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HE: Lu(n,2n) ™™ Lu(n,2n) P Lu RN EE T FRE NN T EHEEHA, HzWamatiEiE g
¥ HHPGeHE M BN E, Xt FE T eLuf PLud b E iy #E L HEE T L RELMERTE. &
TEWFNZHEE S, RHENDF/B 7.1 # JEFF 3.1.1 K EESE T BLuf T Lu L 28 foy 540
EELEEFELHE, LF P Luly #4 L4 /LEENDF/B 7.1 & L JEFF 3.1.1 & 2k k&, HMiFn
BEFTNKEEEE . EFERTHAR N ET wkE FF20 MeV R THERLEYDEAFT &
A V3 Lu, TS B AU M ER, FOE 3 IR B R (LRIMS) A0k E R B R (TIMS) 74 B AL &
BHEMNET ZERF PLuf ™ML £k E, KREFENEREEHPGe BN E FHATT H 7T EWRE
ME, ZHPLubyFEFEIH A 145 a, WEA TN 1.37 a®6.1%, 636.1 keV v 4T & & 5 L #h s 2
A, LWENDF/B 7.1 8 IFHHERET%. TSLutZ AWM E L £ 3.37 a, HLiPH#HKE3.31 am 4 1.8%,

14T, 76.5 keV 79 1241.8 keV' y 4 % 85 % 4 JL % It ENDF/B 7.1 #03% { 348 4 A1 % 1.87% 7 12.8%.
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AR B TP Lu, T L A TS L (R S T R S (R
212 x 107 Bq), H LRIMS [A £ & # B % (6 B
F AT Lu) s B 1T Lu F T e L % W ) B
N4.676 x 10" /mg A11.092 x 10" /mg, & Bt
AW FE Y 9N 1.2% F11.3%. %45 B [FI545 31) TIMS
[ o7 25 7 B 5 B 36 AEP), W9 Yb X Lu 19 38 7T L
g FIZIEWE & T 4 AU R, RS E
I HPGe BRI 2% HE4T 73 7 4EMIE, A 7 13Lufn
VTAELu 2 38 AN By SR 0 RS LR SR
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®1 BHEERVHERAELHLE
7% S 3 AT R By /keV ENDF/B 71 Py SRR

78.63 11.87%(1+3.60%)  11.16%(1+£12.1%)

100.724 5.24%(1 + 3.68%) 4.36%(1+£12.2%)

1731 4 1.37 a (140.7%) EC (100%) 171.393 2.90%(1 £4.92%) 2.81%(1+13.9%)
179.365 1.38%(143.78%) 1.19%(1+12.0%)
272.105 21.20%(143.63%)  18.00%(1+11.1%)

636.11 1.45%(1+4.61%) 1.31%(1+14.7%)
44.683 12.43%(1+£3.10%)  12.46%(1+£2.25%)

IT (99.38%) 67.058 7.25%(1+2.99%) 7.27%(1£2.09%)

. 76.468 0.06%(1 +£4.12%) 0.06%(1 + 3.96%)
Lu 142 d (1£1.4%) 176.653 0.47%(1 +4.04%) 0.41%(1+6.69%)
EC+B™* (0.62%) 272.914 0.55%(1 £ 4.46%) 0.51%(1£5.35%)

992.077 0.55%(1 £ 3.85%) 0.54%(1£2.07%)

1264.98 0.02%(1£8.27%) 0.02%(1 £ 7.64%)

76.468 5.93%(1+£4.77%) 5.91%(1+4.85%)

17481,y 3.31 a (1£1.4%) EC+B* (100%) 176.653 0.01%(1+5.01%) 0.01%(1+5.22%)
1241.847 5.14%(1+2.53%) 5.14%(1+2.93%)
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DL By SR I0 R A AN ZCR. RN B 4% 25 mm
MIPEACTR, 25 3T A ML B3 ) R ) B AR VR & e i
SRS &0, B RTEE A VLIRS, (& TR
i E— 2 H4% 25 mm PIEKIF AT T2 —RKTF L
PR, AR5 W TOUH P 5 0 /0N O Hb 3R 78 Y5 5 v D 4R A R
g, 2950 mg A7, 0T U PR R AERS B RS
RKFLE=ETER BT, & EAEVBEENESSTF
P& 3 &, 4% HAE HPGe 3R 00 2% 1 0 & 10 03 1
P B Lu AR DL ZI BRI 2% (10 °°Co, 'P?Eu.
133Ba 1 24 Am SR8 4% L3R 5 i £
3.2 HPGeiRMBHIERZIE

WA B — A R &l P A HPGe 5 W1 88, %t 59Co
1332 keV vy WM BEE S HEFE N 1.7 keVo R E5 3K
R % FE I 1 58 F Y52 Ea A1 33 Ba U IR 4 0 % B TR
T 28 122 ~ 1408 keV Fl 53 ~ 384 keV 2 [8] (K AH XF 45
MR, ARG X P2 Eu ZI B 1) 244 ~ 1408 keV Z [A] (1]
IR 3 IR 2 T AT A, iH5H %0Co 1173.2
F11332.5 keV 5t 2k DL 133Ba 356 keV 5 £& 1) A0 X 3%
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JURMBEY K H ENDF/B V7.1 ¥R E R 5dE. &
(1% AR I A 1 P 7 HP Ge 3R I3 7 _HiR A & X
) (R R 8, 5 U0 D S 36 A A DL A1 1) i 22 7E 1%
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#z 2 PRRNBRENIERNIUERE
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1.676 —61.18 606.9 —3313.3 9983.8 —13541
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3.3 IPLufeITHIR SIS 8T L%

7E6.75 a B N, F iR HPGe #RIMZZXT 4 /4 Lu
(RO RE R T 156 NRERE, M T TP Lu 4R E y
SR AN, e (4) BEAT BdE b ¥ FAr s T 2,
LA HIRIZR S TR 3, AT WL FH AS ) 5 28 1) e T Ak A7 40
A I LR E AR A (ARG R AL > 0.9999), FRIZEA,
B P Lu PR AR I R A R S A

R, N1.511x1078 s, BIY3Lu L= AN 1.45
a, HCHBTPAIEE 1.37 a5 6.1%.

0.5 1.0 1.5 2.0 P 3.0
15 (x10%

2 (FELEE) P Lus R B S E
* 3 PLuByHLRIERE SOANEL AR LER

Ey/keV  #Hilfia FHD(x1078) LMK RHR
78.6 —2.15 —1.515 -1
100.7 —2.97 —1.525 -1
171.4 ~35 —1.519 -1
179.4 =4.28 —1.509 —0.9999
272.1 —1.52 —1.507 -1
636.1 —4.13 —1.506 -1

FERTIME —1.514

KT 03 A8 B R (3) A P La By 4
LIRS LR K5 ENDF/B 7.1 B VP4 3008 1) B 8
W4, A WFy 2L 272.1 keV RS LZEH 20.66%,
FEAT A &5 AR 2.53%, 78.6 keV v BT R BT LR S
PN 45 RIEAR — 5, 1H636 keV vy HLIRHILEN
1.55%, WY RE 4 7.1%, HAb S iR 8 LR
T 3 AR AR /N, 22 E 5.4% ~ 3.4% 2 8l % B,
HRHIH A EH, MERy S &R ILES T
ENDF/B 7.1 Fg [ oA B0 2 44 i 5y 10% LA b, Ho2x
BRI B BUE O REA 2, X il (3)H e I
MEZHERNARAEH SR, XENHEE, HNET
VT3 Lo 1 J8 7 B LA /T 2 5 I R) P A0 S A%y
SPERIIOREE, WS ARH HON y AR S LRI 5 R
MR 2. (H 636 keV v ST 2RI A5 JL 2 I v 0 K A
CAFRA, WTHEAE MR 2 [ 636 keV TR AR = B
.

T4 "TCLuEEyHRHLHILE

ENDF/B 7.1 ATAE 5 o /%
PR=A keV - - N N 5B 7.11 g
el ke R % R /% R % AT % /%
78.6 11.87 3.60 11.81 1.12 —0.53
100.7 5.24 3.68 4.96 2.34 —5.40
171.4 2.90 4.92 2.80 0.54 —3.40




% 4 1] Wi bR 175 Lou BTV Lugs A K 0 521 -
SR 4
ENDF/B 7.1 AT AE . R %
feE /keV 5B 7.1m = 1%
et /e R L% AR/ % Rt L % FAZ/% /
179.4 1.38 3.78 1.32 1.25 —4.62
272.1 21.20 3.63 20.66 0.64 —2.53
636.1 1.45 4.61 1.55 1.19 7.06

PAL748Lu 1 76.5 keV A1 241.8 keV -y 5 R W 11y 98
FERLE YT Lu AR B L 3 B, A HIALR
Al —6.304 x 1072 s F1 —6.510 x 1072 s7 1, 2tk
FHE REA 5125 0.999 7 F10.9999. 1T 1748 Ly 2 %2
R R 2 A 52, HAERE R b i .
I BT 1748 Lu f4 76.5 keV S LRI RGN 5 32 BT,
YTAELu (Y FEAR RO 748 Lu (1 1 241.8 keV y B 2RI (1)
BREEIL A LS, H6.51x 107%™, BRI N 3.37
a, LIPS 3.31 a Mm% 1.8%. Fi% 348 & A
BHUE A RS 19 76.5 A1 1241.8 keV vy STk K
WLEWE 5 prol. WNEPHEH, 5 ENDF/B 7.1%
I VFAN O A L,y S5 28 10 R S L3R 100 S 36 I A Sy
MK 1.87% A112.8%. 1241.8 keV vy S 1 K 5 T LH Aw
02 22 0 T DR T i 2 1% B 48 32 R AR 3K 85 A b 214 Bi
1 1238.1 keV y ST L& 52, BRI 1B R P g
W, WATKIXHANEX >, FEOFER1241.8 keV
v SR RS LR . A AN HPGe 3R 234} ¢°Co
1332 keV v ST L& R | 7 MR N 1.7 keV, 3 HERE
s[RI 7R RS AL PRI VY 2 T 21Bi 191238.1 keV vy

0.5 1.0 1.5 20 25 3.0

t/s(x10%)
K3 (fELER) LR E A E
10"
10° b

Counts per channel
=
T

1 (
P I I T I PR | PR
1220 1225 1230 1235 1240 1245 1250 1255 1260

E /keV
Seemm. F4 G T AR T/ERN IS0 2K 1238.1 " N ! R
HT 2418 ke Fy S5t 24 il J% 030 0 0 T AL 0 - 51 4 (EEPR) " ln 12418 keVIDLIRER R
. AR HERERE
o
x5 TeELuxEyHRMKRHILE
ENDF/B 7.1 ATAE . i
A\EE_ k V —B 71 N " %
R /e KA ILE /% RHERE /% Kt L% /% BEAE /% ’ /
76.5 5.93 4.77 5.82 2.93 —1.87
1241.8 5.14 2.53 4.48 1.29 —12.8
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4.1 FREPNENTHEEITE

P JII A SR AN 5 P T ORYRAT T A
G AHERE, AFEEENEMEGERZ N mE, £
KB AR T, R AR R, SRR e TE B
LR B HAR R (3% 6).

4.2 YHEEASILENTHEEITE

v R RS LRI A R A AR
KVEAE M E T EI R A ERE, ANEGEE LS R 2
I IREA 22, A2 BE A BV E IR 32 B R I 2% 2%
SRR G5 RN B, GRIBRARE r AR I RS 5N A
SERE, FUEFRE G| NI E . SN EAZ R K
Ao AR M. BRI B R R B 2 3
fliggm (R 7, 8).
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* 6 FTHNEERWIAHEETEE
ANH T PR I LuitE s R ITdeT up e 45 1 PEE T i A

gt <0.1% <0.1% A

AN Gt 2R 40 B 45 L R] R A i s 22 0.5% 1.6% A AR 2RI B 45 2 T I B e 22

B EAR L <0.5% <0.5% B

TEA AR T <0.1% <0.1% B

HERURI <0.1% <0.1% B e & PR T, BT 20

He <0.3% <0.3% B

BAHERE (k=1) 0.8% 1.7%

TV RATEE (k=2) 1.6% 3.4%

® T YHELRFILENEERTHEENBIITE

AN 7 R

P

i

RV ES

1.0% (59.5 < By <122 keV)
0.5% (122 < By < 1408 keV)

IR BT AR BRI M 28 2 1760 Co, 109Cd, 152,155Fy, 133Ba,
134Cs N2 AmSEBELUXT,  LOE BEN & 45 2R3 5 LEXHER M 7E 1.0% A — B

RITFEAH IR <0.1% TEURHIR A BRI #5525 cm
FRE 0.1% VTin 2 — KR
R ) 1.0% AT S bR AE D) TR B 5N BN S
PEA R E <0.1%
HREIC <0.1% Mo & DL AT, AT 2
He <0.3%
S A 1.5% (59.5 < By < 122 keV)
FRBIRAHE S 1.2% (122 < EYY< 1408 keV)
=8 VHEASILENEEZRTHEEITELER
K A2 B T > é“ VAN N
BE B/kev R | ks TEEIER PR R TR BRI
173 Lu 78.6 11.81 1.12 1.5 1.9 3.7
100.7 4.96 2.34 1.5 2.8 5.6
171.4 2.80 0.54 1.2 1.3 2.6
179.4 1.32 1.25 1.2 1.7 3.5
272.1 20.66 0.64 1.2 14 2.7
636.1 1.55 1.19 1.2 1.7 3.4
174g1u 76.5 5.82 2.93 1.5 3.3 6.6
1241.8 4.48 1.29 1.2 1.8 3.5
4.3 MBLEREE 5 %51

PR S FAHA S FE VPR 45 R, AU TP Lu
TEWIHERESE RN (1.4540.02) a, T8 Lu P2 W45
N(3.37£0.11) a. y LA JLAHER 4 NE 9.

*®9 YHIERAHILERHERFE

R Ey /keV

RIS /% (k=2)

173 Lu 78.6 11.8140.44
100.7 4.96+0.28
171.4 2.8040.07
179.4 1.3240.05
272.1 20.6640.56
636.1 1.5540.05
1748 Ly 76.5 5.8240.38
1241.8 4.48+0.16

KW I IR, WAL M E N 1.45 a,
Ee B AT 00 B dE 1.37 a /5 6.1%. 1 T I B i A
B Y La (5 A ZE M, %A R RS R R
1748w 2 W R S AE M 3.37 a, ELIEM %#53.31 a
B2 1.8%, H TR A L (2
W, MSEE— PN E DR SR, RS ENDF/B 7.1
MJEFF 3.1.1 ISV 80908 BE 25 1 Bl A — B o
Mg, (HERRN RS RSN RS —emE
S, IR AU T X e AL K T S0 I Y
Pk, 1780 0 1241.8 keV FERLE M2 FAb T 50 Co 1
W25y 54k 1173.224 F11332.49 keV Z 0], ZAE&E X
R AT e, B UUE A — . S IX ik
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Measurements of Decay Data of 1”3 Lu and "#8Lu

SHI Quanlin?, BAI Tao, LIU Jie, SHANG Jianbo, ZHANG Xiaolin, DAI Yihua
( Northwest Institute of Nuclear Technology, Xi’an 710024, China)

Abstract: '"Lu(n,2n)'"™™&Lu(n,2n)'"®Lu are important neutron reactions to monitor the high energy neu-
tron fluxes and the residual nuclei, *"*™8Lu and "Lu, are usually measured by a HPGe spectrometer conve-
niently so that the decay data such as half lives and gamma-ray emission probabilities of 1"*™8Lu and “3Lu must
be accurate. There are evaluated decay data only in ENDF/B 7.1 and JEFF 3.1.1 among the major evaluated
nuclear data libraries, where the most data are almost same besides the gamma-ray emission probabilities of
17311 are higher in ENDF/B 7.1 than that in JEFF 3.1.1. Yb metal as a target was irradiated by 20 MeV proton
beams on a tandem accelerator in CIAE to produce '"#™&Lu and '"3Lu, and "Lu isotopic dilution methods
based upon a laser resonance ionization mass'spectrometer (LRIMS) and a thermal surface ionization mass spec-
trometer (TIMS) were employed to determine the numbers of nuclides of 7y and '™ Lu in a solution containing
the irradiated target. Several radioactive sources made from the solution had been measured by a HPGe detector
during the past 7 years and the peak intensities of the characteristic gamma-rays from 7#8Lu and '"3Lu were
analyzed to determine the half lives and gamma-ray emission probabilities. According to the measurements, the
half life of '™ Luis 1.45 a, which is about 6.1% longer than the evaluated 1.37 a, and the gamma-ray emission
probabilities of 1™3Lu is also different from the evaluated data, especially the emission probability of 636.1 keV
gamma-ray of 1"3Lu is 7% higher than the value in ENDF/B 7.1. The half life of 1"*&Lu is 3.37 a, about 1.8%
longer than the evaluated 3.31 a, and the emission probabilities of 76.5 keV and 1241.8 keV gamma-rays of !"*Lu
are 1.87% and 12.8% lower than the evaluated data in ENDF/B 7.1, respectively.

Key words: '"Lu; '™Lu; half life; gamma-ray emission probabilities; HPGe
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