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What can off-shell Higgs production tell us?

off-shell

width top/Higgs couplings

exact flat direction approx. flat direction? κt vs κg top EW couplings

UV models 
(κV > 1, tuning)

difficult

・still need κV > 1? 
・need to relax Vh(h→bb) 

・which deviation of on-shell rate  
will give more freedom?

weaker than  
tth 

~ (40% vs. 10% @HL-LHC)

weaker than  
ttZ 

~ (30% vs. 10%)

top CPV?
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Flat direction in on-shell Higgs measurements
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all on-shell rates unchanged
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CMS projection 
14 TeV, 3 ab−1

untagged BR gives most leeway, 
invisible BR already strongly constrained

BR(Higgs ! invisible) < 13% (95% CL)

<latexit sha1_base64="Af+hpD+M9m27ka5Jpsr7oWNsOLY=">AAACMXicbVBJTwIxGO24Im6oRy+NDAlcyAxqlOiByIWDBzSyJMyEdEqBhs6StkNCJvOXvPhPjBcOGuPVP2HZEgW/pMnLe9/S95yAUSENY6ytrW9sbm0ndpK7e/sHh6mj47rwQ45JDfvM500HCcKoR2qSSkaaASfIdRhpOIPyRG8MCRfU957kKCC2i3oe7VKMpKLaqYpuuUj2uRvdPcbZBa7QXk/ElvThgqHekAqqtsY5eAvNcy tj3egwW7zUrYwOy/e5dipt5I1pwVVgzkEazKvaTr1aHR+HLvEkZkiIlmkE0o4QlxSrM0krFCRAeIB6pKWgh1wi7GjqOIYZxXRg1+fqeRJO2d8TEXKFGLmO6pwYEMvahPxPa4Wye20rt0EoiYdnh7ohgyqKSXywQznBko0UQJhT9VeI+4gjLFXISRWCuWx5FdQLefMiX3wopEuFeRwJcArOQBaY4AqUQAVUQQ1g8AzewDv40F60sfapfc1a17T5zAn4U9r3D1fTp54=</latexit>

[ATLAS-CONF-2020-008]

thanks to Jorge de Blas for providing the likelihood from [1905.03764]
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Flat direction vs off-shell Higgs

Ennio Salvioni
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Going to off-shell region:
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upper bound on off-shell cross section translates to upper bound on width

[Caola and Melnikov 1307.4935]
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Universal flat direction

Ennio Salvioni

How to realize a universal flat direction? Toy setup:

LBSM =
cH

f2

�
@µ|H|2

�2
+ �H�|H|2�2

<latexit sha1_base64="QL+J/FORbexePBaiAUSZbFGASUU="></latexit>

Requires: 

•  , possible but somewhat exotic.  
E.g., pNGB of non-compact coset, or models with larger scalar reps. 

•   decays to hadrons, for example color octet or singlet   

• A “conspiracy” relating    and  

cH < 0

ϕ → gg

cH λHϕ

ghii
gSM
hii

= 1� cH
v2

f2
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for example [Georgi and Machacek 1985]
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Relaxing coupling universality?
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V

<latexit sha1_base64="c66O9pefDN4H3hlcb2Uf7d75TJM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0JqLeAF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vf3tr6xubWdmGnuLu3f3BYOjpumjTTlDVoKlLdjtAwwSVrWG4FayvNMIkEa0Wj25nfemLa8FQ+2LFiYYIDyWNO0Tqp3R2hUthr9kplv+LPQVZJkJMy5Kj3Sl/dfkqzhElLBRrTCXxlwwlqy6lg02I3M0whHeGAdRyVmDATTub3Tsm5U/okTrUraclc/T0xwcSYcRK5zgTt0Cx7M/E/r5PZ+DqccKkyyyRdLIozQWxKZs+TPteMWjF2BKnm7lZCh6iRWhdR0YUQLL+8SpqXlaBaubmvlmvVPI4CnMIZXEAAV1CDO6hDAygIeIZXePMevRfv3ftYtK55+cwJ/IH3+QP3SI/m</latexit>

Flat direction is lifted very rapidly when we depart  

from universal rescaling of Higgs couplings

χ2 profiled over  χ2 BRexo
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Beyond the Higgs width: (SM)EFT

Ennio Salvioni

•   [Higgs-mediated + continuum] is sensitive to Higgs/top operators. 
In Higgs basis:
gg → ZZ

{cgg, (�yu)33, �cz, czz, cz⇤, (�gZu
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R )33, Re (dZu)33, Re (dGu)33}
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9 CP-even coefficients

5 CP-odd coefficients
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Beyond the Higgs width: (SM)EFT

Ennio Salvioni

•   [Higgs-mediated + continuum] is sensitive to Higgs/top operators. 
In Higgs basis:
gg → ZZ

{cgg, (�yu)33, �cz, czz, cz⇤, (�gZu
L )33, (�g

Zu
R )33, Re (dZu)33, Re (dGu)33}
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�gg!h

�SM
gg!h

⇠ [1 + cgg � (�yu)33]
2
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blind direction in on-shell gluon fusion production

[Azatov, Grojean, Paul, Salvioni 1608.00977]

9 CP-even coefficients
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Beyond the Higgs width: (SM)EFT

Ennio Salvioni

•   [Higgs-mediated + continuum] is sensitive to Higgs/top operators. 
In Higgs basis:
gg → ZZ

{cgg, (�yu)33, �cz, czz, cz⇤, (�gZu
L )33, (�g

Zu
R )33, Re (dZu)33, Re (dGu)33}

<latexit sha1_base64="fq7304JTSexNrMNPl+SmeW5VrUY="></latexit>

probed by  t t̄Z, tZ probed by  t t̄

68% CL bounds on 
Λ
Ci

[TeV]

[Brivio, Bruggisser, Maltoni, Moutafis, Plehn, Vryonidou, Westhoff, Zhang 1910.03606]

current bound on    is significantly stronger than for othersCtG ↔ Re (dGu)33

9 CP-even coefficients

C�
�Q : [�0.50, 0.37]

C�t : [�0.24, 0.55]

CtZ : [�0.66, 0.66]

CtG : [1.2, 1.8]

<latexit sha1_base64="NKAa/3+MICsX6Pj/Hr1i5U7GfPU="></latexit>
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Beyond the Higgs width: (SM)EFT

Ennio Salvioni

•   [Higgs-mediated + continuum] is sensitive to Higgs/top operators. 
In Higgs basis:
gg → ZZ

{cgg, (�yu)33, �cz, czz, cz⇤, (�gZu
L )33, (�g

Zu
R )33, Re (dZu)33, Re (dGu)33}
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•   is mostly sensitive to axial vector coupling 

• Angular distributions can be exploited to isolate LL pol. mode,  

which is enhanced for BSM couplings

gg → ZZ

[Azatov, Grojean, Paul, Salvioni 1608.00977]

9 CP-even coefficients

/ (�gZu
L )33 � (�gZu

R )33

<latexit sha1_base64="mEkReHAC9KM52wW4ga3GSBZ28uc=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0WoC0vSFqy7ghsXLqrYBzYxTCaTdujkwcxEKKG/4sZfceNCke7En3HSdlFbD1w4nHMv997jxowKaRjfWm5tfWNzK79d2Nnd2z/QD4/aIko4Ji0csYh3XSQIoyFpSSoZ6cacoMBlpOMOrzO/80y4oFH4IEcxsQPUD6lPMZJKcvS6FfMolhEsWR5hEsG+c/uUPibjcyetVsfwYsG4XzAKjl40ysYUcJWYc1IEczQdfWJ5EU4CEkrMkBA904ilnSIuKWZkXLASQWKEh6hPeoqGKCDCTqcfjuGZUjzoR1xVKOFUXZxIUSDEKHBVZ4DkQCx7mfif10ukX7dTGsaJJCGeLfITBlUiWVzQo5xgyUaKIMypuhXiAeIISxVqFoK5/PIqaVfKZq18dVcrNirzOPLgBJyCEjDBJWiAG9AELYDBC3gDH+BTe9XetS9tMmvNafOZY/AH2s8v4QiiCg==</latexit>

[Cao, Yan, Yuan, Zhang 2004.02031]

aSMt = 1/2

<latexit sha1_base64="N87Qqu3BdqCB7AhygDUQV82pEWY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSE1KQV0IBTduhIr2AW0Mk+mkHTozCTMTsYT8ihsXirj1R9z5N07bLLT1wIXDOfdy7z1BzKjSjvNtLS2vrK6tFzaKm1vbO7v2XqmlokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mvjtRyIVjcS9HsfE42ggaEgx0kby7RLy9UPakxze3WTwErqnVd8uOxVnCrhI3JyUQY6Gb3/1+hFOOBEaM6RU13Vi7aVIaooZyYq9RJEY4REakK6hAnGivHR6ewaPjNKHYSRNCQ2n6u+JFHGlxjwwnRzpoZr3JuJ/XjfR4bmXUhEnmgg8WxQmDOoIToKAfSoJ1mxsCMKSmlshHiKJsDZxFU0I7vzLi6RVrbi1ysVtrVw/yeMogANwCI6BC85AHVyDBmgCDJ7AM3gFb1ZmvVjv1sesdcnKZ/bBH1ifP8Ykkuk=</latexit>
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<latexit sha1_base64="iZFsLg7DyyxbgmBYf7iNCksW61s="></latexit>
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