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Introduction

» LHC provides unique opportunities to study
Higgs boson properties

- Complementary to future Higgs factory
- Great test ground for new technigues

» Chinese community make strong
contributions to LHC Higgs physics

- My talk will focus on results released since
CLHCP 2024

= ] | | | | | ] 20.0 20.0
2140 ATLAS Oniine Luminosity - CcMS = e
-B‘ - — 2012|g|§ E;STSV 7 17.51 = 2022(13-616x)5<u>=i2 L17.5
-(7)120_ — 2015 pp $§=13Tev ] 022 (13.6 TeV): <u> = 46
3 - — gg}gpp F:}g;eg ] B 2018 (13 TeV): <> = 37
c . pp s= e i — ] 2017 (13TeV): <p>=38 |
- Includin r Its & r Its just £ ol —amE gIEm, | o
c u g esu S esu S lus 3100__ —— 2023 pp F=13:6Tev ] = B 2015 (13 TeV): <y> = 14
| B — 2024 pp Vs =13.6 TeV ] ~ 125+ EEE 2012 (8 TeV): <p> = 21 L4125
- [ s 2025 pp {5 =13.6 TeV N = m 2011 (7 TeV): <p> =10
© 80— — O
released for the conference! 5| | S
= u ] =
6 60_ - kS oy eV) = m
O : : g 7.5 in (13.6 TeV) =80.0 mb L 75
— - 8 oPP(13 TeV) = 80.0 mb
Bi | selection. Apologies if 3 b
- Dlased personai se ection. pologies It your i 1
20— 1z 2.5 2.5
. . . C J°
| | | i
favorite topic Is not covered! 0 ( o o o
Jo Y JU OcC

) Mean number of interactions per bunch crossing
Month in Year

Hongtao Yang (USTC) CLHCP 2025, Oct. 31, 2025 2



Higgs boson mass and width



Higgs boson mass measurement

| | | | | CMS
. -1
- Run 2: 138 fb™ (13 TeV) —— Total Stat. Only
ATLAS e Total Stat. Syst. | Combination Run 1: 5.1 fb" (7 TeV) + 19.7 b (8 TeV)
Run1: ,/s=7-8TeV,25fb~!, Run2: /s =13 TeV, 140 fb~! Total (Stat Only)
Total Stat.  Syst. 4“ 124.90 +: 11: (+0 14) GeV
Run1 H — vy | ® |  126.02 + 0.51 (+ 0.43 + 0.27) GeV
+0.53 (+0.49
Run1H —4¢ | . I 124.51 + 0.52 (+ 0.52 + 0.04) GeV de —_— 124.70 51 (, ;) GeV
Run 2 [ — 4y e 12517 + 0.14 (+ 0.1 + 0.09) GeV 22, —— 125.50 %5 (1) GeV
Run2 H — 4/ 124.99 + 0.19 (+ 0.18 + 0.04) GeV 0.29 1+0.27
2u2e — 125.20 02 (*027) GeV
Run 142 H — vy 125.22 + 0.14 (+ 0.11 + 0.09) GeV ‘ <? 7-0.26
Run 1+2 [ — 4¢ 124.94 + 0.18 (+ 0.17 + 0.03) GeV Run 2 er 125.04 75 () GeV
Run 1 Combined | | | o | ] 125.38 + 0.41 ( + 0.37 + 0. 18) GeV Run 1 125 60 +::E,G (+0 43) Gev
Run 2 Combined I¢I 125.10 + 0.11 (+ 0.09 + 0.07) GeV
+0.12 ,+0.10
Run 1+2 Combined I-T-I 125.11 + 0.11 (+ 0.09 + 0.06) GeV Run 1 + Run 2 "i" 125.08 010) GeV
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
123 124 125 126 127 128 122 124 126 128 130
Phys. Rev. Lett. 131 (2023) 251802 my [GeV] PRD 111 (2025) 092014 m, (GeV)

* mnu Is a free parameter in SM to be measured by experiment

- Important for validating SM consistency, understanding vacuum stability etc.

- LHC combination to be carried out after CMS H—vyy available
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-20/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-019/index.html

S L ATLAS 1 ¥ o[ R AR 1 CMS Preliminary 138 b (13 TeV)
10 B \/§= 13 TeV, 140 fb_1 ObS NSBI B : - 680/0 CL .......... e _ % E B mp t subtracted : gaztbae(stt)';igt].pse::::;zcitei:) except A=0) - Sif)te:ttit(;:r-:r.:;ters except A=1)
__ T Exp NSBI __ ------- 950/ CL .’ K (D 600 :_ — S (best fit parameters: exceptA=5) I =10 |
C 4ronly —~ Obs Histogram i o[ i 1 S s CMS-PAS-HIG-25-004 )
gl .-—- Exp Histogram _ "Phys. Lett. B .~ = F
: : - 861 (2025). , ® g0
Rep. Prog. Phys. | i ‘ L A S
6 H—/Z/Z | S isl 189277 [/ 13 300
88 (2025) 057803 : 5 il G o
" = omom | e e 200:_
N A > ST ] 5 20
................. P " ATLAS = 100
o /;‘/‘ _ 1 b= X . = —
, S (5=13TeV,36.1-140f7 | 5  ofet
______________________ e -+ Best fit X SM 1 & -100)
'.- . Lo T T | 05 T ! ! Lo ! ! Lol L] E |
0.0 0.5 1.0 1.5 2.0 2.5 3.0 ] 10 10 200
SM
Ky = rH/rﬁM I_‘|_|/F|-|

. 1, is a key property of Higgs boson. Results based on new ideas:

- H-ZZ neural-network-based likelihood: I';; = 4.3 ] MeV

- Direct top Yukawa coupling from tttt/ttH: ', < 450 MeV @95% CL
- Interference between H—yy and yy continuum: [ ; < 92 MeV @95% CL
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-22/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-22/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-22/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-25-004/index.html

Updated H-WW measurement of [ ;

138 fb™! (13 TeV)
I 1 6 - ! I I I I I I ' ' ' ' ' ' ' ' ' ' ' ' '/ ' ' _ E 106 E_I N mes _I I L R ,I_E ] 20 CllMlsl Prlelllrlrlllna,l’x |||||| 1 38| .I:b| | (1|3 |-I-|e\|/)
e - ATLAS 7 ° ECMS Preliminary SR VBF OFF 2] 3 T |— Observed My =3.9%27 MeV
14 1 A e 3§ [ Ewweotc =412 MoV
L . Vs =13 TeV, 140 fb ;/ - S = i - H=%138
- — — = t +B+l 3 —
— H=WW—iviv FH p— O 9+8 g Mev 7 - : VBFeT-I off-shell S+B+l 'glj%tal uﬁces;taelnty & u
10 ; R.=1. R..=1 — 10° & | N
- L Tgg=h My _
/ 0 — =
- i __ Expected e = i
8 ! _.- Expected stat-only i e 10
| , _
6F1 — Observed = _
- & -.- Observed stat-only d : _
4 -1 //} — 950/0 i FH
L -~ ’ 5H
X -~ i
2 - " -
[ Y . 7 " - 68% B i
O _ l \ S adie L e l“"‘ 1 1 1 | 1 1 1 1 I | 1 | 1 ] & & ;
1 2 3 4 5 % OLE__A\&_I/ M||||||||||||||
: i, =,/ Y- 0.6 0.7 0.8 0.9 ; ° ° 1> 20 e 50
arxiv:2504.07710 H H' - H ' ' ' ' ' CMS-PAS- H|G 24-011 My (MeV)

DNN score(VBF_off)

» H=>WW=lvlv gives similar sensitivity to H—=ZZ—=lll/llvv
- In particular, CMS off-shell signal significance has reached obs. 3.40 (exp. 1.30)
Combination of all the off-shell channels will be interesting for probing new physics

Combination between ATLAS and CMS interesting to consider
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-05/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-011/index.html

Higgs boson couplings



Signal strength, productions and decays

ATLAS Preliminary

Vs =13 TeV, 36.1-140 fb ', m, = 125.09 GeV, ly |<25,p_ =84%
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ATLAS-CONF-2025-006 o x B normalized to SM prediction
. ATLAS: p = 1.02377:2% = 1.023 £ 0.028 (stat.) 052 (exp.) 005, (sig. theo.) = 0.012 (bkg. theo.)
. CMS: pu = 1.0147723 = 1.014 + 0.028 (stat.)T0-0%> (exp.)T0 030 (theo.)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/

Coupling strength interpretations
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html

CMS Preliminary
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html

ttH production: multi-lepton channel
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-08/

ttH production: bb channel
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-24-018/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-24/

tH production
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» tH production mode seems to show excess (?) over SM R

prediction (~0.1 pb @13 TeV) in both ATLAS and CMS ;

- However, very strong correlation with ttH!

- Need more data, and more coherent treatment between tH and ttH
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-03/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html

Novel signatures

CMS Preliminary
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Signal Strength (p)

. VBF+y: ¢ =0.2x£0.7,0.30 (1.50 exp.)

» WH, H—TT: measure charge asymmetry

between WTH and W™ H productions

Significance (0)

» H—=>WW 0/1-lep boosted: probe high pT regime
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-019/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-008/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-04/

Fiducial/differential cross-section measurements
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Higgs boson CP, quantum entanglement
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CP property of Yukawa couplings
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» Top Yukawa: studied with ttH/tH (direct) and ggF (indirect) |
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CP properties of gauge couplings
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Parameter value

. Rely on VBF (A®; etc.), VH, H=VV

- Different interpretation framework between ATLAS and CMS

- To be coordinated in the new CP subgroup under LHC Higgs
Working Group 2 in light of possible combination
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- H—ZZ—4l final state contains rich angular info

+ Search for CP violation in ZZ polarizations

» Use quitrits formed by Z boson to study
guantum entanglement (spin-correlation)
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Conclusions

- LHC Higgs physics program in full swing. ——FF—F—F———22"5 0
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Simultaneous fit of Wilson coefficients

CMS Preliminary 138 fb~' (13 TeV)

EV, -0.02 0.55-0.23-0.700.39] 007  10.02-0.02-0.04 -0.01
[ ] [ ] —_ 1
EV; -0.01 -0.83-0.15-0.460.26]  -0.07  |0.02-0.01-0.02 0.01 C MS Prelll ’ 'I’ 'ary 1 38 fb (1 3 I eV)
EV, 0.01  10.08:0.040.02-0.02/0.010.83-0.01-0.02 -0.030.02-0.55 -0.050.01 0.02 1 L ) By N L B B BN B B B T T T T T T T T T T T T
i PO o P ] i . o .
EV; 0.03 0.050.19-0.08-0.06:0.010.54  £0.05-0.01 0.01-0.05-0.030.80 0.010.07-0.02 0.04 ') Best_ﬁt — 68 /o CL (Stat @ SySt) ] L|near (Observed)
EV, -0.030.01 055-0.53-0.64 -009  |0.01-0.020.01 0.01-0.17 -0.02 .
— o
| SM expected 95% CL (stat @ syst) Linear (expected)
EVs 0.09 1010 [0.01-0.05-0.01-0.03  0.04 0.06/0.66 0.03 10.020.100.250.10-0.03  0.03-0.640.15  0.02  10.07-0.01-0.04-0.07-0.0110.01-0.04  -0.03  -007  -0.03  -0.04
(o)
Expected 95% CL (stat @ syst) .
EVs 012 |0.06-0.04-0.01-0.09-0.01-0.070.01-0.04-0.11-0.68-0.03 -0.020.25 0.06-0.030.01 0.01-0.620.14 002  [0.010.010.050.090.02/0.010.06  0.03/0.010.09  0.030.010.05 P y my = 125.38 GeV Profile other EV, pgy = 0.11
EV- 0.020.01/0.200.02] 066 0.09 0.54}0.05-0.050.02{0.03 0.03-0.01 0.08-0.350.13-0.10-0.01-0.02-0.07-0.12 0.01/022  -0.02-0.02 001 =001 -002 =001  -0.01
EVg 003 [0.210.01]  -0.36-0.04-0.290.07-0.040.02{0.12 0.03 0.01 0.10-0.78-0.040.02-0.02-0.02-0.06-0.030.05 040  -0.03-0.03 002 001 -008 -001  -0.02 EV X 1 OOO e S—
EVg 0.040.02}0.130.26 0.340.01-0.01  0.010.010.020.01/0.720.16-0.03  -0.07-0.07-0.49-0.030.01 0.01/0.04 002003001 002 001 003 001 002
EV1o 0.10-0.01:0.02-0.10  0.050.01 0.04/0.84 0.01-0.01/0.05-0.04-0.01-0.02  }0.300.13 0.10-0.010.03 0.03 0.17 0.04-0.07 0.320.010.050.060.01/0.010.05 002 006 002 004 EV1 X 1 OOO — e ——
EVi4 064  |0.02-0.01:0.01-0.01  -0.010.16  -0.07:0.240.03 0.01 1001009003 001  -0.01-0.02-0.02 0.03-0.04-0.14-0.39-0.09-0.05-0.28 0.01-0.12:0.03-0.36 0.01 -0.14-0.02-0.25
EVis -0.030.100.12|  -0.10-0.01-0.08:0.12  0.03/0.02-0.050.03 10.010.020.750.010.04  -0.120.17-0.57  -0.020.01/0.02  0.03 0.01 0.01 EV2 X 100 — [ —E—
EVi3 0.27-0.01 003  -0.01-0.03-0.020.020.010.14£0.070.69  -0.010.01}0.040.070.04  0.01-0.10 003 001  [0.03-0.01-0.63-0.040.02}0.01-0.05 0.01:0.02 001  -0.01
EVi4 0.09-0.0110.530.21|  0.030.010.03/0.02  0.78/0.16-0.130.01-0.08  }0.08:0.200.04 003  0.05-0.010.02  -0.020.01/0.02-0.010.09-0.10-0.03-0.01-0.06 ~ -0.03-0.01-0.09  -0.04  -0.05 EV3 X 1 O B
EVis 0.69  10.090.05]  0.01-0.01  [0.01  0.17}0.020.23-0.01-0.02  [0.03-0.030.03 -0.050.010.010.03  -0.01 0.04-0.050.39 0.11/0.07 0.35-0.010.07(0.04 028  0.120.020.18
EVie 0.02-0.030.330.30| 004  0.04/0.15  -0.450.010.05003-0.14  10.13-0.330.24  -0.280.030.040.190.25  0.160.05/0.38  -0.07 0.01:002  0.01] 0.0 EV4 X 10
0.001 0.1 10 $2s529¢z2273 3020 cnmne® 223 frr- R iR o rde®r®
T 05 2d 0388 0 8 FTFIFT o EHmEmtBEETE 2 EV:=x10 —— e ————————
1/ }\ o OVVQ)E—;VCDVVOOIIII S O T ogoogd dddlogo @O0 0O
| O O O o (O O O o O D g g g O O o
corrco o o SIS IS £V ’
X3 H*D? X2H?|  2H3 P&XH W2H2D (LL)(LL), (RR)(RR) (LL)(RR) 6 X 10 . —

- Strong correlation among . .|

Wilson coefficients v, .

* When fitting simultaneously, = =

EVi5 x 0.1 —

can only prObe eigenvectOrs e e T

Parameter value Probed scale A at 95% CL (TeV)

Hongtao Yang (USTC) CLHCP 2025, Oct. 31, 2025 23




@) Number of Higgs boson selected every /fb at 13 TeV

Decay Total | geF VBF WH ZH ttH+tH
H—vyy |464 |41.1 319 0998 0676  0.505
H—- Z/" 1.50 1.24 0.109 0.0316 0.0222 0.104
H—-WW® | 422 | 298 305 0.758 0.209 3.36
H - 71t 17.1 931 382 0715 0419 2.85
H — bb 66.0 90.68 9.68 4.81 6.30 35.5

H = uu 667 | 596 0474 0.143  0.0765 0.0112

Numbers are not most up to date (back in 2019)
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