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G The story of pSR began with an B Nucleus
American revolution in theoretical Electronic clock P
of 5 physics. T.D. Lee and C.N. © ©
Yang, co-winners of the d )
Nobel Prize in 1957, o %
predicted that any © - Nucleus
process  governed Positron S K
by the weak Spin-polarized detector o’
nuclear UON ban o @ .,‘,
W .
\O\ ol .
ﬂ = K Muonic X-ray
U Nucleus /e-
© <

uSR is a collection of methods that uses the
muon spin to look at structural and dynamical
processes in the bulk of a material on an
_atomic scale, ]
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N, =1/cm2/mins (¥ -F &)

e

» SEERIFITH (pion decay)
N, <1e-3 POT (Al Target)

Li, Al, Hg...
Proton bunch

m T
Mass: 7+ = 139.57018(35)MeV//c?
ot ud
T~ :ud

Lifetime: 26033 4 0.0005 x 107°
7t — pLJ“ -+ vy
Decay: T — ,U,_ +?u

» SEEETFR (BHEE)

N,=150 £ 50/shot (Est. with LWFA Acc.)

Solid target

W. Schumaker et al., New J. Phys. 20, 073008, 2018.

= Pair production

N,,=9e-8/e* (3mm Be)

ete” — utu~ : wtu~ production

et: >45Gev
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Radioactive beams physics station

HFRS: Radioactive beam line g’ ¢ 2 4
High-E experiment A= 3 Highﬁpreclsnon spectrometer ring

station P
‘t. .

: n spectroscopy

Circumference: 569 m
Rigidity: 34 Tm

ECR source

Low-E nuclear structure
and irradiation terminal
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> BDDCCT [=] 3

HIAF:BR:BD42DCCTO1 BRingsRR Heavy-ion Accelerator Fires Up

RIS EREIE(100Hz) | PidEREim(1kHz) | Fimstsai(10kH2Z)

Time(s)

IN OTHER NEWS |

Heavy-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

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
facilities worldwide, represents a $420 million investment by the Chinese

GEE (BE) FEWRE TR
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B oW

HIAFSRRESEY HIAFSEIFRZFIFEXILL
B | 34Tm, EEHHE3H; TRIUMF PSI  ISIS  SNS  CSNS JPARC FNAL HIAF

e Lo FENEBEE [GeV] 0.003  0.072 0.07 1 0.08 0.6 0.4 0.048
Ppp (GeViu) S| BER [GeV] 052 059 0.8 1 16 3 8 9.3
2.0x10% 0.84 BENIE[Tm] 3.721314 4.021349 4.877887 5.653711 7.861919 12.7499 29.63001  34.0
5.0x10% 25 ERME [H] - - 50 60 25 25 15 3
3 610l 14 e cw cw 2 2 2 2 84 (81) 2
£ 0x10l 17 7 F £ (stored) CcW CW  144E+13 150E+14 157E+13 8.40E+13 450E+12 5.0E+13
7 0101 )3 IR (pps) 1.88E+15 1.53E+16 1.41E+15 8.75E+15 3.92E+14 2.08E+15 6.75E+13 1.5E+14
r Ux .

I [MW] 0.156 144  0.1800  1.4000  0.1000 1.00 0.0864  0.223
30408 26 R

3 B fK8E. #m/) fKee. #m/) = e H#EX
- 5.0x10% 9.3 ¥ CWREp+HF Bk REp+HF Bk REp+ R Ep
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[m] [mrad] [%] [T m] L D2 105 D3 o
+30 (X) N BT s o
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'&E ﬁﬁ%& ﬁ]i%ﬁ Bprax Pre-Separator Main-Separator
[m] [mrad] [%] [T m]
191.38 i 2 ?\8 +20  15(25)

BAGESIE: 4.5GeV/c

HFRS and Radioactive beamlines around the world

Length (m) Beam size at Angular Momentun: Resolving power Max. Bp
target (mm) acceptance(mrad) acceptance (%) (Tm)
s RIBL e 19138 £1/1.5 +30 (X); 25 (Y) £2.0 DXe 1) 25
nouperfRS 182.2 £1/42 +£40 (X); +20 (Y) 25 : Z)ffgfnqg]) 20
Prog.TheEié%C)gP;Eri/s.2012,o 78.2 £0.5/+0.5 +£40 (X); +50 (V) +3 : Al(zf%?s“ri?n) 9.5
s 1‘;2'0513), 149 86.8 £0.5/40.5 £40 (X); £40 (V) 45 : A1X7=2J_ro(/).350r?1(r)n) 8
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RFEFR: F=F>10° w/s, L >95%, RER<F 1%

Cl —
TQl PF1
& Production target
PFO
= =1 A3
X TR R &R EFIE R ESEN néi{eSic
* Spot match  Large acceptance mode * Dispersive mode » Bp offset purification
» Collection * AE + Bp distinguish * TOF + Collimator + Slit * Q optics match + Detector
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Probing and Knocking with Muons

Muon Energy = 1GeV

104

I

]03;_ _/-‘f"—

E estrill
s

102 /
3 (M =005 GeV

1M =0.1 GeV

* One of the highest intensity (4e6/s) GeV energy muon around world ol
» Direct searches for DM Dt

1L (1M =10 GeV
1M, =100 GeV

« Searching dark boson - ov I

1_1-....I.......I-r-..
0—1 0.5 0 0.5 1

Events/(0.02)

[
<

Tracker .

1072

RPC/GEM B EIR. BT itk R
1072 [GeV] 107! =
mgz: e
PKM@H'R'BL Could be more sensitive to X boson at 1-10 MeV region!

Credit: Prof. Qiang Li (to appear soon on arXiv)
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DREAMuUS: 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
Tracker

Muon Beam

10"

gzl
Bie

102k

Best limit on flavor violating
scalar ¢ model in the low mass region

10-2

10-3 T,
g 10

* 90% C.L. limiton gz: ~104-10°
* 90% C.L. limiton h : ~10#-10°

10-E

1048

10 3

Credit: Prof. Liang Li

10-6 1(‘)3 10-5 163 163
mz mass (MeV) EFHAF ST EERR VR
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Assuming 20 cm LH2 target
15 days @ 1.0 GeV
30 days @ 1.5 GeV
60 days @ 2.0 GeV

First version of Lune Detector

Plastic Scintillator

Solenoid Magnet Multilayer Drift Chamber

Lead Plate

Silicon Pixel

Plastic Scintillator

Dipole Magnet

Lead Plate

LUNE :Low-energy mUon-Nucleon scattering Experiment

Stat. uncertainty on proton radius:
~0.0022 fm (~0.3%)
Compared to 1% (Amber), 0.5% (MUSE)

p
GYG,

1.01F
1|:— {'ﬁ-ﬁ §H'}+ ﬁ%ﬂ%@ Siah
L TR i
i —— Mainz A1
- —— LUNE1.0GeV
0.98 LUNE 1.5 GeV
B LUNE 2.0 GeV
0971 SPEIEPCEOIE TR
0.96_ 1 1 IIIIII| 1 1 IIILIII 1 1 IIIIII|
10 10° X ,.107 10
Q° [GeV7]

Credit: Prof. Hang Yin
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CANTON-pu : 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:

|t 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 u*:0.14 ppm (FNAL)

(for B-field calibration) Precision 4=: 0.7 ppm (BNL) 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.

FERMERA Credit: Dr. Ce Zhang
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