh+P3yX9KuVQO/GlzUKvWTPI4i22F77IAF7IjV2RlrsBYT7I49sCf27N17j96L9/rVWvDymW32A97bJ8oymBg=</latexit><latexit sha1_base64="Zy5QFpB+vFOdlesQ2fd2FK6O2m0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCjeEujZZBG+0iJFGIR5jbTOKSvb1jd04IIY2Nf8XGQhFb/4Od/8ZNvMKvBwOP92aYmRelSlry/Q+vMDe/sLhUXC6trK6tb5Q3t9o2yYzAlkhUYq4isKikxhZJUniVGoQ4UngZDU+n/uUtGisT3aRRimEMAy37UgA5qVvePdeEAwOEPMmI2yw6bGKbWwEKTLdc8av+DPwvCXJSYTka3fL7dS8RWYyahAJrO4GfUjgGQ1IonJSuM4spiCEMsOOohhhtOJ59MeH7TunxfmJcaeIz9fvEGGJrR3HkOmOgG/vbm4r/eZ2M+sfhWOo0I9Tia1E/U5wSPo2E96RBQWrkCAgj3a1c3IABQS64kgsh+P3yX9KuVQO/GlzUKvWTPI4i22F77IAF7IjV2RlrsBYT7I49sCf27N17j96L9/rVWvDymW32A97bJ8oymBg=</latexit><latexit sha1_base64="Zy5QFpB+vFOdlesQ2fd2FK6O2m0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCjeEujZZBG+0iJFGIR5jbTOKSvb1jd04IIY2Nf8XGQhFb/4Od/8ZNvMKvBwOP92aYmRelSlry/Q+vMDe/sLhUXC6trK6tb5Q3t9o2yYzAlkhUYq4isKikxhZJUniVGoQ4UngZDU+n/uUtGisT3aRRimEMAy37UgA5qVvePdeEAwOEPMmI2yw6bGKbWwEKTLdc8av+DPwvCXJSYTka3fL7dS8RWYyahAJrO4GfUjgGQ1IonJSuM4spiCEMsOOohhhtOJ59MeH7TunxfmJcaeIz9fvEGGJrR3HkOmOgG/vbm4r/eZ2M+sfhWOo0I9Tia1E/U5wSPo2E96RBQWrkCAgj3a1c3IABQS64kgsh+P3yX9KuVQO/GlzUKvWTPI4i22F77IAF7IjV2RlrsBYT7I49sCf27N17j96L9/rVWvDymW32A97bJ8oymBg=</latexit><latexit sha1_base64="Zy5QFpB+vFOdlesQ2fd2FK6O2m0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCjeEujZZBG+0iJFGIR5jbTOKSvb1jd04IIY2Nf8XGQhFb/4Od/8ZNvMKvBwOP92aYmRelSlry/Q+vMDe/sLhUXC6trK6tb5Q3t9o2yYzAlkhUYq4isKikxhZJUniVGoQ4UngZDU+n/uUtGisT3aRRimEMAy37UgA5qVvePdeEAwOEPMmI2yw6bGKbWwEKTLdc8av+DPwvCXJSYTka3fL7dS8RWYyahAJrO4GfUjgGQ1IonJSuM4spiCEMsOOohhhtOJ59MeH7TunxfmJcaeIz9fvEGGJrR3HkOmOgG/vbm4r/eZ2M+sfhWOo0I9Tia1E/U5wSPo2E96RBQWrkCAgj3a1c3IABQS64kgsh+P3yX9KuVQO/GlzUKvWTPI4i22F77IAF7IjV2RlrsBYT7I49sCf27N17j96L9/rVWvDymW32A97bJ8oymBg=</latexit>

Integrate out TeV heavy states
<latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit><latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit><latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit><latexit sha1_base64="bWZibZGC0xDmg2iqwujJwoM/RXo=">AAACB3icbVA9SwNBEN3zM8avU0tBFoNgFe7SaBm00S5CviA5wt5mkizZ2zt25wJHSGfjX7GxUMTWv2Dnv3HzUWjig4HHezPMzAsTKQx63reztr6xubWd28nv7u0fHLpHx3UTp5pDjccy1s2QGZBCQQ0FSmgmGlgUSmiEw9up3xiBNiJWVcwSCCLWV6InOEMrddyze4XQ1wyBxinSKtTpANgoowatZjpuwSt6M9BV4i9IgSxQ6bhf7W7M0wgUcsmMaflegsGYaRRcwiTfTg0kjA9ZH1qWKhaBCcazPyb0wipd2ou1LYV0pv6eGLPImCwKbWfEcGCWvan4n9dKsXcdjIVKUgTF54t6qaQY02kotCs0cJSZJYxrYW+lfMA042ijy9sQ/OWXV0m9VPS9ov9QKpRvFnHkyCk5J5fEJ1ekTO5IhdQIJ4/kmbySN+fJeXHenY9565qzmDkhf+B8/gCCg5kQ</latexit>

SM Higgs

Only Higgs
<latexit sha1_base64="eRh7+gMoUbUwwPwnH5FF5PhmvAA=">AAAB8XicbVC7TsMwFL0ur1JeBUYWiwqJqUq6wFjB0o0i0Ydoo8pxnNSq40S2g1RF/QsWBhBi5W/Y+BvcNgO0HMnS0Tn3yvccPxVcG8f5RqWNza3tnfJuZW//4PCoenzS1UmmKOvQRCSq7xPNBJesY7gRrJ8qRmJfsJ4/uZ37vSemNE/kg5mmzItJJHnIKTFWeryTYopbPIr0qFpz6s4CeJ24BalBgfao+jUMEprFTBoqiNYD10mNlxNlOBVsVhlmmqWETkjEBpZKEjPt5YuLZ/jCKgEOE2WfNHih/t7ISaz1NPbtZEzMWK96c/E/b5CZ8NrLuUwzwyRdfhRmApsEz+PjgCtGjQ0dcEIVt7diOiaKUGNLqtgS3NXI66TbqLtO3b1v1Jo3RR1lOINzuAQXrqAJLWhDByhIeIZXeEMavaB39LEcLaFi5xT+AH3+AClvkJA=</latexit><latexit sha1_base64="eRh7+gMoUbUwwPwnH5FF5PhmvAA=">AAAB8XicbVC7TsMwFL0ur1JeBUYWiwqJqUq6wFjB0o0i0Ydoo8pxnNSq40S2g1RF/QsWBhBi5W/Y+BvcNgO0HMnS0Tn3yvccPxVcG8f5RqWNza3tnfJuZW//4PCoenzS1UmmKOvQRCSq7xPNBJesY7gRrJ8qRmJfsJ4/uZ37vSemNE/kg5mmzItJJHnIKTFWeryTYopbPIr0qFpz6s4CeJ24BalBgfao+jUMEprFTBoqiNYD10mNlxNlOBVsVhlmmqWETkjEBpZKEjPt5YuLZ/jCKgEOE2WfNHih/t7ISaz1NPbtZEzMWK96c/E/b5CZ8NrLuUwzwyRdfhRmApsEz+PjgCtGjQ0dcEIVt7diOiaKUGNLqtgS3NXI66TbqLtO3b1v1Jo3RR1lOINzuAQXrqAJLWhDByhIeIZXeEMavaB39LEcLaFi5xT+AH3+AClvkJA=</latexit><latexit sha1_base64="eRh7+gMoUbUwwPwnH5FF5PhmvAA=">AAAB8XicbVC7TsMwFL0ur1JeBUYWiwqJqUq6wFjB0o0i0Ydoo8pxnNSq40S2g1RF/QsWBhBi5W/Y+BvcNgO0HMnS0Tn3yvccPxVcG8f5RqWNza3tnfJuZW//4PCoenzS1UmmKOvQRCSq7xPNBJesY7gRrJ8qRmJfsJ4/uZ37vSemNE/kg5mmzItJJHnIKTFWeryTYopbPIr0qFpz6s4CeJ24BalBgfao+jUMEprFTBoqiNYD10mNlxNlOBVsVhlmmqWETkjEBpZKEjPt5YuLZ/jCKgEOE2WfNHih/t7ISaz1NPbtZEzMWK96c/E/b5CZ8NrLuUwzwyRdfhRmApsEz+PjgCtGjQ0dcEIVt7diOiaKUGNLqtgS3NXI66TbqLtO3b1v1Jo3RR1lOINzuAQXrqAJLWhDByhIeIZXeEMavaB39LEcLaFi5xT+AH3+AClvkJA=</latexit><latexit sha1_base64="eRh7+gMoUbUwwPwnH5FF5PhmvAA=">AAAB8XicbVC7TsMwFL0ur1JeBUYWiwqJqUq6wFjB0o0i0Ydoo8pxnNSq40S2g1RF/QsWBhBi5W/Y+BvcNgO0HMnS0Tn3yvccPxVcG8f5RqWNza3tnfJuZW//4PCoenzS1UmmKOvQRCSq7xPNBJesY7gRrJ8qRmJfsJ4/uZ37vSemNE/kg5mmzItJJHnIKTFWeryTYopbPIr0qFpz6s4CeJ24BalBgfao+jUMEprFTBoqiNYD10mNlxNlOBVsVhlmmqWETkjEBpZKEjPt5YuLZ/jCKgEOE2WfNHih/t7ISaz1NPbtZEzMWK96c/E/b5CZ8NrLuUwzwyRdfhRmApsEz+PjgCtGjQ0dcEIVt7diOiaKUGNLqtgS3NXI66TbqLtO3b1v1Jo3RR1lOINzuAQXrqAJLWhDByhIeIZXeEMavaB39LEcLaFi5xT+AH3+AClvkJA=</latexit>

Higgs + scalar
<latexit sha1_base64="7uv7zSU8JI+Df75+01fdxQOAXUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEErSix6LXnqsYFuhjWWy3aZLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRVmLxiJW9wFqJrhkLcONYPeJYhgFgnWC8c3M7zwypXks78wkYX6EoeRDTtFY6aHBw1CTC6IpClT9csWtunOQVeLlpAI5mv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COMWRdSyVGTPvZ/OopObPKgAxjZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UzO88jMuk9QwSReLhqkgJiazCMiAK0aNmFiCVHF7K6EjVEiNDapkQ/CWX14l7VrVc6veba1Sv87jKMIJnMI5eHAJdWhAE1pAQcEzvMKb8+S8OO/Ox6K14OQzx/AHzucPfmKR1w==</latexit><latexit sha1_base64="7uv7zSU8JI+Df75+01fdxQOAXUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEErSix6LXnqsYFuhjWWy3aZLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRVmLxiJW9wFqJrhkLcONYPeJYhgFgnWC8c3M7zwypXks78wkYX6EoeRDTtFY6aHBw1CTC6IpClT9csWtunOQVeLlpAI5mv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COMWRdSyVGTPvZ/OopObPKgAxjZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UzO88jMuk9QwSReLhqkgJiazCMiAK0aNmFiCVHF7K6EjVEiNDapkQ/CWX14l7VrVc6veba1Sv87jKMIJnMI5eHAJdWhAE1pAQcEzvMKb8+S8OO/Ox6K14OQzx/AHzucPfmKR1w==</latexit><latexit sha1_base64="7uv7zSU8JI+Df75+01fdxQOAXUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEErSix6LXnqsYFuhjWWy3aZLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRVmLxiJW9wFqJrhkLcONYPeJYhgFgnWC8c3M7zwypXks78wkYX6EoeRDTtFY6aHBw1CTC6IpClT9csWtunOQVeLlpAI5mv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COMWRdSyVGTPvZ/OopObPKgAxjZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UzO88jMuk9QwSReLhqkgJiazCMiAK0aNmFiCVHF7K6EjVEiNDapkQ/CWX14l7VrVc6veba1Sv87jKMIJnMI5eHAJdWhAE1pAQcEzvMKb8+S8OO/Ox6K14OQzx/AHzucPfmKR1w==</latexit><latexit sha1_base64="7uv7zSU8JI+Df75+01fdxQOAXUs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBEErSix6LXnqsYFuhjWWy3aZLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRVmLxiJW9wFqJrhkLcONYPeJYhgFgnWC8c3M7zwypXks78wkYX6EoeRDTtFY6aHBw1CTC6IpClT9csWtunOQVeLlpAI5mv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COMWRdSyVGTPvZ/OopObPKgAxjZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UzO88jMuk9QwSReLhqkgJiazCMiAK0aNmFiCVHF7K6EjVEiNDapkQ/CWX14l7VrVc6veba1Sv87jKMIJnMI5eHAJdWhAE1pAQcEzvMKb8+S8OO/Ox6K14OQzx/AHzucPfmKR1w==</latexit>

with exotic decay
<latexit sha1_base64="42D3HRhXV2g/FmzNTfws96m5Qnw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKxgYSwSfUhtVTnOTWvVcSLboUShn8LCAEKsfAkbf4PTZoCWI13p6Jx77XuPF3OmtON8W6WNza3tnfJuZW//4PDIrh53VJRICm0a8Uj2PKKAMwFtzTSHXiyBhB6Hrje9yf3uA0jFInGv0xiGIRkLFjBKtJFGdnXG9ATDY6QZxT5Qko7smlN3FsDrxC1IDRVojeyvgR/RJAShKSdK9V0n1sOMSPMkh3llkCiICZ2SMfQNFSQENcwWq8/xuVF8HETSlNB4of6eyEioVBp6pjMkeqJWvVz8z+snOrgaZkzEiQZBlx8FCcc6wnkO2GcSqOapIYRKlp9PJ0QSqk1aFROCu3ryOuk06q5Td+8ateZ1EUcZnaIzdIFcdIma6Ba1UBtRNEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ARvTk+E=</latexit><latexit sha1_base64="42D3HRhXV2g/FmzNTfws96m5Qnw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKxgYSwSfUhtVTnOTWvVcSLboUShn8LCAEKsfAkbf4PTZoCWI13p6Jx77XuPF3OmtON8W6WNza3tnfJuZW//4PDIrh53VJRICm0a8Uj2PKKAMwFtzTSHXiyBhB6Hrje9yf3uA0jFInGv0xiGIRkLFjBKtJFGdnXG9ATDY6QZxT5Qko7smlN3FsDrxC1IDRVojeyvgR/RJAShKSdK9V0n1sOMSPMkh3llkCiICZ2SMfQNFSQENcwWq8/xuVF8HETSlNB4of6eyEioVBp6pjMkeqJWvVz8z+snOrgaZkzEiQZBlx8FCcc6wnkO2GcSqOapIYRKlp9PJ0QSqk1aFROCu3ryOuk06q5Td+8ateZ1EUcZnaIzdIFcdIma6Ba1UBtRNEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ARvTk+E=</latexit><latexit sha1_base64="42D3HRhXV2g/FmzNTfws96m5Qnw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKxgYSwSfUhtVTnOTWvVcSLboUShn8LCAEKsfAkbf4PTZoCWI13p6Jx77XuPF3OmtON8W6WNza3tnfJuZW//4PDIrh53VJRICm0a8Uj2PKKAMwFtzTSHXiyBhB6Hrje9yf3uA0jFInGv0xiGIRkLFjBKtJFGdnXG9ATDY6QZxT5Qko7smlN3FsDrxC1IDRVojeyvgR/RJAShKSdK9V0n1sOMSPMkh3llkCiICZ2SMfQNFSQENcwWq8/xuVF8HETSlNB4of6eyEioVBp6pjMkeqJWvVz8z+snOrgaZkzEiQZBlx8FCcc6wnkO2GcSqOapIYRKlp9PJ0QSqk1aFROCu3ryOuk06q5Td+8ateZ1EUcZnaIzdIFcdIma6Ba1UBtRNEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ARvTk+E=</latexit><latexit sha1_base64="42D3HRhXV2g/FmzNTfws96m5Qnw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKxgYSwSfUhtVTnOTWvVcSLboUShn8LCAEKsfAkbf4PTZoCWI13p6Jx77XuPF3OmtON8W6WNza3tnfJuZW//4PDIrh53VJRICm0a8Uj2PKKAMwFtzTSHXiyBhB6Hrje9yf3uA0jFInGv0xiGIRkLFjBKtJFGdnXG9ATDY6QZxT5Qko7smlN3FsDrxC1IDRVojeyvgR/RJAShKSdK9V0n1sOMSPMkh3llkCiICZ2SMfQNFSQENcwWq8/xuVF8HETSlNB4of6eyEioVBp6pjMkeqJWvVz8z+snOrgaZkzEiQZBlx8FCcc6wnkO2GcSqOapIYRKlp9PJ0QSqk1aFROCu3ryOuk06q5Td+8ateZ1EUcZnaIzdIFcdIma6Ba1UBtRNEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ARvTk+E=</latexit>
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<latexit sha1_base64="N+tvkDFblSjF0xsKMGAFjORcSzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2m3Tp7ibubgol9Hd48aCIV3+MN/+N2zQHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcr/wu1OqNIvlo5kl1Bc4kixkBBsr+WKYDZRATRZFej6s1ty6mwOtE68gNSjQGla/BqOYpIJKQzjWuu+5ifEzrAwjnM4rg1TTBJMJjmjfUokF1X6WHz1HF1YZoTBWtqRBufp7IsNC65kIbKfAZqxXvYX4n9dPTXjrZ0wmqaGSLBeFKUcmRosE0IgpSgyfWYKJYvZWRMZYYWJsThUbgrf68jrpXNU9t+49XNcad0UcZTiDc7gED26gAU1oQRsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MHt+CSDQ==</latexit><latexit sha1_base64="N+tvkDFblSjF0xsKMGAFjORcSzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2m3Tp7ibubgol9Hd48aCIV3+MN/+N2zQHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcr/wu1OqNIvlo5kl1Bc4kixkBBsr+WKYDZRATRZFej6s1ty6mwOtE68gNSjQGla/BqOYpIJKQzjWuu+5ifEzrAwjnM4rg1TTBJMJjmjfUokF1X6WHz1HF1YZoTBWtqRBufp7IsNC65kIbKfAZqxXvYX4n9dPTXjrZ0wmqaGSLBeFKUcmRosE0IgpSgyfWYKJYvZWRMZYYWJsThUbgrf68jrpXNU9t+49XNcad0UcZTiDc7gED26gAU1oQRsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MHt+CSDQ==</latexit><latexit sha1_base64="N+tvkDFblSjF0xsKMGAFjORcSzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2m3Tp7ibubgol9Hd48aCIV3+MN/+N2zQHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcr/wu1OqNIvlo5kl1Bc4kixkBBsr+WKYDZRATRZFej6s1ty6mwOtE68gNSjQGla/BqOYpIJKQzjWuu+5ifEzrAwjnM4rg1TTBJMJjmjfUokF1X6WHz1HF1YZoTBWtqRBufp7IsNC65kIbKfAZqxXvYX4n9dPTXjrZ0wmqaGSLBeFKUcmRosE0IgpSgyfWYKJYvZWRMZYYWJsThUbgrf68jrpXNU9t+49XNcad0UcZTiDc7gED26gAU1oQRsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MHt+CSDQ==</latexit><latexit sha1_base64="N+tvkDFblSjF0xsKMGAFjORcSzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2m3Tp7ibubgol9Hd48aCIV3+MN/+N2zQHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXoA15UzStmGG016iKBYBp91gcr/wu1OqNIvlo5kl1Bc4kixkBBsr+WKYDZRATRZFej6s1ty6mwOtE68gNSjQGla/BqOYpIJKQzjWuu+5ifEzrAwjnM4rg1TTBJMJjmjfUokF1X6WHz1HF1YZoTBWtqRBufp7IsNC65kIbKfAZqxXvYX4n9dPTXjrZ0wmqaGSLBeFKUcmRosE0IgpSgyfWYKJYvZWRMZYYWJsThUbgrf68jrpXNU9t+49XNcad0UcZTiDc7gED26gAU1oQRsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MHt+CSDQ==</latexit>

Electroweak breaking scale
<latexit sha1_base64="jFvm2Ni/2/tFQfw3ZCmCiNijovY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnpRpdFEVxWsA9oh5JJ77ShmWRIMkoZCm78FTcuFHHrT7jzb0zbWWjrgcDhnHu4uSdMONPG876dwsrq2vpGcbO0tb2zu+fuHzS1TBWFBpVcqnZINHAmoGGY4dBOFJA45NAKR1dTv3UPSjMp7sw4gSAmA8EiRomxUs89uuZAjZIPQEY4tMkREwOsKeHQc8texZsBLxM/J2WUo95zv7p9SdMYhKGcaN3xvcQEGVGGUQ6TUjfVkBA6IgPoWCpIDDrIZjdM8KlV+jiSyj5h8Ez9nchIrPU4Du1kTMxQL3pT8T+vk5roIsiYSFIDgs4XRSnHRuJpIbjPlG2Ajy0hVDH7V0yHRBFqbG0lW4K/ePIyaVYrvlfxb6vl2mVeRxEdoxN0hnx0jmroBtVRA1H0iJ7RK3pznpwX5935mI8WnDxziP7A+fwB7fCXrg==</latexit><latexit sha1_base64="jFvm2Ni/2/tFQfw3ZCmCiNijovY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnpRpdFEVxWsA9oh5JJ77ShmWRIMkoZCm78FTcuFHHrT7jzb0zbWWjrgcDhnHu4uSdMONPG876dwsrq2vpGcbO0tb2zu+fuHzS1TBWFBpVcqnZINHAmoGGY4dBOFJA45NAKR1dTv3UPSjMp7sw4gSAmA8EiRomxUs89uuZAjZIPQEY4tMkREwOsKeHQc8texZsBLxM/J2WUo95zv7p9SdMYhKGcaN3xvcQEGVGGUQ6TUjfVkBA6IgPoWCpIDDrIZjdM8KlV+jiSyj5h8Ez9nchIrPU4Du1kTMxQL3pT8T+vk5roIsiYSFIDgs4XRSnHRuJpIbjPlG2Ajy0hVDH7V0yHRBFqbG0lW4K/ePIyaVYrvlfxb6vl2mVeRxEdoxN0hnx0jmroBtVRA1H0iJ7RK3pznpwX5935mI8WnDxziP7A+fwB7fCXrg==</latexit><latexit sha1_base64="jFvm2Ni/2/tFQfw3ZCmCiNijovY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnpRpdFEVxWsA9oh5JJ77ShmWRIMkoZCm78FTcuFHHrT7jzb0zbWWjrgcDhnHu4uSdMONPG876dwsrq2vpGcbO0tb2zu+fuHzS1TBWFBpVcqnZINHAmoGGY4dBOFJA45NAKR1dTv3UPSjMp7sw4gSAmA8EiRomxUs89uuZAjZIPQEY4tMkREwOsKeHQc8texZsBLxM/J2WUo95zv7p9SdMYhKGcaN3xvcQEGVGGUQ6TUjfVkBA6IgPoWCpIDDrIZjdM8KlV+jiSyj5h8Ez9nchIrPU4Du1kTMxQL3pT8T+vk5roIsiYSFIDgs4XRSnHRuJpIbjPlG2Ajy0hVDH7V0yHRBFqbG0lW4K/ePIyaVYrvlfxb6vl2mVeRxEdoxN0hnx0jmroBtVRA1H0iJ7RK3pznpwX5935mI8WnDxziP7A+fwB7fCXrg==</latexit><latexit sha1_base64="jFvm2Ni/2/tFQfw3ZCmCiNijovY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnpRpdFEVxWsA9oh5JJ77ShmWRIMkoZCm78FTcuFHHrT7jzb0zbWWjrgcDhnHu4uSdMONPG876dwsrq2vpGcbO0tb2zu+fuHzS1TBWFBpVcqnZINHAmoGGY4dBOFJA45NAKR1dTv3UPSjMp7sw4gSAmA8EiRomxUs89uuZAjZIPQEY4tMkREwOsKeHQc8texZsBLxM/J2WUo95zv7p9SdMYhKGcaN3xvcQEGVGGUQ6TUjfVkBA6IgPoWCpIDDrIZjdM8KlV+jiSyj5h8Ez9nchIrPU4Du1kTMxQL3pT8T+vk5roIsiYSFIDgs4XRSnHRuJpIbjPlG2Ajy0hVDH7V0yHRBFqbG0lW4K/ePIyaVYrvlfxb6vl2mVeRxEdoxN0hnx0jmroBtVRA1H0iJ7RK3pznpwX5935mI8WnDxziP7A+fwB7fCXrg==</latexit>

Warshaw basis
<latexit sha1_base64="3PxE8JSbAvhj1txEAyEzWqyY4Bo=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDGRjwQuZG7Zgw17e+fuHoZc+B02Fhpj64+x89+4wBUKvmSSl/dmdmdekAiujet+O4WNza3tneJuaW//4PCofHzS0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb+d+e8KU5rF8MNOE+REOJQ85RWMlv41Kj/CJ2Ce47pcrbtVdgKwTLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBZqVeqlmCdIxD1rVUYsS0ny2WnpELqwxIGCtb0pCF+nsiw0jraRTYzgjNSK96c/E/r5ua8NrPuExSwyRdfhSmgpiYzBMgA64YNWJqCVLF7a6EjlAhNTankg3BWz15nbRqVc+teve1Sv0mj6MIZ3AOl+DBFdThDhrQBAqP8Ayv8OZMnBfn3flYthacfOYU/sD5/AG0OZIJ</latexit><latexit sha1_base64="3PxE8JSbAvhj1txEAyEzWqyY4Bo=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDGRjwQuZG7Zgw17e+fuHoZc+B02Fhpj64+x89+4wBUKvmSSl/dmdmdekAiujet+O4WNza3tneJuaW//4PCofHzS0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb+d+e8KU5rF8MNOE+REOJQ85RWMlv41Kj/CJ2Ce47pcrbtVdgKwTLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBZqVeqlmCdIxD1rVUYsS0ny2WnpELqwxIGCtb0pCF+nsiw0jraRTYzgjNSK96c/E/r5ua8NrPuExSwyRdfhSmgpiYzBMgA64YNWJqCVLF7a6EjlAhNTankg3BWz15nbRqVc+teve1Sv0mj6MIZ3AOl+DBFdThDhrQBAqP8Ayv8OZMnBfn3flYthacfOYU/sD5/AG0OZIJ</latexit><latexit sha1_base64="3PxE8JSbAvhj1txEAyEzWqyY4Bo=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDGRjwQuZG7Zgw17e+fuHoZc+B02Fhpj64+x89+4wBUKvmSSl/dmdmdekAiujet+O4WNza3tneJuaW//4PCofHzS0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb+d+e8KU5rF8MNOE+REOJQ85RWMlv41Kj/CJ2Ce47pcrbtVdgKwTLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBZqVeqlmCdIxD1rVUYsS0ny2WnpELqwxIGCtb0pCF+nsiw0jraRTYzgjNSK96c/E/r5ua8NrPuExSwyRdfhSmgpiYzBMgA64YNWJqCVLF7a6EjlAhNTankg3BWz15nbRqVc+teve1Sv0mj6MIZ3AOl+DBFdThDhrQBAqP8Ayv8OZMnBfn3flYthacfOYU/sD5/AG0OZIJ</latexit><latexit sha1_base64="3PxE8JSbAvhj1txEAyEzWqyY4Bo=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDGRjwQuZG7Zgw17e+fuHoZc+B02Fhpj64+x89+4wBUKvmSSl/dmdmdekAiujet+O4WNza3tneJuaW//4PCofHzS0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb+d+e8KU5rF8MNOE+REOJQ85RWMlv41Kj/CJ2Ce47pcrbtVdgKwTLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBZqVeqlmCdIxD1rVUYsS0ny2WnpELqwxIGCtb0pCF+nsiw0jraRTYzgjNSK96c/E/r5ua8NrPuExSwyRdfhSmgpiYzBMgA64YNWJqCVLF7a6EjlAhNTankg3BWz15nbRqVc+teve1Sv0mj6MIZ3AOl+DBFdThDhrQBAqP8Ayv8OZMnBfn3flYthacfOYU/sD5/AG0OZIJ</latexit>SILH basis

<latexit sha1_base64="6BOXOuXMlU6dfCYHAk2sa8JMQSQ=">AAAB8XicbVC7SgNBFL0bXzG+opY2g0GwCrtptAzaRLCIaB6YLGF2cjcZMju7zMwKIeQvbCwUsfVv7PwbJ8kWmnhg4HDOPcy9J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3zW0+oNI/lgxkn6Ed0IHnIGTVWery/ua0Rm+e6Vyy5ZXcOskq8jJQgQ71X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yXzjKTmzSp+EsbJPGjJXfycmNNJ6HAV2MqJmqJe9mfif10lNeOlPuExSg5ItPgpTQUxMZueTPlfIjBhbQpnidlfChlRRZmxJBVuCt3zyKmlWyp5b9u4qpepVVkceTuAUzsGDC6hCDerQAAYSnuEV3hztvDjvzsdiNOdkmWP4A+fzB6p4kD4=</latexit><latexit sha1_base64="6BOXOuXMlU6dfCYHAk2sa8JMQSQ=">AAAB8XicbVC7SgNBFL0bXzG+opY2g0GwCrtptAzaRLCIaB6YLGF2cjcZMju7zMwKIeQvbCwUsfVv7PwbJ8kWmnhg4HDOPcy9J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3zW0+oNI/lgxkn6Ed0IHnIGTVWery/ua0Rm+e6Vyy5ZXcOskq8jJQgQ71X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yXzjKTmzSp+EsbJPGjJXfycmNNJ6HAV2MqJmqJe9mfif10lNeOlPuExSg5ItPgpTQUxMZueTPlfIjBhbQpnidlfChlRRZmxJBVuCt3zyKmlWyp5b9u4qpepVVkceTuAUzsGDC6hCDerQAAYSnuEV3hztvDjvzsdiNOdkmWP4A+fzB6p4kD4=</latexit><latexit sha1_base64="6BOXOuXMlU6dfCYHAk2sa8JMQSQ=">AAAB8XicbVC7SgNBFL0bXzG+opY2g0GwCrtptAzaRLCIaB6YLGF2cjcZMju7zMwKIeQvbCwUsfVv7PwbJ8kWmnhg4HDOPcy9J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3zW0+oNI/lgxkn6Ed0IHnIGTVWery/ua0Rm+e6Vyy5ZXcOskq8jJQgQ71X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yXzjKTmzSp+EsbJPGjJXfycmNNJ6HAV2MqJmqJe9mfif10lNeOlPuExSg5ItPgpTQUxMZueTPlfIjBhbQpnidlfChlRRZmxJBVuCt3zyKmlWyp5b9u4qpepVVkceTuAUzsGDC6hCDerQAAYSnuEV3hztvDjvzsdiNOdkmWP4A+fzB6p4kD4=</latexit><latexit sha1_base64="6BOXOuXMlU6dfCYHAk2sa8JMQSQ=">AAAB8XicbVC7SgNBFL0bXzG+opY2g0GwCrtptAzaRLCIaB6YLGF2cjcZMju7zMwKIeQvbCwUsfVv7PwbJ8kWmnhg4HDOPcy9J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3zW0+oNI/lgxkn6Ed0IHnIGTVWery/ua0Rm+e6Vyy5ZXcOskq8jJQgQ71X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yXzjKTmzSp+EsbJPGjJXfycmNNJ6HAV2MqJmqJe9mfif10lNeOlPuExSg5ItPgpTQUxMZueTPlfIjBhbQpnidlfChlRRZmxJBVuCt3zyKmlWyp5b9u4qpepVVkceTuAUzsGDC6hCDerQAAYSnuEV3hztvDjvzsdiNOdkmWP4A+fzB6p4kD4=</latexit>
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Extended scalarHiggs EFT

Higgs Singlet Higgs Doublet

Higgs Triplet

T. Corbett, A. Joglekar, H.-L. Li, JHY, JHEP1805(2018)061

Marginized profile
<latexit sha1_base64="lP2tIDCt/xccIBQ7vgzHwqIgZk8=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJJe9Fj04kWoYD+gDWWzmbRLN7thdyPW0L/ixYMiXv0j3vw3btsctPXBwOO9GWbmhSln2njet7O2vrG5tV3aKe/u7R8cukeVtpaZotCikkvVDYkGzgS0DDMcuqkCkoQcOuH4euZ3HkBpJsW9maQQJGQoWMwoMVYauJVbooZMsCeIcKpkzDgM3KpX8+bAq8QvSBUVaA7cr34kaZaAMJQTrXu+l5ogJ8owymFa7mcaUkLHZAg9SwVJQAf5/PYpPrNKhGOpbAmD5+rviZwkWk+S0HYmxIz0sjcT//N6mYkvg5yJNDMg6GJRnHFsJJ4FgSOmgBo+sYRQxeytmI6IItTYuMo2BH/55VXSrtd8r+bf1auNqyKOEjpBp+gc+egCNdANaqIWougRPaNX9OZMnRfn3flYtK45xcwx+gPn8wcdkZR4</latexit><latexit sha1_base64="lP2tIDCt/xccIBQ7vgzHwqIgZk8=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJJe9Fj04kWoYD+gDWWzmbRLN7thdyPW0L/ixYMiXv0j3vw3btsctPXBwOO9GWbmhSln2njet7O2vrG5tV3aKe/u7R8cukeVtpaZotCikkvVDYkGzgS0DDMcuqkCkoQcOuH4euZ3HkBpJsW9maQQJGQoWMwoMVYauJVbooZMsCeIcKpkzDgM3KpX8+bAq8QvSBUVaA7cr34kaZaAMJQTrXu+l5ogJ8owymFa7mcaUkLHZAg9SwVJQAf5/PYpPrNKhGOpbAmD5+rviZwkWk+S0HYmxIz0sjcT//N6mYkvg5yJNDMg6GJRnHFsJJ4FgSOmgBo+sYRQxeytmI6IItTYuMo2BH/55VXSrtd8r+bf1auNqyKOEjpBp+gc+egCNdANaqIWougRPaNX9OZMnRfn3flYtK45xcwx+gPn8wcdkZR4</latexit><latexit sha1_base64="lP2tIDCt/xccIBQ7vgzHwqIgZk8=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJJe9Fj04kWoYD+gDWWzmbRLN7thdyPW0L/ixYMiXv0j3vw3btsctPXBwOO9GWbmhSln2njet7O2vrG5tV3aKe/u7R8cukeVtpaZotCikkvVDYkGzgS0DDMcuqkCkoQcOuH4euZ3HkBpJsW9maQQJGQoWMwoMVYauJVbooZMsCeIcKpkzDgM3KpX8+bAq8QvSBUVaA7cr34kaZaAMJQTrXu+l5ogJ8owymFa7mcaUkLHZAg9SwVJQAf5/PYpPrNKhGOpbAmD5+rviZwkWk+S0HYmxIz0sjcT//N6mYkvg5yJNDMg6GJRnHFsJJ4FgSOmgBo+sYRQxeytmI6IItTYuMo2BH/55VXSrtd8r+bf1auNqyKOEjpBp+gc+egCNdANaqIWougRPaNX9OZMnRfn3flYtK45xcwx+gPn8wcdkZR4</latexit><latexit sha1_base64="lP2tIDCt/xccIBQ7vgzHwqIgZk8=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJJe9Fj04kWoYD+gDWWzmbRLN7thdyPW0L/ixYMiXv0j3vw3btsctPXBwOO9GWbmhSln2njet7O2vrG5tV3aKe/u7R8cukeVtpaZotCikkvVDYkGzgS0DDMcuqkCkoQcOuH4euZ3HkBpJsW9maQQJGQoWMwoMVYauJVbooZMsCeIcKpkzDgM3KpX8+bAq8QvSBUVaA7cr34kaZaAMJQTrXu+l5ogJ8owymFa7mcaUkLHZAg9SwVJQAf5/PYpPrNKhGOpbAmD5+rviZwkWk+S0HYmxIz0sjcT//N6mYkvg5yJNDMg6GJRnHFsJJ4FgSOmgBo+sYRQxeytmI6IItTYuMo2BH/55VXSrtd8r+bf1auNqyKOEjpBp+gc+egCNdANaqIWougRPaNX9OZMnRfn3flYtK45xcwx+gPn8wcdkZR4</latexit>

Model parameters
<latexit sha1_base64="JFuIlvNI0RNJsnCHnqkTJsnBhwQ=">AAAB+XicbVDLSgMxFM34rPU16tJNsAiuykw3uiy6cSNUsA9oh5LJ3GlDM8mQZApl6J+4caGIW//EnX9jpp2Fth4IHM45l3tzwpQzbTzv29nY3Nre2a3sVfcPDo+O3ZPTjpaZotCmkkvVC4kGzgS0DTMceqkCkoQcuuHkrvC7U1CaSfFkZikECRkJFjNKjJWGrvsgI+A4JYokYGxw6Na8urcAXid+SWqoRGvofg0iSbMEhKGcaN33vdQEOVGGUQ7z6iDTkBI6ISPoWyrsHh3ki8vn+NIqEY6lsk8YvFB/T+Qk0XqWhDaZEDPWq14h/uf1MxPfBDkTaWZA0OWiOOPYSFzUgCOmgBo+s4RQxeytmI5tCbTooGpL8Fe/vE46jbrv1f3HRq15W9ZRQefoAl0hH12jJrpHLdRGFE3RM3pFb07uvDjvzscyuuGUM2foD5zPH3/1k44=</latexit><latexit sha1_base64="JFuIlvNI0RNJsnCHnqkTJsnBhwQ=">AAAB+XicbVDLSgMxFM34rPU16tJNsAiuykw3uiy6cSNUsA9oh5LJ3GlDM8mQZApl6J+4caGIW//EnX9jpp2Fth4IHM45l3tzwpQzbTzv29nY3Nre2a3sVfcPDo+O3ZPTjpaZotCmkkvVC4kGzgS0DTMceqkCkoQcuuHkrvC7U1CaSfFkZikECRkJFjNKjJWGrvsgI+A4JYokYGxw6Na8urcAXid+SWqoRGvofg0iSbMEhKGcaN33vdQEOVGGUQ7z6iDTkBI6ISPoWyrsHh3ki8vn+NIqEY6lsk8YvFB/T+Qk0XqWhDaZEDPWq14h/uf1MxPfBDkTaWZA0OWiOOPYSFzUgCOmgBo+s4RQxeytmI5tCbTooGpL8Fe/vE46jbrv1f3HRq15W9ZRQefoAl0hH12jJrpHLdRGFE3RM3pFb07uvDjvzscyuuGUM2foD5zPH3/1k44=</latexit><latexit sha1_base64="JFuIlvNI0RNJsnCHnqkTJsnBhwQ=">AAAB+XicbVDLSgMxFM34rPU16tJNsAiuykw3uiy6cSNUsA9oh5LJ3GlDM8mQZApl6J+4caGIW//EnX9jpp2Fth4IHM45l3tzwpQzbTzv29nY3Nre2a3sVfcPDo+O3ZPTjpaZotCmkkvVC4kGzgS0DTMceqkCkoQcuuHkrvC7U1CaSfFkZikECRkJFjNKjJWGrvsgI+A4JYokYGxw6Na8urcAXid+SWqoRGvofg0iSbMEhKGcaN33vdQEOVGGUQ7z6iDTkBI6ISPoWyrsHh3ki8vn+NIqEY6lsk8YvFB/T+Qk0XqWhDaZEDPWq14h/uf1MxPfBDkTaWZA0OWiOOPYSFzUgCOmgBo+s4RQxeytmI5tCbTooGpL8Fe/vE46jbrv1f3HRq15W9ZRQefoAl0hH12jJrpHLdRGFE3RM3pFb07uvDjvzscyuuGUM2foD5zPH3/1k44=</latexit><latexit sha1_base64="JFuIlvNI0RNJsnCHnqkTJsnBhwQ=">AAAB+XicbVDLSgMxFM34rPU16tJNsAiuykw3uiy6cSNUsA9oh5LJ3GlDM8mQZApl6J+4caGIW//EnX9jpp2Fth4IHM45l3tzwpQzbTzv29nY3Nre2a3sVfcPDo+O3ZPTjpaZotCmkkvVC4kGzgS0DTMceqkCkoQcuuHkrvC7U1CaSfFkZikECRkJFjNKjJWGrvsgI+A4JYokYGxw6Na8urcAXid+SWqoRGvofg0iSbMEhKGcaN33vdQEOVGGUQ7z6iDTkBI6ISPoWyrsHh3ki8vn+NIqEY6lsk8YvFB/T+Qk0XqWhDaZEDPWq14h/uf1MxPfBDkTaWZA0OWiOOPYSFzUgCOmgBo+s4RQxeytmI5tCbTooGpL8Fe/vE46jbrv1f3HRq15W9ZRQefoAl0hH12jJrpHLdRGFE3RM3pFb07uvDjvzscyuuGUM2foD5zPH3/1k44=</latexit>
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Higgs at HL-LHC and CEPC/SppC

Deviation
from SM 

Higgs couplings

New scalars
Resonance 

below TeV scale

Different Potential
than SM Higgs

potential

New Couplings

other than SM 
Higgs couplings

See Qing-Hong Cao’s talk on CEPC physics
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S. Di Vita, G. Durieux, C. Grojean, J. Gu, Z. Liu, G. Panico, JHEP1802(2018)178

Deviation from SM coupling is indirect sign of new physics!

F. An, et.al. Precision Higgs Physics at CEPC, 1810.09037

S.-F. Ge, H.-J. He, R.-Q. Xiao, JHEP1610(2016)007

W. H. Chiu, S. C. Leung, T. Liu, K. F. Lyu, L.-T. Wang, JHEP1805(2018)081

Higgs EFTeffective couplings

 ⌘ �gh
gh

⇠ 10%(HL� LHC) ! 1%( CEPC)

<latexit sha1_base64="Ast5FHQ95paX6+W0MYbHmrzFD48="></latexit><latexit sha1_base64="Ast5FHQ95paX6+W0MYbHmrzFD48="></latexit><latexit sha1_base64="Ast5FHQ95paX6+W0MYbHmrzFD48="></latexit><latexit sha1_base64="Ast5FHQ95paX6+W0MYbHmrzFD48="></latexit>
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Q.-H. Cao, G. Li, B. Yan, D.-m.Zhang, H. Zhang, PRD96(2017)095031

Could determine self coupling, address nature of Higgs

L. Wu,J. M. Yang, C.-P. Yuan, M. Zhang, PLB747(2015)378

X. Zhao, Q. Li, Z. Li, Q.-S. Yan, CPC41(2017)023105

F. Goertz, A. Papaefstathiou, L. L. Yang, J. Zurita, JHEP1504(2015)167

D. Goncalves, T. Han, F. Kling, T. Plehn, M. Takeuchi, PRD97(2018)113004

H. J. He, J. Ren, W. Yao, PRD93(2016)015003

Distinguish di↵erent scalar multiplet
<latexit sha1_base64="7To6OeL7yINuptMubd3TJY6WH0k=">AAACD3icbVC7SgNBFJ31GeNr1dJmMChWYTeNlkEtLCOYByQhzE7uJkNmZpd5CGHJH9j4KzYWitja2vk3TpItNPHAwOGce+fee6KUM22C4NtbWV1b39gsbBW3d3b39v2Dw4ZOrKJQpwlPVCsiGjiTUDfMcGilCoiIODSj0fXUbz6A0iyR92acQleQgWQxo8Q4qeef3bgZTA4s00PcZ3EMCqTBmhJOFBaWG5ZyMD2/FJSDGfAyCXNSQjlqPf+r00+oFe4zyonW7TBITTcjyjDKYVLsWA0poSMygLajkgjQ3Wx2zwSfOqWP40S555aZqb87MiK0HovIVQpihnrRm4r/eW1r4stuxmRqDUg6HxRbjk2Cp+G4ABRQw8eOEKqY2xXTIVGEGhdh0YUQLp68TBqVchiUw7tKqXqVx1FAx+gEnaMQXaAqukU1VEcUPaJn9IrevCfvxXv3PualK17ec4T+wPv8Acj5nR0=</latexit><latexit sha1_base64="7To6OeL7yINuptMubd3TJY6WH0k=">AAACD3icbVC7SgNBFJ31GeNr1dJmMChWYTeNlkEtLCOYByQhzE7uJkNmZpd5CGHJH9j4KzYWitja2vk3TpItNPHAwOGce+fee6KUM22C4NtbWV1b39gsbBW3d3b39v2Dw4ZOrKJQpwlPVCsiGjiTUDfMcGilCoiIODSj0fXUbz6A0iyR92acQleQgWQxo8Q4qeef3bgZTA4s00PcZ3EMCqTBmhJOFBaWG5ZyMD2/FJSDGfAyCXNSQjlqPf+r00+oFe4zyonW7TBITTcjyjDKYVLsWA0poSMygLajkgjQ3Wx2zwSfOqWP40S555aZqb87MiK0HovIVQpihnrRm4r/eW1r4stuxmRqDUg6HxRbjk2Cp+G4ABRQw8eOEKqY2xXTIVGEGhdh0YUQLp68TBqVchiUw7tKqXqVx1FAx+gEnaMQXaAqukU1VEcUPaJn9IrevCfvxXv3PualK17ec4T+wPv8Acj5nR0=</latexit><latexit sha1_base64="7To6OeL7yINuptMubd3TJY6WH0k=">AAACD3icbVC7SgNBFJ31GeNr1dJmMChWYTeNlkEtLCOYByQhzE7uJkNmZpd5CGHJH9j4KzYWitja2vk3TpItNPHAwOGce+fee6KUM22C4NtbWV1b39gsbBW3d3b39v2Dw4ZOrKJQpwlPVCsiGjiTUDfMcGilCoiIODSj0fXUbz6A0iyR92acQleQgWQxo8Q4qeef3bgZTA4s00PcZ3EMCqTBmhJOFBaWG5ZyMD2/FJSDGfAyCXNSQjlqPf+r00+oFe4zyonW7TBITTcjyjDKYVLsWA0poSMygLajkgjQ3Wx2zwSfOqWP40S555aZqb87MiK0HovIVQpihnrRm4r/eW1r4stuxmRqDUg6HxRbjk2Cp+G4ABRQw8eOEKqY2xXTIVGEGhdh0YUQLp68TBqVchiUw7tKqXqVx1FAx+gEnaMQXaAqukU1VEcUPaJn9IrevCfvxXv3PualK17ec4T+wPv8Acj5nR0=</latexit><latexit sha1_base64="7To6OeL7yINuptMubd3TJY6WH0k=">AAACD3icbVC7SgNBFJ31GeNr1dJmMChWYTeNlkEtLCOYByQhzE7uJkNmZpd5CGHJH9j4KzYWitja2vk3TpItNPHAwOGce+fee6KUM22C4NtbWV1b39gsbBW3d3b39v2Dw4ZOrKJQpwlPVCsiGjiTUDfMcGilCoiIODSj0fXUbz6A0iyR92acQleQgWQxo8Q4qeef3bgZTA4s00PcZ3EMCqTBmhJOFBaWG5ZyMD2/FJSDGfAyCXNSQjlqPf+r00+oFe4zyonW7TBITTcjyjDKYVLsWA0poSMygLajkgjQ3Wx2zwSfOqWP40S555aZqb87MiK0HovIVQpihnrRm4r/eW1r4stuxmRqDUg6HxRbjk2Cp+G4ABRQw8eOEKqY2xXTIVGEGhdh0YUQLp68TBqVchiUw7tKqXqVx1FAx+gEnaMQXaAqukU1VEcUPaJn9IrevCfvxXv3PualK17ec4T+wPv8Acj5nR0=</latexit>

T. Corbett, A. Joglekar, H.-L. Li, 
JHY, JHEP1805(2018)061

��

�
⇠ 25%(CEPC) ! 8%(100 TeV)

<latexit sha1_base64="uo5KKWsB5F+df3sOD+ol3Kx5gig="></latexit><latexit sha1_base64="uo5KKWsB5F+df3sOD+ol3Kx5gig="></latexit><latexit sha1_base64="uo5KKWsB5F+df3sOD+ol3Kx5gig="></latexit><latexit sha1_base64="uo5KKWsB5F+df3sOD+ol3Kx5gig="></latexit>
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Higgs Exotic Couplings
Displaced vertices

CP-odd tth and tthh coupling

Z. Liu, L.-T. Wang, H. Zhang, CPC41(2017)063102
Q.-H. Cao, S.-L. Chen, Y. Liu, PRD95(2017)053004

J. Li, Z.-G. Si, L. Wu, J. Yue, PLB779(2018)72

Higgs exotic decay
Also Q.-H. Cao’s talk

Z. Chacko, D. Curtin, C. Verhaaren, PRD94(2016)011504
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New Scalar Signatures
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More powerful probe of heavy neutral/charged Higgses!

Higgs Doublet

Higgs Triplet

Y. Du, A. Dunbrack, M. Ramsey-Musolf, JHY, 
1810.09450

Bosonic decay channels, such as hV, AV, hh, AA, VV

Fermonic channels, ff, are being constrained at LHC Run-2

F. Kling, H. Li, A. Pyarelal, H. Song, 
S. Su,1812.01633

100 TeV ColliderCEPC

Q.-H. Cao, F. P. Huang, K.-P. Xie, 
X.-m.Zhang, CPC42(2018)023103

Higgs Singlet



Jiang-Hao Yu

Summary
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Higgs effective theory
(precision Higgs measurement)

Neutral Naturalness
(diHiggs and displaced vertices signature)

Simplified scalar sector
(search for new scalars)

Deviation
from SM 

Higgs couplings

New scalars
Resonance 

below TeV scale

Different Potential
than SM Higgs

potential

New Couplings

other than SM 
Higgs couplings

Apologize if your work is not included/covered in this 20 min talk…
Topics are chosen based on my personal perspective
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Non Collider

Intensity, GW, etc

Higgs Physics Olympics

Deviation
from SM 

Higgs couplings

Different Potential
than SM Higgs

potential

New Couplings

other than SM 
Higgs couplings

New scalars
Resonance 

below TeV scale

Who will get gold medal in this race for new physics?
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Thank	You	For	Your	
Attention!
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Backup	Slides



Jiang-Hao Yu  47

Connect HEFT and Scalar Models

T. Corbett, A. Joglekar, H.-L. Li, JHY, JHEP1805(2018)061
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Minimal Neutral Naturalness

L.-X. Xu, JHY, S.-h. Zhu 1810.01882


