(IRTF- Iz R IFIT))

wwwapracen  Nuclear Physics Review
Started in 1984

ETHEARGE R TR T

Yims 2R T EfE

Perturbation Calculation of Charge Radii in Nuclear Lattice Effective Field Theory
MA Yuanzhuo, L Bingnan, LI Ning, WANG Qian

TEZR R View online: https:/doi.org/10.11804/NuclPhysRev.41.2023CNPC77

TS

L s, B, 227, T, ST S A R B AR 0] R 3ETE, 2024, 41(1):172-177. doi:
10.11804/NuclPhysRev.41.2023CNPC77

MA Yuanzhuo, L. Bingnan, LI Ning, WANG Qian. Perturbation Calculation of Charge Radii in Nuclear Lattice Effective Field
Theory[J]. Nuclear Physics Review, 2024, 41(1):172-177. doi: 10.11804/NuclPhysRev.41.2023CNPC77

FETT BRI HoAh S EE

Articles you may be interested in

) B R BT VEAE TS A LA A i 1 ]
Nuclear Charge Radius Predictions with the Radial Basis Function Approach
JRFRZYBEPEE. 2023, 40(1): 31-35  https://doi.org/10.11804/NuclPhysRev.40.2022053

e RLQCD A FRAREU T AR A A R 5

Lattice QCD Calculation of the Form Factor by Interpolation within Finite Volume
JEF PRI, 2021, 38(2): 136-146  https://doi.org/10.11804/NuclPhysRev.38.2021010

Frh T IR AR A e R

Exotic Nuclear Structure of Neutron-rich Zn Isotopes

JETRFIIEI. 2020, 37(3): 291-300  https://doi.org/10.11804/NuclPhysRev.37.2019CNPC34
F A 1 - 0 80 1 A58 AR o Y T R R AH AR YL

Chiral Crossover and Chiral Phase Transition Temperatures from Lattice QCD

JRF Y BRIEE. 2020, 37(3): 674-678  https://doi.org/10.11804/NuclPhysRev.37.2019CNPC65

JBeER (194 L QCDHF 5

The Study of Glueball in Lattice QCD

JRF PRI, 2023, 40(2): 198-206  https://doi.org/10.11804/NuclPhysRev.40.2022094
AN EIR TR B P A AL BIH

The Effective 8 Value in a Simple Harmonic Oscillator Wave Function

JRF Y BEIEE. 2022, 39(2): 160-171  https://doi.org/10.11804/NuclPhysRev.39.2022012


http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.41.2023CNPC77
http://www.npr.ac.cn/
http://www.npr.ac.cn/
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.40.2022053
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.38.2021010
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.37.2019CNPC34
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.37.2019CNPC65
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.40.2022094
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.39.2022012
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.39.2022012

FEMNEFE1IM
2024 F 3 H

i T &% BT iR

Nuclear Physics Review

Vol. 41, No. 1
Mar., 2024

NERS: 1007-4627(2024)01-0172-06

ETHR R NE FRBEAFRMINHE

Dme 2 Byt & 7 X !
(1. HR T KA BTt 7, JR 7 LR 7450 5 8T R 8E M E R s s, M 5100065
2. Facility for Rare Isotope Beams, Michigan State University, MI 48824, USA;

3. E TR R BT AR, b5t 100193,
4, Il R ERE, M 510275)

WE: JE 7% B A %% % (Nuclear Lattice Effective Field Theory) Z T &4 4% Bkt —MEHER TS
—MHREBUHETE, CHFEAAIREREETERFZ T RANEGRR, U EL—WELELTH
BEANEGKRMET LR A, TF R KE L KK B #ITE (wave function matching) 77 7% 5 Mt & F & &
+ % 7 ¥ (perturbative quantum Monte Carlo method) 4 /% % & 0<% 5 5| B FFrE T 2B E ., KR TIEER
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Ak, ERAFENLOEANIH LG RITHETN He, PCHEOMITRNELE.
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PR JFEEE AR B R % SR AR S TE
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F 5 %F K ¥ J7 ¥k (perturbative Quantum Monte Carlo
method, pQMC)B®), HAZ R — A L IEASH#:, &
RN kS BE B AL 2 H AR ¥ B B, Hoh B 52l
—NERAE TS I A A e R HC . R,
BN H = HO 5520 W] DU e i o7 vt AT o .
BT U B, AT &5 &K T Rank-one Operat-
or (RO) J7 i POV S A BEAT P55

FEASCH, AT — 0 R ek S B R,
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TEER 37, PRt S R S 5 RAR R RN,
IR A 52 3 NCLO B I S 5 a1 s g
HEY.
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¥ A ROH R —Fh TR A S B R B T 5
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BRI H | W) = limy, o MW7), o |95 PR U R 4
T M 2B — A 8 B B TE) B a, BT X6 2 1) 7 7 B M =
et BERREFFIEMFI . L1521 R S,
FAF AR IR IE M BT EE RS, (O) = M(O)IM,
HA R M(O) = (PIO1P) , AREE T BLE A HAF R R
%6 [ 47 41 38 (determinant of correlation matrix). i i %
3% (Auxiliary Field) (1151 N, FATTAT DA A% Hbo g 2%
i i H P R AN = AR AR A R RS R S 5 B
W RIAH AR . AR S B 55, K77 b i HE =3k
G ROT E R IR AT . XAMHEE T2 S 80E
ZRG U IR ZI R IE AT, k2 AT
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B R Hyyo HK, WMF 7 iER i H— 24 L IR ks
Hyao %N Hiy o o XHLIERMAA[IERAKRSE T,
H{y o 5= NS R0 EEH HS 13 R BO7E H5F2 350 70 AH UG AL
B L IEAR AR 1k G 1 R 5 A B R R
Z AN 22 5 Hy o — HS BN, FF HOREWE 8 Bt i 77 v
AT . @ BATTEBUR L SU4) X F5E (Leading-or-
der, LO) FAEMEEIE N HS « EZMFRYTT, EEEX
Hk [36, 38—39].
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BAREE SR, MR M, P EA s T FAEM
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Fo=Yaanmfoun), Fi=3,a,,mf; m kR ARER
PiE 5 ANEN i, 5o ATUAE M FL , Fou RN 1, ARFT
fe#m T 10 F.,  F,. Y461 normal ordering Ji5 {F FH 7E
BRI BRAL K 00 RIBLERATTAT 5% L F o 2R ME R
#A:

F;F,y1 = }Lrpmc" : exp(cF;Fm) Ty )

AT LS F BISR AR MO o
MY =1im 3 MOLeF),  Fosl/ce 9)

XFFREMD, FATRES @ RO 77725 Jacobi /7155
AL BERT O 5 IE MO HE N, A H
AT MR . (B3 —1212, Rank-one Operator /%4 &
FIPIR B Z R EATE S B8, IF BRI _ERERES S BT
AT T FAT 51 R S B i ' 2 R i . B
ZH RHTIVE S % R [39].
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ik (401,

N 3K
2N _ /.2 2 2
(ry) = (rpp) +Rp + 2Rn + 4m§c2’

(10)

LT AR TR TRBUL IR BT AR, TR
BIELN KA X WA IET . AXHh | §FF 4% R, =
0.840:0%03082 fm [41), e - 5 RZ = 0105085 fim® 142,
LLJ s 2 0.033 172 fm* | BRyb2 4h, (1 HERIERE & th
LRI AB IE, X3 1 TURRKE 7E AR SR T
PEdIN . B AR F Z DTSR A T AR TR 7
O AR 1y XTSRS R

FENLEFT " H FA PIA 7 %K 15 ry, « Pinhole J7
S PIRCIE R $ . Pinhole J7 ik B4, FefiTidad 51 A
Pinhole SR 7€ 5 M%7 (0 hr B AL AR, JETT v 55O A
B 5445, {HZHT Pinhole J7 0@ H £ 5] NHE K4
IR R, AR S AT A AR ORI R Ok v 5
JFAHR B0 AR

2 = [ Prr o, = PPt )~

1

2A2

b p(r) AR R B
I 5 ] B

(E BT L AR ARSI £ T b, RAREUA WL
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Ir—r/| AR T P

FLAE, HH L2 <ror,r. <LJ2. {ER S EHEPS
BE R AT EER - L/2 < —r, < LJ2 . FTLLEE],
2k s LAS RS R BT | — ) < L2 2800 &2
AN, BENEAMNRA BRAARI RN (Finite Volume Effects).
R, BATR R —ANFR T AR E P AR S,
THMANER: 1) @ EAE x, y, 2 7 A R AR
TR BRI LB Xons Yoms Zom) 3 2) P9 450 H) R R
i [Lmod(r, — X,) — Lmod(x,,, — )| 25 i, ' Lmod &
K HBE AR (-L/2, L/2) X [H] o £ — /N34
FER, AHHE RS s B RURE B O
A BRABFR N o
T AERS R BT AR TR, BRATTE e SRR
TR EAT:
R: = ) pilyl ) plx+y1rLx) (12)
Horr x Fy AR = 4Eag A bR Fabs i RERRIALIE: 5

T BT EAIHERRAER I I PUBATTAT S
1

() = 55 (R, (13)
Z_LAZ_LAZ
() = xR = 55 (R, (14)

5
Z_L"Z_L’Y
() = 7 R = 55 (R (15)

BANEEROFESEXRDE—ATHHIRE HIE, AT
BT HRF R HRIE T A

1+c§§22ﬁdyqfﬁ~4%>
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|E=0

M(R}) =lim

=lim i {M -

CH°0° . Ce

i [1+c2;ﬁmbq<l+eﬁ)
e

LMo -, (16)
CEe

=lim
C—00
e—0 s

Horh pi = ala RN LINEE, AT AREE, 1A
HENLTHEP =3 pla+ylrx] -

ASCHEATR E RN R FHHIR TR,
5556 1R TR R S R T2, A ERs
(K1 F4E N3LO K% 70 i A% R AT i . LR
TR, AT EAS S a = 1/150 MeV ™' ~ 1.32 fm
AR K I IA) RS @, = 1/1000 MeV ™" .
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3 HEERSTS

T BAEE AR E A AT S, AT S —
AR FLRZY FEAT IR AUE . FEIX MBS, IR E H A
W H=T+V, HoTRZINRET, VWA
T, AN -42x107MeV 2. RATE HIF5 %
IR Hy=T+(1 —-x)V 5 H, = xV, [FH 5]
AN T S8 x BT RN

B IRATE L = 6° f4% 25 L% L, = 100 X 100 i
TR . Hx =00, FEMIIHERA e
WA Ty TR P IR ST . Y
x= 105, AR R RA R, AH EAE ATk 4
HHMIE RS H . ER 14, FA1F1H x=0.0,0.2,0.4
H1L0MEE 1Mt E. TUEE S x=028, —
It DA REA 20 40% e BB IE. B x=04,
TS 1E J5 1) R 55 A R A 1 22 BN 4%

F£1 WETTEL BEMMITEE s, Mev

x 0.0 0.2 0.4 1.0
Ey  -212.32(30) -118436(37) —30.04(34)  183.87(28)
Ei 0.0 -9220(1) -173.80(6) —322.05(14)

Eo+ E;  —21232(30)  —210.64(29) —203.84(25) —138.18(22)

FER LA, BRAT%E 5 Z AR X B AR T B4
Ko HiZx=00F, 752K 440060 58 B o
WA ERE", BATR AR NS I B b LUKt
Rk, ATLLEH, Mx=020, JERERT RS K
rop (i B IEAAAEL, TG T S R FLAR B OB I
B x8G0, ARTAIR A ryp SRR A IR 1B i 25 HE 1
e B FEFEFEIRTE,  rp WA R HAS 1E 3] v
BRMELRRIE . BV 2 4R & rp B0 A AR R T 42 88 H, I
E, B PIER R ERER, —IIMBIEE R, S
A 1R 1 22 A AN 2% ATRAE S kv, Al

m radii [H) 160)
271 e radii [H,H(H,)]
& n
206t H,=T+(1-x) V
B2
< H =xV .
S 25F =
e [
224t
. .
® ®
23 ¢ e

OjO 0j2 0j4 056 018 le
Parameter X

B 1 SR E L EEMIRIIE T (LR E)

i 5 a0 AR ST rpp AR

PO A2 S TE AR HE

e E—/Nyirh, Oy T IEERA RN, FATTTIA
—ANF T A S ERE R R . X BIRATRA T Ak
B (Leading Order) 1) F1EA% 71, I 5E L, =100, Xf
160 HEAT AR MR B TH B I0E . R 2 h AT LB S, {6
W R R SR BT A TR0 ) AR, TEA R LA
ANIE, BIEARN, BELF L = 10 A4 T T 55 kA A
RIS SR AR o TS FH BT 7 vk v B 1 4 SR 0 B Sl bl b 1
PRARFR N

2.6 Finite volume effects of 'O
€5 .
R ® ° (]
5 ]
T 24
;: : :pp (new)
= ™ PP

2.3

6 8 10 12
L

B2 BOTETFEIL: oy S PRARRUK I (28 R))

5 €035 40 €0 ) 2504 TR 78 5 SR B0 7 455 45 3 v
W 1 BT RS SR I rop TSR

BIG, RAMEAPIENLO A5 =R NALO M /7,
Xf4He. 12C 5 100 #E4T T BN I, G R
iR 2R, XEIATRM L =10 B9t A, LK L, =200
YENSEGATIFE . A RO E 2 TR EN NS
KRB RGO ATERE, 2% T I I rE
WL L AMELL A BRAK R RN 55 5 G50 2 K A8 Rk
AR RS .

F 2 NLEFT ¥ FH F1E NPLO#% 77 1 5010 45 &5 i A e 1o

A4 5 SIS EHE T Bl G A S0 B HE R YR T SOk [43])

E/MeV Rcp/fm
Exp NLEFT Exp NLEFT
“He 28.30 28.42(3) 1.6755(28) 1.7368(140)
2c 92.16 95.38(36) 2.4702(22) 2.5272(141)
%0 127.62 129.98(63) 2.6991(52) 2.8163(175)

MFE2 AT LAE H, FRATH NLEFT 1 5 5
SR EERFEIER TR LG, KPR KnE
BB 12C, AT M4 A L SEI K 3.5%. [N,
I E R R R AT AR T R OTVE, AR AR i i
Bl4He 5 2CHOSZIR M B LE R, Al 100 it E g R
IUFE R T SLEAE ) 5% LA &5 FII0E T A ST 8T &
JR % s B AR B VR AT S
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AR, AVRIE TR S ER HR %45
HI3HT ¥ I ] WMF #1 pQMC J5ik, b 7 &
M5 im0, FHELEG P RORERIR AL, Refs A Ruh il &
PRREAF T RS A BRARFARLS, FRATTH T 8
MR ARG S R TR B . ST SR TR
PP R TS B, BRAVEA K NLO
FAER 10 HHe. 12C 5 190 (45 & BE 5 2R 28047 T 3t
B, SRR R I T SR . TG ORI AR
— MR RGP RRE TR Rk, RATEAE
FAAZITVERT B8 22 W) IR 1 1% A 2 EAT ks BE A A% R h B
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Perturbation Calculation of Charge Radii in Nuclear
Lattice Effective Field Theory

MA Yuanzhuol’z’l), LU Bingnan3 , LI Ning4, WANG Qianl

(1. Key Laboratory of Atomic and Subatomic Structure and Quantum Control (MOE), Institute of Quantum
Matter, South China Normal University, Guangzhou 510006, China;
2. Facility for Rare Isotope Beams, Michigan State University, MI 48824, USA,;
3. Graduate School of China Academy of Engineering Physics, Beijing 100193, China;
4. School of Physics, Sun Yat-Sen University, Guangzhou 510275, China)

Abstract: With recent years of development, Nuclear Lattice Effective Field Theory (NLEFT) is becoming a powerful and
high-fidelity ab initio method. It takes advantage of the chiral effective field theory and quantum Monte Carlo on lattice and

can build nuclear forces and solve quantum many-body problems in the same framework. The newly developed wave function

matching method and perturbative quantum Monte Carlo method pave the way to avoid the "sign problem". In this work, we
implement all these new techniques along with the two-point correlation function to measure the charge radii on lattice. Bench-

mark calculations show our method is solid and full N°LO calculation can well reproduce the experiment data of “He, '2C and
160y
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