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Fig. 1. Schematic view of the experimental setup for fission

fragment and X-ray correlated measurement.
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Fig. 2. Detection efficiency curve for the low energy ger-

manium detector.

SRR AT R R BT X T4, SRR
ST A HRNACRE S X FH&my A &A%, i
FRMZHBVEW R TERAESE 1 ns WA K X 4
2R 1011 YRR S RAT ) 1 emy/ns, K AT
AN AW SBD RATHIRE - (R ) 6% ) 78 2S5 T
JEAT 1 em BT & S K X §128; SR er, B b
A 75 19 SBD & S IFAR Pl BH 1k 72 S A, H K
X SR KA 52 228 BN 5. G 3 SR A A
FPASEAEL 2 HA AR 0 2 G K X R 1R 246 X R
ORI, WA 3 FR, B R R, Sk A i
R K XM ZERINBOR sk A 5 8 R 19 = 29
7%, 155 S5 A B ET A R S A
KE—F

142501-2


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 14 (2024)

142501

—=— X-rays from forward fragment

1.9r —e— X-rays from backward fragment

1.8}

Fe e
L6} W

1.5}

Absolute detection efficiency/%

15 20 25 30 35 40
Energy/keV
B3 7 o X F 2 %R R

Fig. 3. Absolute X-ray detection efficiency for the corre-

lated measurement setup.

2.2 HTHRRHE K X §iEkpeid
[Ml—JCE M Kal 5 Ka2 Sf£ERE= AT, HAE
i 2 22/NT LEGe W= 0 PRGN, [RF TR
Ko 5 Kp 546 fE A2 1.5—5.5 keV, HBEHHL
Tar BICAR BE I 2 3G A, PR K X TR BE i
i AR BN e S L At DAY
SO F A 2 1) 5 AR AT A K X B2
RETE AT LT s &
N 4 E — ﬁ 2
Y (E) = Z P; > Rjgexp <(202’C)>
j=1 k=1
+ B (E;), (1)

Ry

4 )
> R
k=1

Horp, ®51 JREAFBITER; P RS ILRE K
XM ERAXT R AU R I K X G RETE (15

(2)

-
gk =

Kal, Ka2, KB KB2' PUFF K43, 45 5537 F
Wi ik, R, M Ey, (k= 1—4) 51N 4 Fh
K X 2431k A AH T 5 B RSP 2 B a0 o7, LA
FEA H SCHR [16] 45 5 & 0o A B9 D 2% o B
TR RER PRI E; B (E) AR 5Tk, £
TR H RIR v SFLRNRAE W A v 2k, R I 22 0
KGR, T24E A TAE T 238 88500 %
X SR REIE R FEMAAR N, TEAR TSI AT L) 200

] 4 JT7R b 252CH(sf) AR R K X 25K
Bk Ak, PUA S5 S R AT A A A 2 4T
s T R GRS o HEEE T, it K X kg
T AT AR 47 i 43 BE AT B Z = 39—62 [ LA i
h, BT HE AZ (CEESE) 2920 0.7 A HL A LA

2.3 HNTERWNESH
X RRE AR R R 2R IR 1 B gl F 7R

1 MeV/u 2247, (R RE 5 2 - 5 57 80 245 08 i 7
sz W) T A7 A 2 PR B i Nz [ R 0071 A7 AR T
YEAE K X G2l FEmt b3 o B fapbnid it AT
SBD WyRERZIBE, ZI B FE A~ BR. B e A
FE LT [ B AR Schmitt 777k 181 25 1 H:
FEIERE-REE XTI OC R, ZIE T REFRR A

E(Az,7)=(a+d - Az) - T+b+0 - Az, (3)
_ ao /_ a6
“Ph-m Y T PR-Py
b= bo — GI:)L7 b/ = b(/) - allj]_7 (4)

HHr ag, afy, bo Al bf 2 5 R R AN #5247
HH I H B, X T 292Cf (sf) WAl Ortec F FR 731

a

Tc

1600
1400
1200
1000
800 ;
600

400

200F

Cs

Exp. data
——— Fitting data
Background

15 20 25

30 35 40 45

Energy/keV

Bl 4 %20f B R AR HE i K X I RETS
Fig. 4. Fission fragment K X-ray energy spectrum for 22Cf (sf).
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Fig. 5. Energy response of the silicon surface barrier detec-

tor for typical fission fragments.
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Table 1.

kinetic energy of fission fragments for 2°2Cf (sf).

Average kinetic energy and average total

EL/MeV  Ey/MeV  TKE/MeV
ARIAE 102.4240.02 78.65+0.03 181.07+0.04
Weissenberger!'?! 102.61 78.42 181.03
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Fig. 8. K X-ray yields of fission fragments as a function of

nuclear charge for #2Cf (sf).
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K X-ray emission and kinetic energy-nuclear charge
relationship of 2*2Cf spontaneous fission”

Liu Chao  Liu Shi-Long® Yang Yi  Feng Jing Li Yu-Zhao
(Key Laboratory of Nuclear Data, China Institute of Atomic Energy, Beijing 102413, China)

( Received 24 April 2024; revised manuscript received 1 June 2024 )

Abstract

Experimental study of physical quantities after fission provides crucial insights into the fission process,
which is an indispensable way to test the fission theory. The characteristics of primary fission products before
beta decay are of great value in unraveling fission kinematics and nuclear energy applications. However, the
measurement of the fragment charge has always been challenging. Multi-parameter studies related to nuclear
charge remain relatively scarce. The deexcitation of the primary fission products may undergo internal
conversion and is often accompanied by characteristic X-ray emissions. Therefore, the correlated measurement
of fragment kinetic energy and K X-rays for 22Cf spontaneous fission is conducted. A silicon surface barrier
detector is used to measure the fragment kinetic energy, while two low-energy high-pure germanium detectors
are utilized for K X-ray measurement. Identification of fission fragments with Z = 39-62 is realized through
characteristic K X-rays with a charge resolution of AZ = 0.7. Fission fragment K X-ray yields exhibit a strong
charge correlation, with an odd-even effect factor of about 13%. Based on K X-rays, the post-neutron-emission
average kinetic energy, average total kinetic energy ((TKE)), and its dispersion (orxe ) of fission fragments are
determined each as a function of nuclear charge. The kinetic energy distribution of light fragments shows a
pronounced odd-even effect, with even-Z elements exhibiting kinetic energy enhanced by about 0.48 MeV
compared with odd-Z fragments. The peak of the ((TKE)) distribution is nearly Z = 52-53, while the minimum
of the orke appears near Z = 56, indicating the significant influence of deformed shells in the highly asymmetric
fission region. The post-neutron kinetic energy distribution of fission fragments from 22Cf (sf) is calculated by
using the GEF model and CGMF model. The CGMF model effectively reproduces the overall trend of kinetic
energy as a function of charge number, while the results of the GEF calculation are systematically higher than
the experimental values. Nonetheless, these two phenomenological models make it difficult to quantitatively
describe the kinetic energy distribution of fission fragments accurately. In this study, the insights into K X-ray
emissions and kinetic energy-nuclear charge relationships provide valuable reference data for independently

measuring the fission yields and verifying the theoretical models of fission.
Keywords: fission fragment, K X-ray, nuclear charge identification, fragment kinetic energy
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