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ATLAS Detector and Run-2 Data-taking

2

139fb-1 usable for analyses



Introduction

● Higgs boson has a central role in SM

● electroweak symmetry breaking

● masses of the bosons and fermions

● ATLAS Run-2 Dataset al lows us to probe even more 

subtle Higgs boson interactions

● entering the "precision era” for coupl ings to 3 rd gen 

fermions

● hunting the f i rst observation for 2 nd gen fermions

● this talk covers Yukawa coupling to 

● quark: t ,  b, c

● lepton: tau, muon
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SM Higgs Boson Production and Decay

LHC, 13TeV centre-of-mass energy SM Higgs Decay
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m(Higgs) ~125 GeV from ATLAS and CMS



VH, Higgs→bb

● leptonic decay of  W/Z enables eff ic ient  t r igger ing and a large reduct ion of  QCD background

● 0 ,  1 ,  2  l ep ton  channe ls  f o r  Z →νν,  W → l v,  and  Z→l l

● main  bkgs :  t t ba r,  W + je ts ,  Z+ je t s

● 2  b - tagged je t s  f o r  reso lved  H→bb t opo

● l a rge -R je t  t o  reconst ruc t  h igh  pT Higgs→bb (above  250  GeV) ,  t rack - je t  f o r  b - tagg ing

● Signal  s t rength,  branching f ract ion in  STXS scheme, and Wi lson coeff ic ient  f rom measurements
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resolved

VH obs(exp) significance :  6.7(6.7) σ
• WH: 4.0(4.1) σ

• ZH: 5.3(5.1) σ

EPJC 81 (2021) 178

PLB 816 (2021) 136204

boosted

significance obs(exp): 2.1(2.7) σ

https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2
https://www.sciencedirect.com/science/article/pii/S0370269321001441


VBF, Higgs→bb

● VBF production used to reduce the backgrounds: 2 forward jets

● two orthogonal analyses feature different techniques to identi fy this signal

1. inc lus ive VBF Hbb (h igh E photon is  vetoed):  two b - tagged je ts and two je ts  f rom the VBF

2. addi t ional  in i t ia l  s tate rad iat ion photon to  provide a t r igger and reduce the mul t i - jet  background
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JHEP 03 (2021) 268
EPJC 81 (2021) 537

sig: 2.6(2.8) σ
μ=1.3+/- 1.0

inclusive photon-tagged

https://link.springer.com/article/10.1007/JHEP03(2021)268
https://link.springer.com/article/10.1140/epjc/s10052-021-09192-8


ttH, H→bb
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ATLAS-CONF-2020-058 New

● Yukawa coupl ing to  heaviest  fermion

● 6 .3σ observa t ion  v ia  t tH ,  H→γγ (PLB  784 (2018)  173)

● Event  se lect ion and categor ies depends on

● Sing le  o r  D i - l ep ton;  Number  je t s ,  and  b - je t s ;  pT (Higgs ) ;  BDT

● Systematical  uncertainty dominant

significance 1.3(3.0) σ

https://cds.cern.ch/record/2743685


boosted Higgs→ bb

● Target very h igh-pT Higgs product ion,  ~ 1TeV

● Choose a t  l eas t  one  la rge -R je t  w i th  two  b - tagged sub je t s

● fu l ly hadronic f ina l  s ta tes,  us ing in i t ia l  s ta te rad iat ion

● Mul t i je t bkg dominants

● Jet  mass reconstruct ion is  va l idated us ing W, Z and top resonances
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ATLAS-CONF-2021-10

https://cds.cern.ch/record/2759284


Higgs→tau tau
● Yukawa coupl ing to  heavies t  lepton

● 3 d i - tau decay combinat ions ( lep-had,  had-had,  eμ )  are inc luded

● same f lavour lep- lep are not  inc luded because of  bkg f rom leptonic  Z decay

● VBF, boosted,  V(had)H,  t t (0 lep)H Higgs boson product ion modes

● Simpl i f ied embedd ing technique to  model  the dominant  bkg Z→tautau with Z→leplep data
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ATLAS-CONF-2021-044 New

*MMC: missing mass calculator

arXiv 1012.4686

Run2 36fb-1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-044/


Higgs→ mu mu

● direct probe Yukawa coupl ing to the 2nd gen Lepton

● Clean f inal state, but need to handle overwhelming background from Z/ γ∗→ μμ

● s ignal  product ion mode inc ludes ggF,  VBF,  VH,  and t tH

● Improve m(μμ ) wi th  recover ing an FSR γ f rom μ

● *s tat  uncertainty dominant
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PLB 812 (2021) 135980

obs(exp) significance 2.0(1.7)σ

~0.022%

https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub


VH, H→cc

● probing the Higgs mechanism for  the 2nd gen quark

● analys is  s t rategy is  l ike VHbb search.  Most  d i f ferences:

● B- tag  ve to  to  remove po ten t ia l  VHbb even ts

● s igna l :  1c - tag  &  2c - tag 

● d isc r im inan t :  m (cc )
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ATLAS-CONF-2021-021 New

https://cds.cern.ch/record/2771724


VH, H→cc

● world’s tightest direct constraint on H→cc

● VH(cc) obs(exp) < 26 (31) xSM

● κc: quanti fy possible deviat ions from the SM

● s ignal  s t rength as a funct ion of  coupl ing enhancement Kc

● Assuming κ=1 for  o ther fermions and bosons and no BSM contr ibut ions to  Higgs width
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ATLAS-CONF-2021-021 New

https://cds.cern.ch/record/2771724


Κ c  Indirect constraint from H→ɣɣ and ZZ*

● modif ication the coupling strength would impact the Higgs production and affect both 

the normalization and shapes of the Higgs pT spectrum
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ATLAS-CONF-2019-029

EPJC 80 (2020) 942

H→ɣɣ

H→ZZ*→4l

*pT shape only *both the prediction of the pT(4l)

diff. x-sec and the modification to 

the branching ratio due to the κc

and κb*pT shape only

https://cds.cern.ch/record/2682800
https://link.springer.com/article/10.1140/epjc/s10052-020-8223-0?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20201015


Conclusion

● Standard Model Higgs boson discovered in 2012!

● measurements at LHC have establ ished Higgs Yukawa 

coupl ings to Fermions are close to the Standard Model(SM) 

expectation

● H→bb, H→ττ ,  t tH

● Improved combinat ions us ing the la test  sets of  resul ts  shown in  

th is  ta lk  are current ly in  progress

● search of H→μμ and Η→cc decay is crucial  for probing the 

Higgs mechanism for the 2nd gen of fermions

● LHC Run-3 operation wi l l  start in 2022

● The data s ize wi l l  be Twice as large as what  we have now

● Good opportuni ty to  more precisely understand Higgs propert ies

https://atlas.cern/updates/briefing/higgs-boson-finds-strength-unity
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* recent H→tautau H→cc are not updated/included



Backup
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VH, Higgs→bb, resolved
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EPJC 81 (2021) 178

https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2


VH, Higgs→bb, resolved
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VH, Higgs→ bb, boosted
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PLB 816 (2021) 136204

https://www.sciencedirect.com/science/article/pii/S0370269321001441


ttH, H→bb
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ATLAS-CONF-2020-058 New

https://cds.cern.ch/record/2743685


Higgs→tau tau
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