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Manpower

Analyses published in last year (Since June 2021)
e Alignment and Performance of silicon tracker

e Differential XS/ STXS in H—»ZZ—4l

¢ Width measurement in H—-Z7Z—212v (in detail)
International Conference talks

Summary




Manpower

1 Hong Gao Master NO
2 Yunyang Liu Internship NO
3 Qianying Guo Ph.D NO
4 Hanwen Wang Ph.D NO
5 Tahir Javaid Postdoc Yes
6 Monika Mittal Postdoc Yes
/ Li Yuan Associate Prof. Yes
8 Tongguang Cheng Prof. Yes




Alignment and Performance of Silicon tracker

CMS Prelimina

( NIM A 1037 (2022) 166795 )

e TRK-20-001: Alignment Bl
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® Published in NIM A.
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* Tongguang made significant contributions.
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1. Managed and coordinated Run-2 alignment/calibration re-optimization (UL)

2. Developed and managed pixel quality automatic calibration which is an

importance input for tracking and tracker alignment

3. Setup a script that can trace the barycentre of pixel detector and its

substructures as a measure of radiation damage effect




Differential XS / STXS in H-ZZ—-41

® HIG-19-001: XS/ STXS based on full Run 2
data, included in Nature 607(2022) 60

® Uncertainty on p: ~12%

* Tahir and Qianying (Collaboration with
THEP) made significant contribution.

e Tahir gave the pre-approval talk.

® HIG-21-009: refined analysis with more
differential observables

® Unblinded. To be approved soon.

e Tahir and Qianying (Collaboration with
THEP) heavily involved in the analysis.

( EPJC81(2021)488 )
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Higgs Width Measurement in ZZ-212v

® HIG-21-013: Measurement of the

Higgs boson width and first evidence

of 1ts offshell contribution to ZZ
® Accepted by Nature Physics
® Highlight in Higgs 2021

ABOUY NEwWS

~~=~ CERN News

CMS homes in on Higgs boson’s
lifetime

The collaboration reports a value for the Higgs boson’s ifetime that has a small
enough uncertainty to confirm that the particle has a tiny lifetime

. . SCI & NEWS

Higgs Boson Has Tiny Lifespan, New
Research Confirms

Dec 6, 2021 by News Staff / Source « Previous | Nexa »

T The Higgs boson is peculiar in many respects. Like most other elementary

Popaics particles, it is unstable and lives oaly for an extremely short time, 16410 =
Tagged as soconds, according to the Standard Model of particle physics. The

Soson experimental measurement of the particle’s lifetime is very important: it
BN

allows us to learn sbowt the strength of its interaction with other particles
and provides a window to peck into physics beyond the current theory, In a

Vs

" ovee new uudy. physicists from the Compact Muon Solenoid (CMS) Collaboration
"w at CERN's Large Hadron Caollider (LHC) report & value for the particle’s
Muon lifetime that has a small enough uncertainty to confirm that the Higgs boson
Nesw does bave such a short lifetime.

® Measured I'y = 3.22411MeV.
® First evidence of the offshell Higgs

* Liis the analysis contact and paper editor

* Hanwen gave the pre-approval talk.

HOME LIFESTYLE SCIENCE TECHNOLOGY TRANSPORT

ATLAS Physics Briefing

Lifetime of Higgs boson measured to
within septillionths of a second
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Higgs Width

® Predicted width in SM I'y:  4.1MeV

® Due to detector response, the mass of
Higgs is smeared o ~1-2GeV

e.g for an electron E.~50GeV, oc.~1GeV
My =/ (Ee1 + Eez + Eez + E¢s)? — (Dae)?

OmH~ 2X6e = 2GeV

*

500 times SM I'yg ~4.1MeV
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Indirect way to measure I'y

Higgs production rate:

3 b on-shall peak
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Off-shell Higgs
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® Main decay modes for off-shell Higgs:
WV, Z7, tt
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® For width measurement, since we need to
combine with on-shell, the best decay channel to .
be studied: ZZ 107

4 1 1
10 1000

M, [GeV]




® Difficulties for probing off-shell Higgs:

Off-shell Higgs in ZZ channel

low production rate: ~10% of total xs

large destructive interference with continuum

background
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Analyses Involved

A Iy
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Object/Event selection for H-ZZ—-212v

Quantity Requirement
P pt = 25GeV on both leptons
Ul <24onu,<25o0ne
my, \my —91.2| < 15GeV
Py > 55GeV
N, Exactly two leptons with tight isolation,
no extra leptons with loose isolation and py > 5GeV
Nk No isolated tracks satisfying the selection requirements
N, No photons with py > 20GeV, || < 2.5
satisfying the baseline selection requirements
p."l. > 30GeV, used in selecting jets
A < 4.7, used in selecting jets
Np No b-tagged jets based on the loose working point
piiss > 125GeV if N; < 2, > 140 GeV otherwise
Apll. > 1.0between p;' and pjiss
AP 25 between pif + ¥ ) and pimiss

> 0.25 if N,- =1, > 0.5 otherwise

among all p; and p™* combinations

12



Signal and backgrounds

® ¢oF and VBF signal

| o qq—7Z7, WZ
e dominant background, constrained by 3/ WZ Control Region (CR)

¢ ~IMISS
t ® Instrumental Pt

® mostly from Z+jets events, estimated from single photon CR

® Non-resonant (tthar, WW)

® reweighting ey events from Data

® (Z+X: verysmall contribution, estimated fully from MC.

13



Signal and interfering backgrounds

Signals (ggH, VBF), interfering backgrounds (ggZZ, VBS ZZ) and their
interference obtained by:

e POWHEG samples (NLO) with different Higgs pole mass (from 125GeV to
3TeV) for Higgs production and JHUGen for Higgs decay

e Reweighting by MELA package and Stitching together

CMS Simulation 13 TeV CMS Simulation 13 TeV
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qq— WZ/ZZ background

Quantity Requirement
pv',/ ' > 30GeV on leading-py lepton forming the Z candidate
p.',./: > 20GeV on subleading-py lepton forming the Z candidate
p']“ > 20GeV on the remaining f\y from the W boson
Ny <24onpu, <25o0ne
my, Use the opposite-sign, same-flavor dilepton pair

with smallest (m,, — 91.2] < 15GeV to define the Z candidate

N, Exactly three leptons with tight isolation,

no extra leptons with loose isolation and p; > 5GeV
N, No isolated tracks satisfying the selection requirements

.\l’f No photons with py > 20GeV, |y| < 2.5

satisfying the baseline selection requirements

P > 30GeV, used in selecting jets

" < 4.7, used in selecting jets

N No b-tagged jets based on the loose working point
Py > 20GeV

"’l.\ > 20GeV (10GeV) for £y = pu (b =€),

lw R fw
, ) I~ miss — e
where My = \" “Pr Px ( l COS '\‘Pﬂ\h\)
S miss

o Lfw
is the transverse mass between j. - and pif

A x my" + pis > 120GeV, with A = 1.6 (4/3) for £y, = j (e)

/ ~ » ] . _‘/ ALl
AP i > 1.0 between pi” and p™
3 4pets N 2 hotwronn 33 ~ =] Tmiss
AP, e > 2.5 between p;" + ¥ pr and pj

min Ag¢’ > 0.25 among all 7} and 7™ combinations
miss 5 I I

® 3/ WZ CR (selection as left)

® Additional k-factors for NLO EW
and NNLO QCD corrections
applied.

e Joint fit with this CR with mt"W“Z% as
the observable:

ra

—

2 '/ 2 —ricc —5’\\'
my s = VL +me? V‘ PSS + pr |+ my?

Aw|”

—|PT + Pr

® C(Constrain both the normalisation
and the shapes for WZ/ZZ in SR.

|5



31 WZ CR distributions

| observed Bl zsjets
| |ew smtotal | laozy
.m‘—»WZ it
| lagozz B wvax
CHS ' __ 138’ (19|Te CMSI . 138 lfb"l(1.3'll’eV)
- N=1

-
-2 2
1 \C\n\;\w\\\'\\\\l\\\\\‘\\\\\q\\\

150 200 300 500
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® Good agreement between Data and MC.
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Instrumental p7'"*°

| —
® Significant contribution from Z+jets events in SR

e large cross section of Z+jets process

e miscalibration of jets or neutrinos from hadrons
® Estimated with y+jets CR (y as a proxy for Z)

e bad modelling of p#ss  in MC Z+jets

® single, 1solated y expected to preserve similar kinematics as Z boson.

e relatively higher statistics in y+jets CR than Z+jets events.
® Transfer factors derived in terms of Vertices, boson 1 and boson pr
® Genuine MET contributions for high MET region subtracted:

e /(—vv)y: estimated by lly CR

o WH+jets: estimated by single electron CR

e others: from MC

|7



y+jets CR distributions

Events /bin

10" CMS 138 b (13 TeV) CMS 138 b’ (13 TeV) CMS 138 b’ (13 TeV)
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® y+jets simulation could not model well data since it is LO!

® We are estimating the size of the Z+jets contribution by y+jets
in data.

|18



Non-resonant background (tt, WW, H-WW, tT1)

® Two isolated leptons not from the same mother particle, thus no Z peak

® Flavour symmetry: Nee = Nup = 1/2 Ney

® Use en CR, reweighted by the trigger and lepton efficiencies:

greco reco trlgger

102 L Cp1 T €p2 7, £0102  miss
We = — X X feorr ( )
H 2 ¢[€CO | _reco trlgger
H € Cue
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mtZZ distribution after all selections

miss
{ Observed Bl instr. p”
Total, no off-shell . Nonresonant
' |gg SMtotal =22
| |Ew SMtotal T—WZ
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T
L.
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Systematic Uncertainties

® Theoretical uncertainties Uncertainties on both
normalisation and shape are
e renormalisation scale and factorisation scale (up to 30%) accounted.

e s (mZ) and PDF variations (up to 20%)

e simulation of the second jet in gg samples (up to 20%)

e scale and tune variations of PYTHIA

e NLO EW corrections (qq—Z27Z, WZ)

e uncorrelated uncertainties for normalisation in 31 WZ CR
e Experimental uncertainties

e Luminosity (between 1.2% and 2.5%)

e Pile-up, JES, JER, and MET resolution uncertainty

e simulation of the second jet in gg samples (up to 20%)

® uncertainties on lepton, trigger, pile-up jet ID, b-tagging efficiencies

21



-2 AlnL

Evidence for off-shell Higgs and Measured Width

CIMISI I I I 1 I 1 l 1 IS1I381 ftl)-1l(1|3 :I—GIV) CIMSI I | I | I I IS1 ?0 flt).‘ll(ilzl3 TleV)
14 R{)/ﬁ'-:shellﬂ ] 14— —— 2I12v+4l off-shell + 4l on-shell ]
- Rof,_she" () - - —— 212v off-shell + 41 on-shell
12 V.F — 12~ —— 4l off-shell + 41 on-shell
10F Observed . 10 Observed
: Expected b . Expected
gl . ~ = 8
T /] <
1 P oy
6H- /' ” 7 6
43 — 44
; \ 7 95% CL - |
21T L . ol
A 68% CL - 2\
0 [ - 4\\& Le‘i’/li_q-' 1” ’-I“‘ | P T T N N T N B 0 ‘\\t\“ S
0 1 2 3 4 0

uoﬁ‘-shell

No off-shell hypothesis (foft-shen=0)
excluded by more than 99.9% CL,
i.e off-shell Higgs sensitivity 3.60

e Observed [y = 3.272%MeV




212v+41 combined results summary

Observed Expected
Param. Cond.
C.V. 68% | 95% CL 68% | 95% CL
polt poft(u)  0.62  [0.17,1.3] | [0.0060,2.0] 2-107°,2.1] | < 3.0
udft poft (u) 090 [0.31,1.8] | [0.051,2.9] 0.11,3.0] | < 4.5

off R =1 074 [0.36,1.3] | [0.13,1.8] 0.16,2.0] | [0.0086,2.7]

; RO (u)  0.62 [0.17,13] | [0.0061,2.0] [4-1075,2.1] | [1-1075,3.0]

[y SMiike 32  [15,5.6]|[0.53,85 0.62,8.1] | [0.035,11.3]
Iy fo(m) 34  [1.6,57]][0.60,8.4] 0.52,8.0] | [0.015,11.3]
Ty fa(uw) 27 [1.3,4.8] (047,73 0.53,8.0] | [0.015,11.3]
My fa () 27 [1.3,4.8]][0.46,7.2] 0.55,8.1] | [0.019, 11.3]

® Constrain HVYV anomalous couplings (in backup).




International Conference Talks

1. Hanwen Wang, “Measurements on Higgs boson width and anomalous couplings with
on-shell and offshell production in ZZ decay channel”, FPCP2021, June 07~11, 2021

2. Hanwen Wang, Measurements on Higgs boson width and anomalous couplings with
on-shell and off-shell production in ZZ decay channels at CMS experiment,

TeVPA2021, Oct 25-29, 2021
3. Tongguang Cheng, “CMS, performance highlights”, LHCP 2022, May 16-21, 2022

4. Monika Mittal, “The GEM GE1/1 station of the CMS muon detector: status,
commissioning and operation in magnetic field”, ICHEP 2022, July 6-13, 2022

® LiYuan: CMS Conference Committee Member (2021.10 -)

24



Summary

e Focus on Higgs property measurements and new physics search.

e Highlight in the Higgs width measurement (Accepted by Nat.Phys.)

First evidence of off-shell Higgs!
— +2.4
[y = 3.2124MeV

Reaching ~50% precision for the first time!

e Explore more interesting/challenging physics topics in the future.

® Involved in the phase II upgrade projects: GEM and MTD. More and
more contribution in the future.

® Many Thanks for the support from IHEP and other universities!

25
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® backup
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VBS study in ZZ-212v

® Analysis based on full Run 2 data
® Final state:
* Two OSSF leptons (e+e- or p+p-)
* Two neutrinos (large MET)

* Two energetic jets with large An and
large dijet invariant mass

® Close to pre-approval

. gMS Prelminary — r /s =13 T?V L=35 QCT b’

.g ‘0’:; PhotonCR2jet regi e .WJets DZGamma .

o +0° : v e g\tjlg rrrrrrr a [Jclets [ Juncen 3

* Monika/Hanwen/Li heavily involved in 3 r %

il - .
the analysis. ok | L |

« optimisation of event selection. work in progress

IOr —.—‘w

1‘
o L
p

e data-driven estimation of DY bkg based
on photon+jets CR.

DataMC

8
¢

ONdIDE N .
© PR T
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Search for Z’ through cascade decay

® Leptophobic boson signals with leptons, jets and
missing energy

® Assuming 7’ decay through some intermediate state
® Final state:

* Two OSSF leptons (e+e- or p+u-)

* Boosted H—bb

 Ns (anomalons do not decay): MET

® Close to pre-approval
Alpha method updated regions
p !
* Tongguang heavily involved in the analysis. E WO rk in Prggres S

e MET and soft drop mass used to define SR > :
and CR o :
|

SB ZR SB

VR

1 T T Y N O O Ny
50 100 150 200 250 F——

Higgs Candidate soft drop mass
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Previous results on width measurement

e CMS: H-Z7—4l e ATLAS: H->Z7Z7—4] & H—Z7-—-2[2v

on-shell: Run 1 +Run 2 (77.5fb'!) on-shell: Run 2 (36.1fb!)
off-shell: Run 2 (77.5fb'!) off-shell: Run 2 (36.1fb!)

T T T T T T T T T T T T T — T rr [ rrrrr L L | LN B
< - ATIAC e Expected-Stat only -
CMS 4 é 14 ._ATLAS — Expected ]
. —— Observed ' - H* - ZZ - 41,212y wees Observed-Stat only |
--- Expected , 12~ 13 Tev, 36.1 " = Observed B
10H — Observed. 20‘64‘2017 ) : xQV.m-M - \-Vv Mehell :
--- Expected, 2016+2017 | 10 - ; —
_:| i $ i
<
o
68% [95%]
Parameter Observed Expected The 95% CL upper limits on fyygen, Tt /TS and Rgg. Both the observed and expected limits are given.
The 1o (2¢) uncertainties represent 68% (95%) confidence intervals for the expected limit. The upper
rH (MCV) 32+_.;’._1;§ [008, 916] 4.1 +2(()) [00’ ]37] limits are evaluated using the CL; method, with the SM values as the alternative hypothesis for each
——i — interpretation.
Observed Expected
Median +1l o +2 o
Parameter Observed Expected P 77 — 4t analysis 45 43 13.3,54] [2.7.7.1]
X ZZ — 2£2v analysis 53 44 [3.4,5.5] [2.8,7.0]
- ’) g
potshell 0.7819% [0.02, 2.28] 1.00%559 [0.0, 3.2] Combined 38 34 27420 [23,53)
- 7 M 2
/l?f’f shell 086:()):; [OO, 27] ]Ot]](:i [OO, 35] Fu/Th Combined 35 3.7 [2.9,4.8] [2.4,6.5]
¥ o) R Combined 43 41 [3.3,5.6) [2.7,8.2]
pytshel 0.67,4> [0.0, 3.6] 1.0178 [0.0,84] ——=
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Additional results on oft-shen

Table 4: Constraints on the pf shell yoff=shell apnq yoff-—shell harameters are summarized. The

constraints on u°fshell are obtained with R"ff shell ynconstrained or = 1. The measurements
are presented usmg the 2£2v analysis alone, or with the inclusion of off-shell 4¢ events. The
designation ‘c.v.” stands for the central value obtained in the likelihood scan, and the expected
central value is always unity, so it is not quoted explicitly.

... Observed Expected
Parameter Condition
C.V. 68% | 95% CL 68% | 95% CL
off—shell
(2’2:2 +40 uoff-shell ynconst.  0.62  [0.17,1.3] | [0.0060, 2.0} 2:1075,2.1] | < 3.0
v
yoff -shell
(*2 129) uoft-shell ynconst.  0.41 (0.014,1.4] | < 2.6 <25|<37
vV
yoff shell
v uoffoshell ynconst. 090 [0.31,1.8] | [0.051,2.9] (0.11,3.0] | < 4.5
(202v + 4%)
uoff shell
M poff-shell yneonst. 1.1 [0.28,2.4] | [0.016,3.8] 0.07,3.2) | < 4.8
(2£2v) F

geoff—shell RSl =1 074  [0.36,1.3] | [0.13,1.8] (0.16,2.0] | [0.0086,2.7]
(2£2v +4¢) RYL ' unconst. 0.62 [0.17,1.3] | [0.0061,2.0] [4-1075,2.1] | [1-1075,3.0]

yoff—shell RYEsell=1 074 [0.25,1.5] | [0.043,2.3] [0.11,2.3] | [2:107%,3.2]
(202v) Rg,{fF il unconst. 0.41 [0.014,1.4] | [2-1075,2.6] [3-1073,2.5] | [6:107¢,3.7]
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HVV anomalous couplings

® (Could probe the HVV anomalous couplings in ZZ final states

(:(;’X%l T (/f)
A2 =+ o | mpepi€ep, +
A7

In SM, a;=2 and the rest are 0.

azl €i¢a2 f-i:(l)f:k(Z),llV + |a3| ei¢a3 f;f,l)f';,,:(z),w
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A(HVV)~ [al — eitm

‘
2
la;|“o;

E ' lajl?0;
j J J

® Measure fai cos(Pqi) by assuming a; > 0,cos(P,i) = =1 to probe
HVYV Anomalous couplings

1
o Define: fai = a; =al,a9,a3, —
J A2

1
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HVV anomalous coupling limits

CMS Preliminary <140 b (13 TeV) CMS Preliminary <140 b (13 TeV) CMS Preliminary <140 fb? (13 TeV)
] L] L] L) l I ] ] L] I L) I ] ] I L) L) L) I ] L] L) L) I ] ] ] L] I L) I ] ] I L] L) L) I ] L] L) L) I I ] ] L] I L) I ] ] I L) L) L) I

[ — M Observed 1 i ]

. — I, unconat. Expected g -

—— Only on-ghell 41

2AInL
2AInL

Parameter , Observed Expected
- Scenario ‘
(x10°%) b.f. 68% | 95% CL 68% | 95% CL
) [y =M 1791 6.6,225] | [~32,514] [-78,70] | [—359,311]
he [y unconst. y 72 | [2.7,216] | [-38,503] [-82,73] | [-413,3¢4] ® Improvement from
ot 1 oal | adding off-shell
My =M 22 [-64,32] | [~46,107] [-55,55] | [—198,198 : .
f | D S : : information is of
l"” unconst. I 24 : _—6.2, 33] | [—46,110 .—58, 58 —225, 225 0(10%) at 95% CL
‘" My =T 29 1 [-062,17] | [~11,46]  [~11,20] | 47,68
M I} unconst. 1 3.1 1 [—0.56,18] | [~10,47]  [—11,21] | [—48, 75|

B o =l

best fit values
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HVV anomalous coupling from on-shell

Parameter Scenario Observed Expected
fa3 Approach 1 best fit 0.00004 0.00000
foa=fa= f’\l; =0 68% CL '=0.00007,0.00044] (~0.00081, 0.00081]
95% CL (~0.00055,0.00168] (-0.00412,0.00412)
Approach 1 _ best fit -0.00805 0.00000
CMS-HIGS-19-009 {  float £, furs 72 68% CL  (—0.02656,0.00034] ~0.00086, 0.00086]
95% CL ~0.07191, 0.00990 1—0.00423, 0.00422]
Approach 2 best fit 0.00005 0.0000
float f,, fa, 68% CL '—0.00010, 0.00061] (-0.0012,0.0012]
95% CL —0.00072,0.00218] (~0.0057,0.0057)
fa2 Approach 1 best fit 0.00020 0.0000
faa=fa= f’\q =0 68% CL '~0.00010,0.00109] (~0.0012,0.0014]
95% CL '~0.00078,0.00368] (~0.0075,0.0073]
Approach 1 best fit -0.24679 0.0000
§ float £, fars foh 68% CL ~0.41087, ~0.15149] U [-0.00008, 0.00065] (~0.0017,0.0014]
95% CL ~0.66842, -0.08754] U [~0.00091, 0.00309] (~0.0082,0.0073]
Approach 2 best fit -0.00002 0.0000
float f .3, far 68% CL '~0.00178,0.00103] (~0.0060, 0.0033]
95% CL '~0.00694, 0.00536) (~0.0206, 0.0131]
far Approach 1 best fit 0.00004 0.00000
fa=foa=fI=0 68% CL '~0.00002, 0.00022] (~0.00016, 0.00026]
95% CL '~0.00014, 0.00060] (~0.00069, 0.00110]
Approach 1 ) best fit 0.18629 0.00000
§ float fos, fazs fo! 68% CL  [~0.00002,0.00019] U [0.07631,0.27515] [~0.00017, 0.00036]
95% CL '~0.00523,0.35567 (~0.00076, 0.00134]
Approach 2 best fit 0.00012 0.0000
float f 3, fa2 68% CL ~0.00021,0.00141] (~0.0013, 0.0030]
95% CL '~0.00184,0.00443] (~0.0056,0.0102]
a Approach 1 best fit -0.00001 0.0000
fa=fa=fan=0 68% CL ;—0.00099.0.00057 -0.0026, 0.0020:
) 95% CL ~0.00387,0.00301 -0.0096, 0.0082,
Approach 1 best fit -0.02884 0.0000
float f3, fa2. Al 68% CL '—0.09000, —0.00534] U [-0.00068, 0.00078] (-0.0027, 0.0026)
95% CL ~0.29091,0.03034) (~0.0099, 0.0096)
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HVV anomalous coupling from 41 on-shell + off-shell

TABLE VI. Summary of allowed 68% C.L. (central values with uncertainties) and 95% C.L. (in square brackets) intervals for the
anomalous coupling parameters f ,; cos(¢,;) obtained from the analysis of the combination of Run 1 (only on-shell) and Run 2 (on-shell
and off-shell) data sets. Three constraint scenarios are shown: using only on-shell events, using both on-shell and off-shell events with
the 'y, left unconstrained, or with the constraint I';; = I'$M.

Parameter Scenario Observed Expected

fa3 cos(a3) On-shell —0.0001 "5 005 [—0.163, 0.090] 0.0000* 5015 [—0.082,0.082]
Any I'y 0.0000" 0503 [—0.0165, 0.0087 0.0000* 9912 [—-0.038,0.038]
ry =M 0.0000" )00 [—0.0067, 0.0050 0.00001 50514 [—0.0098,0.0098]

fa2€08(42) On-shell 0.0004 29926 [_0,0055, 0.0234] 0.0000* 09939 (~0.021,0.035]
Any I'y 0.0004 0006 [—0.0035, 0.0147] 0.0000* 5013 [-0.015,0.021]
Ty =T3M 0.0005*09%3 [—0.0029, 0.0129 0.0000+3:%12 [~0.010,0.012]

fa1cos(@ar) On-shell 0.00027 %50 [—0.209, 0.089] 0.0000*901% [-0.059,0.032]
Any I'y 0.0001729%1 [—0.090, 0.059] 0.0000* 3913 [-0.017,0.019)
Iy =M 0.0001 75952 [—0.016, 0.068] 0.0000* 9012 [-0.015,0.018]
On-shell 0.0000%9 3557 [~0.17,0.61] 0.0000% 50700 (—0.098,0.343]

£ cos(par?)
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What if I'y deviates from SM

4. Higgs boson width

CNature of Higgs Boson) QHC, Li, Xu, Yu

/ \ 2107.08343

(Elementary scalar) ( Composite scalar)
SM Extended Scalar Twin Higgs| |Composite Higgs

/

v
G <D @D T/t <D

e 53 ::sc;ed In\g:i:;; Goldstone Zm";:
mixing CUrvature assignent
2HDM xSM
xSM GM (Biny > 0) FTHM MCHM
2HDM (Biny > 0) 14 + 14
o+1
D+ 9O
Stay tuned for more exciting results with more data and more advanced

analysis techniques.

https://indico.thep.ac.cn/event/14180/session/0/contribution/93/material/slides/0.pdf 36
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