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In this talk, | will mostly discuss results that | contributed to



1. Some new physics studies
with LHC experiments

using the discovered Higgs boson as a tool
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1.1 Coupling properties
of Higgs boson




Higgs couplings with other fundamental particles
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Nature 607 (2022) 52-59 Phys. Rev. Lett. 132 (2024) 221802

« "Kappa” framework: assign coupling modifier to each interaction vertex (e.g. Kt, ...)
 LHC Run 2: good agreement with the SM across 3 orders of magnitude in particle mass
 CEPC: improved precision; sensitivity to Higgs—ss/Higgs—sb decays with jet origin ID 4


https://www.nature.com/articles/s41586-022-04893-w
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.221802

H—Zy decay
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- BSM particles & couplings could be present in the quantum loops of H—Zy
+ The observed H—Zy significance in ATLAS+CMS combined result is 3.40

(expected 1.60)
» First evidence of the H—Zy decay


https://doi.org/10.1103/PhysRevLett.132.021803
https://doi.org/10.1103/PhysRevLett.132.021803
https://physics.aps.org/articles/v17/s4
https://physics.aps.org/articles/v17/s4
https://promo.aps.org/PRL2024
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Higgs self-couplings
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- Higgs self-coupling may provide a portal to new physics beyond it

Vacuum stabillity, early universe evolvement, ...

« LHC Run 2: -1.4<k)<7.0 (CMS); -1.2<k)<7.2 (ATLAS)

* HL-LHC: 0.5<kx<1.6 (ATLAS+CMS)


https://indico.cern.ch/event/1441587/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-011/index.html
http://arxiv.org/abs/2504.00672

1.2 Resonant production of
Higgs boson



Resonant production of Higgs boson

+ Heavy resonance search channels
iIncluding at least one Higgs boson plus
another particle have formed an ;

important part of the program of new « H/Y/<
physics searches at the LHC

+  Sensitive to many new physics models,
Including extended Higgs sectors and
extra dimensions



Resonant production of Higgs boson

Summarizing and combining search channels at CMS, we obtain cross
section limits on resonant production of Higgs boson and constraints on
relevant new physics models
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https://doi.org/10.1016/j.physrep.2024.09.004

Resonant production of Higgs boson

Summarizing and combining search channels at CMS, we obtain cross
section limits on resonant production of Higgs boson and constraints on
relevant new physics models
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https://doi.org/10.1016/j.physrep.2024.09.004

1.3 Exotic decay of Higgs boson



Exotic decay of Higgs boson

+ Higgs decays to exotic particles predicted by various BSM models:
two-Higgs-doublet-like models, axion-like particle, etc.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-003/index.html

Exotic decay of Higgs boson

- ATOMKI anomaly give us motivation to search tens of MeV ALPs
- Electron channel is important for searching for ALPs in that range
- Theoretical work by Liu Jia et al: JHEP 05 (2021) 138

- We are preforming first search for H—-aa—4electrons at CMS, aiming for LHCP2025
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https://link.springer.com/article/10.1007/JHEP05(2021)138
https://doi.org/10.1103/PhysRevLett.116.042501

2. Some new physics studies
with PKMu project



Microscope: multi-purpose platform
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Light Dark Matter — Dark Sector

known particles
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Minimal scenarios with light (sub-GeV) dark matter whose relic density is obtained from thermal
freeze-out must include new light mediators. In particular, a very well-motivated case is that of a
new “dark” massive vector gauge boson mediator. JHEP03(2018)084 Granada19 LDMX2024

(RFRIZE T RNE (RGeV) BYRHNREREFRLINAESHHIEENNF, FAZ, — TR
BB REE — MR REXEIECHE FIEAENHF,) ’



https://link.springer.com/article/10.1007/JHEP03(2018)084
https://indico.cern.ch/event/808335/contributions/3365089/attachments/1845345/3027396/Summary-DM-DS-Granada.pdf
https://indico.global/event/805/contributions/23755/attachments/11142/16481/Pascadlo_DPF_Pheno_2024.pdf

Muon Philic Dark Sector

e Muon Philic Dark Matter may be possible or even necessary!
m Lu—Ltr gauged model (Z’, x) quite popular recently

m See the PKMu proposal: Phys.Rev.D 110 (2024) 1, 016017

(see also cosmology constraints)
m LDMX DarkShine; eN —eNZ, Z'—vVv orZ'—xx (dark matter)
m NAG64uy, MMM UN — uNZ’, Z'—v'v or Z’—xX (dark matter)
m MuonE ue — ueZ’, Z'—vv orZ—xx (dark matter)

RPC/GEM (MR, BT AR DAL

S0k [1] Phys. Rev. D 110,016017  [2]arxiv:2410.20323  [3]arXiv:2411.12518  [4] Nucl. Instrum. Methods. Phys. Res. A 663 (2012)22-25



https://arxiv.org/abs/1804.03144
https://doi.org/10.1103/PhysRevD.110.016017
https://link.springer.com/article/10.1007/JHEP01(2021)107
https://confluence.slac.stanford.edu/display/MME/Light+Dark+Matter+Experiment
https://indico.ihep.ac.cn/event/17768/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211803
https://arxiv.org/abs/1804.03144
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.L051702

1) Direct searches for DM
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Muon Tomography and Muon-DM scattering

Muon Tomography Dark Matter Search
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Phys.Rev.D 110 (2024) 1. 016017



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.016017

Slow Dark matter

Earth bounded Dark Matter: terrestrial density of strongly-coupled relics
PRL. 131 (2023), 011005, PRD 109 (2024), 075027 PRD 103, 115031 (2021)

o Afraction (fD) of strongly interacting dark matter —_—

o can be trapped in the Earth, and distributed more uniformly. s i

o The density (fE) can be large! fE=fDxnD ~ fD*10*15/cm”3 w
Alternative detection techniques needed £ o

- to detect such a large density of slowly moving DM = o

> Superconducting Cloud Chamber (for Milli-charged Particle though) 1t | ]
For slow or frozen DM, no proposal yet! B AR

o — limits on both cross section and fE=fDxnD

Muon//
Muon DM - 0
v g ;:} B \ B Different from XENON/PandaX:
O Buninaew DM Relativistic muon hit quasi-static DM

Muon-DM elastic scattering


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.011005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.075027
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.115031
https://arxiv.org/abs/2502.16437
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Muon DM Box experiment: expected results
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Current Box Exp. Status

Accumulating Data Now

4-station 20cm*20cm RPC for the moment

Petiroc 2A is a 32-channel front-end ASIC
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http://indico-cdex.ep.tsinghua.edu.cn/event/162/timetable/?view=standard#34-rpc

Current Beam Exp. Status

Interfacing with a muon beam at e.g. HIAF
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2) On target experiments for Dark Boson

RPC/GEM (YR, BTFE) FRIR IR AA

S0k [1]Phys. Rev. D 110,016017 [2] arxiv:2410.20323  [3] arXiv:2411.12518  [4] Nucl. Instrum. Methods. Phys. Res. A 663 (2012)22-25
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Z’ and X at PKMU@HFRS

1-10 GeV muon scattered on electrons in target:

C.O.M energy is around 10 MeV!

Sensitive to Lu -Lr Z’ boson at around 1-100 MeV:
m ue —» ueZ, Z’-vv
Also matches the mass range for ATOMKI X17 MeV

0.020 A

E,=10GeV n=4.50

- '/—:,;i“iﬂ/

anomaly
m Je - peX, X—» Vv, et+e-;
m Search for pseudoscalar bosons decaying into e+e—
pairs in the NA64 experiment at the CERN SPS: PRD
104 (2021) 11, L111102 e-N—e-N +a, a — e+ e- i

m See also tensor and scalar options in arXiv:2501.05507

®  ‘the measurements from the two experiments (ATOMKI and MEGII)
remain compatible within 2c” and “A CP-even scalar could serve as
potential solution to the anomalies observed in the Helium and Carbon
data and that will become relevant in case the null result from the
MEG-II search in Beryllium transitions will be confirmed.”
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.L111102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.L111102
https://arxiv.org/abs/2501.05507
https://arxiv.org/abs/2411.12518

PKMu@HFRS vs. MuonE

e Muon Beam energy: 150 GeV vs. 1-10 GeV

e C.O0.M energy for PKMuU@HFRS is around 10 MeV
o suitable for low mass searches

e Detector Can be more compact

e muon filter
M2 u beam < Il 1l |D/ u chamber
150 GeVle 51 1l | | y
station #1 #2 #3 #k #N
ECAL
Target k Target k+1
ﬁ ~100 cm B ‘
r 1 module (2 sensors) ‘|‘ e
UL —
I o o 1
//AH
] JINE

s g erz yerd ey RPC/GEM (MR, BTFE) SRR DAJIRES

Sk [1]Phys. Rev. D 110,016017 [2] arxiv:2410.20323 [3] arXiv:2411.12518  [4] Nucl. Instrum. Methods. Phys. Res. A 663 (2012) 22-25

NAG64 has limited angle acceptance (the beam energy is high as
150GeV), that may be the reason it is not sensitive to Mx>16 MeV 16


https://web.infn.it/MUonE/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.L111102
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https://web.infn.it/MUonE/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.L051702

Our roadmap to detect Dark Sector

A compact detector for muon scattering with target electrons or nuclei:
Using RPC+GEM to measure angular direction; Scintillator and absorber for PID

o e e, Z—-vv final state leptons with wide scattered angle
e e — ueX,
o X—VV final state leptons with wide scattered angle
o X—ete- electron energy measurement
e ee — eeX,
o X—VV final state leptons with wide scattered angle
o X—ete- electron energy measurement

- Visible decay e

ARABLARMERE |nyisible decay  ©

1TEEM (very small - X
coupling->very long € A~ 'VV< %
flying distance, thus AA A X A ¢

~invisible), & FI A

REENEEE (2R
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Summary

Search for new physics is our mission:

Utilizing the high energy proton-proton collisions
(and the discovered Higgs boson)

Starting the PKMu experiments with cosmic muons
and muon beam

15



Thank you!
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The collision of ¢ and ¢~ can generate
quarks, gluons, and leptons. Quarks and
gluons immediately transform into
collimated particle sprays, known as jets.

View the event as a graph,
where particles as nodes and Construct a quantum circuit.
the angle of two particles as edges.

He =5 Yjer Wi (I . "f"f)

Science Bulletin 70 (2025) 460 Y



https://doi.org/10.1016/j.scib.2024.12.020
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The performance of jet clustering using various methods.
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The constructed quantum circuit is compiled on
the quantum platform, considering the hardware
topology and the available quantum gates.
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https://arxiv.org/abs/2209.12788
https://doi.org/10.1016/j.scib.2024.12.020

& THIAF-HFRS 3= B U TR S 1a

PKMu(Probing and Knocking with Muons): i AL TR KSR MBS MBS . MIE
ERBALEEAIEERUIEHMMNS FHHNIESENE, EEEEEFHHNBBERE
ANAYMEME, BN FHINNEMRZYIE FREER B R AR NEHYIE, NSy e -
RIBREFIES .. EFHUEFEN, 2FE5EZHFNENRESE. F et acas TS

Hrrs: P ERIPEGER Y EBIITRAT 2800587 2 57 iR 58 HIAF) 7058 MR
FISMMEET, TIRAEX 10s MEEETRER. KBRS EEHFRS)E HIAF
FTHEEEE, HFRS K&K 192 XK, MNIERXK 25 Tm, a[fEMzhE55X 7.5 GeV/c #m/y
HF, RED, £FHAF-HFRSEE, MHEIUET. 10°-107/s MGeVEEBRTHR, M8
ERY 4%, RBEFEEL 10 cm,

RPC/GEM 0(REHMIR. BTE) AR PNPGRES

25300k [1] Phys. Rev. D 110, 016017 [2] arxiv:2410.20323  [3] arXiv:2411.12518 [4] Nucl. Instrum. Methods. Phys. Res. A 663 (2012) 22-25




Current Software and Simulation Status

PKMuon Collaboration PHYSICAL REVIEW D 110, 016017 (2024)

PKMuon Collaboration

) 5 o ) Proposed Peking University muon experiment for muon
AR 3 followers @ China ¢ https://lyazj.github.io/pkmuon-site/ 9 seeson@pku.edu.cn tomography and dark matter search

) Xudong Yu,” Zijian Wang, Cheng-en Liu, Yiqing Feng®, Jinning Li, Xinyue Geng, Yimeng Zhang, Leyun Gao,
() Overview [ Repositories 10 [ Projects @ Packages A People 2 Ruobing Jiang, Youpeng Wu, Chen Zhou®," Qite Li®," Siguang Wang, Yong Ban®, Yajun Mao, and Qiang Li
State Key Laboratory of Nuclear Physics and Technology, School of Physics, Peking University,

Beijing, 100871, China

Pinned ® (Received 23 March 2024; accepted 24 June 2024: published 19 July 2024)

. A set of new methods are proposed here to directly detect light mass dark matter through its scattering
Lq PKMUON_Gd4sim ' Public Q geomu | Public with abundant atmospheric muons or accelerator beams. A first plan is to use the free cosmic-ray muons
interacting with dark matter in a volume surrounded by tracking detectors, to trace the possible interaction
between dark matter and muons. Secondly, the same device can be interfaced with domestic or international
muon beams. Due to the much larger muon intensity and focused beam, it is anticipated that the detector
can be made further compact, and the resulting sensitivity on dark matter searches will be improved.

Forked from yuxdPKU/PKMUON_G4sim Forked from lyazj/geomu
Geant4-based simulation of PKMUON Geographic Muon Simulation

®C:+ @C++ Furthermore, it may also be possible to measure precisely directional distributions of cosmic-ray muons,
either at mountain or sea level, and the differences may reveal possible information about dark matter
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