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First observations of a new particle
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Higgs Physics: Measurement of intere
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Higgs coupling to Fermions
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i Vector bosons
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- Give mass to fermions (quarks/lepton)

- Coupling strength variations with a factor of ~106:
= Only few mearsurable at LHC

Unknown questions: CP properties of Yukawa interactions
- Different measurement strategies used at LHC (see next slides)
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Higgs Coupling to top quark: largest coupling

« Direct meas. use ttH ;: indirect constrains in loop effects
t g A

~1% of total Higgs $ , X
~0.06% of ttbar ﬂ t N
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ttH,H->bb

- Higgs coupling to fermions only
= Either top quark or bottom quark

- Largest signal compared to other ttH FS

- ttHbb: [+jets, dilepton, full hadronic, boosted analyzed
- Analysis using DNN, BDT, MEM

- Major background from tt+jets

- Main uncertainties from tt+hf theory, jet tagging etc.

=  Systematics dominated already
- JHEP 06 (2022) 97

JHEP 03 (2019) 026
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ttH multi-lepton

- Most sensitive channel at run2
- Can not reco. the higgs system: ML used
- Tag jets from Higgs decays

CMS Preliminary

based on relations to other obj.
- Fake lepton contribution estimated from data
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ttH,H>yy

- Very good higgs mass resolution

- Good S/B with (background suppressed by presence of tt)
- Based on ttbar decays, divided into Lep and Had region

- Further categorization based on BDT Scores
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Higgs Coupling to bottom quark: H

- Higgs largest decay mode

- Reconstruct higgs system using 2 b-tagged jets

- Search with 4 productions modes

= VH,H—>bb; Most sensitive

= ttH+tH,H—>bb; Smallest XS, fair S/B
= VBF H, H>bb; Smaller XS, large bkg.

= ggF H, H>Dbb :largest XS, challenge bkg; use boosted H->bl
- Both resolved and boosted signature, differential XS
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Higgs Coupling to t lepton: H>

- Strong (relatively to other leptons) coupling to Higgs
- Large background dominated by Z- 1t

- Search H-> Tt in the production mode of ggH,VBF,VH (ttH)
- First observation by combine run1 ATLAS and CMS: precision meas. now
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Higgs Coupling to u lepton: H>uu

Next question: Higgs coupling to 2" generation?

Very small decay BR (0.02%)

Overwhelming by DY background (cat. And BDT used)
Excellent mass resolution

Evidence observed, statistically unc. dominated
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Higgs Coupling to charm quark (1)

- Hunting for higgs coupling to charm quark:
= H->cc, both resolved and boosted EPJC 82(2022)717,arXiv:2211.14181; 2205.05550
« Indirect constrain by studying Higgs Pt arXiv:2207.08615, CMS-PAS-HIG-21-009
= H>J/py, Hyp(nS)y  arXivi2208.03122
- More challenging to tag c-quark (than b-quark)
= Median quark mass; median lifetime...
= Advance technique like particleNet, Deep Learning used

Improvement on mass resol.
(13 TeV)
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Higgs Coupling to charm quark (2)

- No evidence yet
= VH,H->cc direct search obs(exp.) limit < 14.4(7.6)*SM @ 95CL

- Higgs boson pT provide indirect constraint on charm Yukawa
coupling that is comparable to direct VH, H—cc search
arXiv:2205.05550 arXiv:2207.08615
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Higgs Coupling to e lepton: H>ee

- Higgs couples to 1st generation? Tried H->ee
- Smallest BR? (5*10-9)
- Fit to m(ee) distribution in different event categories:

= 4 targeting gluon fusion, 2 targeting VBF production
- Best Obs.(exp.) BR limit assume SM: 3.0*10-4(3.0*104) @95%
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Search for H=>inv.

95% CL upper limiton By, _ .,

SM pred. H->inv. Br: <0.1%

Enhanced from BSM, ex: DM

Searching using ggF,VBF,ttH,VH,VBF+gamma channels
Set combined obs.(exp.) upper limit of Br<0.107 (0.077) @ 95%
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= Vs =8TeV,20.31" Iz o 3 3
= Vs =13 TeV, 139 i’ mEY E S
5 E 6
| !
o
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Higgs Portal WIMP:
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CP property of higgs-fermion coupling

T & SMexpected

. . . m _ L. _ wor
-+ Yukawa coupling involving CP: <, = — —x(cos(a)ff + i sin(a)frsHH +
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H-t and H-W coupling interference phase: tHq

- tHq: Sensitive to Yt/gHVV int. q
- Search tHqg in H>multi-lepton/bb/yy o «

= Combine with ttH studies ,
X Kt = ye/yM X KV= guvv/ iy

Destructive interference in SM

arXiv:2208.02686
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Combined measurement of Higgs-Fermion coupling

- In memory of 10 years after Higgs discovery
- Combine all production and decay channels analyzed at LHC
- Higgs-Fermion coupling is part of this combination
 deon, oMs 13Ty
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Higgs-Fermions coupling at HL-LHC

~10 time more luminosity

(s = 14 TeV, 3000 fb™' per experiment

) o/ e 13=14TeV, 3000 per experime
Acc. Could reach <5% B Tota ATLAS and CMS
) . —— Statisti o
= JO p_H|gg S Coup“ng — E;((e:)t:tilr?\ae]ntal HL-LHC Projection
= Bottom-Higgs coupling — Theory | T:’:"S";:f‘gz)“TL
= Tau-Higgs coupling KE] 18 08 10 13
= u-Higgs coupling Kw E— 1.7 08 0.7 1.3
K, = 1.5 07 06 1.2
Kg =— 25 09 08 2.1
- Better constrains K, = a4 06 11 a1
= Charm-Higgs coupling Ky, = I 37 13 13 82
= Electron-Higgs coupling K, = | 19 09 08 15
Ky =— | 43 38 10 1.7
: Kz, V= 9.8 72 1.7 64
- Better understanding of 0 002 004 006 008 01 012 014
= Higgs-Fermion coupling CP Expected uncertainty
= Higgs-top, Higgs-V interference phase arXiv: 1902.00134
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- Chasing Higgs Coupling to Fermions at LHC

= Observed 3’d generation couplings:

— Precison study including CP properties on going

= Chasing 2'd generation coupling now (except H-s)

= Huge challenge for testing 1st generation coupling at LHC

= Set stringent limit of Higgs coupling to fermion DM
- The Higgs is more and more SM like

= Still room for new physics

= Future e+e- collider helps (ex. Abs Br. Meas.)

- Can all SM Higgs-Fermion coupling be measured?

= New experiments? New methods?
= Or can we leave them with extrapolation from “theory”?

- Latest results at:

=  ATLAS: https://twiki.cemn.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults

= CMS: https://cms-results-search.web.cern.ch/
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