Higgs boson property measurements
and new resonance searches in the
diphoton channel at CMS

| 413

Junquan Tao (f&ZE £)
Institute of High Energy Physms CAS i J;”ﬁ’miffy”y

I F SR EYE

2B+

fﬂ#%%%%%ﬁﬁ&ﬂ

2026478 15- 19E|, I




Introduction of H —>W ozt

> H—>W is one of the most important > g "
o .
channels for the discovery of Higgs 2., oot f 5
boson and measurements of its g ¢
properties T 1o
v" Small branching fraction (~0.23%) and S |
= 500 .
large background 8 10
v' Clean final state fully reconstructed with = o , ]
high energy resolution and m,, resolution m,, (GeV) 105" 100 1200 ieo 180 200
_90 p My [GeV]
(1-2%) gOMS__ 1arml(1aTey)
F H— yy,m, =125.38 GeV All categories .
. . 50:_ S/(S+B) weighted _: =
> vy f|r_1e?l state also important for pom il Lok
additional resonances searches o 8 comeerent

v" Direct search for X—yy (high mass, low i

S/(S+B) weighted events / GeV

mass) E
v' Exotic decays of Higgs boson with the WHEPQ7(2021)027, e
Bcomponent subtracted 3

new scalar (a/A) decaying into diphoton 2500 T 3
(H—aa—yyyy, H—>Za—llyy) 3 3

v" Multi-Higgs resonances: X—HH/HY with k ;
one H/Y decaying into yy




Relevant results in last ~2 years  uuiine

» Higgs property measurements with H—yy

€ Mass (v): CMS-PAS-HIG-24-007, released on 03/2026

€ Width from signal-background interference: CMS-PAS-HIG-25-004,
released on 08/2025

@ Cross section with partial Run3 data: JHEP09(2025)070

Some results in backup

€ Couplings Jin Wang'’s
v' Anomalous couplings: arXiv:2605.14245 , submitted to JHEP on 05/2026 dedicated HH talk
v' Self-couplings: HH—ttyy (JHEP05(2026)186), HH—>bbyy (partial Run3, Chuxue Yang's
CMS-PAS-HIG-25-007, 10/2025), ttHH with HH—yy+ bb/WW/tt (CMS-PAS-

dedicated Run3

HIG-23-004, 04/2025) and HHH—4byy (CMS-PAS-HIG-24-015, 07/2025) HH—>bbyy talk

» Search for new resonances with H/alY—>yy
€ Direct search for low-mass (v, PLB 860 (2025) 139067) and very low-mass H—yy
(arXiv:2603.03250, submitted to PRD on 03/2026)

¢ Exotic decays of H,,:: H—>Za—llyy (v, PLB 852 (2024) 138582), H—aa—4y (arXiv:2601.00183,
submitted to JHEP 01/2026)

€ X—HH/HY — bbyy (JHEP05(2024)316, JHEP 12 (2025) 178) or ttyy (JHEP05(2026)186) : more
results (WWyy v, high mass bbyy v resonances) in Shaowei’s talk

v IHEP members as contact; technical contributions (H—»yy common tools ..) from IHEP in the rest ’


https://www.sciencedirect.com/science/article/pii/S0370269324006257?via%3Dihub
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S/(S+B) weighted events / GeV

Analysis Strategy et

(Ii /Iz{y

Samples

—

Data events passing Preselection to mimic HLT,
(diphoton) HLT-paths — photon ID MVA cut (>-0.9),

137 fb (13 TeV

—

M
o
T T T | TT 11T | T T T | TTTT

T II|IIII|IIII|IIII|IIII|IIII
- H— vy, mH=125.38 GeV All categorles

S/(S+B) weighted
¢ Data

— S+B fit
----- B component

N EIR
[ ]+2¢

JHEPO07(2021)027

III|IIII|IIII|IIII|IIII|IIIIT

IIII|IIII|IIII|III
B component subtracted

III|IIII|IIII|III |IIII|—

electron-veto, photon p;/M,,

!

Sig and bkg modeling Event cate_gorlzatlon
4==m | ON production modes,

based on my, mass resolution and
l S/B to improve the
analysis sensitivity

Results

Signal is extracted by a simultaneous maximuim-

— likelihood 1it to the diphoton mass in all event classes

125 GeV Higgs boson: mass, signal strength, cross sections (inclusive,
differential, STXS), couplings and anomalous couplings, CP,-

BSM Higgs: upper limits and significances 4



H—vyy mass tepmde s

Chinese Academy of Scie

» Why measuring the Higgs boson mass (m,,) is important?
v" Free parameter of the Standard Model
v" Other properties of the Higgs boson depend on my, (e.g. XS, couplings, BRs)

» Can be measured with high precision in the two golden channels H - ZZ* —» 4t and H — yy

» Previous CMS mass measurement in the yy channel [PLB 805 (2020)135425] using 2016 data:
my = 125.78 4 0.18(stat) 4 0.18(syst) ~0.2% precision

» New features compared to the previous measurement

v More statistics available: 138 fb~! vs 36 fb~!

v' Refined reconstruction with fine-tuned calibration of the ECAL : up to 15% improvement on the
electromagnetic object energy resolution

v Improved photon energy scale corrections

v Improvement from event categorization to maximize the significance x resolution


https://doi.org/10.1016/j.physletb.2020.135425

% H—yy mass : photon energy corrections
A dedlcated calibration of each ECAL channel has been performed [CMS-DP-2020-021]

Binned energy scale and smearing corrections from Z - ee : as a function of 1, Ry, prand gain
Residual photon energy scale from Z — puy events: measured in bins of pT, || and Ry

Smearing corrections

(1) From Z — ee data applied on simulation

and simulation

(3) From Z — ppy data
(2) From simulation and simulation

Scale
Granular binned corrections: Unif ity Binned corrections: corrections
. nirormi .
run number / 17/ Ry / p / gain nl/ Ry / py applied on
data
e
x1 03 138 fb (13 TeV ><103 138 fb™ (13 TeV) x1 [}3 138 b (13 TeV)
T I T T T T | T T T T ] [ T | T T T T | T T T T ] [ T T T | T T T T | T T T T i
303 cMs Prehmmary { Data E - CMS Pre:‘.'mmafy } Data ] - CMS Pre!rm.-nary 4 Data ]
: oz T 25k ] 2.5F o
[ Epyy>50GeV — ee simulation ] [ E,,>50GeV [JZ—ppy simulation 1 [ E,,>50GeV []Z—upy simulation 1
23F i, J<144 W stat . E o l< 144 Wistat ol <144 W stat
" []stat @ syst - []stat @ syst - [[]Stat ® syst

CMS-PAS-HIG-24-007
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H—vy mass results e

Institute of High Energy Physics
Chinese Academy of Sciences

%10 138 fb™! (13 TeV) 51" (7 TeV) +19.7 b (8 TeV) + 138 ib™' (13 TeV)
Run 2 H — yy mass result: 3 Fomsramy | dame 1 2 oms | B
_ O 30F Bl wehte 1 £ 4F Preliminary E
m, = 125.14 + 0.10(stat) + 0.11(syst) GeV . e 2 elminen -
5 25_ ) { N F — Run 1+ Run2  ==ees at only 1
=125.14 £ 0.15 GeV g ! e 1 TR -
3 - N B s .
Source Contribution (MeV) 5 150 %;;z E 6— E
Photon energy scale 2t ] E ]
Statistical uncertainty of muon sample 75 « 105_ E oF E
Residual non-linearity 64 % 5P . ab E
Muon momentum 38 bt
Electromagnetic shower 23 5000 F T e 3r E
Photon energy resolution 7 1500 B component Sumraded—i 2F ]
Interference between ggH signal and background 27 1000 3 £ ;
Other sources 13 500 E :
Statistical uncertainty 100 L e 0" 124 125 126
: 100 110 120 130 140 150 160 170 180
Total uncertalnty 150 m,, (GeV) CMS-PAS-H IG-24-007 mH (GeV)
photon scale uncertainty is limited by the available Z - ppy statistics 5.1 b (7 TeV) + 19.7 fb™' (8 TeV) + 138 fb™' (13 TeV)
CMS Preliminary = Total Stat Syst
Combined Run2 + Run1 H — yy mass result: Tot Stat Syst
mH = 12 5 .07 -I_- 009(Stat) -I_- 0. 10(Sy5t) GeV QITLALS,[:-'E);;:& (RZ%QS‘)I 1-;%158 2 —— 124.94 +0.18 (+ 0.17 + 0.03) GeV
=125.07 £ 0.13 GeV s
CMS H—4/ Run 1+ Run2 [ | 125.08 £ 0.12 (£ 0.10 £ 0.05) GeV
CMS H — ,Y,Y mH stat SYSt TOtE‘ll Phys. Rev. D 111 (2025) 092014
ATLAS H—yy Run 1+ Run 2 P 12522 +0.14 (+0.11+0.09) GeV
Run 1 124.70 1 0.31 | 0.15 | 0.34 Phys. Lett. B 847 (2023) 138315 ( ) Ge
Run 2 12514 10101 0.11 | 0.15 g&";';‘gmezlﬂg; Run 2 =  125.07 +0.13 (+0.09 + 0.10) GeV
~0.1% precision
+ . . . . 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1
Run 1+ Run?2 | 125.07 | 0.09 | 0.10 | 0.13 155 53 o o 58 57 1287

m, (GeV)
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H-yy width from sig-bkg interference iz

LO : gg interference

» u=4.1 MeV in SM — measurement limited by the detector resolution

(~1 Gev) g ) "f;”r'vvvvvvvvx > AT g
» On-shell and off-shell H—ZZ—4l measurements performed: on- 1

shell ;< 330 MeV and off-shell ;< 7.9 MeV 95% CL [Phys. Rev. D
111 (2025) 092014]

> Differential cross section including both ggH resonant diphoton |As + Ap|? = ?3_;5 + ¢y, + B
production (signal) and interference with the continuum diphoton

Signal: gg - H — v Background: gg — 7y

Imaginary term: XS ~-2% (J 7ao et al MPLA

8g—>H—>W
ProCcess — do,, e n doy, — 2 Usm S,y +C, 1= 28 (2013) 1350081); Real term: mass shape effect, used to
dm},}, dm,, T 8% & constrained width: Martin (PRD 2012) & Dixon, Li (PRL 2013)
_ _ CMS Simulation Prelimina (13 TeV)
= Ur Sggn + Cp I = (”F - Cg?) Seert T Cgy (SggH +1 ) 3 oF r y M, - 125 GeV, T,i=4.1 MeV
‘qE) i Resolution effects included
cey = /#rlu /T = Measure 1 from the measurement of this diff. cross-section g °*
on-shell signal strength () and the couplings (c,,) o CMS Preliminary 138 fb' (13 TeV) § o S
(@] +20 < -0.05[—
» Events are categorized: - S-PAS-HIG-25-004 ™. - Interference
- 10 categories for ggH production, based — Ousenes < fcontribution from
on diphoton-pT (5 bins) and diphotom- wsf-Sherpa @NLO
BDT(2 binS) —O.Ei-JHJHHJHJ\JHHMH.I....I....I... |

Pl R AR
00 105 110 115 120 125 130 135 140 145 150

- 1 VBF category to mitigate the dilution of m,, (GeV)

the ggH fusion sample with events from VBF Run 2: T, < 92(138) MeV
. . : "+ H

First analysis at LHCon I, - obs. (exp.) at 95% CL

inHQW Iy (MeV)
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H—vyy fiducial and dlfferentlal XS (Run3) +

347fb1 136TeV)

» Fiducial cross sections aim at providing a set

257 —_ ‘
= - Observed Stat onIy
of model Independent results ﬁ'zo — T\)/IZSSGZ?/IC’C@NLO+NNLOPS/’ Observable  Selection
> Measurements of H-yy inclusive and i Vpr'pe/ma,  >1/3
differential fiducial XS with 2022 data: First s, e pr*/myy  >1/4
CMS Run3 H —yy measurements A\ s IIgT <1<02G6V
1.0 5 i 5
» A new normalizing-flow-based method N Vi .
[arXiv:2403.18582] is applied to correct the os| .
imperfect modelling of reconstructed photon ’ % ;
variables in the simulation and to reduce the 0 e 70 7w 'Blsgfd(?é’) JHEP09(2025)070
assoclated systematic uncertainties oM sy cMs s
> Selected events are categorized based on the £ if@) e rons o S iy
relative mass resolution g,/m, decorrelated S R — GO Py

(2023) 091] E—— |

: 1o0k S PONHEG . ) 3 {1 e
with the quantile morphing algorithm [JH£P 07 ﬂ} L % _J_.L—(r—@) |

» Fiducial cross section in 4 differential ) E— m‘°°‘ ‘ ‘ ‘
. . % %3.0? I T T T é
observables Higgs prand |y|, Nit, and jet pT o | 1
g @10§ 1 ' ,
» Measured results in agreement withtheSM 3t " 4 foo} ) il _
0 100 200 300 400 500 & 0 1 2 >

predictions Higgs p; pf (Gev) N " Nuw


https://arxiv.org/abs/2403.18582
https://doi.org/10.1007/JHEP07(2023)091
https://doi.org/10.1007/JHEP07(2023)091
https://doi.org/10.1007/JHEP07(2023)091
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» Many BSM models (e.g. 2HDM, NMSSM) 8 | oMs Low-Mass H>yy team > Tﬁof':is;’;p’eme”*"‘” B2 (18 TeY)
predict additional Higgs bosons : some of & o fmesacey " S ‘
which could have masses < 125 GeV : yy e | o
final state is important for additional DY g e :
resonances searches | 2

Yy, vtjet @ of

» CMS searching range 70-110 GeV, limited by and jet+jet — b —
HLT criteria (M>55 GeV in 2016/2017) and 70 a0 110 T S component ubtaid
offline selections Wy (V) 5

M 2l (D TeV) o :

» Many techniques inherited from SM H—yy ff‘: 025 Ho yy — ossarves T e ek

analysis but with dedicated updates and ;2:2: -Ezecte:;c: PLB 860 (2025) 139323(;6\/)

optimizations in low-mass case % 0:143_ o xB

v" Dedicated HLT then event (pre-) selections; SRR . :
Dedicated DY suppression(ztrat)egy; Retrained %’ o \ g EXZCSSSIW'trI‘
photon identification MVA, and an event 2 : — (1 éccglc;cgal)
Boost Decision Tree (!BDT) to identify signal siénificance at
and for event categorization m, = 95 4 GeV

v" Signal modeled by a sum of Gaussians
v Background modeled with discrete profiling
or "envelope” method (arXiv:1408.6865 ) 075 8085 %098 10&,41(%519\})10 1



https://arxiv.org/abs/1408.6865
https://www.sciencedirect.com/science/article/pii/S0370269324006257?via%3Dihub

» Search for [10,70] GeV
resonance using 2018 data
without mass cut in trigger

» A neural network (NN) is
employed to enhance the
selection

v Variable inputs include photon
kinematics and diphoton features
along with discrete mass
hypothesis

v" Signal region (SR) : NN score>0.8
with highest sensitivity

» Background model: in four
sub mass ranges, with the
discrete profiling method
in each one

< Events / GeV >

Data - Bkg.

54.4 fb™' (13 TeV)

B component of S+B fit
[ +1c (B-only) ]
[ #20 (B-only) 3

arXiv:2603.03250

Lower mass yy resonances

o(9g — 0) B(o = vv),, o, [pb]

e
?ﬂﬁ%%@¢%ﬁﬁaﬂ

Institute of High Ene gyl’_y
Chinese Academy of Scie:

54.4fb' (13 TeV)

N
S 10°LCMS { Data — m, =15 GeV
P . — m, =25GeV — m, =35 GeV
g 10 990, ¢ =7y — m,=45GeV —— m, =50 GeV
2 m, = 55 GeV — m, =70 GeV
T

10°

10°

10

10°

10°

L1l T B I R 111 [ T IR A [EENENEN SN A AT BT
0 01 02 03 04 05 06 07 08 09 1

NN score
54.4 b (13 TeV)
10 CMS 3470 (1.90) — Observed
E  lacal (alakhall - Expected
B / Igca]_(global) [ ]Expected+ 16
- significance at ] Expected + 26
1 B 13.6 GeV
107"
10 20 30 40 50 60 70

om, [GeV]


https://arxiv.org/abs/2603.03250
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138 o' (13 TeV)
> Relatively large signal purity in H—yy and A fm =806 GeV | Jfm, - 350 GeV ¥, = 400 GeV
large branching fraction of decaying into bb | e | e | eg—

CMS X - YH — bbyy et
CMS

- | 10": Iﬂ_',ol | 12'? | 15,'0 T 1clru | .120 | ,140. . 1.60. .1{;[.} | IEII}DI .25:0:

» BDT used to separate signal from 1 = 450 GeV Jimx = 500 GeV Jimx = 550 GeV

i i i

non-resonant backgrounds, and DNN I

used tO Separate Signal from resonant 10 —dg—— 80 2060 230 - 700 - 750 - 200 250 - 300 100 750 200 250 - 300
fm=600GeV ~ ~  Im=650GeV ' Jm,=700GeV

backgrounds.

[ R U R SRR SR R N 1
10% =330 750 200 250 360/3'5@“460 T00 750 200 250 500 350 400 700 200 300 400 500

» Six BDT trainings account for different
signal my-my mass ranges
» 3 event classes based on BDT output

Fm, = 750 Ge {Em, = 800 GeV Lm=850Gev

2- 1 | L | 1 | 1 | 1 | 1 1 1 1 L | L | i
yfm 200 300 400 500 700 200 300 400 500 600 700 200 300 200 500 BOO

c (pp — X) B (X - HY — yybb) [fb]

C e _ Im=900GevV |m=950GeV = Im=1000Gev
» A parametric fit in the (m,, m;) plane is I & B g
performed for Slgnal eXtraCtlon ‘Cr;ﬂ'm 500 300 400 500 600 700 700 200 300 400 500 600 700 100 300 300 400 500 600 700 Boog
m [GeV]
Y
3.80 local (2.80 global) for my (Spin-0) X — HY — vybb
— — E ted limit +1 E ted limit £2
=650 GeV and my =90 GeV — Sipectedimit 2o xpected limit 26
----- pected 95% upper limit Observed 95% upper limit
12

JHEP05(2024)316



http://dx.doi.org/10.1007/JHEP05(2024)316
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Institute of High Energy Physics
Chinese Academy of Sciences

> CMS also performed the search with _ 132 b7 (13 TeV)

T =T T .

H—bb and Y—yy, with my 240-1000 1010E CMS 95% CL upper limits

GeV and mY 70-800 GeV : -- Median expected M 68% expected 1
8E —— Observed 95% expected

10°E .

» A Parametric Neural Network (pNN) is
trained to identify sig from bkg and
employed for event categorization

- s seResEye e M, = 550 GeV (x108)
1065% mx =500 GeV (x107) ;
Arebenepaperesnd®®e m - 450 GeV (x109) :
Em my =400 GeV (x105)

»m,_ is used to extract signal BPASRRAGSES =360 GeV (x10%)

myx =320 GeV (x103)

ZEH-&.
10 my =300 GeV (x10?)
h myx =280 GeV (x10') E

L R my =240 GeV (x10°) q

At m,, =650 GeV and m, =90 GeV
the observed limit Is in agreement
with the SM

a(pp = X)B(X - YH —»yybb) [fb]

T YT T TR (ST SN SN TN M N TR SR SR T NN S S ST SR N N
. g 100 200 300 400 500
Most significant : 3.33c my [GeV]

gﬁfgz,f Cr?ll (gl7o7bg)e\a,t My =300 JHEP 12 (2025) 178
=

13


https://doi.org/10.1007/JHEP12%282025%29178
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CMS low-mass X—Y(yy) H(tt)  woivee

Chiinese Academy of Se

» X mass 300-1000 GeV, Y mass 70-125 GeV
» Additional tau leptons in the event help further identify signal from bkg

» A pNN trained to identify sig from bkg and for event categorization

arXiv:2506.23012
CMS 132 fb" (13 TeV) CMS 132 fbo=! (13 TeV)
™ T T T T T B L B L
—— (QObserved B 68% expected —— QObserved Bl 68% expeCted
108} ---- Median expected 95% expected | 107 - Median expected 95% expected f

M my =1000 GeV (x107)
106*%—‘ Mx=900 GeV (x109

x =800 GeV (x10°)

104—W Mx=700GeV (x10%) |
my =600 GeV (x10%)
my =500 GeV (x10%)
my =400 GeV (x10")
my =300 GeV (x10°%)

5
10 i km\’12566\1(”05) _
v =100 GeV (x10%)

3 ]
10 v =95 GeV (x10%)
v =90 GeV (x10?)
v =80 GeV (x10")  —

10!

v =70 GeV (x10°)

95% CL limit on o(pp » X = YH)B(Y - yy) [fb]

95% CL limit on a(pp —» X = YH)B(Y - yy) [fb]

B e0 100 110 120 180 140 T / 800 800 1000 1200
my [GeV] my [GeV]
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Summary
Iizst{'tfltf’ cfiﬁgﬁ ‘Ezfﬁf]vy‘q’fy-.vi(s

Chinese Academy of Sciences

» Some latest results of Higgs boson property measurements and
new resonance searches, with yy in the final state, are presented

v Precise measurements of the Higgs boson properties: mass, width, cross sections and
couplings

v No direct evidence of new resonances yet, but a few notable deviations (up to ~2.8c
global): ~95 GeV excess in several independent analyses worths further investigation

200

> Full Run-3 with ~2 times more data ~ | =EiEaE
than Run-2, will allow to measure Higgs 5 — SRR link
boson properties more precisely and P = e
check all the ipteresting Run-2 excesses, Z * g 50()—%2?.;.;;%—1
also opportunity to explore several other £ .|
final states accessible to LHC! g

0 I
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» Stay tuned! Date


https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

Thanks for your attention!
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CMS DETECTOR

STEEL RETURN YOKE [ ]
. Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS M S CO | I a b O ratl O n
Overall diameter : 15.0 m Pixel (100x150 um) ~1m? ~66M channels
Com p act |\/| uon S 0O | enoi d Qe dameter <190 GOS0 -1 o chunds C
:38T

(or CMS) detector

» One of two general-purpose
detectors at LHC

» 14,000-tonne detector, 15
meters high and 21 meters long

» Higgs boson + new physics ...

ELECTROMAGNETIC

CALORIMETER (ECAL)
p e n O I I l e n a ~76,000 scintillating Pb(WO, crystals

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A . .
» > 5000 participants, ~259

S MUON CHAMBERS b}

NaSS Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
L Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers - n t' t t n d n - r . t . > 5 O
INSUWULES a universites,
| PRESHOWER =
D2 Siicon srps ~16m 137,000 channcs coun t ries

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

» 11 units from China (mainland):
IHEP/CAS, PKU, THU, USTC,
BUAA, FDU, SYSU, ZJU, SDU,
NNU, SCNU

HADRON CALORIMETER (HCAL)

C M S t Brass + Plastic scintillator ~7,000 channels
data 200 ——

\ / 4 / S [ 4
| 2010,7TeV, 450 pb | | | e o=
> Run1: 2011 @ 7 TeV and _|CMS e | | CMS = meron et |
- > ; £9. 2023 (13.6 TeV): <p> =52
2012 @ 8 TeV e = penien, link ==
@38Te < ool T e T e, 1= =iy
+ Milestone of Higgs discove g 20 3 Tv a1 5 = = Siarer e [
liestone o gg ry E e 2023, 13.6 TeV, 32.7 fo! z 2012 (5 ToV): oo - 21
— B 2011 (7 TeV):<p> =1
> Run2: 20152018 @ 13TeV % .| SEEER e Pl
] — 2026, 13.6 TeV, 33.1 fo~' g
H H "q"-) 1 I , . = 10 ] 10
* ComprehenSIVe nggs g § - I cfP(13.6 TeV) = 80.0 mb
o S I of(13 TeV) = 80.0 mb
property measurements E S
= 50 o I ofP(8 TeV) = 73.0 mb
» Run3: 2022 - 2026 @ 13.6TeV g ° e -misme |
+ Typical pile-up: 60 | !
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H—vyy anomalous couplings toarytsn

Chinese Academy of Scier

> In SM Higgs boson JCP = 0** > Event categorization on Matrix Element VBF, VH

_ . . and ggH discriminants is performed optimizing S/B
» Limited precision of previous measurements allow 99 P P J

small anomalous couplings and CP violation — HVV analysis: using the VBF and VH categories

Observed [x10 %]  Expected [x10 ]

Proge |t_'IVV cogpl_lll?fg;, throhughIEI/B.F te;]ndl VH Parameter " vy (68% CL) H o 77y (68% CL)
production, an rough ggH (in the loop) s 0.00t§§§5 2.1, —2.1]
» SM and Anomalous couplings between spin-0 H ?2 _Ooéil%{%ﬂ [[le'if 13?5}
Al S VY EE0.14 T Ve Y
and VV (WW, Z2Z, Zy, vy, aq) ff 0.83+13 3.3, +3.7]
vaq2 +vaq2 3
SR E ( 1 vaz | mnelrels tay fu fOM byt O arXiv:2605.14245
Al

v The only nonzero SM contributions at tree level are a,;Y"¥and a,%* o CMS 138 fb™' (13 TeV) g CMS 138 b (13 TeV)

which are assumed to be equal under custodial symmetry % 7; H vy, m, = 12638 GeV £ ,f romm=imse
v Considerations of symmetry and gauge invariance require o e e O
' 6 - Expected (uf, ;,valoated) 6f Expected (H,, quIoated)
a]ZT — a’lﬂ — ai‘;g =0, Klzz _ ng’ K17’Y _ K;”)’ =0, K%g — K%g =0, and K]Z’Y =0 57 — Observed (u,, u, floated) 5_ — Observed (u, u, floated)
v" Atotal of 13 independent parameters that describe the HVV 4— 4
coupling and two that describe the Hgg coupling af af
> Effective cross section ratios f,; are measured, -
rather than the direct anomalous couplings a, \\/
ot 0 R

a;|*0;

a.
faf = ~ 7 X sgn (i)
a1 207 + [ay [0y + |az|2o5 + Tp /(Ag)* + A?/(Alzly)z “

19 i


https://arxiv.org/abs/2605.14245

H self-coupling in HH with one H—>W ot

Institute 7{gﬁ‘[ gyP_y.n[s
Chinese Academy of S¢

1
» Higgs boson self-coupling A, can be directly ’ Y bb [eaame BHH = aayy) |
constrained through measurements of Higgs :i}> “““ < M WW fusmfuare] Bl
boson pair (HH) production : . 2 Ouoezo (N
JHEPO05(2026)186  1ssm'(1ateyy T 103
» HH->tryy (JHEP05(2026)186) with Run2 data: 2. gus sciwmmme ] = 7 [ L s
v" Small BR, diphoton pair ofers a clean experimental I | © St egeses | 22 [oossefuansg _
signature to trigger on with a good mass resolution, £ | = oo | - ! =
additional tau leptons in the event help further isolate i 106
. bb WW g8 77 ZZ 7
signal from background ol |
v" A BDT discriminant is trained to dlStIngUISh Slg from CMS Prefimnary 619" (136TeV)
bkg and for event categorization: 2 cats with higher r12(-9.4)< oy Owens ik ameces
BDT scores "pbs.(exp.) at 95% CL T a eesecss |
v" Obs.(exp.) UL on HH production: 33 (26) oy, N | e, *
» Non-resonant HH—>bbyy with Run3 data CMSW e e l | )
(2022+2023) : CMS-PAS-HIG-25-007 ,released & £ ar e B | |
T 20 Té:ﬂez,eiziiﬁ"°”::::: o5 upecied | omd | ||
Or\]/ 1 0/2025 ) . 2_ : —6 1< K < 12.8 Resolved cat1 7 ‘ |
Large BR(H—bb), good mass resolution of yy g ot | 95% CL UP of |
v" ML-based discriminant to separate sig & bkg and for 5 ~ | Combined ] 11.0 (7.3) ogy
event categorization E B e T T T
v' boosted Higgs-tagging to improve significance: 2 oL At en fpp = Y
allows to exploit high-pr H—bb & CMS-PAS-HIG-25-007
v" DNN-based regression to further improve jet mass oL | | | | ] o

resolution m;; ~10 5 0 5 0 5
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ttHH with HH—>W+ bb/WW/rz

> Searchlng for ttHH targeting final 7 g w+ t
states containing two photons and : . v
multiple jets or leptons: directly , - H
constrain c,, also be sensitive to BSM e C2 @7
{ T H
» Afit to the m_ to extract results for the’ "
different ttHH search channels ¢ g 9999999 —»—— ¢
> A multivariate approach (MVA\) is CMS-PAS-HIG-23-004 ., SM3Prefiminary 13817 (13 TeV)
used to identifv ootimal search reaions L e ion e oo ]
, CMSereimnay 138" (13TeV) . _ , Sl 002020200 = 95% expected
2 oL gorH Diphoton | Upper limits on SM ttHH cross section S 18.0<c, <7.5(-7.4<c, <6. 9’
G| == SndeH o o/ogy (stat) o /ogy(stat+syst) 3 dbs. (exp.) at 95% CL
O -y ~ SRboundary | | median 81.9 85.9 7 0 i
103—= tCt:-CiiD/erJets (data)  + ;t:ttaun& i 1o 56.3 58.7 i :
122.0 129.4 704
. 40.9 23 g |
175.1 187.6 5 02|
observed 107.1 1194 E -
o
%2" AERARRRRRRRER RN - Upper limits at the 95% CL on ttHH g“’
§1+—*— S T production cross section: 119.4 (85.9)
OO0 970 0975 0080 0985 0990 0895  1.000 21

BDT Score
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» Tiny cross section: o,,~0.09 fb at 13 TeV

» Probing for enhanced trilinear and quartic
couplings sensitive to k,;and ;4

» Two dedicated BDTSs trained using photon
identification, b-tagging score, kinematic
variables of final states, and geometric
variables as input features

v" Signal v.s. non-resonant backgrounds
(QCD, y+jets and diphoton, and inclusive

ttbar production)

v" Signal v.s. resonant backgrounds (H
HH with at-least one H — 2y)

» Data-driven QCD background
estimation using "Low Score Region”
(LSR), where photon identification failed

Triple Higgs huntlng HHH—>4b2y
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HHH—4b2y

.3
FRASTS b piLatk

Institute of High Energy Physics
Chinese Academy of Sciences
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» Two photon resolved case with m, e
[1, 30] GeV, with Z—pup or ee

» Developed dedicated photon ID by
removing some shower-shape and
iIsolation requirements, since two
photon are much close to each other

» Trained an event BDT for event
categorization to improve the sensitivity

» Use llyy invariant mass spectrum to
extract signal in data

First LHC result in the
H—Za—llyy final state

H > Za — ll+yy e

of High ‘ZI gyPﬁ_ync
Cli ﬂ ademy of Scie
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2.60 (1.30) local (global) significance at m_,=3 GeV


http://dx.doi.org/10.1016/j.physletb.2024.138582
http://dx.doi.org/10.1016/j.physletb.2024.138582

» CMS performed the searches separately for

fully-merged (m_ € [0.1, 1.2] GeV), fully-

resolved (m, € [15, 62] GeV) and semi-merged

(m, < [1, 15] GeV)

» From latest semi-merged search
v" 1 merged pair of photons, 1 resolved

photon, = 3 reconstructed photons required!
v" GNN used for reconstruction of merged yy

from energy deposits in ECAL

» Signal extracted from 2D mass distribution of a's

‘t(&} #EUD GBI MR fi

tute of High Energy Physics
Chinese Academy of Sciences
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I - (this work)
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Statistically limited and no significant deviation from background is observed

+ pooling

([:IEeF;(O:ltZ? : n;rtizl;trk EdgeConv Clustering EdgeConv Clustering EdgeConv Clustering

+ pooling

Output

+ pooling network

lllustration of the network architecture used for the mass regression

Mass

prediction
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