Data analyses with advanced jet taggers
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WZy @ 13 TeV [138 fb~1]
CMS-PAS-SMP-22-018 Results

NEW FOR ICHEP e The observed (expected) significance of the WZy signal
o Measured fiducial cross section: 5.48 + 0,95 (stat,) 15 34 (3.8) standard deviations
+ 0.57 (syst.) £ 0.10 (theo.) fb e Photophobic ALPs [JHEP09(2018)028], suppressed ALP
- Theoretical predicted fiducial cross section to photon couplings at tree level
(MadGraph5_aMC@NLO): 3.69 + 0.19 (scale) + - Only one free parameter f, that directly determines the
0.15 (PDF) fb

couplings between ALPs and vector bosons, (o x Br o #j
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- Particle-level selection: py7 > 15 GeV, [y®#Y| < CMS Proliminary 13810 (13 TeV)

2.5,m;, between [60, 120] GeV

- CMS Preiminary 138 o' (13 TeW)
T 3

) Ipbl

1, Tev ]

e Exclusion limits at the 95% CL for each aQGC
coefficient

nits [ Tev_]_Fxpected limits [TeV_* _Unitarity bound [TV |
[-252,252] 132
[-3.18,3.14] 148
[6.95, 6.85] 135
[-248,230] 155 ] |
['3‘02-3‘111 161 8 150 200 250 300 350 400 150 200 250 300 350 400
55,6501 L2 ALP mass [GeV] ALP mass (Gev]
ICHEP 2024 PRAGUE 20 July 2024 13

oipp— WalB(W— W)Bla— ZyIBIZ— |



http://cds.cern.ch/record/2905175?ln=en
https://arxiv.org/abs/2503.21977

WZy SRR BN TEERE—ErNERRSEYERS (ICHEP 2024)
A ENYMENT RFEIETR.

2) £ §5EARUN3 Z+ FiE RERIFFE AN 2 (CMS-PAS-SMP-24-002) , FIFACMS3E5
2022F W EM13.6TeVR F- R F X HERY34.8 o' #iiE, BN RFERBNE Zy=4£&#HE
, EEAIEA S E — X B AT R FE B F AR — NI F o M Safiducial B E#
EiRE4%, #MNREFEZHEFREETTIEN, FRFEHAZCMSERREEAL
REFHOS TXIIE, L RAE LT EFEXEEENAnalysis Contact, 45FPreapproval
R ApprovaliR &,

IS
o
=]
[=]

CMS Preliminary 34.8fo~" 13.6 TeV
R L L LA L R T rrrr -1
Others (WW, WZ, ZZ, 1) ]

} mm Zy out-fiducial —
[ == Nonprompt photon
- Zy =
777 Total uncertainty
2500 ¢ Data =

Events / bin
(]
a
o
o

3000}

2000}

1500

1000

1'?:“‘I‘I"‘I'“I"‘l""f"""":
SR I
ogb e L b b e

Mass p*p -y [GeV]

‘Run3 Z+ A FE BN EBLHH=AFTERENTE.

3) £ ¥ 5ERVBS WHE 2B RERM (arXiv:2405.16566, Phys.Lett.B 860 (2025)
139202) , F|FACMSUkERIFull Run2$UE, B IEM T Higgs SWHIERSTIE TR, LIS
S5MREEZEMEEE, IR THWW 1 HZZ RS E AR T EMNHMET =, FRIFH
HECMSERREFAREH NS TXMI(E, L XAELFAndrew Levin R iE T4 £
B X4 FPreapproval R ApprovaliR &,

CMS 138 fo~" (13 TeV)

SM expected 95% CL CMS (2022)
El ¢95%CL (20)obs. EEE <99.99% CL (50) obs.
I

18 -1.4 -10 -06 -0.2 02 0.6 1.0 1.4 18
Kw


https://cds.cern.ch/record/2928843?ln=en
https://arxiv.org/abs/2405.16566
https://doi.org/10.1016/j.physletb.2024.139202
https://doi.org/10.1016/j.physletb.2024.139202

- FFACMSIERIFull Run2##E, B REEM T HiggsEWHIRSTIE R, LUEY
S5AMAEZENEEZE, HRTHWW fl HZZ B EFHRFSHHIMET R,

4)BEEWBFRSTHITYE
JHEP 02 (2025) 199, CMS PAS-B2G-24-007, CMS-PAS-HIG-24-008

FRIRAA S RN FIRZR F D (CERN) &4, KEIBAFBUEFRICRARMIFF R KM
BB EAFATETEMZNEHNREZIHNATHYETHUR K ERE
B9l Kigies THIERBE AR AEEHR L ERRI T AWK E FHIR
FHIHRS, ZWREBFRESHT K, FRTITRANITRIFERUTIHL R RRE
BR. BRI T HMEI HHFML R FEN L ERWN B Z & FHIR
ERRTER FR/|THBHEZER7)IRBESHHREEKBRS,

REARHHATTHATHNEZERRTF g AT W BB FHERERRMER, ZRT
Kaluza--Klein f&F gKK B3 frEHF RI FEREE, gKK - g R — gWW, iR
KRBSHEAKRERVCEIAR, HEPRIM 2B FEEWEKBFHTY, E=1E23K
FHIBEFIE=M, Z 5 #TE A 2016-2018 &£ CERN LHC CMS SEi i 5EH 13 TeV ¥
R F-RFRE IR T, RS ZERN 138 fb-1, gKK 1 R ZREFEHMREH 51 E
A trijet 7 dijet RE, ZTEEENRIBHAARRESMYPNLERIESH, %
H T oKK BIE~=#m#I EBR., CMS Collaboration, Search for high-mass resonances
in a final state comprising a gluon and two hadronically decaying W bosons in
proton-proton collisions at sqgrt(s) = 13 TeV, CMS PAS-B2G-23-004,
arXiv:2410.17303, JHEP 02 (2025) 199. 4t K4 {& 4 20/ £ 9 Analysis Contact, 2B
= P& % 1 1 IR Antonis Agapitos4s ¥ Preapproval & Approvalif &,

Jet

. Kaluza--Klein IR ¥ gKK B EXF R FBAEZTHRER,

REHEEHTTIRIERRSETNHFRT(HBZEEFUR— A FHAE, Hob
HMZBBEFHE—SEEN—FEER (b b), S FEAMNECMSERACERNKEE
FIHEH (LHC) LUVs = 13 TeVR F-R FhliiE I £ aI%E, BERAZERN138 b, FiH
HHEHEE— I AEFIN—TEESELLZIBERNRFERRKRERE, ZBEIASE
b bR%, F#HIRBI AHEZH & FHRER, P HTDEAT —HEFTransformerZE#i
REHRIRBIE L, NBCFMNFERHITRE, FHEA/RNIM142E, FAFSHORBIFE
BT b bMHMZIHE FIRIERST, FHIHEE S, B —AHSHIEERH 75
AFRTREBEH#TEES, LRIGBEES, RURINBHEIRABRD AN E Z8E8, o
TERBHEBR A EENBIE-1 HyRIESHNAR R EMBIE-0 ZyRIES~ £ 8T


https://link.springer.com/article/10.1007/JHEP02(2025)199
http://cds.cern.ch/record/2932616?ln=en
https://cds.cern.ch/record/2932358?ln=en
https://arxiv.org/abs/2410.17303
https://link.springer.com/article/10.1007/JHEP02(2025)199

BT R R LR, XLERH B Al &1, CMS Collaboration, Search for
heavy Hy and Zy resonances with a b quark pair final state in proton-proton
collisions at sqrt(s) = 13 TeV, CMS PAS-B2G-24-007, dt KAE T EFKAER

Analysis Contact, {FX7 &It K4 1E L fFAntonis Agapitos 5l45 FPreapproval &
ApprovaliR &

Y Y
S
Fermion - -
loop
\}} .~ Z
b _b
Jet b Jet b

B: EXRSTZENERY (H) HZKEFUR - FHRER,

REEERIT TN ARED EFEFAFEZELEED)IFANT W BB FIREMT I,
ZYBSTFIE T KREEFIENE 2016-2018 FERINEEE N 13TeV WA ZER
138/fbBIFT F- R FIEI T2 H CMS 1FN BRI LRI EE . R R FRIFR A ™
AR Z A TERENA, FEH I ENEKRT200GeV A EMH BT FEEE
AW REBFHER—TE—MBERENERE, EXRRXSFIEFENILHEF &
—EMEXENE, UERFETBE=TBBUE, RO ER T ET Transformer #Hl3R%F
SJHRBFF K HI Particle Transformer BUEFR ISR M E S #ITIRE, 2 CMS £50 E&Hitt
BIA T iZAriC 28B4 4t 2 — . CMS Collaboration, Search for Higgs boson
production at high transverse momentum in the WW* decay channel in proton-proton
collisions at sqrt(s) = 13 TeV, CMS-PAS-HIG-24-008, 1t K4 {& 1 5 Antonis Agapitos
Y79 Analysis Contact, Jt XA 1E L4 FE 45 FPreapprovalif &,

Jet: Haa w 4

o RN
w q
e S

g
¢ ot
ggF, VH, W s w a
gaqtbWw,z VBF, ttH =g q H¥
w q
Jet . H
F = Jet: H%d
[eXoJeXoJoXoToo)  immunmns .
® W {  (isolated)
-8

q
_ Jet: H4aa
....... { (isolated) 1t
/ VBF w oy
q


http://cds.cern.ch/record/2932616?ln=en
https://cds.cern.ch/record/2932358?ln=en

B RFBERELH (HZEWWHTER.

5) NTERAENMFR
CMS-PAS-BTV-22-001 (to be submitted to JINST)
CMS-PAS-JME-25-001 (to be submitted to JHEP)

ZFoa. FRFRBESFMZFHZE S0 (CERN) &1, KEE A FBEEEH 2 BRRIC
BARUFEENA, FBAFET ZNMNETATBERARNBGERERRRERAER
X, FNRATFFVEIHRURKREFEATOFEN, KRS TYERBE., BT HB
FOERZANEREH. IFEER SRHEMBHERUERZEBREELENMN
HEIRT, ZHELZRA T EXBFERSHIENREE, F150FE¥K CMS EREF
FAMABEMMAXYIENZE S (A0 Higgs B FERERMWARE®E. M Higgs EEXE
4b KABN=E HHVV BSBE%E) MEMREREZZ X T,

TR, REBA L KER+ZHRMENBRBL, FENETEFEZEIHTMUIEH
7 LHC LMRBEXEE, 574 CMS EFRE/EEARNERH#LE T GloParT R (£ 5
KXMINEEZRELTHE ), UKRER CMS 4 &N AR EEE Sophon,

FEFENEXTH, REFCMSEREEH2024FERLF LXK,

GloParT 3 categorization

H+ZZ" like
. H>WW- like () 13 "
HOot3x3X2 (2-prong) like H>WOWE) like — H->ZMZ() like H+2Z like
(15 classes) (19%3 classes) ) (74x3 classes) HeZ°2(" like
H>W'W™) like A ?
HO= ? w ? H ?
> < ’ : ;
! 3 z 22
bb, cc, ss, qq, (b(:)‘y (bc) , bs, ) bbbb, bbce, bbss, bbaq, cece, cess, €cqq, $5ss, 554, 4994,
- Cscs, €sqq, 9944, bbb, bbc, bbs, bbq, ccb, cec, ccs, ccq, ssb, ssc, sss, s5q, qab,
(cs)*, (cs), ge, qqc, 493, 999,
€sc, €ss, €sq, qq¢, q9s, qqq, bbee, by, bbe, by, bee, by, bbtt,, bbr.t,, bbtyty, byt
YY; €€, UH, ThTe, ThTy, ThTh oo B - L N
bTaTy, BTath, CCOE, CCU, CC8, CCJ, C8@, CH, CCTHTs, CCTAT

csev, qgev, CSHV, GquV, CSTeV,
qqTeV, CSTLV, QTLV, CSThV, GQThV

S, 55€, SSH, See, S, SSThTe,
qqee, qaui, qqe, Ga, qee,
» QT Th, QThTe, QThT,, QTHTH

Hot5yyx; X, like
(40 classes)

qu, qqT

. t>bW like t>bW* like

he (17x2 classes) tabW- like
= Qco
? ?
KO£ 2 ' w : (5 classes)
f ,cﬁ 2
! ! bl
vbb, yycc, yyss, vwqq, yvbe, vycs, yybq, weq, vysq, b 's<: .

abie) "
YYBE: YYE€, YYMM, YYTrTe, YYTnTy, YYThTh, bWcs, bwaqq, bWc, bWs, bWg, bWev, - S £ 3
YYD, YYC, VY, Y¥Q, YYB, YY€, YY™M, Y¥Te, VYT, YYTh, bWy, BWrev, BWT,v, BWE, —e. —
ybb, yee, yss, yaq, ybe, yes, ybq, yeq, ysa, vgg, Wcs, Waqq, Wev, Wiy, Wrey, Wiy,
Yee, ymm, YThTe, YThTy, YThTh Wiy bb, e b, c o(hers

A RBEEFEFE CMS EFRSFEARNERMIHEL T GloParT #228, ZAREE
BEREITHREEFRIZILREESN, TURREEMT BRXHEN YIRS,

RERCMSILX :
1. CMS Collaboration, Observation of WZy production and constraints on new
physics scenarios in proton-proton collisions at sqrt(s)= 13 TeV, arXiv:2503.21977,



http://cds.cern.ch/record/2866276?ln=en
http://cds.cern.ch/record/2939451?ln=en
https://arxiv.org/abs/2503.21977

accepted by PRD. Jt XA E 1+ £XBFHSE N Analysis Contact, XRFHFEPILKZELF
9 Bl4A F Preapproval & ApprovaliR &,

2. CMS Collaboration, Search for anomalous Higgs boson couplings in WH to Inubb
production through Vector Boson Scattering , arXiv:2405.16566, Phys.Lett.B 860
(2025) 139202. L XA tE L FAndrew Levin &k 1&+ 4 4k B X4 F Preapproval &
ApprovalfR &,

3. CMS Collaboration, Search for high-mass resonances in a final state comprising a
gluon and two hadronically decaying W bosons in proton-proton collisions at sV = 13
TeV, CMS PAS-B2G-23-004, arXiv:2410.17303, JHEP 02 (2025) 199. dt KAE 4%
ZR/E FEH Analysis Contact, 3815 & & & £ fF Antonis Agapitos#s F Preapproval &
ApprovaliR &,

FECMS K KiILX:

1. Leyun Gao, Cheng-en Liu, Qite Li, Chen Zhou, Qiang Li, Liangwen Chen,
Xueheng Zhang, Yu Xu, Zhiyu Sun, Probing and Knocking with Muons,
arXiv:2503.22956, Modern Physics Letters A (2025) 253000.

2. Leyun Gao, Alim Ruzi, Qite Li, Chen Zhou, Liangwen Chen, Xueheng Zhang,
Zhiyu Sun, and Qiang Li, Quantum state tomography with muons,
arXiv:2411.12518, J.Phys.G 52 (2025) 7, 075002.

3. Leyun Gao, Alim Ruzi, Qite Li, Chen Zhou, and Qiang Li, Testing spooky
action between free-traveling electron-positron pairs, arXiv:2502.07597, Phys.
Rev. D 111 (2025) 116018.

4. Youpeng Wu, Ruobing Jiang, Alim Ruzi, Yong Ban, Xueqing Yan, and Qiang
Li, Testing Bell inequalities and probing quantum entanglement at CEPC,
arXiv:2410.17025, Phys.Rev.D 111 (2025) 3. 03600.

5. Ran Ding, Jingshu Li, Meng Lu, Zhengyun You, Zijian Wang, and Qiang Li,
Study of charged Lepton Flavor Violation in electron muon interactions,
arXiv:2405.09417, JHEP 01 (2025) 16.

Bi%TECMSiEX:
1.

Bi%TEIECMSiILX:

1. Cheng-en Liu, Rongfeng Zhang, Zijian Wang, Andrew Michael Levin, Leyun
Gao, Jinning Li, Minxiao Fan, Youpeng Wu, Qite Li, Chen Zhou, and Qiang Li,
Probing Cosmic Ray Composition and Muon-philic Dark Matter via Muon
Tomography, arXiv:2507.23458.

2. Rongfeng Zhang, Zibo Qin, Cheng-en Liu, Qite Li, Yong Ban, Chen Zhou, and
Qiang Li, Revealing Secondary Particle Signatures in PoOCA-Based
Muography, arXiv:2507.03914.

3. Alim Ruzi, Youpeng Wu, Ran Ding, and Qiang Li, Searching Quantum
Entanglement in pp to ZZ process, arXiv:2506.16077.



https://arxiv.org/abs/2405.16566
https://doi.org/10.1016/j.physletb.2024.139202
https://doi.org/10.1016/j.physletb.2024.139202
https://arxiv.org/abs/2410.17303
https://link.springer.com/article/10.1007/JHEP02(2025)199
https://www.worldscientific.com/doi/10.1142/S0217732325300083
https://iopscience.iop.org/article/10.1088/1361-6471/ade733
https://journals.aps.org/prd/abstract/10.1103/m9z9-1jpd
https://journals.aps.org/prd/abstract/10.1103/m9z9-1jpd
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.036008
https://doi.org/10.1007/JHEP01(2025)165
https://arxiv.org/abs/2507.23458
https://arxiv.org/abs/2507.03914
https://arxiv.org/abs/2506.16077

4. Ran Ding, Alim Ruzi, Sitian Qian, Andrew Levin, Youpeng Wu, and Qiang Li,
Quantum Entanglement between gauge boson pairs at a Muon Collider,
arXiv:2504.09832.

5. Yuzhe Zhao, Conggqiao Li, Antonios Agapitos, Dawei Fu, Leyun Gao, Yajun
Mao, and Qiang Li, Novel Vcb extraction method via boosted bc-tagging with
in-situ calibration, arXiv:2503.00118.

6. Leyun Gao, Zijian Wang, Cheng-en Liu, Jinning Li, Alim Ruzi, Qite Li, Chen
Zhou, Qiang Li, Probing charged lepton flavor violation in an economical
muon on-target experiment, arXiv:2410.20323.

7. Conggiao Li, Antonios Agapitos, Jovin Drews, Javier Duarte, Dawei Fu, Leyun
Gao, Raghav Kansal, Gregor Kasieczka, Louis Moureaux, Huilin Qu, Cristina
Mantilla Suarez, Qiang Li, Accelerating Resonance Searches via
Signature-Oriented Pre-training, arXiv:2405.12972.

CMS A FF 314 (PAS) :

1. CMS Collaboration, Search for heavy Hy and Zy resonances with a b quark
pair final state in proton-proton collisions at sqrt(s) = 13 TeV, CMS
PAS-B2G-24-007, b KA E L £ KN EH Analysis Contact, T XHRILKEA
&L f5 Antonis Agapitos % 5l 45 F Preapproval & Approvalf & .

2. CMS Collaboration, Zgamma cross section measurement at 13.6 TeV,
CMS-PAS-SMP-24-002, dt X4 18+ 4 £ X 4EH Analysis Contact, 45F
Preapproval X Approvalf &,

3. CMS Collaboration, Search for Higgs boson production at high transverse
momentum in the WW* decay channel in proton-proton collisions at sqrt(s) =
13 TeV, CMS-PAS-HIG-24-008, Jt XA {# * f5Antonis Agapitos{f 4 Analysis
Contact, Jt XA 1E L4 X FE 4 FPreapprovalif &,

4. CMS Collaboration, Performance of heavy-flavour jet identification in boosted
topologies in proton-proton collisions at sqrt(s)=13TeV,
CMS-PAS-BTV-22-001, bt KA 1B FZFEEFTVE N Analysis Contact, L KA 1%
T & IR 74 FPreapprovalif &,

5. CMS Collaboration, Particle transformers for identifying Lorentz-boosted
Higgs bosons decaying to a pair of W bosons, CMS-PAS-JME-25-001, dt K4
B+ EERFT, BLEEFRKRIEA FApprovalikss,

SMEARBE
FE HELH ME., R FIEH FEREGE/EE/SR/Hi

1. Qiang Li, Probing and Knocking with Muons, NuFact2025, Liverpool, UK, 1-6
Sep, 2025, R =RE.

2. Dawei Fu, Searches for new physics in CMS in events with photons and

leptons in the final state, SUSY2025, UC Santa Cruz, California Aug. 22th,
2025, n=HE,


https://arxiv.org/abs/2504.09832
https://arxiv.org/abs/2503.00118
https://arxiv.org/abs/2410.20323
https://arxiv.org/abs/2405.12972
http://cds.cern.ch/record/2932616?ln=en
http://cds.cern.ch/record/2932616?ln=en
https://cds.cern.ch/record/2928843?ln=en
https://cds.cern.ch/record/2932358?ln=en
http://cds.cern.ch/record/2866276?ln=en
http://cds.cern.ch/record/2939451?ln=en

. Dawei Fu, Conggiao Li, Blooming LHC analyses with all-inclusive pretrained
boosted-jet models, ML4jets, 17-23 Aug 2025 California Institute of
Technology, US, #&R&

. Tianyi Yang, Boosting HH(4b) beyond boosted HH(4b): a calibratable
full-particle search framework, ML4jets, 17-23 Aug 2025 California Institute of
Technology, US, #&ike

. Qiang Li, testing entanglement between free-traveling electron-positron or
electron-muon pairs, WQC Workshop on Quantum Entanglement of High
Energy Particles, Shanghai, 19-23 July, 2025, X&k&

. Qiang Li, Various sides of bosons, Seminar at Jianwei Forum, USTC, 13
June, 2025, ZRIRE

. Leyun Gao, Probing charged lepton flavor violation and quantum
entanglement in muon on-target experiments, Muon4Future, Venice, Italy,
26-30 May, 2025, X&R&E

. Zijian Wang, Search for light Dark Sectors with the HIAF Muon Beam:
HFRS-PKMu experiment proposal, Muon4Future, Venice, Italy, 26-30 May,
2025, K=&

. Qiang Li, PKMu-HFRS: Probing and Knocking with a Gev Muon beam at the
HIAF HFRS facility, International Workshop on Muon Physics at the Intensity
and Precision Frontiers (MIP2025), Changsha, 16-20 May, 2025, 2 &iRk&

10.Qiang Li, Multiboson Physics to Explore, The 5th LHCb Physics Frontier

workshop, Wuhan, 27 April, 2025, X&£3k&

11. Leyun Gao, Testing Bell inequalities and probing quantum entanglement at a

muon collider, Firenze, Italy, 7-10 April, 2025, KX&R&

12.Qiang Li, Multiboson Physics to Explore, Seminar at Zhengzhou Univ., April

24,2025, ZARKEH

13.Andrew, Levin, Results from global EFT fits from ATLAS+CMS, WIN2025,

9-13 June 2025, Brighton (United Kingdom), =%,

14.Congqiao Li, A calibratable jet-free HH(4b) search framework at the LHC,

Higgs Pairs Workshop 2025, 11-15 May, ltaly, 5 =&


https://www.koushare.com/live/details/43712
https://indico.ihep.ac.cn/event/24788
https://indico.ihep.ac.cn/event/24788
https://indico.ihep.ac.cn/event/24788
https://iop.eventsair.com/win-2025/
https://indico.cern.ch/event/1399335

