¥ 1B ¥ Acta Phys. Sin.

Vol. 75, No. 14 (2026)

140102

HEXE

) RS N B R T R 152 l5mEn By St i%GE 4 7=
£ 5mEa By [EZ 7 RE R LA

FZYEVE  SrHEI* EREE? %mm 2 BAkEY WFHERP
KHMRV)  EEHY FFK P KDY oI Rk
1) (FAfE KRR FR AR 2B, #iBH 421001)
2) (ALHURZE WA=, B SRR E K E %, b5t 100871)

3) (h E TR RO R AT L, S8 A B TS0, 4B 621900)
4) (WZACEARZFHERE, V% 710049)
5) (FAHERY:, e R AR S E 2B E W E S, M7 421001)
(2026 4E 1 A 31 HY#; 2026 4£ 3 A 23 HEMEUHR)

BE T OGN B 4 B TR, A SCTE B ALRIR AR XA MeV REIX A3 9 S2 B0 T W) A% S aE & 10210 Ey (A% TR
fer=, Ml T 52 Eu (y n) 1P2MLm2Ey F B (v, n) PO Bu RV AYE AT S #ETE (FACS), #2ECT 12 Eu
BRI R REZR L (IR). #E—2, R BT ERF Talys 18 T "2Eu (v, n) **™™Eu Al "'Eu (v, n) "**"Eu
S FACS DL & 152mEu 4 IR, JF0F9E T FACS Al IR XA A AL (9 R . 45 S % B, "5°Bu (v, n) %" ™2 Eu
A TEU (v, n) YPOMEu R 1 FACS LUK "5 Eu ) IR #2235 %6y 5 3 oR BIORR RE 9008 B8 A b 5 4. T 9 &
B, 'O2MEu i IR SC 56 I B (E S S T S E AR A, SR FACS RN B 5 BSR4 R M A e — 2 1 22
S, ULETELAE A9 y 53 pRBORAZ RE G T BT 7E A B IR Eu R M A 4R TH S ). LRSS ACE &
e IS0MEy (1 [l A% S BB EE A BB, R Eu A% R I IR A S TSR AR R B A TSR 2 B

KR oo BBy AR EER, HOLIHE AR, RS RER L

DOI: 10.7498/aps.75.20260175

1 5 =

[ Rie R R TR EmREE, T2
FET T AR | Hbbs Py S A% R AR ARSI /
AR Y BORAS T U H2E S (T ) BN
(ns) ZA4F (a) B, POLREILFII 8.3 eV (229MTh,

CSTR: 32037.14.aps.75.20260175

Ty =7ps) 23 FEMHZE 13.8 MeV (2057Pb, Ty =
60 ns)4. [ 1917 4E Soddyl et A1 FAEI 4

HEAT T HOS TN, 1921 4 Hahnl® B0 & 30 K IR
SRR ) [FIAZ S RE G LUK, [lA% 5 fig 2 AE SL At
GEFNL T A U F 2232 3 32 56 8, 3 4%
ok, WH5E N BUR 4k A BE 242m Am il 53mCo 45— 1L 7]
WRRe R, A D) 7 ARG A% A S 2%

* ERE TR (S 2022YFA1603300). B HRFRERE S (IHES: U2230133, 12305270) i p 4 2 E TR AT 5T %

4 (LS 25C0242) ¥ BIAY IR
# [RAE ST
t EfEEH. E-mail: lizhicai@usc.edu.cn
T BEEEHE. E-mail: x.yan@pku.edu.cn
1 WIFEH . E-mail: wenluo-ok@163.com

© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

140102-1


http://doi.org/10.7498/aps.75.20260175
https://cstr.cn/32037.14.aps.75.20260175
mailto:lizhicai@usc.edu.cn
mailto:lizhicai@usc.edu.cn
mailto:x.yan@pku.edu.cn
mailto:x.yan@pku.edu.cn
mailto:wenluo-ok@163.com
mailto:wenluo-ok@163.com
mailto:wenluo-ok@163.com
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 14 (2026) 140102

SRR SCHT U ST 1 H.

) 4% 5 BB 2R DGR ™ A T M R A% S RE R
It (isomeric ratio, IR) 7EAZ RAKYIRE | #4454 FEiE
SR BRSALEIE 5T BA A A i 11 K
H1, IR S (high) ABER 518 (low) B HER R
S BE R I U LL, BB B 7 A% SO b Y A g i
¥t MR GUE BE Y BB B AE B TR
|, IR AR FfER B S A% B e A o
FE, SRR I A 2 A LS 5 A I AR R 1 DG B ) 3
it 2 52N, Sl AIACE A (flux-weighted
average cross-section, FACS) & 1% /& /)7 A% 11 X}
AGPRLTBERG RN H4MH, J23RIE SERETEL T3
55 RB A R A S BN - A AR S R
i SEEE FACS Al BT IR, WA S5
SR AL T 5% 1 A 5 Bl 2 R (131, A R A g 1 40
I, 29 30—35 MFFT % (p-#%) IXREE p-idFi G
BB Z s R K — R B (v, n) )b 152Gd 2
%R A PR £ 52 IR p-i% 3R, T 152 Eu il
i BT AR B P2 Gd B S EE A 2%, S 192G
G RS AR R OCBE Rl A% R 19 AL, JF )R 152mEu
()7 A SR B SR, AT B ) B 152Gd AZ B L
AL, SR, HETX P2 Ea AORFSSAI A AE B AR -
Ho—, FZR N IE P3Eu (v, n) 52 Eu By K20 R
T 1 TG S 35 8504, 17 153 Eu (v, n) 192m2Eu (1) 30 A
AR AR B, HARRAGE, XELIH L 91T Eu X R
BB ARLBIE R oK 17, H ., JS 48 Thiep 55 1819
5 Vishnevsky % 2021 £ 3 FAE Gl 48 78 12—
25 MeV BEDX I & T 152m1Ey fil 192m2Ey (1 IR, {HZY
K5 Talys-1.95 HUSTHAAAE B & W2, HSREX
H SR KAk 25 . Kolev?? RS E— 248
B 4% & 45 11 4% %1 5 Huizenga—Vandenbosch £5
Y00y AV REfifp B 5256 h 24 50% 1A% B HIL
i, 2R B IAT R S R A A i o = o o W RE X
8 SRR A2 o

SR AN A e 7 A ) B B SR 7 A R A
RERMYEZLREE, Il I T RN RRER ) FACS
g 08231 AR, R AR BOL R G KSR T
g 5 RN T T T RE T A P2 UG AR
T T Y H 3 B AL S A A s 3 4
HERLLE, AP RS R REH TR, TR P
R T BOBOE RS S 2929 455 AARAS
| SERETE Yy SPER. BT R, WOLIK Sy IR
(IR B A B LA Gt y IR 2 4 DB 2 2.

TERFE ST, X [R) A% 5 BB 2R A (B BUR R A
1RG5 T5 ATt 5—6 NECR G PO, i A5
[ A% S BE 2% AT S TR B ke [l R AL 1 4
FB. B, OGS % N 2GR SO 2730351
JEERAR B3] FEAZIE AL 43 BT 637 85 7 1) g A
RS I, Wu Al Lan 45 8839 367588 J 0GR
S IR, IR T YTAu(y, m; @ = 1—7)
SN FACS DA 19meAu Y TR. Wang 55 10
FIFZ R F IR SEEE T 27A1 (Y, 2) W FACS 1958
e, Bk TAER R, BOGIKS o IR0
R AR I Ko TR I 7 10 HAA R Ak P, Al oy
BEu #% ZR OGS I pE oS it T S8 Y BoR S # 50T 17
PEILA.

AHIFFE R O I U5, & T 13Eu (v,
n) 152mlm2py 5 151gy (y, n) 150mEy fz I () FACS
DA 152mEy ) IR. [A]Bs, A Talys-1.9 #2437
T ER=ABGER FACS F 152mEu i) IR X 4%
LAY 1 fOR M, B T B LR (giant dipole
resonance, GDR) fig X (10—30 MeV) Fl & HE X
(A MeV) &, ik i By FACS J 152mEu iy
IR SEE6 0 {5 #e TR Z B 22 5. A 05
SLEEAZHEANR : 5 2 IR IR TR R K2 KR
BOCSEE TS (CLAPA) 52562 200 TW
oh [ T AR BRAIF ST B O RSB 5 s XG-IIT 3L
ﬁlﬁ%ﬁ_tﬂ:ﬁ 152m1Eu , 152m2Eu %n 150mEu j‘lﬁd:z‘}fl:ﬁzﬂ/g
SEg R 2 3 40 44 193Eu (v, n) 192mlm2Ey
5 151Ey (v, n) OBy iy FACS &% 52"Euffy IR
PR TR SRR IO 28, IR A R AT o S 1k
W 5 4 T RSSO R,

2 LI ITAE
2.1  HEAEMEMEFESHEES
AHFFEMFT CLAPA 5 XG-IIT 063 BT R
FL ML, 43 3R 15 B MeV BEIX MEFRRERL
W ERLRE R TE GDR BEX A HL T O AR
WELE PSRBT RSENZWTITE, L
NAESZESZET i Geantd F27 1 JF A 5L
RSy Bt R
CLAPA o't & et i vhut i 800 nm,
ik BERE 30 fs, AR 5 Hz M kphEEL 4 J
FIOE Ik eh. SEas v, OBk £/12.5 2 il
VISR AE R 4x1 mm BEEIAEBAH L, ¥t

140102-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 14 (2026) 140102

SRIZEZI 1.5 x 1019 W /em?. FEHOEIk PS5 5% &
S (Ny) Fl 95% 22X (He) 4 i B9 IR & S AR M B
Y& IE, AT 38 3 O R i # (laser wakefield
acceleration, LWFA) MLl 7= 4= PR BEHL TR 1%
HLF R — R BT, NS 5 RS
PRI T ¥ 100 cm ALBIFERETEY (electromagnetic
spectrometer, EMS). 7 EMSH, fif% i B 1 3R n]
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Fig. 1. (a) Quasi-monoenergetic electron energy spectrum
measured by EMS spectrometer in the electron acceleration
experiment on CLAPA facility; (b) M-B distributed elec-
tron energy spectrum measured by EMS spectrometer in
the electron acceleration experiment on XG-III laser facil-

ity (15 ns delay, two-temperature distribution obtained by
M-B fitting: 71 = 6.24 MeV, To = 17.25 MeV).
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BB ARTE () Talys HE T fH5 EXFOR 290 4045 x) Lk
Fig. 2. Geant4-simulated bremsstrahlung spectra based on
electron beam parameters from CLAPA laser facility
(27 bar pressure) and XG-III laser facility (15 ns delay),
along with comparison of 23Eu(y, n)152mLm2Ey  and
151Eu (v, n) 15°MEu reaction cross-sections between Talys
calculations and EXFOR experimental data.

2.2 tEGEUERE

S 1]t 155K (y, n) 152mLm2Ey A1 B51Ey (y, )
10mEy W FACS, LK 192mBu i IR, A8 5256 F)
FH 2.1 W iR B WA e IR, R R 12 Ta
e (RSF 10 mm x 10 mm x 2 mm) 5 5 2
FALH (EuyOs) WHALHE (R5F 10 mm x 10 mm x
2 mm) A HERREE. Eu,O5 $E 1 193Eu Y N
52.19%, YYEufYEE A 47.81%. WH FHR AL T

155 1224 Ta L, 4 i F R0 & e S 350
T LLIEAL BEuy,O5 FE 5, 5% 153Eu (v, n) F1 1% Eu
(v, n) KN, Y53Bu (v, n) SN P-4 4778 W R A%
SFHEFE: 52MEu(Ty =93 h), 22Eu(Ty, =
1.6 h); ®Bu(y, n) ™A R SRR R 1YOEu
(T1jo =12.8 h). FIREON Koy Az WU A% 2
TEAME B BRIAT NuDat 3 %% 142, Bk 1
Jir).

Ig 3 ﬂg}‘z% 152m1E11, 152m2Eu ﬂ] 150mEu E/‘J:t‘lzlgﬁj\
WASE B R T A& I R AR B A SRR v S
2R M5 . 152m2Ey i3 39.7, 18.2 F1 89.89 keV 4H1E
Y PR I pE A Yy 1526 Eu . Ho, 89.89 keV % 454
TEy BHEESRIE (I, = 69.7% ) i, i W B BGZ AT
Y LR Ry 1922 By (BRI ARAE 6. 152m 1 Eu 77 7E P il
WA 1) B WA (Sl 72%) = 152Gd, A
ARy S0 344.29 keV (I,=2.4% ), 970.33 keV
(I, = 0.6%) Fl 1314.70 keV (I, = 0.9% ); 2) H T
73k (EC) F1 BT 348 (73 3 b oh 28%) & 152Sm),
Xt B HEE v 5F 28 b 963.38 keV (I, = 11.6%),
841.63 keV (I, = 14.2%), 562.9 keV (I, = 0.2%)
M 121.77 keV (I, = 7.0% ). MHEEL 963.3, 841.63
J 121.77 keViX 3 Z558FFE Y HHERAE Sy 192mIEu (1)
PRAFAF 1. 190mEy 2 BC =AE (3R
11.0%) A% 150Sm , AJEHR 333.90 keV (I, =4.0% )
F1406.52 keV (I, = 2.8% ) iX 2 ZR5RFFE v L6/
Sy 150mEy fERIAFAE M. FRSRERAE Y SR AE K] 3
SRNEFAREY 75120

SR IEAL ST, SR F W 5 28 12Bu Al 0Co 25 ifE
TR bR R FR I 2% % ) 15 445 (high-purity germa-
nium, HPGe) R 2%, 70 5 %F 1 & W A4~ 52 5 /9
Eu,O4 16 fUFE AT B 4 i, DAARBCHARRAE y S
LRAEIE. A T RGOS Eu,04 SEXTERIE Y SR
H WSS, R 5 2 Eu,O, S 20 BHESI 7E
HP Ge #2585 7 2R 18

F1 PLISSEG AR Kt A A R AR R R

Table 1. The photonuclear reactions of 1°1:153Eu and the decay information of the produced radionuclides2.

B FEE/% B 3 /h AR T YRR R /keV YRR (I, )/ %
121.77 (3) 7.0 (8)
(y,n)152mlEy 9.3 EC (28%) 1538m 841.63 (4) 14.2 (16)
153Ey 52.19
963.38 (4) 11.6 (13)
(y,n)132m2Ey 1.6 IT (100%) 152Ey 89.89 (6) 69.7 (5)
333.90 (1) 4.0 (8)
151Ey 47.81 (y,n)150mEy 12.8 EC (11%) 1508
406.52 (1) 2.8 (6)
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06 m S 152m2 Ry -
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Fig. 3. Decay schemes of 152mlEy  152m2Ey and 150mEy (Note: The red markers indicate the characteristic Y-rays to be detected

in the experiment).

3 BAESTE TR
3.1 [ZREERTM

& 4 F7E CLAPA H1 XG-IIT 065 5 1Y [F 4%
FERE R OCAZTE A A S b, ] HP Ge #8145 )
EuyOs 16 A i PEA T 2 26 I 12 AR A5 A R AIE v 5 26
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H1963.38 keV FREIE, 152m2Ey () 89.89 keV HRAE
W, LK 15OmEy i 333.90 5 406.52 keV $FAEIETY
AIYEMT B, T DARRR IR AT, AT —2
AR S RER (8, R BUH R ) FACS
5HIR.

106 = 5 = s
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3 %2 EICECI ERNN
o o10ty g E g8 85 £ g g
S g8 23g 3 s ¢
) O~ m o 3 0 0 (=
Qms-l | | \ \
»
-
)
o
O 10?2
101-

200 400 600 800 1000
y-ray energy/keV
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A3 EuyO #EAT 20 h BN &, AR HNER 5 1947k
Y L akil

Fig. 4. In the experiments on the CLAPA and XG-III facil-
ities, a 20-hour cumulative measurement of the Eu,O5 tar-
get was performed using an HPGe detector, and the charac-
teristic Y-ray spectrum was obtained after background sub-

traction.

T PR O B ST TR e B 22 5
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YT, B S RV AT SRAS A A TR A% S e
(BT 1 R). WL, TR, 754
R FH 22 B O Ik o S8 4 5 B R SO Bk v = 0
PNy

SLF CLAPA RO & A 1 W A% 5 fig
HIGHE AN

A=Y f(1—em), (1)

E.
R Y = Ny /E o (E)p(E)AE Yy 2. % e Bk o
HOIRI SBEZ F, fNBOET IR, t R
L, A= In2/Ty o S 5675 4 M0 B R,
HPGe FEI B3N 000 5 SRR v BH2R 13 .
S Y HOIE ] FEEDNI ] £, , S0 £
BRI A, TR
An=YFf (1 . e—Atm) e~ AMtmtte) (2)
EVRTIE I £ 50 6+ g D] Y LR
ﬁEﬂ'%/%ﬂ‘ﬁ Net (ﬁ@/@

tm+tq
Nawt = Lk / Apdiy, (3)
tm

P, e O HPGe #0 #% 09 I R0, 1, A RFAIE
VAP (ML 1), kO A WUB IE . BT
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(1)—(3) AT F L WO Gk 1 [F) A2 5 BE 2R 7 40
ANget

T fLek (1 — e M) (1 d— e Mir) e~ Altmtte)” @
BRI, 11T 89.89 keV X FAILABHFE
Y BT W A WO, RN g 1E SR T
SEBR RS, A7 20 R A% S BE AR TR RS N AL o
A1, HPHUARAS . DR, 5 S SRI0 A v f
Y& oA, SETIE IEARAE v 2 F WO 1
k AR-WERM AR e ARSCIERM A (4) 541
IF, F Geantd SHAUSN 1 P W 7E 58 A A7 ¥ 0 A
75 FEARIN Iy 3 1) S B HE A, X PRI R AT T
BIE.

XF CLAPA %68 [ (5250, JEF 192miEy,
152m2 By 1 150m By f R IE 14 T HE Naee, F (4) 2K
THRAR IR R B R0 0N (1.87 4 0.22)
x10%, (8.66 4 0.43) x 10% F1(1.38 +0.28) x 10°. H
(4) ZCAT N, PR R 22 FEEOR IR T =8 R iR
T1 B Nyed 1 G212 22 8 Nger/ Naer « TR M R £ 1)
W25 8e /e LA Sy PTESRE I, iR 2 61, / 1, . HIL,
PR Y AR AN 2 BE 8Y /Y HR 5% 25 4% 1 A0 5
8Y /Y = \/(8Nyet/Nuet)? + (82/2)% + (81,/1,)% 115
3. Ho, geitiR 2230 H  0.43%—4.31%, &
24 A8 15 22 < 3.88%, v I LU AR 25 U [ A
0.72%—21.43%.

X XG-II OGS B EIT RERYATHE S,
TR RO LR IR, JOwG 7% 1 S A3 2R
TR HRINF ], JHE TR A% S BE 2R 110774 T e oy 27

Net
T Tek(1- e*;t“) e~ Atntte) ®)

;F[J }EH i E/ﬁ gj’g ,fT_EI‘F E{J 152m1Eu , 152m2Eu %n 150mEu
FEAE I ¥ T4 Noew, 1RA (5) AT = F B LK
FERRT A (1.63 +0.20) x 107, (3.83 +0.21) x 10°
H1(1.49 +0.33) x 107 . XG-IIT %& & I 1) 5256 7= %
WREMTIES CLAPA %68 L RYSCIAHLL, [F3
A%, KRR 0.47%—4.55%, FRINECR

Y

RZE/NT 5.28%, v Pk IR Z RN 0.72%—
21.43%.

3.2 EENNEHEE
T ) B SR BRI v 4
TR FACS 1l AR 22035 B8l

E.
| owetear,
OFA (Ee>: L E. ) (6)
/E @(Ev)dEv

o, B F1 B, 43500 28 557 ) 3 fil 8 F L 3R
Wi KEER, o(E,) & T REE B, &b 1Y i #
CRH Talys BIFITH), o(E,) HPIEURSHEFiE
i (B Geantd BifLIF45).
UEAh, FACS A 38 o8 5256 AR 1 7= v, 2
WL T2 No LA p(Ey) FR B3:
Y

E. :
No / p(Ey)dE,
Enr

ora (Ee) =

(7)

32 2 5 T B5SEu (v, n) 192mlm2Ey 1 151Ey (,
n) BOmMEu =AW Y opa (Ee) SEHEH SHEGAE. H
o, SEEE AT (7) 50, T 3.1 ISR A Y
FH 5256 HL 7 RE T AL 21 A9t 7l & p(By) 3R
5. ora (Ee) I E FE Sopa (Ee) H 8Y F 8¢p(E,)
PHEB MBI, AEXT TR 224G A R

Sora(Ee) ora(Ee) = £/ (8Y /Y2 + [3(By) [ p(Fy)J2.

£ CLAPA % b, J6 il i ANHiE B E2IR TR
ks I ry AT ARREE. BT, © I Turbo-
ICT XJiEZE 100 & M oEA il i, AT e Y
R 14.8%13. T X G-TIT S286 4y Bk A THE S, &
W a5 | 138 IR 2ZE /D, Sopa (Ee) FEEORIE
TreaiRZE Y . HIS(HE K Talys-1.9 F2/7 1 #K
IR E T o (B,) FRA (6) R, A
WE R, I R PR AY (v-ray strength function,
ySF ), J2# AR (optical model potential, OMP)

# 2 153Eu(y, n) 152mLmlgy 1 151Ey (y, n) POmEu [ B FACS MSEE{ES Talys IS TTEEXT H
Table 2. Comparison of experimental and Talys calculated FACS for 153Eu (v, n) 132mLmlEy and 151Eu (v, n) 150™Eu.

. B TAEE /MeV FACSs/mb (5:5) FACSs/mb (TalysFligi4)
FmALE]
CLAPA XG-TIT CLAPA XG-IIT 200/MeV 14/MeV
153Eu(y, n)152m Ey 12.65 + 2.37 37.71 4+ 4.63 12.58 22.46
153 Bu(y, n)152m2Ey 200 =+ 28 14 0.56 £ 0.09 0.92 £ 0.05 0.86 0.43
151Ey(y, n)150mEy 10.83 £ 2.70 31.23 +6.92 30.77 42.51
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VI ¥R % (nuclear level density, NLD) 43
SR ySF1 541 . OMP Global A1 NLD1 #E41.

Bl 5 srhlfEns THESTHT A S 500455 7 GDR
RB DX, (v, n) S #5457, FACS Rl
T BE = 3G I S BT, B KA T IASCE mb.
B G T RE RGN, 22007 & I IO 2 T i 4 T2
T, (v, n) F KRN BT RE & SR 22 i R,
FACS EMZ18 T REEHE, LT 2E MeV B
Y0 N TR X g R BR: 53Eu(y, n)
12mlgy (B 5 = AEIX A9 CLAPA SERG 76 1R
22BN A —F, {H L GDR fEX Y XG-IIT 3£
W (B2 40%; 53Eu (v, n) 52"2Eu (Y FRIE H H
HEIX CLAPA mySC5 A =29 45%, {H I GDRAE X
XG-II1 1 52 5 {4 MK 29 54%; ''Eu (v, n) """Eu
AOBRISAE /e i fEIX. CLAPA fOSZIR{E Ry 3 4%,
It GDR fig X XG-III B S 58 = 29 36%. R4 I
W) FACS SEREH SHEIEAAEES, G
A —S0 IF B, BUITSE B A, SCae(E
5 19 I 22 0T BE VR T BRIS AR AL NLD, ySF
F OMP SFAZAAY AN 583

10%
[T~
10t F {w
=
<
G qookle’ TTTEmemme o
[ —_—
& ,
,’ XG-III CLAPA
10-1F i + —4— 13Fu(y, n)2mEy
: ¢ —6— 153Bu(y, n)52m2Ey
: ‘ —4— 11Eu(y, n)15mEy
10-2 L L L L L
0 50 100 150 200

Electron energy/MeV

B 5  FIH Talys BRIAEIH TR A 153Eu (v, n) 192mLm2Ey
Ml 151Bu (v, n) 190mEu i FACS Bifi B8 F bt A9 A5 fhta 3, JF
5 CLAPA (20 [ A XG-TIT %5 B (520 ) A9 52 56 I 42
HEAT HO A

Fig. 5. The trends of the FACS as a function of electron en-
ergy for the 153Eu(y, n)152mLm2Ey and !5'Eu(y, n)
150mEy  reactions were calculated using the Talys default
model and compared with the experimental data measured
at the CLAPA (hollow circles) and XG-IIT (solid circles) fa-

cilities.
HE— BT Talys F2 7 il 8 41 ySF A (1451)
2 41 OMP 540 5253] Jo 6 2] NLD #5H1 19.54 58] 233
i«[‘%T 153Eu (y’ 1’1) 152m1,m2Eu ﬂ&ﬂ 151Eu (Y, 1’1) 150mEu
(1R o (), FFIRA (6) 2, $6/3 T ik =4
S RHY FACS fH. APRURIUSHE S BT %0, 159Eu

(Y, 1’1) 152‘“1’“‘2Eu %n 151Eu (Y, H) 150mEu E/I\}iﬂj E/‘J
FACS X} OMP #& A ¥ AN g, {H X} ySF Al NLD
BRI N RS O M. X R LB T 2
P SEII i, DASE— 25538 5% b S o ARSI 24 5

3.3 [ZREEIEREINIZIER MK

IR o] T HA% s i b i f s i i e e 5
T REG % B 1Y) B MR, AR A = )

B high (E.)
" o) ®

Horh, of¥(E.) 5 oy (Be) 4391 R 75 AR B BES A
B 5FRER M FACS.

B (1) A (8) 2, IR ATRm Ny

Ec
low
i i 0V (E,)dE.
R Ug/fh (Ee) B y high N(l)ow /Emr Y Y 0
- O-{:(RN (E.) T ylow Nhigh B ot » (9)
0 /E P"E(E,)dE,
thr

153Eu(y, n)!52m By F1153Eu(y, n)!%2™Eu 7 I 1 5]
B it B 73 914 8.6 MeV #1 8.8 MeV P, W
dEH 42k, CLAPA 2% % f1 XG-II1 3 5 7 A4 1 )
S G it R R M R OV B, HLSE
o5 GDR AEIX (WLIEL 2). 43335 pa B = A i )
Sk I A R (E 2 i A RE A Y Y 1 R4

(o) /(] oisom) e

S 1.01 F11.04, HUTRE 1. Kk, 7EAR R 5256
S50 B PSEu H% BE No — BT T, 192m2Eu il
Lo2ml By (i IR AT UTAL RN Ry 79 25 1 7 4 L

5/152m2Eu

(10)

IR152szu/152m1Eu ~ Y .
152ml By

T (0) X, FIH 3.1 P Ay XG-TIT 2% &
D A% 1y 152m2 By T 152mUEy ™ 5 4K B, I A A5 2
IR1s2mp, /152m g, = 0.023£0.003 @ E. =14 MeV , {5
A% T GDR REX S, [IEE, 2T CLAPA
e 1Y) 192m2 By A1 152ml By (1 S E0 A, AR B
IR52mpy /152my = 0.046£0.006 @ E.=200428 MeV ,
FMFE T TRuszmop, 152, TE o E XY SE B0 R4 . 35 3
FIHT IR isomapy rsempy (9 55 30 (6 5 BRE (1
Talys F2/5 11 ySF3, OMP Global & NLD3#4 %I 2
B, AR TR B9, st — ] H
Talys P2 ¥ 8 T 8 41 ySFHLAL | 2 4 OMPAR AU
J% 6 41 NLD B IR 152mepy jisempy , BRIESMH T
IR Xf b = A (i Ukt 255 ani&l 6 .
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IR152m2g, /152mi gy MISEEA S Talys FRBTTAEXT

Table 3. Comparison of experimental and Talys calculated values for IR1som g, /152mig, -
N HL TR/ MeV IR (35) IR (TalysFligiH5)
AR ARER L
CLAPA XG-III CLAPA XG-III 200/MeV 14/MeV
IR152m2py /152m1 gy 200 =+ 28 14 0.046 4 0.006 0.023 4 0.003 0.042 0.020
a b C) - — = - — — -
oot | (a) o1 | (b) Lo-1 @ —-—=-====
i e gt e T T e e e e - /,//j-f-;—_* i =
g 5 —0—| 2 / ——— 2 I~ —0——
B ---ySF1 — - ySF4 — - ySF7 B A B
2 10-2f [ —--ySF2 — - ySF5 — - ySF8 2 1072F OMP global 2 1072
- __ ySF3 _ - yST6 = | -+ OMP local = NLD1 — - NLD4
= 4 CLAPA (this work) = | - —--NLD2 — - NLD5
¢ XG-III (this work) i — NLD3 — - NLD6
4 XG-IIIl60] |
10-3 : A A A 10-3 A A A A 10-3 A A A A
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
Electron energy/MeV Electron energy/MeV Electron energy/MeV
Bl 6 (a)—(c) 8 41 ySFHLAY 2 41 OMP #EH % 6 41 NLD BEAU T IRus2mop, j152mip, MBS TR S S04 XT 1. B 206625018 Oy

CLAPA S50 84, 216 520 [ S A TAE h 56 T X G-I 256 5 0 A5 14 52 3 a0 6825 0 = A B W R FRATT AT 391 2R 2% & 152m1 Eu Al

5202 B 7 0 {1 B 310 56 0 25

Fig. 6. (a)—(c) Comparison between the theoretically calculated IRisomop, 152mip, values and experimental data under 8 sets of
~SF Models, 2 sets of OMP Models and 6 sets of NLD Models. In the figure, the red hollow circles represent the CLAPA experi-

mental data, the red solid circles denote the experimental data measured in this work using the XG-III device, and blue hollow tri-

angles represent correspond to our previous experimental results that did not account for the positional distribution of 52™'Eu and

152m2Ey within the target!6).

SRR, BEASTH A BB, IR 1sonep, j150m gy
TEARRE X 5 I PRI a3 7Er FRER A BIEL T
FH MeV IR REX G, IR ZHT# T, HAE
BRI AL R 22 RALBEZ I IR 1sonep, j152m gy
X} OMP AR, 177X ySF Al NLD #2584 i 7R
AR AR, ZRHH ySE R NLD J2& 20 Eu #%
Z IR W EESRIAY. ILAh, £ GDR fEIX, %
J& 152m By FERI P A A B v SR A RO
FFEMUBIESS, XG-IIT 58 525 TR 1somepy j152m gy
5 F Talys #1 ySF3, OMP Global } NLD3 # %I
HA TR (0.020) AWM G EHA R,
P25 S L A oK 2 o2 B A 122 B 7 HE Y 11
7B A B ZE R (0.014 £ 0.002) 160 725 24 2 £%. [l
B, 25 i 152ml B A 152m2 By 7 BB DY 07 B AR )
BT CLAPA 3 E 15 A MeV = fig X 1) 192m By
A 152m2 gy f IR {55 Talys HEFISME (0.042) 3
REFE (A4 38, LRI LM, A T AR
GDR AEX FIH MeV 5 AE X Y TR 15202y 152y P
AR, AT ARPR L A% A

4 £

Za

7w
KBRS TG TUE, 5 5I7E F 3R
FEIX M MeV BEX SCHL T [a]#% FAE £ 152m,150mEy,

B A TE A=A, M T 153Eu (v, n) 192mLm2Eu fil
I51Ey (v, n) 199 ) W B FACS 1 IR. 246 % BE,
IR 1s2mepy 1somp, W & {H (0.023+0.003) @E. =
14 MeV 20 & % & 152mEy 7 80 4 4 25 1] 4345 )
GER 00 1y 2 £ RIS, SR Talys #7115 T AHN
1 FACS 5 IR B {H, '53Eu (v, n) 152m1Eu (1) 3
WAE 5TEE X CLAPA (14 5255 [ 7615 2% 1 Bl 4
AR —F, (HHAE GDR AE X XG-TIT ) 52 5 E A%
24 40%; 53Eu (v, n) 52m2Eu 1 HIE H 1 & fE X
CLAPA 2 H B2 45%, H I GDR REIX XG-
TIT 4 S2 56 E AR 24 54%; '5'Eu (v, n) "*OmEu A 3135
{8 L 7E 75 BEIX. CLAPA B S8 K 29 3 4%, It
GDR fig X XG-III 1) 52 56 {8 =5 29 36%. i W] 9H
F Gy 5 pR BORN K% e 9 2 B B AU FE A PR A A
Bu AZZE 7 A $E Tt 2s [6]. ok, 58T 152 Eu 1Y
IR X R A5 A0 A kb, R BLFE B REIX, 152 Eu [
IR X%} OMPs fRAUAHURL, 1fi%F ySF s 5 NLDs #i7#1
EA B R M. 7 GDR REIX, & T XG-IIT %
EARTFY IR 1somapy 152mp, SEHG{E5 ySF 3 BRI
HEARY G, FEEEEX, 2T CLAPA %% & 15
Y IR 152m2py 152m g, S5 90 {5 NLD3 BSR4

WHEEAR — 2. XKW, XF 153Eu (v, n) 192mLm2Ey fi]
151Ey (v, n) 150m [7 )i () FACS F1 IR AY3E — 20
i, A] N 2 HORH SCAZ AR T S R R A B R A
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Studies on photoactivation of 15?m150mEy and isomeric ratio of
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Abstract

Research on photonuclear production of europium (Eu) isomers '*?™%°"Ey is helpful for understanding the
nucleosynthesis process of the p-nuclide '°2Gd. Currently, experimental data for photonuclear production of
152m,150mEy,  remain scarce, with significant discrepancies persisting between measured and calculated isomeric
ratio (IR) for '®*™Eu. While nuclear reaction calculations provide an alternative means of obtaining these data,
their results are highly sensitive to nuclear model parameters. Therefore, high-quality experimental
measurements across a broad energy range are still essential to constrain these theoretical models. Laser-driven
electron sources, which are characterized by picosecond to femtosecond pulse duration, ultra-high brightness
and high signal-to-noise ratio, provide a novel approach to address the scarcity of photonuclear data for
152m,150mpy; and the discrepancies of IR data for °*™Eu. In the present study, we utilized both the CLAPA laser
facility at Peking University and the XG-III laser facility at the China Academy of Engineering Physics to
achieve the photonuclear production of *?™!%™Ey in hundred-MeV and Giant Dipole Resonance energy region,
respectively. The flux-weighted average cross-sections (FACS) for the '"*Eu (v, n)'®*™™Eu and ''Eu(Y, n)
150mEy reactions were measured. Accordingly, the IR value of '»"Eu was extracted in a reasonable way. Using
the CLAPA facility, the FACS values for the '*®Eu(y, n)'**""™Eu and '*'Eu(Y, n)'**"Eu reactions were
measured at E. = (200 + 28) MeV to be (12.65 + 2.37) mb, (0.56 4+ 0.09) mb, and (10.83 + 2.70) mb,
respectively. Using the XG-III facility, these values were measured at (E.) = 14 MeV to be (37.71 4+ 4.63) mb,
(0.92 + 0.05) mb, and (31.23 + 6.92) mb, respectively. The resulting IR values for *>"Eu were determined to
be 0.046 + 0.006 @ E. = (200 + 28) MeV and 0.023 + 0.003@ (E.) = 14 MeV, respectively. Furthermore, we
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performed Talys calculations to systematically investigate the sensitivity of the FACS and IR values to nuclear
model parameters. It is shown that the FACS curves of the '®Eu(y, n)'®*?*™™Ey and '*'Eu(y, n)'*°"Eu
reactions and the IR curve of the '"*"Eu exhibit significant dependence on the ¥ strength function and nuclear
level density. It was also found that, despite certain discrepancies between the measured FACS values and
theoretical calculations, the overall variation trends remain consistent, indicating that current nuclear reaction
models still have room for improvement in accurately describing Fu isotopes. Additionally, the experimentally
meastured IR values of '5?™Eu agree well with theoretical predictions. These results not only enrich the
production data for '52™!59mEy byt also provide experimental constraints on existing nuclear reaction models

for Eu isotopes.
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