Probing and Knocking With Muons

« Core Goal: A comprehensive muon-scattering experiment program to
explore precision and new physics.

« Our Strategy — Innovation, Agility, and High Impact
+ Phase I: Use cosmic-ray muons + self-developed high-precision RPC/GEM detectors
« Phase IlI: Transition to high-intensity muon beams at Chinese facilities



Muon can connect Micro- and Macro
worlds! Fundamental and Application
Researches!

Al may not be able to do everything in
Physics: asking it How large is the muon

flux at the moon!



The replies from chatgpt, basically it just reads
from our paper https://arxiv.org/abs/2607.10403

How large is the muon flux at the moon?

The muon flux at the Moon depends on the muon energy threshold, the detector's altitude, and whether you count muons moving
upward or downward.

For the lunar surface, a recent simulation estimates a muon Flux of roughly 30—46 m 25! For muons with kinetic energies above
100 MeV. This is about 3-5 muons per second through a 10 x 10 cm detector, assuming the quoted flux is interpreted per unit area

and integrated over the relevant directions. » v

An important difference from Earth is that the Moon has essentially no atmosphere. Most cosmic-ray muons on Earth are produced
when cosmic rays interact with the atmosphere, whereas lunar muons are generated mainly by cosmic-ray interactions in the lunar soil

and the subsequent decay of particles escaping from it. # AGU Journals

Numerical estimate

A 2026 simulation gives the following results for upward-going lunar muons with kinetic energy above 100 MeV:  » @i


https://arxiv.org/abs/2607.10403

We can still be creative than current Al!

“the flux is strongly dependent on altitude. The
same study predicts a flux more than ten times
greater at 1 km above the lunar surface, because
charged pions escaping the regolith can decay into
muons during their flight through the vacuum. *



The PKMu beam program

Beam test in 2026/2027!
HIAF/HIRIBL Muon ‘Spectrometer
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The PKMu Planet program
PKMu 3t 8it%
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Cosmic Ray at Planets
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https://arxiv.org/abs/2610.16607

A small CR Exp

PRL136 (2026) 15. 151001

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://journals.aps.org/prl/abstract/10.1103/5jh7-fxf4

A small CR Exp PRL136 (2026) 15. 151001

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 and DM

Z Muon

20 cm
PHYSICAL REVIEW LETTERS 136, 151001 (2026)

50 cm
Probing Cosmic Ray Composition and Muonphilic Dark Matter via Muon Tomography
Cheng-en Liu®, Rongfeng Zhang®, Zijian Wang®, Andrew Michael Levin®, Leyun Gao®, Jinning Li®,

Minxiao Fan®, Youpeng Wu®, Zibo Qin®, Yong Ban, Zaihong Yang®, Qite Li 2 20 cm
Chen Zhou®," and Qiang Li®'

(PKMu Collaboration)



https://journals.aps.org/prl/abstract/10.1103/5jh7-fxf4

arXiv:2607.10403

No atmosphere.

A dense regolith below
and a near-vacuum
environment above.

Most downward-going
hadrons are absorbed
before decaying,

Upward-going hadrons
escaping the regolith
can decay in flight,
producing a significant

source of lunar muons.

Why the Moon is special?

detector



https://arxiv.org/abs/2607.10403

arXiv:2607.10403

Using FLUKA to simulate
the production

and propagation of
secondary cosmic-ray

Lunar regolith:
Moskalenko—
Porter 2007 model

Hadronic interactions:
DPM-JET and RQMD in
FLUKA

Upward Moon!
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https://arxiv.org/abs/2607.10403

arXiv:2607.10403  Muon’s Moonshot
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Measurement of the high-energy gamma-ray emission from
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https://arxiv.org/abs/2607.10403

arXiv:2607.10403

Could be
sensitive to
Moon structure

Moon
subsurface
tomography

Muon’s Moonshot
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https://arxiv.org/abs/2607.10403

arXiv:2607.10403 Dark Moon
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https://arxiv.org/abs/2607.10403

arXiv:2607.10403 Summary

Al for Cosmic Ray

Special muon ray from Moon
Moon tomography

Bright or Dark Moon

Earth: upward-going muon?

https://lyazj.qithub.io/pkmuon-site/
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https://arxiv.org/abs/2607.10403
https://lyazj.github.io/pkmuon-site/

https://indico.ihep.ac.cn/event/30837/
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Muons can be everywhere and interesting
MUON G-2'= NEW PHYSICS?

{Nature) Muon Tomography
LETTER

40i:10.1038/nature24647

Discovery of a big void in Khufu’s Pyramid by
observation of cosmic-ray muons

Kunihiro Mori io', Nobuko Kitagawa', Yuta Manabe', Masaki Moto', Fumihiko Takasaki?,
i Kohei Hayashi ShlgemOd:\ka ébastien Procureur, David Attié’,
Panmmngmer Irakli Mandjavidze’, Marc Riallot’, Benoit Marin

1 Elshayeb®, Tamer Elnady’, Mustapha Ezzy®, Enmanuel Guerriero
Bernard Charlés'?, Hany Hela** & Mehdi Tayoubi**

hima', Mits

. Makiko Sugiura
\mums:elgm Nicolas Serikoft,Jean. Baptiste Mouret'>

The Great Pyramid, or Khufu's Pyramid, was built on the Giza chamber, then confirmed with scintilltor hodoscopes!" ! set up
plateau in Egypt during the fourth dynasty by the pharaoh Khufu  in the

(Cheops)', who rei 2509 BC to 2483 BC. Despi pyramid. This large voi with
of the ldestand largest monumentson Earth, there high  three dif detecti il
about how it was built™”. To understand i 1 hreci analyses. Th

we imaged the pyramid using muons, which are by-products of ~ for the understanding of the internal structure of Khufu's Pyramid.
cosmic rays that are only partially absorbed by stone' “. The resulting ~ Although there is currently no information about the intended
cosmic-ray muon knownand  purpose of this void, these findings show how modern particle
any unknown voids in the pyramid in a non-invasive way. Here we  physics can shed new light on the world's archacological heritage.

report the discovery of a large void (with a cross-section similar The pyramid of Khufu is 139 m high and 230 m wide"'*. There are
to that of the Grand Gallery and a minimum length of 30 metres)  three known chambers (Fig. 1), at different heights of the pyramid, which
situated above the Grand Gallery. This constitutes the first major all lie in the north-south vertical plane': the subterranean chamber, p
inner structure found in the Great Pyramid since the nineteenth  the Queens chamber, and the King's chamber. These chambers are

century'. The void, named ScanPyramids’ Big Void, was first connected by several corridors, the most notable one being the Grand
observed with nuclear emulsion films’” installed in the Queen’s  Gallery (8.6 m high x 46.7m long x 2.1-1.0m wide). The Queen’s
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Muon Spin Rotation and
Relaxation Spectroscopy

Material
being studied

Muon g-2 Experiments
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Muonic x-ray
pc spectroscopy

1 Positron

Positron
detector

Muons decay with

<~/ Muonic characteristic X-ray 1
2,2us average lifetime 8



Muon beam Worldwide

« Material Science

~ 1 5OGeV MU Beam@CERN . Hion Beams * Particle Physics

+ BDX@Jefferson Lab

AMBER, MUonE, NA64

o Nuclear Properties, 3 S

o New Physics Searches : ,

US JLab has a similar plan PPV I N VI A S
Many Possible Muon beams ' e B e

PRAB 28 (2025) 053401

to appear in China soon

HIAF can use HIRIBL to produce muon beam

PHYSICAL REVIEW ACCELERATORS AND BEAMS 28, 053401 (2025)

* Kinetic Energy Range: 500 MeV/c - 7.5 GeV/c

*  Muon Yield: 10 - 107 muons per second
Feasibility study of the GeV-energy muon source based

on the High Intensity Heavy-Ion Accelerator Facility *  Muon Beam Spot Size: 30 mm (radius)
Yu Xu®,"* Xueheng Zhang,"** Yuhong Yu."* Pei Yu."” Li Deng®.'” Jinjia znaie."” | Upgraded HIAF (HIAF-U) can reach 20+ GeV
Liangwen Chen 7" He Zhao®,"*’ Lina Sheng."l"’ Guodong Shen,'*? Ziwen Pan 19

Qite Li®,” Chen Zhou,’ Qiang Li J Lei Yzmg.]'l'3 and Zhiyu Sun &t . With 100 more intense muon beam



https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.28.053401
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ttps://indico.itp.ac.cn/event/384/contributions/2338/attachments/143
/2311/Liangwen_CHEN_muon_sources_at_HIAF-0425.pdf

Pre-Separator

Main-Separator

5 TQI2 TQI3 D6 TQl4
P L T

MF5

MF6

Max. magnetic rigidity

25Tm (II stage)
15Tm (I stage)

Angular acceptance H: +30 mrad
& B V: +25 mrad
Momentum acceptance +2.0%

Ion-optical mode

Achromatic mode,
Dispersive mode

Beam size at target

Slow ext.: +1/+1.5
Fast ext.: +4/+6

First order Momentum
resolution (x=t1mm)

Pre: 850
Main: 700/ 1100

HIRIBL(HFRS)@HIAF

* High-performance next-generation

secondary beam separator

Production, separation, purification, and
transport of short-lived exotic nuclei

Unique beam optics to realize both high-
efficiency separator and high-precision
spectrometer

HIRIBL is capable of producing muons with GeV energies 20


https://indico.itp.ac.cn/event/384/contributions/2338/attachments/1435/2311/Liangwen_CHEN_muon_sources_at_HIAF-0425.pdf
https://indico.itp.ac.cn/event/384/contributions/2338/attachments/1435/2311/Liangwen_CHEN_muon_sources_at_HIAF-0425.pdf

HIAF: GeV Muon beam in 20267

* HIAE is capable of delivering high-energy muon beam with a
harrow energy spread

* Polarized muon can also be obtained

Muon beam@HIAE-HIRIBL,

=4l Intensity  Momentum
(pss) (GeV/c)

HIRIBL: energy spread <+2%
Two operation mode:
& Fast extraction and slow extraction

21




