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Probing and Knocking with Muons
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https://www.worldscientific.com/doi/10.1142/S0217732325300083
https://www.worldscientific.com/doi/10.1142/S0217732325300083
https://journals.aps.org/prd/abstract/10.1103/m9z9-1jpd
https://arxiv.org/abs/2507.23458
https://doi.org/10.1103/PhysRevAccelBeams.28.053401

i ASEE NSRS, THsCE

MEZRTEHEZEFSFHIMERNAEXNRY, ENZMEABHEX,
B M i FHrE sty EMC. NA64 FIMUonEZE L8 F| A BE 22 7 5 808
o BER.BFEBENE,FDERT .. — =

B EESKENYIEESE SR L o
o FREBNSFEEH

o New ldeas?!

—

g =
R

FEZIEEFRN SFPESXRE, BFEREHEETHEX Tk:

o HEBARPFRALRES -> Melody

o ER+TIAEXREFZIEUH SERMEREEMHIAF)RIZEEFIESS;
m  2025-20264F 58Uk, F—FPEFHRE (1-10 GeV) FHii? HE !

o “+MEA” “MRIFFIXENEL RS (CIADS)” B IELRE SR FINES


https://en.wikipedia.org/wiki/European_Muon_Collaboration
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Studies for New Experiments at the CERN M2 Beamline within "Physics Beyond
Colliders": , , ERT. BT, BFES

Johannes Bernhard, Dipanwita Banerjee, Eva Montbarbon, Markus Brugger, Nikolaos Charitonidis, Serhii Cholak, Gian Luigi
D'Alessandro, Lau Gatignon, Alexander Gerbershagen, Bastien Rae, Marcel Rosenthal, Maarten van Dijk, Benjamin Moritz Veit
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The "Physics Beyond Colliders (PBC)" study explores fundamental physics opportunities at the CERN accelerator complex complementary to collider
experiments. Three new collaborations aim to exploit the M2 beamline in the North Area with existing high-intensity muon and hadron beams, but
also aspire to go beyond the current M2 capabilities with a RF-separated, high intensity hadron beam, under study. The AMBER/COMPASS++
collaboration proposes an ambitious program with a measurement of the proton radius with muon beams, as well as QCD-related studies from pion
PDFs / Drell-Yan to cross section measurements for dark sector searches. Assuming feasibility of the RF-separated beam, the spectrum of strange
mesons would enter a high precision era while kaon PDFs as well as nucleon TMDs would be accessible via Drell-Yan reactions. The NA64mu
collaboration proposes to search for dark sector mediators such as a dark scalar A' or a hypothetical Z_mu using the M2 muon beam and
complementing their on-going A' searches with electron beams. The MuonE collaboration intends to assess the hadronic component of the vacuum
polarization via elastic mu-e scattering, the dominant uncertainty in the determination of (g-2)_mu. An overview of the three new experimental
programs will be presented together with implications for the M2 beamline and the experimental area EHN2, based on the studies of the PBC
"Conventional Beams" Working Group.


https://arxiv.org/abs/1911.01498

PRL132, 211803 (2024) %;E&ﬁgﬂ' NA64|J %*ﬁﬁ%ﬂ

- .
~_ /,‘\“/1-x Careful Accounting Could Reveal the

An experiment at CERN seeks signs of dark matter by looking for missing energy and momentum in the debris of

> € \ » particle collisions.

May 21,2024 « Physics 17,s54
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FIG. 2. Schematic illustration of the NA64y setup and of a signal event topology. Well-defined incoming muons with momentum
Pin =~ 160 GeV/c are reconstructed in the first magnet spectrometer and tagged by a set of scintillator counters before arriving at the
active target (ECAL). In the collision of muons with the target nuclei the bremsstrahlunglike reaction and subsequent invisible decay,
uN — uN(Z' — invisible) is produced. The resulting scattered muon with momentum p,, < 80 GeV/c is measured in the second

spectrometer (MS2).
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- CMS Muon Trigger RPC:
assembled and tested at PKU
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- | > CMS GEM upgrade program
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PKMu(Probing and Knocking with Muons): Rt IR K2 B2 IR AR Y E
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235 3CHk:[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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https://link.aps.org/doi/10.1103/PhysRevD.110.016017
https://arxiv.org/abs/2410.20323
https://arxiv.org/abs/2411.12518
https://www.sciencedirect.com/science/article/abs/pii/S0168900211018912
https://arxiv.org/abs/2503.22956
https://arxiv.org/abs/2504.21050

HIAF-HIRIBLEBEZ FE 7

TABLE IV. The maximum muon flux intensities with proton,
B80%, and "®Kr'" projectiles, and the corresponding muon
beam momenta and purities.

Proton 1806+ 78Kr19—|—
U beam
Momentum (GeV/c) 3.5 1:5 1.0
Flux intensity (u™/s) 8.2 x 10° 3.5 x 10° 1.8 x 10°
Muon purity 2.0% 0.80% 0.60%
U~ beam
Momentum (GeV/c) 2.3 1.5 1.0
Flux intensity (pu=/s) 3.8 x 10° 4.2 x 10° 1.6 x 10°
Muon purity 13% 20% 23%

Phys.Rev.Accel.Beams 28 (2025) 5, 053401

Y, [s7]

(@)

10

I T T TTTT

I IIIIII|]

Flux purity [%]

10

PID among muon, pion and
electron are important for muon

beam experiment.
10


https://doi.org/10.1103/PhysRevAccelBeams.28.053401

PKMu (R&D) a MUonE (ongoing)

PKMu : Muon on target experiment proposed by MUonE:a Muon Electron scattering exp at

PKU for multi-purpose including cosmic ray, CERN exploiting a 150-160 GeV 10"-10°/s

dark boson, and guantum entanglement. beam, aims at an independent and precise
determination of the leading hadronic

HIRIBL:1-10GeV 10°-107/s muon beam line contribution to the muon g-2.
from the HIAF facility from the imp, cas, China. ; -



https://arxiv.org/abs/2503.22956
https://arxiv.org/abs/2504.21050
https://web.infn.it/MUonE/

Rich Physics via Probing and Knocking with Muons
Cosmic muons (Local lab) or muon beams (HIAF, CERN...)

u

Cosmic Ray u
Precision

Atom /,@/ T ()\\ Da rk
Electron é“ Boson
Motion O\ @/Q (flavor changing

.- or not) ﬁ

Quantum
Corre-
lations

Dark
Matter

H e u e U e

arXiv: 2507.23458; arXiv:2507.03914, PRD 110, 016017 (2024); JPG52 (2025) 075002;

PRD 111, 116018 (2025), arXiv:2507.23458, MPLA 40 (2025) 24, 2530008
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Tracking:
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- Scintillator
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Readouts: 5
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- multi-leptons


https://arxiv.org/abs/2507.23458
https://arxiv.org/abs/2507.03914
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.016017
https://iopscience.iop.org/article/10.1088/1361-6471/ade733
https://journals.aps.org/prd/abstract/10.1103/m9z9-1jpd
https://arxiv.org/abs/2507.23458
https://www.worldscientific.com/doi/10.1142/S0217732325300083

RPC/GEM Target Pb Scintillator

Economical RPC/GEM
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particle
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Target Scintillator

Mimicking one-station MUonE

Flexibility,
multi-purpose
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Light Dark Matter 75228 KB Dark Sector

known particles :

| " il
| Thermal 1
10-22 eV 100 Mo
MeV GeV
~10 keV | | 100 TeV
l N 1 N J
“Light” Dark Matter “WIMPs” Qy>Qowm
< “Hidden sector” Dark Matter | B
DM>~J<SM DM>M{M<SM
portal weak
o interaction 8 i interaction SM

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 Granadal19 LDMX2024 16



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

FHRREEV R, EREFHN 2 FITESCE

Muon Philic Dark Matter may be possible or even necessary!

m /u-Lr gauged model (x, Z')

o 1) FHEFBFHRREEYMR

m PKMu_DM: PRD 110 (2024) 1, 016017, arXiv:2507.23458

2) -ﬁ-*ﬁ Hﬁ? (see also cosmology constraints)

LDMX,DarkShine; eN — eNZ',
m NAG64uy, MMM UN — uNZ',
m  MuonE (pheno.) pje — peZ’,

RPC/GEM

Z'—VvV or Z—XX (dark matter)
Z'—VvV or Z’—xX (dark matter)
Z’—vVv or Z—xX (dark matter)

Target

Scintillator
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https://arxiv.org/abs/1804.03144
https://doi.org/10.1103/PhysRevD.110.016017
https://arxiv.org/abs/2507.23458
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) FEFESFHREVR

\ NSHEF Incoming Muon

RPC
GEM

Dark Matter

#5342 F Outgoing Muon

PRD 110 (2024) 1, 016017, arXiv:2507.23458

RPC/GEMIZ 2%

RPC/GEMIFNIZS

BE¥)iR Dark Matter
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https://doi.org/10.1103/PhysRevD.110.016017
https://arxiv.org/abs/2507.23458
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Muon Tomography Dark Matter Search
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.016017

BEYR: FHEoED

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

20
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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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
Forked from yuxdPKU/PKMUON_Gdsim Forked from lyazj/geomu interacting with dark matter in a volume surrounded by .lrucking d‘elecl(.)rsA to l.ruce the p(?ssiblf: inlem_clion

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.
®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
distributed near the Earth. Specifically, methods described here can have advantages over “exotic™ dark
matters that are either muonphilic or slowed down due to some mechanism, and the sensitivity on dark

Geant4-based simulation of PKMUON Geographic Muon Simulation

Q pkmuon-site-src Public g root-easy-debug Public matter and muon scattering cross section can reach as low as microbamn level.
Forked from KY,a,,ZJ"(RK‘,“,u,O',‘,an,e',S"? Forked from IYaZi/r,O,Qtfe?S,Y'd,e,bqg DOI: 10.1103/PhysRevD.110.016017

source code of PKMUON site Debug CERN ROOT macros in an extremely easy way

@ stylus @®c
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https://github.com/PKMuon
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.016017
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* Binned maximum likelihood fits

» UL determined by CLs method

* Only take statistical uncertainty into consideration
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recent report from Cheng-en Liu and Qite Li

Accumulating Data Now

4-station 28 cm*28 cm RPC for the moment
A spatial Resolution of 0.7 mm
Petiroc 2A is a 32-channel front-end ASIC
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https://indico-tdli.sjtu.edu.cn/event/2635/timetable/?view=standard#35-pkmu
https://arxiv.org/abs/2507.23458

relative events

observed/MC

BN 7= & TFE S e RS 1% 4 =

During a 63-day campaign from February 12, 2025, 1.18 million cosmic ray
scattering events were recorded and analyzed. The scattering angle
observable is sensitive to the cosmic ray component fractions!

arXiv:2507.23458 submitted to PRL
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1072

= Observed

+ 1 std. deviation
MC_e (52.5% + 2.5%) === MC_other (12.3% + 0.2%)
MC 1 GeV DM-u scattering angle|

e MC_all_particle

e MC_p1 (35.1% + 5.2%)

[ —— observed/MC Ratio

= Fit (constant)

— +1std. dewatlon

Constant = 0.999 + 0.007
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https://arxiv.org/abs/2507.23458

iﬁ, ?kgﬁ'ﬂ E Jinning Li@MIP2025

pTTTTT e TR | / A prototype detection system@HIRIBL for muon
‘ bt beam condition monitoring, detector testing, and
l—  preliminary experiments (scattering, tomography)

! Dt Tt | - Beam profile and divergence

- Beam particle identification

RPC/GEM Target Pb Scintillator - Mass dlfference ToF, dE
10cm-thick Pb - Different physical processes: dE
Plastic scintillators
®
— 3 GeV/c muons and pions (simplified simulation: 4%
8 momentum spread; equal numbers of muons and pions)

WORK IN PROGRESS
PID based on the product of likelihoods of 3 variables:

(ToF / energy deposition / square residual of linear track)

Over 70% muon\pion efficiency in this preliminary version.

Upgrade: detailed simulation, delicate detectors (ECal/RICH...)
25
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https://indico.ihep.ac.cn/event/24109/timetable/?view=standard#51-rpc-scintillator-hybrid-det
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NAG64u recent results
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211803

PKMu@HIRIBL for Dark Z boson

Angles p0-pl vs p0-p2 (elastic) Angles p0-pl vs p0-p2 (Zprime)
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PKMu@HIRIBL for Dark Z boson
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Quantum
Entanglement

U e

arXiv:2502.07597

2F BT

e MuonE exploits 160 GeV Muon beam to measure muon
electron scattering, and a precise determination of the leading
hadronic contribution to the muon g-2.

e Muon electron scattering at lower energy (~GeV) may be
interesting to SM test itself, and Quantum entanglement probe

PRD 107, 116007 (2023):

e/\e

arXiv:2411.12518

@ (b)
FIG. 15. The red regions correspond to the values of p and € for

which the final state is entangled at low—< 30 MeV—(a) and
high—< 1 GeV—(b) energies.
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https://web.infn.it/MUonE/
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.116007
https://arxiv.org/abs/2502.07597
https://arxiv.org/abs/2411.12518

EFLERN

C. N. Yang (IJMPA 2015): the first experiment on
quantum entanglement is the Wu-Shaknov
Experiment (PR1950) which measures the angular
correlation of two Compton-scattered photons
arising from e+e- annihilation

The violation of Bell inequality (PPF1964) was
demonstrated in 1970s and afterwards using
entangled photons, confirming the non-locality of
our universe.

Alain Aspect, John Clauser and Anton Zeilinger won
the Nobel Prize in Physics in 2022 for
demonstrating the potential to investigate and
control particles (photons) that are in entangled
states.

Electron (1) f‘, Electron (2)
: Positron Source
¢9_._._, z, A ¢, %
9, - “— \f—:\\ / e
X 2
7Y Quanta
Photon

Photon

The Angular Correlation of Scattered
Annihilation Radiation*
C. S. Wu AND I. SHAKNOV

Pupin Physics Laboraiories, Columbsa University, New York, New York
November 21, 1949

S early as 1946, J. A. Wheeler! proposed an experiment to
verify a prediction of pair theory, that the two quanta
emitted in the annihilation of a positron-electron pair, with zero
relative angular momentum, are polarized at right angles to

Alain Aspect developed this experiment, using a new way of exciting the atoms so they
emitted entangled photons at a higher rate. He could also switch between different settings,
so the system would not contain any advance information that could affect the results. 35


https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300501?srsltid=AfmBOooUPSstbvYRuZzeZqx2Aivdlx6g2wxifEHyhXso6nED-Xo2MOin
https://journals.aps.org/pr/abstract/10.1103/PhysRev.77.136
https://journals.aps.org/ppf/abstract/10.1103/PhysicsPhysiqueFizika.1.195
https://www.nobelprize.org/prizes/physics/2022/summary/

ERERARMNEF A EHMR

The ATLAS and CMS Collaborations recently observed quantum entanglement
involving top quarks at a center-of-mass energy of 13 TeV

A

o marking the highest energy measurements of QE
Recent proposals on vector bosons, and tau leptons <
Less attention has been given to electrons and muons >
o Confined electron pairs (Science309(5744)1116955,2005) | 4% @
m confined in semiconductor quantum dots >X

m entangled states were prepared, coherently manipulated

Q|

.
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https://www.nature.com/articles/s41586-024-07824-z
https://doi.org/10.1016/j.physletb.2021.136866
https://arxiv.org/abs/2504.01496
https://www.science.org/doi/10.1126/science.1116955

BHREBF. 2F2ENEF4E

e None similar experiment has been done with free-traveling electrons as
measuring the spin of a single traveling electron poses a significant

challenge due to interference from its orbital motion

Original Articles

Does a flying electron spin?

bobbi_john jfcbat.com <bobbi_john@jfcbat.com> B. M. Garraway & S. Stenholm
To: Qiang Li <q“phy@gma||com> Pages 147-160 | Published online: 08 Nov 2010

&6 Cite this article https://doi.org/10.1080/00107510110102119

Dear Qiang Li
Please be aware that Stern Gerlach magnets, because they also have a finite magnetic field, cannot separate a
charged g=2 electron beam into 2 spin states. This fact was first noted (and proven for g=2) by Nils Bohr. It is

obscurely reported (only) in Mott and Massey's book, Theory of Atomic scattering.
John Clauser

e Our proposal:
o a first measurement on polarization correlations

m between charged lepton beams
o through joint measurements of their individual polarization-sensitive

scatterings off two separate targets. .


https://www.tandfonline.com/doi/abs/10.1080/00107510110102119
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Primary scattering Secondary scattering
as a polarlmetry
to generate

entangled sources \ /

et e
® > & - ---------
Incoming beam 1 P2

polarized or not

Secondary scattering € Do
as a polarimetry
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A new kind of Wu experiment

Take 0.05 rad < A5 < 0.1 rad in a 1 GeV positron on-target experiment as an example:

o The state of the primary products is approximately 1% (RL + LR)/v/2, 1%
(RL—LR)/V2, 7% (RR — LL)/v/?2, and 90% (RR + LL)/+/2 in the lab frame

o The optimized ratio of the yields of (LL + RR) /v/2 to UU is 1.29 + 0.03(MC),
corresponding to 4.4 x 10% post-optimization efficient signal event counts and an
expected signal yield over a 27-second run; the result for (LR + RL) /2 is
0.78 + 0.02(MC) in comparison

@ Other uncertainties, such as those from process modeling and background
suppression, may dominate the real experimental analysis

@ For the 20% polarized targets, the ratios are 1.010 4 0.009 and 0.986 <+ 0.009
generated from 25 times the number of Monte Carlo events, corresponding to
2.5 x 10* efficient event counts accumulated in 680 seconds
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A new kind of Wu experiment

FIG. Proposed cascade experiment for measuring

polarization correlations of the primary products

Simulation setup:

@ 0.05 rad <03 <0.1rad in a1l GeV
positron on-target experiment

@ The spins of target electrons 5 and 6 are
aligned with the beam direction

@ Consider the main component of the
primary state, (LL + RR)/v/2

-05 00 05
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2 AR
3
(LL + RR)N2

-
c o
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o
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Et
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3
wg
Tae

-05 0.0 05
cos 0}

FIG. Joint angular distribution densities of the two

secondary scattering processes

Assuming the two secondary targets are 10 cm
thick iron, the event rate in cos 9’7 < 0.8 A
—0.75 < 0y < 0.75 is 1.4 x 102 /s for the state
(LL + RR) [v/2.

Bdczs 0y
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A new kind of Wu experiment

Take 0.05 rad < A5 < 0.1 rad in a 1 GeV positron on-target experiment as an example:

o The state of the primary products is approximately 1% (RL + LR)/v/2, 1%
(RL—LR)/V2, 7% (RR — LL)/v/?2, and 90% (RR + LL)/+/2 in the lab frame

o The optimized ratio of the yields of (LL + RR) /v/2 to UU is 1.29 + 0.03(MC),
corresponding to 4.4 x 10% post-optimization efficient signal event counts and an
expected signal yield over a 27-second run; the result for (LR + RL) /2 is
0.78 + 0.02(MC) in comparison

@ Other uncertainties, such as those from process modeling and background
suppression, may dominate the real experimental analysis

@ For the 20% polarized targets, the ratios are 1.010 4 0.009 and 0.986 <+ 0.009
generated from 25 times the number of Monte Carlo events, corresponding to
2.5 x 10* efficient event counts accumulated in 680 seconds
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Atoms as Electron Accelerators

arXiv:2504.00100. PRL134 (2025) 6. 061802, PRL132 (2024) 26. 261801

® Due to Heisenberg's uncertainty principle, atomic electrons
localized around the nucleus can be accelerated to
relativistic momentum (~0O(10) MeV).

élt:é't‘mn @3 e In fixed-target experiments, atoms can effectively act as
Motion U electron accelerators, increasing the centre-of-mass energy
in collisions with beam particles.

e This effect at high energy is still to be observed.
e And then can be applied to material science, new physics
searches, etc.



https://arxiv.org/abs/2504.00100
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.261801

e+X+N

Flavor Changing DM

e Dark matter interacting with
one muon and one
electron.

e Rates can be enhanced via
resonance production of
mu+ and e-.

e PID, veto may be crucial for
detector degin.

ut+e
—X
(missing E)
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ChatGPT v ~ what is PKMu experiment

L T E Exp'oring the potentia' of

Muons and Muon Scattering
Why PKMu Matters

» Model-Independent: It can detect dark matter without assuming specific interactions.

o Low-Energy Advantages: Lower muon energies (~1-10 GeV) allow compact detector design and high
angular sensitivity.

e Unique Window: Targets parameter space that complements existing high-energy muon
experiments.

o Multidisciplinary Reach: Not just dark matter, but fundamental symmetries, rare decays, and

quantum effects.

In Summary

The PKMu experiment is a cutting-edge proposal that leverages both cosmic and beam-generated muons
to explore frontier physics—dark matter, new bosons, charged lepton flavor violation, and even quantum

entanglement—through innovative detection methods and simulation-driven designs.
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Together we build for the potential future

PKMu (5% 5[ %)
DREAMuUS

LUNE
CANTON-mu

MACE
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