—t

6 www .kjdb.org

RN S48 2022,40(6)

Z2FRFEUERNFRVUEMT

FEHYE

3

LiEAS IR EI S R SR, il 200240

BE Z2TRWUEq=(g,-2)2 22 THEARY S HZ — B BRI A ST bR
WERORL BB AR BEE T 6l . BOKRE 1 PO REAE SR Y B A SE IR 45 SR R W2 1 B G AR
R AAR R B S TS AARST o &R S A & O SO S R A — B X2 s
B e 25 SR S AR MER B0 S (B 10 22 BE O 4,20, 3 AR ) BRI A AR SR AL 1SR ) YR
3, Bz & 5 b AT B AT B AR R T BB AR T

KB B R s EAREREL ; B 3

L) BRI 5 T 5T ) AR 1 A B T
R E AR . — A BT S S AN A A
5T SR T UGS A BB AT,
NATTUABE A % A T R B B, 1%
TSI (A FH AR FH A — A AL R i R4 T
F R By, THELE R 5 S W 25 R I LF- 56 245
Bro SR AR AR A X — 26 55 LAl iV [ AT K
TOILS A NI R RS, L Aol 5 w9 T L s fig
WG IR R AR E S . SR E
FRUEASE AL D ERL R A TR B ) B BT 7 1)

ZF (muon) XFu ¥, F 1936 4 i 32 [E] fil 4
T 22 BE AP KRR - AR AR A ZE T - N R
IRAE T SR se s R B, B (w) FH SOk T
()43 S AT GO far RN IE FLAT , L BE A 172, 1k I
i 105.658 MeV/c, 23 M F B 9 207 £ . &

FAE RS R FEADN BT — A —1
AR HL A (1.602%107"° C) , 2 5 R SF A EAER .
T2 FAEES SRR, A=A ML
R AR 5 2, DR 2 I AN
BAT DGRBS SR . B2 HA 22 ps ik
i, AN ] ROBE AR 8 R0, FEASRR kLT L
e, R E N TP RS, KA
JERSIT, FUVE AR S I [R] P 3E  K  BFa
AR S AR L BRI T S A 5T o SR
e, A5 AAMTRENS LUARRT 2 55 1 7 s R e A |
PEPE T A AR A 2 5 B A 22T UR 35X AR
SEHRAL T AR Y S A

B K S0 T A R B R T
LR Z—, BFREUHZZETFHEAYHES
B, R T 2 N BRGSO A A e 2 Rl

Wk H 9 :2021-06-02; & [8] H 181 : 2021-08-06
HemH  FE AR REETH (11975153)

VEF T 2558, 808  WF 7 [a] s ) BRI 560 A ERS B DU i, P F-15 48 : liangliphy @sjtu.edu.cn
SRR 28 5s . B BCR REF RS 60 I U A e 9T B8 L) | BHE SRR, 2022, 40(6): 6-11; doi: 10.3981/j.issn.1000-7857.2022.06.001



—t

RN S48 2022,40(6)

www.kjdb.org 7

W2 &R " AR TERE LE (gyromagnetic ratio) , 4
K7 HEHE S A e sh i Z B . X725,
g IS g I (S 2 L) B UM (B 2 Z )
250.1% 1) 221 (g,=2.00233184122) ", 3% — 4l 1w 2=
FEREAR B SR BERE , Tk 22 SR WG A 58
B 4K “Muon g—2" By HI K o B SUH BERE 55 0 AE
PRERE RSN, Z W LB 1 I S ) S A
— B LR AR S X R MRS A 1) f AR A B 2 —

1 BFREWMBRE

2001 4F , FEAT & sn i SCLR I BT F R
WHESE SR Z I T BT — 2 Wil R 2T X
G R S b R TR () T (LA 25 2.7 A% bR T 22
(270, FEGE T4 1 MR A 5250 5 B AN A5 1 A%
KB T 99.7%), MWIBETE , 2 5 Wl e xfE”
HEZE 25 A B ZI 4 A AT MERE AU AT BE T o8
BT AR T

AT A BT IR R 6 Nk 4 T
PR FIN N X T JE A G TR 2 ) B 5%, b S 3]
BF 25 (R IZ W5 o T8 T T A 1) 28 [ 9 F AR J2
FRAS I, B 2 TR 0 s IR a7, B
— EAFAEE K i b 7 (AR i TR
BATTE A ) s ) RUJEE PR AN BT 7 A SO TBIEEE 2K
— 0 ) S 56 ) T B AR M Jrl 2 1) R 11 ke 22
W AH AR TR = AR 0 i IR SR Y
BF ] N 52 kA BAE R IR SUE B 1 R G
o Bk R AL LR T T A
BEEE 1) WIZ R R AR by L 75 B 1) A 46 S0 kL
& BT REAEE R R . AATTAT LU
T I B IS R R R B A A AR A 2
I - Bk T FE B

204F S5 , FE BRI = A MU B RCH
Tl o S I A5 ) T ORS00 e 5 R 5t ]
B, 3 3 B FAR R AL — RN E AT BT R
AR 1 BV T AR A BOIORS B, T I
] 22 BEHY KB T 335 RifE T 22 X B
MRS AL T3 iy SE ke . SEgill (e S
PRV T (H 22 (8] (%) B K 22 B 5 U /R 2 B P B

fAEs

2 BFREHIEMNTRNE
BT ELAT eSS S LR B,

-, [
Mu_gu(zm)s (1)

B F-TE SN L85 W5 A F R el g
7 Jiil 32 Bl A, P9 S04 R0 5 e R A B E A 21
F e J5 ] & HE i BJ) (precession) , WA 1 7R o

Storage
Ring

_ eB
Wa = Qu 70

_—
momentum

K1 Z77erish e ks

VAT S 0, 1R 0, 2 2 K 92
HELBRA FMERNE TR SR o,

W, =0 -,
__4 I (2)
= —m{a#B - (a# - — B> x E)+ }

Horb, BA#E vy BRNE T IR EN T ,q.m N

-2
B BRI a, = S

M- H 3.094 GeV/e B (% 8 9k FR
whayshE”), 2 (2) Rtk
qB

®,=-a,~— (3)

m
H I AT 12 B R AT DA ) 8 I
HE ST 0 B 43 A T S 45 3
FESE BRI 5 v 30 ek R [ e AL 2
FHEA—EE B A IR (FRM R AE 3R,
storage ring) , 2R J5 X 2 5 48 77 AR () HL - E AT
W, A B 21 B G
BB RSSO B FERRA

N .
A magic momentum



—t

8 www .kjdb.org

R S48 2022,40(6)

SPAE, DR 8 7 A L 12 3l 7 [ 5 211y A Ti
D5 WA RA M . L IE gy e T RE R Y
Ko

E, = 'y(E +,8p*ccos(9*) ~ ’yE*(l + cosH*) (4)
Hrb B p 0 N TEZ ¥ b R Th LT RE R 3
LA A

PRI L 281 J e E Sl A3 0 St 1 Sk % H
TR R AMURY I . TEBOE — B IS e &
W {H E, J5 , 76 I 2 i i R AR A
RS R w,. I B REE B AR L
B 4R (NMR) 5 A ) 5l 1) v K B2 1 37 R 1
150 103 o, F1 B 1 R T2 18 2 Ho A 0 4 3
BN M 1B 55 ) , A5 B2 1 R
FEA DU HE R o A P i A B0 0 22 S
Y S8 )7 s e 0] T 20 T4 70 AEARTE R A £
O (CERN) & WP, SR J5 1o AR A 6 v i SO 9 =
828 1~ b R R DN v B T Y O RS T B oK
S E ARAT T A A A Ik SRR iR ) S I
i

PR IL 10 % 1B S WG S 9 o BT 4T
B IR () 1 IR TR A2 T R F
I U LA FE A 2 5 S B HAT 1.45 THE

10°T Muon g2 (FNAL)
108} Run-1 Data

107t MWWW
ENWWWWWV\N\/\/\/\/\/\/\/\[
10 V\/V\/V\/\/\/‘\/\/\/\/V\,\NVVV\M/V
105,\/\/\/\/\/\/\/\/\/\/\/\/\/\/\,\,\/\,\/\/\/\/\/
104_VWVV\N\’WVVVVVV\/\/V\/\/W
A AN

103_

N/149.2 ns

0 10 20 30 40 30 60 70 80 90
Time after injection modulo 100 ps

(a) SRAE B (L) 7 HECRBEI Al 43413
(T REE R T RERE B £,=1.7 GeV)

&3

PR B 1w R S B 5 — U ) BB T
2018 4F- R H 58 1, Bt 1k 15 A 5 v 1 SO IR R
A, RASA 80/LA (IER ) o S —1]
i A K, A0S PR LB B BE R 1Y 6% 247,
R 20 4F 5 2 1 BRI 45 A -t 4 B

G AF P R AT IR (P 2)"

B2 T R AR S R 55 B Y
BT AR

PR T RH WER S50 KA R AT 121k
8 GeV BT FHTHE , BF UK I AL 1024 i I I 48
100 (OB T, L8 H 2017 45 RIF RIS
17, 2018 AEFF i 1F UL, T3] 2025 4R R 4E 24
1 121024 RER R 3 GeV AR AE(R)B T,
KLY 2 A 5 U S S 0 B 2 Y 20 o 3 Ak
(BB FRA8r=E 1 (IE) LT B TR 500
FEHERR A Fh & 24 115 52 (B3 ()™, LA KT BT T
Qb i 3 04 2 ) A RS R 0 2 (1 3.(b)'™, S B e
SORERERAR] 107224 .

Bl Ficld homogeneity [ppm] 1.0 )

40 B 3
0.8 5,

20 g
0.6 £

£ o0
= 0.4 E
20 e
=

0.2 <

-40 &

-40 20 0 20 40
Xx/mm
(b) W358 B AEAE AR IR N -y V- THT 5 18] 43 A1 DAL
A [ B AR A5 (] %5 BE 4345 G :ppm BP 107°)

(B2 138487 A (IE ) BT ISR T RO 27 I Ak w5 i 25 18] o A

i, BT BCH R S50 FE PR A A4 B AR
TV SR RCE A A R s HE R 32 0 R R X 5
B0 1 AT RE RS2 . 2t B 2% B A AT 2 4R
FERE A AT, 2021 422 H B U BEME A TR E
“PE "R E G A RS e R R e k)



—t

R 548 2022,40(6)

www .kjdb.org 9

T 202144 A 7 H AT T i W 1 SUH wEFE
W B 25 5 (] 4)™,

BNL g-2 | ———i—

FNAL g-2 4t

% I\
4 420 >
\r L £
——— +——+
Standard Model Experiment

Average

17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0 215
a,x10°-1165900

BNL: A1 5 52 8 30200 % s FNAL : PRS0 =
B4 SORBT IR B I Sk 25 5 55 40 8 5l S
S LA B bR AR R T 5 =2 10 1 EL

T AL 2 R ORE B A B T 4.6x107, HbRiE
PRV HAE Z [0 3.3 48l Jr 22 2208, T S5 A0
B v I SO B 45 R 58 e AT (U AS A oE T 22 LA
W) o AEEE A 24 L5 I 45 R A5 LR G
5 S Z (B A 22 BN B T 4. 24508 HEJT
25, TR 25 S A SR R 25 AR 28 DU+ 07 41
Z—o XJLPEL T AR R TE R R B+ SR W
R0 R BT R 2 A

B PSR AT LUK 1 I G S X o L, i
FED, A 455 R 0T FR A 3R RN R B B OK AR
R RO A s B AUl ) Ak —Fh AN RE 2
LY AT SR 2 IR B R TR IR AN S HE
FERIZ TR RDME RN A 22 05 1 s i fb i oo —
A A TR R T ST R R S
S5 2E AT g (R X TS R SR 55
FEBRI 25 SR AR, R IR 21 S
R ME I 5 b P 2R A L S N [R)FN 4% T

3 BFREHMEIRRESE

X B KB o G S I S RS I
B ) AT IEFEVEA T rp 3 2 S0 e A v A
H 345, BT a SR 2022 4ERERS & 2 , Bk —
NS — HA 25 5 [R)EEEF DU B B R4 IE

FEEAT , BT R0 2 mT kBN 0 7 A L Fn
12022 AR 1R R B OB |, B 2 B e
JE B 0 18~20 175 o 38 a3 R B e >
GritiR 2, ReT i — DA/ N R GR 2, POK R
e M NS FE AT 3K 2 107, A 8 7 T SO S0 1Y 45
REE T 45105 BB A E A THEN IR -
SR 12 T IR BRI S 25 R . R S50 iy
OMEAS KA R AR, B2 52508 5 S (2 (8]
ZEMENG e B A 5 A5 AR E Ty 25 (T T35 3 7 £ o
T2V IR BRI BB B 4 IR bR, R
h—A- 24t 0E H % R R

B T IETESEA T 9 oK BT SR RS2 56, HAR
e i O TN R S K % (J-PARC) 73 RE R AR 1fE
KBS 2117 (Ultra—cold Muon) 3 28 15 5
(22T U5 (] 5PY) < SEii ik 28 MeV/e [ R T2 T3
MAERB TR, U E AR 2k i re Has
BT ZBHZE 2.3 keVie, FH OGBS FIEOE
TH AL 7 R4S BUIR L B B LB T, a4
o — B AN i AR5 300 MeV/e Y R 11 A F]—
AR AR T AT SE R I o IR
PR SLIRAEAF IR 1720 KN BE TR E ] 3 T,

K5 J-PARCE T BEAESC R M &L

RAEWR AT BTG 10— it 771k
J-PARC 2 F U W 1 92 56 78 2 F IR A2 14 =5
(i) 71125 [R] 49 A7 0 2 17 SR T A ) 4 0 5 A A
J7di o J-PARC 2 ¥ J 8 14 55 52 55 v 7 i 4o 2
2025 4FIE UL, T 2027 4R & R HLSE R
GEIRCN, X 2 AN ST AT ) S A0 e 2 SRk s A
B, I AR BT IR R S i — 2

AT R R [ 2 YRR G i s 7 el 14 AR
HiE . P EEE T FIR(CSNS) B 100 kW 1.6 GeV



—t

10 www.kjdb.org

RN S48 2022,40(6)

JoT s 48 A, CSNS 19 T+ K] v L g
B B — S i A5 22 - IR B (EMuS) ™5 5 5
T E ORI ORI N A ke
B (HIAF) 7 1E AR g5 E B 1 e s - 173
KI5 Bl AN g 3K S AR R S8 (CIADS) 7™ 4
VS LT N A SR TN g
THE I (HIAF-U) #5 B4 421629 10 AGeV (GeV/
nucleon) @1x10" ppp (protons per pulse) 1Y H &
FORBETIRE ST o WA 5 PR % 8 GeV B TR
VEATHES R AT e, HIAF-U |28 7 3 05 1 65 i
35 3] B i PR Z 1 R R SE 1 30 5 25 A
e PR AT B B 2 5 0.07x 107 Y K SF-, 3x
W IR BB SR AR B I S P T v 0 o

B CH R S R AR G 50 bR HE AR AL AN -
F B 0y Bk T S BE Al O T AR — R A OB
MVE R B HE S 1 AR AR AL Y N7 IR A HOAS W 52
o B SR LR R I ] 2 R R
B BT SRR X R ) B AL A 35 5RO I 45
BIRETT , SR RER AT SC IR AR B FE . B
A 2L LR 7 JUH GRS AR W E
TERE T —A B BYRIFTR B, 11 122 500 A W A
RN AL A AT S e i R
TSR BB IS Y RTI O7 AW, 27 I
R PRSI 5 MR 3E IR AR R Y IE I
HE B .

2 % 3Lk (References)

[1] Anderson C D, Neddermeyer S H. Cloud chamber obser-
vations of cosmic rays at 4300 meters elevation and near
sea—level[J]. Physical Review, 1936, 50(4): 263.

[2] Abi B, Albahri T, Al-Kilani S, et al. Measurement of the
positive muon anomalous magnetic moment to 0.46 ppm
[J]. Physics Review Letters, 2021, 126(14): 141801.

[3] Bennett G W, Bousquet B, Brown H N, et al. Final report
of the E821 muon anomalous magnetic moment measure-
ment at BNL[J]. Physics Review D, 2006, 73(7): 072003.

[4] Aoyama T, Asmussen N, Benayoun M, et al. The anoma-
lous magnetic moment of the muon in the Standard Model

[J]. Physics Reports, 2020, 887: 1-166.

[5] Bailey J, Borer K, Combley F, et al. Final report on the
CERN muon storage ring including the anomalous mag-
netic moment and the electric dipole moment of the mu-
on, and a direct test of relativistic time dilation[J]. Nucle-
ar Physics B, 1979, 150(1): 1-75.

[6] Fermilab. Muon g-2[EB/OL]. [2021-02-05]. https://mu-
on—g-2.4nal.gov.

[7] Albahri T, Anastasi A, Anisenkov A, et al. Measurement

of the anomalous precession frequency of the muon in the

Fermilab Muon g-2 Experiment[J]. Physics Review D,

2021, 103(7): 072002.

Albahri T, Anastasi A, Badgley K, et al. Magnetic—field

measurement and analysis for the Muon g—2 Experiment

at Fermilab|J]. Physics Review A, 2021, 103(4): 042208.

[9] Athron P, Balazs C, Jacob D H ], et al. New physics ex-
planations of a, in light of the FNAL muon g—2 measure-
ment|J]. The Journal of High Energy Physics, 2021(9): 80.

[10] Everett L. L, Kane G L, Rigolin S, et al. Implications of

Muon g-2 for supersymmetry and for discovering super-

8

—_

partners directly[J]. Physics Review Letters, 2001, 86
(16): 3484.

[11] Ibe M, Yanagida T T, Yokozaki N. Muon g-2 and 125
GeV Higgs in split—family supersymmetry|[J]. Journal of
High Energy Physics, 2013(8): 1-16.

[12] Endo M, Hamaguchi K, Iwamoto S, et al. Higgs mass,
muon g-2, and LHC prospects in gauge mediation mod-
els with vectorlike matters[J]. Physics Review D, 2012,
85(9): 095012.

[13] Dermisek R, Hermanek K, McGinnis N. Highly en-
hanced contributions of heavy higgs bosons and new lep-
tons to muon g—2 and prospects at future colliders|]].
Physics Review Letters, 2021, 126(19): 191801.

[14] Lindner M, Platscher M, Queiroz F S. A call for new
physics: The muon anomalous magnetic moment and lep-
ton flavor violation[J]. Physics Reports, 2018, 731: 1-82.

[15] Liu X W, Bian L, Li X Q, et al. Type-III two Higgs dou-
blet model plus a pseudoscalar confronted with h—put,
muon g—2 and dark matter[J]. Nuclear Physics B, 2016,
909: 507-524.

[16] Ferreira P M, Gongalves B L, Joaquim F R, et al. (g-2),
in the 2HDM and slightly beyond—An updated view[J].
Physical Review D, 2021, 104: 053008.

[17] Borsanyi S, Fodor Z, Guenther J N, et al. Leading ha-
dronic contribution to the muon magnetic moment from

lattice QCD[J]. Nature, 2021, 593(7857): 51-55.



—t

RN S48 2022,40(6)

www.kjdb.org 11

[18] Keshavarzi A, Marciano W J, Passera M, et al. Muon g—
2 and Aa connection[]J]. Physics Review D, 2020, 102
(3): 033002.

[19] Crivellin A, Hoferichter M, Manzari C A, et al. Hadronic
vacuum polarization: (g—2), versus global electroweak
fits[J]. Physics Review Letters, 2020, 125(9): 091801.

[20] Muon g-2/EDM experiment at J-PARC[EB/OL]. [2021-
02-12]. https://g=2.kek.jp.

[21] Abe M, Bae S, Beer G, et al. A new approach for mea-
suring the muon anomalous magnetic moment and elec-
tric dipole moment|J]. Progress of Theoretical and Exper-
imental Physics, 2019(5): 053C02.

[22] = [ % 2 sp 7 5 TR [EB/OL). [2021-02-15]. http://

csns.ihep.cas.cn.

[23] Tang J Y, Ni X J, Ma X Y, et al. EMuS muon facility
and its application in the study of magnetism[]J]. Quan-
tum Beam Science, 2018, 2(4): 23.

[24] 58 Hi 5B F ik 4% 2% B [EB/OL). [2021-03-11]. http:/
hiaf.impcas.ac.cn.

[25] Xiao G Q, Xu H S, Wang S C. HIAF and CiADS nation-
al research facilities: Progress and prospect[J]. Nuclear
Physics Review, 2017, 34(3): 275-283.

[26] Sun Z Y, Chen L. W, Cai H J, et al. Producing high in-
tensity muon, antiproton beams and related physical re-
searches in the HIAF accelerators|J]. Science China

Physics, Mechanics & Astronomy, 2020, 50(11): 112010.

Precise measurement of muon anomalous magnetic moment

LI Liang

School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China

Abstract

The muon anomalous magnetic moment a,=(g,—2)/2 is a fundamental property of the muon particle, which plays a

foundation role in the formation of the Standard Model. The first results of the Fermilab Muon g-2 experiment show that the
experimental measurement of a, deviates with the theoretical prediction by 3.3 standard deviation, as in agreement with the
previous measurements from the BNL experiment. The combined result of the two experiments is 4.2 standard deviation away
from the Standard Model prediction, which provides a strong evidence for new physics, indicating the existence of possible
unknown particles or new forces.
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