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Forces
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_1 Mean lifetime: P /aneumm
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Electronic Clock

physics. T.D. Lee and C.N
Yang, co-winners of the
Nobel Prize in 1957
predicted  that any
process  governec Muon

by the weak Spin-Polarized | Detector Positron
nuclear Muon Beam Detector

Elemental analysis with
Muon spin rotations

muonic X ray

Searching for new physics Muon tomography

Tracker

MACE MRPC (na{ shoun) K
MACE Phase-l

RPC/GEM BEEIR. BTE)
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Muon target ( graphite )

S Ge\/&roton beam/ Pion: m*,

| - /0
Pion: m *

( Pions stop at 7 4 .
the target surfa
Y P |

1 Pions decay in a
| superconducting

solenoid magnet

T —u’
~ I‘J T
Pions decay at rest near the target surface. :
Then muons are emitted and escape fromit.  * e "o 1~

¥ &

Slow ( surface ) muon ( pn ) Decay muon (-, 1)

. 100 keV
~ 55 MeV

300MeV SC Linac £
=
—_—
7 oS
( 500 kKW
9 more neutron RCS
spectrometers
500 KW
Target ol —

MELODY
I | Surface
muon beam
line

High Energy Proton
Application Area

590MeV 2.4 mA
HAL-9500 LEM
Low-energy muon beam
High Field and Low Temperature, p* energy: 4 MeV and instrument , tunable
v §  couerars R energy (1-30 keV, u*),
A . i SN SRR W | thin-film, near-surface
95T X 0 and multi-layer studies
10 mK - L—X i (5-200 nm)
SHK i/ 0.34T,
2.3-600 K
DOLLY
General Purpose
Surface Muon Instrumeni
GPS u* energy: 4 MeV

General Purpose Surface
Muon Instrument
Muon energy: 4 MeV (u*)

7% 0.5T,
Y- ‘025 300K

GPD

General Purpose Decay
Channel Instrument
Pressure studies

Shared Beam Surface Muon Facility
(Muon On REquest)

LTF
Low Temperature Facility
Muon energy: 4 MeV (u*) ¥

3T,20mK-4K

Muon energy: 5 - 60 MeV
. (wrory)
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|Electro-production ‘
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|muon pair creation\

Y+Z — puu + anything,

K. Nagamine et al, Physica B 404 (2009) 1020~1023
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Scintillator

Detectors

Laser \
Laser plasma accelerator

Electrons

. Muon conversion

nature physics

Muons

Article https://doi.org/10.1038/s41567-025-02872-2
Proof-of-principle demonstration of

muon productionwithan ultrashort
high-intensity laser

MabisE=F 1) b Berkeley Lab Laser Accelerator (BELLA)
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BIM (Building information model)

C%é HIAFES

HIRIBL: Radioactive beam line
N

o ey

Spectrometer ring

Circumference: 273m
Rigidity: 13-15 Tm-=

Fast cycle ring

Circumference: 590 m
Rigidity: 34 Tm

iLinac:
Superconducting linac

T aw enerov nuclear ¢trnectnre

Representative projectile parameters
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BIM (Building information model)

A}/% HIAFES

High energy
experiment station g

- . lon species Energy/ (GeV /u) Intensity/(ppp)
NN Ut 0.835 1.0 x 10*!

- 2B 0.85 1.2 x 10"

= Fast cycle ring

R Circumference: 590 m 78Kr19+ 1.7 3.0 X 1011

N Rigidity: 34 T ' '

NPT gidity: m 1864+ 11

Nt — 2.6 6.0 x 10
. Wi ! proton 9.3 2.0 x 10"?

| Representative projectile parameters



Length (m) Beam size at Angular Momentung Resolving power Max. Bp
target (mm) acceptance(mrad) acceptance (%) (Tm)
s RIBL . 19138 £1/41.5 £30 (X); +25 (V) £2.0 : figgﬂrg?n) 25
s uperfRS 182.2 £1/42 +40 (X); £20 (V) 25 : A7X52/i115m0?n) 20
Prog.TheEirégEc)Ié}cl).EhSys.2012,0 78.2 +0.5/%0.5 +£40 (X); £50 (Y) +3 (A1x2:6% ?SAfri(r)n) 95
" 31A72'0f3)' 249 86.8 +0.5/+0.5 +40 (X); £40 (Y) +5 : Ay:z%?;?&) 8

HFRS and Radioactive beamlines around the world
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— How many muon
o7 _ : can we order?




Qéé HIAFEEWBFRE:

How many muon

HIRIBL

. . can we order?
Ion species Energy (GeV/u) Intensity (ppp)
2381735+ 0.835 1.0 x 10!
20931+ 0.85 1.2 x 10!
78K 19+ 1.7 3.0 x 10"
1806+ 2.6 6.0 x 10!
Proton 9.3 2.0 x 10!2
Parameters Value
Length (m) 192
rms of beam spot at the target (mm) o, =04,0,=0.6
Maximum magnetic rigidity (Tm) 25
Maximum angular acceptance (mrad) x' = +£30, y = £25

Maximum momentum acceptance +2%
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2000

1000

HIAFRERNZ R

u* flux

AN

—— proton, 9.3 GeV
—— %' 1.7 GeV/u
%0, 2.6 GeV/u

1000 2000

3000 4000 5000 6000
Pz [MeV/c]

" beam proton 80t  TEKr19t
momentum [GeV/c| 3.5 1.5 1.0
flux intensity [ /s] 8.2 x 10° 3.5 x 10° 1.8 x 10°
muon purity 2.0% 0.80%  0.60%

i;; 10§_u+ﬂux —— proton, 9.3 GeV

s T —— 1% 1.7 GeV/u

E L %%, 2.6 GeV/u

—y

~=<

107"

N

-
(=]

e
IIII|

| | | | | | | | | | | | | | | | | | | | | | | | | | | |
1000 2000 3000 4000 5000 6000
Pz [MeV/c]

HIAFZ & £ LM B F SR = E pF N N 4L

Phys. Rev. Accel. Beams 28, 053401 (2025)
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— 1 1
@~ beam proton SOft  TSKpl9t
3 7 S
o ZZTEN momentum [GeV/c] 2.3 1.5 1.0
B 4 flux intensity [p~ /s] 3.8 x 10° 4.2 x 10° 1.6 x 10°
* T H = :
Z muon purity 13% 20% 23%
~— 5000 X10°
e E £ 5 pflux
> 4500~ M flux —e— proton, 9.3 GeV z BC H —— proton, 9.3 GeV
4000 E- —— *Kr'** 1.7 GeViu e [ —— "K', 1.7 GeV/u
- 1805, 2.6 GeV/u E sl 80%, 2.6 GeV/u
3500 — B
3000 f— B
: 15—
2500 — B
2000 - -
E 10—
1500 |— B
1000 5L
500
0 = | | | | | | | | 1 | | | | | | 1 | | | | | | | | | | | | 0 = | | | 1 | | | | | | | | | | | | | | | | | | | | | | |
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000
Pz [MeV/c] Pz [MeV/c]

HIAFZ & £ LM B F SR = E pF N N 4L

Phys. Rev. Accel. Beams 28, 053401 (2025)
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What can we do
with these muons?
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CMP
N

Muon Energy = 1GeV

Probing and Knocking with Muons

* One of the highest intensity (4e6/s) GeV energy muon around world

* Direct searches for DM
* Searching dark boson

M =0.05 GeV
My, =0.1 GeV

M, =0.2 GeV
(1M, =0.5 GeV

M =1 GeV
1M =10 GeV
1M ;=100 GeV
OAir

Events/(0.02)
2

1_1 P RS S T
0 -0.5 0

cost)

Searching for Muon Philic Dark Sector

1072

-1

1034

— NAG,
1 " CCFR
________ L ] CHARM-II
............... o ,' g-2(20)
................. ’ ’ g-2(10)
N BABAR

el s ukeee—————

gz

y Borexino
= / — E,=10GeV
10 4 | ”z # u = 10 Ge!
- == E=1 0 GeV (MUonE) 0(10%)

N
1)
N A e
- +=++ E,=10GeV (MUonE) 0(10%3)

— E,;=4GeV
== E,=4GeV (MUonE) &{10')

PKpn@HIRIBL
mz [GeV]

Could be more sensitive to X boson at 1-10 MeV region!
(to appear soon on arXiv)

RPC/GEM 0 (REMIR. BFE) FAR

Credit: Prof. Qiang Li Phys. Rev. D 110, 016017 arXiv:2411.12518
arXiv:2410.20323 arXiv:2511.08950



DREAMuS: Dark matter REsearch with Advanced Muon Source
- Dark matter (y) from a flavor-violating Z' or ¢ scalar particle
3 GeV muon interaction with 22cm lead target

Tracker/TOF e- e~

TOF 3
Tracker - Muon u-

Muon Beam

fé, 101 _;i 10"§

16 - Best limit on flavor violating

oo ' scalar ¢ model in the low mass region
g 103

0| j i |+ 90% C.L. limit on g;: ~10-4- 10

N o+ B ... we s WL s 0% C.L. limit on h,: ~ 104- 10
E— —i E oy " o E

el 70° e 102 10° Credit: Prof. Liang Li

mz mass (MeV) mg mass (MeV)
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Assuming 20 cm LH2 target

15 days @ 1.0 GeV Stat. uncertainty on protoon radius:
30 days @ 1.5 GeV ~0.0022 fm (““(93 /0) )
60 days @ 2.0 GeV Compared to 1% (Amber), 0.5% (MUSE)

1.01
First version of Lune Detector i *
i §
Plastic Scintillator “__ *ﬁ *#H** *ﬁ;iﬁ*;?#%ji &i
Plastic Scintillator —
Solenoid Magnet Multilayer Drift Chamber B
099 —=— pRad
Q - —— Mainz Al
ol =
| | Dipole Magnet © I LUNE 1.0 GeV
0'98— LUNE 1.5 GeV
i LUNE 2.0 GeV
0.97|— saErbEERERE R
/ 0.96_ 1 1 |||||l| 1 1 |||L||| L 1 |||||||
Lead Plate | Lead Plate 10 10—3 1072 10™
) Srilicon Pixel 1 B Y Q2 [GEVE]

Credit: Prof. Hang Yin
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CANTON-u : Creative Anomalous magNetic momenT Observation with Negative-muon

We propose a new muon g-2 experiment using HIAF's unique GeV-scale, high intensity muon:

* It prioritizes negative muons, offering both precision SM measurement and probe to New Physics.

* The precision aims at 0.05 ppm, surpassing Fermilab's 0.14 ppm - a truly next-generation experiment.

HFRS (HIRIBL i bunch
( ) Muon 3.1 GeV/e 300 MeV/c Flexible 2-4 GeV (HIAF)
momentum i 10-20 GeV (HIAF-U)
\ \Kicker . .
\ Magnet Full-ring magnet Full-ring magnet Sector magnet
= =% — Polarimeter
= Storage B-field & E-field B-field Edge B-field focusing w/o E-field
Edge
focusing Field
calibration NMR calibration NMR calibration Calibration via polarized proton
Data taking 650 days (FNAL) > 300 days (expected) 100-200 days
Polarized proton +-014 ENAL
e ur:0. m ) Sy
(for B-field calibration) Precision u=: 0.7 pf)?ﬁ (éNL} ) u*:0.46 ppm = ~0.1ppm  x~/u*: 0.1 ppm = 0.05 ppm

More details: see Ce Zhang's talk (@ PKU seminar (Chinese) / MPP2025 workshop (English); the paper will be released on arXiv soon.
Credit: Dr. Cedric Zhang



https://indico.ihep.ac.cn/event/27396/
https://indico.ihep.ac.cn/event/27396/
https://indico.ihep.ac.cn/event/27396/
https://indico.ihep.ac.cn/event/27396/
https://indico.ihep.ac.cn/event/27396/
https://indico.ph.liv.ac.uk/event/2133/contributions/10192/attachments/4818/6808/251114_MPP.pdf
https://indico.ph.liv.ac.uk/event/2133/contributions/10192/attachments/4818/6808/251114_MPP.pdf
https://indico.ph.liv.ac.uk/event/2133/contributions/10192/attachments/4818/6808/251114_MPP.pdf
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Lethal beat in Amaconian ks » 608

Hea\_lx-ion accelerator fires up

An accelerator that will produce the world’s most intense pulses of heavy ions
generated its first beam on 28 October. When fully operational, China’s High
Intensity heavy-ion Accelerator Facility (HIAF), nestled among the mountains of
southern Guangdong province, will send pulses of exotic, short-lived ions

into fixed targets or into a storage ring to support research on the properties

) . v'."'. -( e ;
o LIPID
Pk ) :' (! of atomic nuclei and how stars forge heavy elements, as well as material
) sciences and biomedicine. The research center, which joins the ranks of similar
Yl VB 8\
Adpogenin moduates IASORge s ms facilities worldwide, represents a $420 million investment by the Chinese

Academy of Sciences'’s Institute of Modern Physics. Institute officials say HIAF
will be open to foreign researchers. —Dennis Normile
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