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- The Higgs Working Group
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Searches for BSM Physics The Standard Model Working Group

The Higgs Boson Updates

The SM Measurement Updates

Standard Model Production Cross Section Measurements
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1. The Higgs Boson

TSUNG-DAO LEE INSTITUTE

MRZE BYWZIE 4



/*\L—ii“ré'i“?

TSUNG-DAO LEE INSTITUTE

® The Higgs boson discoveries (2012-2022)
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® 10th anniversary of Higgs boson discovery ik § 4y R

Theinternational journal of science /7 July 2022

nature

HIGGS b HIG6S g
discovery 050M ’_“'m g

Probingthe = / \‘ Y
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inphysics

Scientific Symposium at CERN, July 4th, 2022
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https://indico.cern.ch/event/1135177/

® Combined measurement of the Higgs boson properties

* Inclusive Higgs boson production rate relative to the SM prediction:
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Nature 607 (2022) 52-59

1 =1.05+0.06 = 1.05 + 0.03 (stat.) + 0.03 (exp.) + 0.04 (sig. th.) + 0.02 (bkg. th.).

Higgs production cross section (p-value = 65%)
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Production process
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Higgs decay branching fraction (p-value = 56%)
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https://www.nature.com/articles/s41586-022-04893-w

® Combined measurement of the Higgs boson properties
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Nature 607 (2022) 52-59

 Measurements of Higgs boson coupling strength modifiers and their uncertainties
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https://www.nature.com/articles/s41586-022-04893-w
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Nature 607 (2022) 52-59
 Measurements of Higgs boson coupling strength modifiers and their uncertainties

® Combined measurement of the Higgs boson properties

T %
> I _ = 2 = 2 = eV/c2 = 2
E> q>) ATLAS Run 2 mass 2.2 MeV/c 1.28 GeV/c =173.1 GeV/c2? 124.97 GeV/c
2 1 = charge % % 5 0
S P : o @ |- @ | J @ | H
© ~ ¥ «_is afree parameter 7 c
&3 107 3 M precicton = up J charm J op J gluon higgs
w — -
. - - =4.7 MeVi/c2 =96 MeV/c2 =4.18 GeV/c? )
10_2 = = -1 =4
; Leptons Quarks E Yo d/ ) /
103 = E.. 4 ”—‘n—: down strange bottom photon
= u | S E
E Force carriers Higgs boson E _\
i o] Izl _ =f.511 MeVic? :lmsse MeV/c? ~1.7768 GeVic? 91.19 GeVic 0
:I 111 I 1 1 11 111 | 1 1 111111 I 1 1 1 1 1111 I 1 3 - .
> 1-4_[III| T T T III| T T IIIIII| T T IIIIII| ] 1/& e 1/2 Z
~ C ] » 30- O
BLL 12F l - electron I muon ‘ Z bos 8 2
% ’ - I = g I N m 8
C i i ] Z <2.2 eVlc? <0.17 MeV/c? <18.2 MeV/c? 39 G H\//l LIJ (@)
0.8 r ] O 0 0 -
: —IIII| 1 1 L1 'IIIl 1 | IIIIII| 1 1 IIIIII| | = F % Ve % Vp % l Og
107" 1 10 107 o =
_ L electron uon W b oS on < 8
Particle mass [GeV] il neutrino neutrino neutrlno Os

TSUNG-DAO LEE INSTITUTE M K 7 iB ) I | 9


https://www.nature.com/articles/s41586-022-04893-w

® Combined measurement of the Higgs boson properties
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Nature 607 (2022) 52-59

 Measurements of Higgs boson coupling strength modifiers and their uncertainties
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https://www.nature.com/articles/s41586-022-04893-w

N ’Lb"uﬁ“j"‘;’

) “F L w !

® Searching for di-Higgs production in bbyy channel

* The observed (expected) constraints on the Higgs boson arXiv:2112.11876 (submitted to PRD)
trilinear coupling modifier «, : [—1.5, 6.7] ([-2.4, 7.7]).
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-34/

® Combined constraints on the Higgs boson trilinear coupling
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(expected) constraints on the Higgs boson trilinear coupling A bir---- H
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/
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® Di-Higgs projections for the HL-LHC

Elizabeth Brost - Higgs@10 Symposium

ATLAS and CMS HL-LHC prospects 3 ab1 (14 TeV) 20
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European Strategy (2018) Snowmass update (2022)
e Combination of 5 HH channels, many e ATLAS yybb+bbtt combination: 3.20
based on partial Run 2 analysis strategy e CMS updated yybb results, added yyWW, yytr,
e 50% precision on self-coupling ttHH(bbbb)

e 40 SM HH significance (ATLAS+CMS) —» e 50 SM HH significance from
back-of-the-envelope combination
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https://indico.cern.ch/event/1135177/contributions/4878400/attachments/2474236/4245433/Brost%20-%20Higgs@10%20-%20Prospects.pdf
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® FBRA/ZFBUERRAA 555 5Tk

1. Nature 607 (2022) 52-59 (Single Higgs combination)
* G BE. Xim, FEE. REN. FHF
- Tk AEBIE X YRiE(internal note editor), HIREITEBEHSREE O XLENE, X=HET
FERTIRSEZNDTENRE, HBHMRIGRIEMNSERTESE

2. ATLAS-CONF-2022-050 (Di-Higgs and single-Higgs combination)
« LG FEE. REMN. KFE. M8E. X, Fx. TN ARESE
« Tapk: AEBXEZRIE(internal note editor), #{IFE ik (approval talk), RAEISHTZESREXS M
SMNE, RAREXRKEMR, ERIUUEFH

3. arXiv:2112.11876 (submitted to PRD) (Di-Higgs to bbyy search)

- G FER. X, mBE. I TF
- Tk RERBFTEESHNM, FRITERSRINS, IERERSERUSH
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https://www.nature.com/articles/s41586-022-04893-w
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-34/
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® Zvy+jets differential cross section measurements
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 General good agreement is observed between data and state-of-the art theoretical
NNLO predictions MATRIX/MIiNNLOprs and with MADGRAPH5_aMC@NLO and SHERPA
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-047/

® 1st observation of EW production of ZZjj Tudgn

* A key avenue to probing electroweak symmetry breaking, whose production rate would
grow indefinitely without the cancellation from Higgs boson exchange! 5 ystc/spus 44

 The first observation of ZZ VBS process. The measured

L. ) oo & 'ATLAs""”"'.Data"H'ZIZEI'E”'I
X-section is in good agreement with the SM prediction. ; 35 is=13Tev, 139 o mm{pihers EmZZGC0)
g 4247} -ggZZ zzz Uncertainty
3 30k Signal Region

arXiv:2004.10612 (accepted by Nature Physics)

Higgs boson exchangef : }--{
: ' :

Four boson vertex :K

7

Vector boson exchange :}V\{ 5 112.§_ : : ; . . : ; .
R 8 08455604 55 0 03 04 08 08
"ESSXI PRI FTERFZER"  ( Physics briefing ) : VD
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https://arxiv.org/abs/2004.10612

® Observation of the EW production of Zy+2jets A L

e TSUNG-DAO LEE INSTITUTE

] - o o - ] q - q
* The total fiducial pp — Z( — ee/uu)yjj cross section is measured to g
be 4.49%0.58 fb, which is in consistent with the SM prediction. !
 The pp — Z( — vv)yjj channel: the 1st observation at LHC and
S . g SN Z
sensitive to Higgs invisible decay and dark photon decay searches. R
q q
ATLAS-CONF-2021-038 Eur. Phys J. C 82 (2022) 105 SIHEPZ %41k
B e iy B & Faras e
2 Vs=13 TeV, 139 fi’ CS 5o s = 19F Vs-=13Tev, 139 fb” . jeDaa
z W Z+jets S 140:— EW Z(-v7)y i N = 2\ Uncertainty
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Post-Fit Wz w 120f -1 [ Strong Z+y
Total unc. 100:_ i i % B EW Wsy
C : B 1 [ Strong W+y
80F ' ' 1Ty vy
60: 1 M0 y+jet
% \j M-y
40 | VN ; __ jet-y
E T : : . . . 20 B ‘\\- . e 1 Wl jet—e
E’ %‘\ ) N N 1.4
a > 2 1.2k SN N ) : ; N
08546000 7500 2000 2500 3000 I S0 O (S R . . o
m; (GeV] 0.6 -@- Data/Post- flt 2\ Uncertainty ; — Pre-/Post-fit 1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-038/
https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z
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® FBRX/ZBUEMSRFT 555 ikt

1. ATLAS-CONF-2022-047 (Differential cross section for Zy+jets)
« G XIFT. FE X, XISHESF
- Tafk: MOEFEIRS (approval talk), IBIIZERR, BNFIEICEELSE
2. arXiv:2004.10612 (accepted by Nature Physics) (Observation of VBS in ZZ channel)
c i R, FER. MBE. T BEF
« Tk: MUTEIRS (approval talk), ATLAS weeklyikRes, FESS5SWNEFRHMTFEDITE

3. Eur. Phys. J. C 82 (2022) 105, ATLAS-CONF-2021-038 (Observation of Zlly VBS)

« ARG XTI, XIAT. FE XEHE
« TIHk: eey, puypITEBSTRED MM, REUEEDH, EBFEvwvyDITEBH
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-047/
https://arxiv.org/abs/2004.10612
https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-038/
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3. Beyond SM Searches

TSUNG-DAO LEE INSTITUTE

MRZE BYWZIE 20



® Search for high-mass Wy and Zy resonances
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e A search for high-mass charged and neutral bosons decaying to Wy and Zy final states.

 No evidence of signals is observed = setting upper limit!
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Phys. Rev. Lett. 125 (2020) 251802 ( “X->Higgs+Gamma" HIRSFHIERSIRAVIER )
Briefing: https://atlas.cern/updates/physics-briefing/searching-forces-beyondstandard-model

TSUNG-DAO LEE INSTITUTE

MR Zi&

2

10° £

10

107" -

1072

ATLAS-CONF-2021-041
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-041/
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® Mono-V(->]j) dark matter searches

e Searching for dark matter produced in association
with a hadronically decaying vector boson. Invisible Higgs 2HDM+a
* Fully Run 2 analysis is ongoing (ANA-EXOT-2019-27).
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ATLAS Preliminary 139 fb™!; PLB 796 (2019) 68
2107

P — Dijet
S = 13 TeV, 293_1 39 fb Dilepton Dijet, 139 fo'; JHEP 03 (2020) 145
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XENON1T MIGD ETss4 X Dijet = bb resonance

g 1 0_40 . E&irl]:f]k?ss J:-E)P( 03 (2020) 145
B 44 e DM axial-vector mediator model
bw — XENONA1T
1 0—42 PRL 121 (2018) 111302
— PandaX —
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/

® Searching for Lepton Flavor Violation (LFV)

e Searching for LFV in different flavor lepton pair

final states: e, et, ut (hadronic decay).

* Fully Run 2 analysis is ongoing

(ANA-EXOT-2019-20).
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1. ATLAS-CONF-2021-041 (high mass W/Z+y searches in hadronic final state)

SRS oHAERT, IWEREERITES

- R FE
« Tai@k: analysis contact, FT¥IE(S
2. ANA-EXOT-2019-27, fully Run 2 analysis ongoing (Mono-V(jj) dark matter searches)

- o BT HIXL KRS
E, ARG, REELSRITES

« TIER: (BSTTA,
3. ANA-EXOT-2019-20, fully Run 2 analysis ongoing (Searching for lepton flavor violation)
BExifiR. ERIUEFH

EEEEFEMNT. S22

I:I

- NG BE. 2BE. KRS
- Ti@A: analysis contact, XX &E4g¥E(contact editor)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-041/
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4. Performance Studies
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® Photon performance studies PAK°Fs Qualification Task
S S i

e Mitigation of the pile-up dependence of photon identification criteria = robust photon
ID criteria again pile-up whilst having similar fake rejection.
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® Photon performance studies

=

gk 5248 ’°s Qualification Task f A d R T
e 25 ’%,,“f TSUNG-DAO LEE INSTITUTE
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* Improvement of photon identification against misidentified electrons = with 80%
prompt photon efficiency, ambiguity electrons can be reduced significantly!
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 Forward muon identification and efficiency measurement using Run 2 dataset.

® Muon object reconstruction and identification

> 1= Eur. Phys. I. C 81 (2021) 578
s
= - - Despoina Sampsonidoufa T3 Ril[a]
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® Calibrations of X->bb tagger in Run 2

* The identification of massive particles decaying into bottom-quark pair at high transverse

momenta using multivariate algorithm, namely X->bb tagger. S ST

L. : . itor, fA%
« Calibrations using Z(=>bb)+jets and Z(-=>bb)y events and ttbar events: ﬁg{gaic}g%t% J%EPEBE
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® First 13.6 TeV stable beam collision on July 5th, 2022 @) Tudyis
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EXPERIMENT

Run Number: 427394, Event Number: 3038977

Date: 2022-07-05 17:02:31 CEST

« EBRKN/IZFBLEM R I GERUN3E AT
& . pre-recommendationyt FE R ERN 2
HFieREEER!
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® Collaborations with theorist colleagues

/
(%9 =i §F\
"uo TONG: 7

KEK-TH-2392

Deeply Learned Preselection of Higgs Dijet Decays at Future Lepton Colliders  arXiv:2202.02534 [hep-ph]
Phys. Lett. BE BIA L & =

So Chigusa®?3, Shu Li**%:7  Yuichiro Nakai*®, Wenxing Zhang*®, Yufei Zhang*® and Jiaming Zheng®*

SUBMITTED TO THE PROCEEDINGS OF THE US COMMUNITY STUDY V... (H @)
erFF \I'ly
ON THE FUTURE OF PARTICLE PHYSICS (SNOowMAss 2021) 4

How did we
end up here ?

Study of Electroweak Phase Transition in Exotic
Higgs Decays at the CEPC

Zhen Wang,5*9 Xuliang Zhu,>* Elham E Khoda,’ Shih-Chieh Hsu,’ Nikolaos arXiv:2203.10184 [hep-ex]
Konstantinidis" Ke Li,/ Shu Li,*%%¢ Michael J. Ramsey-Musolf,?:*“4 Yanda Wu,?* SnowMass2021 Whltepaper

Yuwen E. Zhang”
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® ATLASE{EHEE(TEN (HAED)

Management
mBE:
« Search Committee for ATLAS Speaker Committee
Advisory Board Member, 2021
« Search Committee for ATLAS Collaboration Board
Chair, 2022
ZRE:
« Calorimeter IB Representative, 2020.12-£%
=
« LHC Electroweak multi-boson group convener,

2018-2022
« Higgs Working Group Monte Carlo Production

Manager and Physics Modeling contact, 2016-2Z%
» Tracking CP Group Monte Carlo Manager, 2016-£%

« LHC Yellow Report Editor, 2018-Z<
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« Egamma Working Group photon ID
subgroup convener, 2022.04-£%
» Higgs Working Group photon contact,
2021.11-2%
EWMH:
* Flavour Tagging Working Group
physics validation contact, 2021.09-&

A
=

 Falvour Tagging Working Group
software convener, NI{Eap
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® ATLASE{EHEE(TEN (HAED)

Physics analysis contact:
=
« W/Z/H+y resonances analysis contact, 2017-£%
ZRZE:
- Lepton Flavour Violation search contact, 2019-£%
ZENIRRYE
« VBS W+y analysis contact, 2020-Z%
Despoina Sampsonidou: Nihal Brahimi:

» ZZ(llvv) VBS analysis contact, 2020-£% - ttH—multi-leptons analysis contact, 2022.03-Z%
« Same-sign WW and WZ VBS EFT re- FriE

interpretation analysis contact, 2020-£% » Triple Higgs—6b analysis contact, 2022-Z%

o = | o
—B=1T%"

« mono-S(bb) analysis contact, 2020-2Z%
« X->bb tagger Calibration contact, 2021-Z%
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