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Remeasurement of 2“2Cm Half-life
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The half-life of 2*2Cm has been remeasured by three independent
methods. The first method was o-activity counting with a 27 proportional
counter which was the same as that previously applied, and the second one
was a-ray spectrometry with an Si detector with relatively low geometry.
The third method was Y(X)-ray spectrometry with a pure Ge detector for low
energy measurement that has not been applied yet by anyone for the 2420
half-life measurement. The overall weighted mean of the measurements was
161.41 d with a standard deviation of the mean 0.28 d. The 2*2Cm half-life
value remeasured agrees well with our previous measurement result (161.35%

0.30 d), but shorter by about 1 % than values reported by the others.

Keywords: 2420m, Half-life, Remeasurement, Highly Purified Samples,
o-activity Counting, 27 Proportional Counter, a-ray Spectrometry,
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1. #

il

F 2 v h-2020F, FRFERETOTEREFEE 2D | FREEREONY B VT RUERER
DERRCERSEICBWT., EEEFICBI 287V b = ARGEOEREROFYHERICS
WTHBERENT — ¥y PERIN TS,

Hxix, 2 m EAREBERHEBEEZ AW T aBETRERHIET 2 2 &2k D ***CmO¥EHi%161.35
+0.30 (1c) HTHBEWELEY, L L. ZOfEE Table LR & 512 BERDXBE " &
D1 % BMETH > 1=, TDH. 4V KD S.K.Aggarwal 5’ KU HEED R.A.P.Wiltshires ™V
DOWENRH BN, WTFRHREROBEL —FH L TW3B, ~N)VF -0 R.Vahinbroukx*?’i&, 2*2Cmo}
FRHAC BT 23R A L. HEXHE (recommended value) & #MDAFEEX (uncertainty) (1) &
LT, 162.9440.06 HEHE L TWB, T2bE. BLXOHUMEDHN. ChETOEOHEMELD
BEODZER2 > THEWERAEZETWS, EOHEEIE KEHSNTRWA, **2C mOBEREIAD
REG7VF /1 FEEOEA. REGOBE* " AmDEBEARLELXONSBRERRIZ, ELA
EETHEENEDOEBHL VRS BRBFFIEATZ2HDOTH 5,

FZTHLIZ, BE *"AnEE07 A YU L BRHEEOREIET’CnE I NF VT BT
HETEMBEORER 25 L. BEBE0BRER B L 2*°CmO2EEHORE R HE 2RIz,
SENE. BiE E FRER 2 7 ARSI SR W7 0 R a iEHEEEEDM. EYA A b —TO
ARFARZ b A M) =2 & BHE. oS EFTHREINEZZLDRWY (X)IARTZ ba X b
) -tk BPERTTH 12,0

2. BRI CmOFHE

RO 7 2 v Ak, BEXNETV b= ARIREELR ONVT v RRESEREBRIRE - #91 %
FIMA, 1 ) Do - BRI L7=db0D. RCIMTRT1IEMBS LE7 XY Yo Ls (P**AmO02)
ERBELEDDOTH D, iR, 75V, 2TV LKRET IV b= LA SIBERER % AW i=k2
4 7 UREE | BAFERYD S IEB R © VBARE AR & UREA & U REE Y %
DEERDFOFHLIATED & RIERARIC L 5851 7 VRERES ICE DLz, 610 F
2 UL EDNEIE 0.5M 2-E FaFv-2-7abd VERIAHK (pH 3.55) [a-HIB] 2iABHRK L L7=F3
AZ VBT N T 57 4 W EBERGE LiTo e ZOT7 RV YILLF 2 T LONEEEICD
W, Bthid. REERAHEHW=EE1 4 VTR & D a-HIBABERIZBRE 7 X ) VU LR
281z, £l BEDOIMTREHE 7 XY YD AIZOWTHEBRTO A THRE L,

WS, 7 A Y V7LD alifiiEeid #4.4x107 BaThHo Tz, affEAR7 MIVERIE LT, 44
BENTWE 2 2UCmIZE<BREINEZL2HEIDE, . YRRAXRI MVERELT, 7
AU LOFIEERYTH 52°7 2°°Np ., 2°°PuRUBDZERMER2BRE LI L bR L.
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Table 21, aif AR PVEHHRERPOHEE Lz ZhEAD T 2 Y v LAERHKFEL (Aton %)
219,

BB N7 A ) U MIXERE 241,242,230 FEHER S H . KD & 5 RIHRICEE TS (FiE
7 —#i&. 1AEA Technical Report No.261 &k D E[FH L) :

x
24 Am(432.7 y) » 2*’"Np(2.14%x10° y)
a:0.48% B~
242m A (141 y) — » 28N p(2.12 d) ———» 2°°P u(87.7 y)
1T:99+% B:82.T%
» 242Am(16.02 h)— » 242Cm(162.94 d)
EC:17.3% '
» 242P 3 (3.735% 10° y)
a B~

243 Am(7370 y)

» 2°*Np(2.355 d)———» *°°Pu(2.411x10* y)

TROH. FHOT7RAYYIADPSIE F2Y AL LTI CmBEIMERTIDT. ZOEEIL
TRV VT LMNS, B BREBBELERNICE 2 ) D ADAREET 22210k, EME??Cm
E(E% BB LNTES,

NVT /RN SRR U= 7 2 Y U AFRHCOWTIR, H107 BEE L =%, EBAREEW-
BEA 2 VRO BEC K FEERTH B R TV = AR TV k= AERHERRE L. X512
7 AUV LAORRDBE L 2 FRRR a-HIBAHKIZ L B854 4 V7 uv b5 7 1 BRWTAE
BMUTeF 2 YT LEINF VT LTz, COBADISEEINEEFig. 1ICRT, OB/ A VRRrav
T S57 12K BEERBGE LTV, 7.4X10* BaD2*2Cm A2 B THIERR 258 L= (Fig. 1 Of}
WERSY) o IRETT X ) v LAFRTIR. 2BHEOFRETRIX10° Bad?*?CmE I VE VT TE 1,

3. FRIHE Ik

SVFHEZIET 2010, 27 HFFHERERICLD 22 CmDL a BEHREREERE L TR
DBTE ARV T A MY —TaffARZ MVEHELT 22CmiciEET 2 a iEHEE — 7 0H0 5
RDOBTE. KOy (XFEART FVEHELT 2*2Cmo a B ENRET 28500y RUX
TRDFEBE M BRD B FEERMIICAWE, B ehORIETEICHE U -8 OHIE RN 2 /8 LT,
130 H» 5160 HiZb7z>T a 7213y (X)REIEER FiE—EHIRHEICEEF Uk . IRETRERIEEIX.
TRTEET - F Frantic—2' 2 WTEIF Lz, UTiC®hehoRAkFs & BEHEEHIEIC oW
T3,
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3. 1 2nfEHERESICL ZHE

HERRHE, ¥ VoIV ($24 0.1 mot) HICEKENARER T L. RFEREREBREA L TR
Fb0THD GREMTEHIEENS m) . BN EE—ED a kgt EORER k% 5 EHE
WHRWED, SEEZDREDOD D% 5E (8 4x10°~1x10* Bg) Bk L7z, PRFA 71 —&
2 m IEFIEHBE RS 2 AW T, £ aligtie? 1 BB 5y Aficbizo THIE L =,

IMRI (Laboratoire de Metrologie des Rayonnements Ionisants)d2*®Pu. 2*°PuRkU?**Am
D a JASTBEREHERSIR R U RINARTIREIC & DERIE X N /=2°°P ufgii *° ' 2 v RSO ER)
REEZY— Ul BMAFZL LZOWTHERTEZIZEDE (2.57X107° B)TH-> EHHIE LTz,
22CmOBEEERY P ud a iz oW TIE, B ORFHAN8T. T4 ETHBH L LT ***Cmi
BHZDWTHIE Uiz a BETHESRE 2 MET 5L L bic, LEPE 2 CmllERB O affA <y b
RHE LT PuEEBERERL -,

3.2 aifARZbuAbY—IC&BHE

H&MH($24 mmx0.1 mmt) EiCfE5 mmOFEEICA Y TN 7N a2 - )VHRTBE*D TR LI
X OHIERRIE 218 (9 4.44%x10* KU* 1.85x10* Bq) FE L=, HIEICIE, 2hehILL 7= 2
BEOaffARY FVHIEEB LW, HIERIE. Si surface barrierBHgR (AN T v 748, 13-
100-100) XU* 4096 ch PHA%RFW., TEBEFHEY A X Y —THIE LIz, EYF A MY — K57
BERED R RIE. 72 & AHERRID SIS E TOHR - ARFDED DT R UHERROFRD
FEME LT, BEBEHEBAOEHEZWAB N TEBZLICH D, WEICH > TE. Gt
BEDIEWVGREHI DWTIFF O EZEF = VYN =2 AN, EEF0REHIOWTEF v YR SHEIEZ
FrUN=-2FAW, SiHB»SERE TOME (Fheh, #¥13 KU 5 cn) 2EE L THIEL
2o Fig. 212 2*2CmifBtD afFAR 7 P VD 1% RT, 2**CmDa TR V¥ — 6.113 MeV (74.2
%) KU6.070 MeV (26.0%) (ZHHY T BTHBED A % FRIAOBECMHER L. BEFE°°P u (5.499,
5.456 MeV) BRI 1=,

3.3 YBARZIOAMN) —ICLBHE

770 ViR (5 emx5 emX3 mmt) EiZ. #I5 u £ OEHME?°CmIEMAREZE T U, RRE R
TR (#1.5 emX1 mmt) ZEARHIHET X VT4 VI T—TTEETR I LIZLD VIEANR
27 FIVEIEFRRE (1.85x10° Bq) 2B LIz, Fig.3 1ORT &5 REE T, MERRZET R VF
—HERFG e 7L F —BRRHERICEE Uiz, 2*°Cmav#F (44.08 keV) KTV h=Y LD L
X## (La: 14.2keV, LB=2: 17.3keV, LB1: 18.3keV. Ly : 21.4 keV ) ZHEL =,
Fig.4iZ, Y (X MEANRY MV 1HI%ZRYT, 17.3 keV LX#IE, ***CmOBERE **°Pun sy
VDL B1X## (17.2 keV, Abundance (LBL LT) :7.41 %) &Eizh, ***Cme}@ii% K
B33 X TIRBAYTRWO THESED W=, 2*2CmD44.08 keV (Abundance : 0.0325%) ¥
BH22PuMsD YR (43.498 keV, Abundance : 0.0395 %) L XBITEWhl. BEORIZER
TESEMD TN (F0.3%LLTF) OT. FRIEICH W=,
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4. PWERERKOEE

EAWERERE RS £ LT Table 3ICRT, 2 wHFEHERESRIC L BHE T, 5EDRE
DOHEBEEE KU ED standard deviation & LT 161.86+0.62 HAE o=, BiENZEHAR. BIEH
AL (FiE540 H. SH 154H) | - THIESE D2 (HilE 59~106 &, 4[E 21~26 &)
EHDEMN HEFREMok, LML, ZOMER AIEOME 161.35+0.30 H &EZDHHAT—HLT
W5,

—7i. aff ROV (XMRARZ bax by -2 & 3HERERS. £heh 161.9740.42 H KU
161.11+0.26 HR22#RME O N, 2 wHHEHERBEOBREL —B Lz, ZhoD 3 HFiE0L
EOFWEFENE 161.41 H., #0 standard deviationik 0.28 HTH -7z,

INETH/ONE22CmEBMEADSCHRE 2 11d. Table 1 IRENTWD, BHIEDEELE
ZODHEMEDHN 1 BIEBFEVMETH - 1z, RV EML DECHEShDHEBE LT,

@ BN ET22°Cm & HEWERE b OREMNERHIBEAT S,

@ HEFARFD*2CmoD 1EA, FHREED 5 Lo52BEXhD (FHh, ZTOELNE) |

@ aRBkicL DIRIEFE 2°°P ubSIARIREDN SRET 22 MH Y . **°PudBESERE LT

RERDTES

ENEZOND, QLTI 2BTRREESIFEROT X)) ¥ A RUBRGE ***Cmid+5
BRRERZTOHIORERE LTWBZ L HDoaff kU y (X FRAXRZ ha A b)Y =2k D EBhiHE
BLTWBZENE, EOXIRIFEEDEREAL X ohizv, BAORIDSHAHMEIE. TXRT
PECMENRBEIDICEEBO D TH D, QRUGIEHLTH. Dby (X NFEART b
FY - L BHER. AREBH L THELTWBDTH D 22V, 2 m EHEHERESR RV af
ANRYT b IVEIESREE WS ERHIEICB W TIE . QIB LRHCHE U, BIERUANIERERSIC
REFELZ, affART b X M) —ZEBHEBICBNTIE, **°Pu2BR**CmOFFHOHN S
SR LEOT. GIBET BHEER W,

—J7. FEHNEEL D RHEI WD EHE LT, BWE T3 ***Cm & EWERTE S O
BOEBANOEANEZ OGNS, HIZE, BEROT7AY VI LN6F 2 7 AODEBAZLTHN
E. #2997 L0FEME 242 2 CmDBFEEDN. £EINFVITOBRERO 7 XY ¥ LA KTEDAR
BERYD SOBENLEZLTHIE, HEBD 24222 Am KU **"Np, 2°%2%2-292pyup
FaENERERZZAONS, b LA CmOBEFE* " AnMBEA L TWIE, BIEFER°Cmo
HRAFED 12D affART A DY —i2&D *2CmOAOBEEERBIELTH. FOREHIIED
PECmO¥FHEL D IIRELS R B,
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5. %

ECmOYFHE FHE L, 27 HFEHERIESE AW E L a RETEERE. BV 42 by
—TOafFART b X M) —IZXBHE. 51T *2CmOERWFAE L LTIRSE THES
2lEDRNY (XREARY bux MY =2k BHERTV. ***CmBEREORELZ B L=, &
NoOBEFRERIZ. Eheh 161.8640.62, 161.97+0.42%1°161.1140.26 HTHH . 2hbDH
BEPHEL LT, 161.4110.28 H%&18%, Zhbdid BiEOFR~Z OHIEM 161.35+0.30 HD L —F
TDRRTHIN, ZOMEIX ChFETOXBE V&0 1 %EEEVWVETH S,

=

FRETTL b = AR AR U RHARIC 1 . PSRRI 2 L & v . {7
AL VY — DREFEOIAEBNE, 72 ¥ MRS . (LEIHREHLEE 1 st
NFIHROEITRIC K DI N, $7. TALABREENEHREER TER (BHELBmEK
R) MoB ORML BhEEnE, DKL IR B LT,
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Table 1 Comparison of measured 2“2Cm half-life values.

No.| Authors Year Method Period of Half-life
(Reference) observation (days)
(days)
1| Hanna et al. | 1950 | a spectrometry with 300 162.5 *2.
(Ref.2) low geometry
proportionl counter
2| Glover and 1954 | a counting with low 210 162.46+0.32
Milsted geometry proportional
(Ref.3) counter
3| Hutchinson 1954 | heat output by 365 163.0 1.8
and White calorimetry
(Ref.4)
4/ Flynn et al. | 1965 | a counting with 27 1187 163.1 *+0.4
(Ref.5) proportional counting
5| Kerrigan 1975 | heat output by 287 163.2 +0.2
and Banick calorimetry
(Ref.6)
6| Diamond 1977 | a counting with 260 162.76+0.08
et al. intermediate geometry
(Ref.T) proportional counter
7| Huan-Qiao 1979 | a counting with low 308 163.02+0.18
et al. geomtry proportional
(Ref.8) counter
8| Jadhav et al.| 1980 | a spectrometry with 237 162.13+2.25
(Ref.9) solid state detector
9| Usuda and 1981 | a counting with 27« 540 161.35+0.30
Umezawa proportional counter
(Ref.1)
10| Aggarwal 1982 |1)a counting with 250 163.17+0.11
et al. proportional counter
(Ref.10) 2)a spectrometry on 208 162.82+0.26
synthetic #*%Cm-24*Cm
mixtures with solid
state detector
11| Wiltshine 1982 | a counting with low 490 163.03+0.16
et al. geometry proportional
(Ref.11) counter
12| This work 1990 |1)a counting with 27 154 161.86+0.62
proportional counter
2) a-ray spectrometry 163 161.97+0.42
3)y ,X-ray spectrometry 133 161.11+0.26
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Table 2 Isotope abundance of Am used as source material.

Isotope Pu-U fuel Irradiated 2**AmO:
241pm 98.0 % 80.2 %
242mpm 0.14 1.5

243 1.83 18.3
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Table 3 Experimental data and results of 2*%Cm half-life measurements(100-160 days

counting).
Methods Sample name Number of Half-life
(Ba) measurments (days)

Gross a counting Cm-10 ( 4% 10% ) - 26 162.55 + 0.66*
Cm-11 ( 4x10® ) 21 161.24 + 0.49*
Cm-12 ( 1x10* ) 24 159.13 + 0.83*
Cm-13 ( 1x10* ) 24 159.83 + 0.80*
Cm-14 ( 2x10% ) 23 162.80 + 0.34*
Weighted mean (n=5) 161.86 + 0.62**
a ray spectrometry Cm-03 (4.44x10* ) 21 162.17 + 0.22*
: Cm-06 (1.85%x10* ) 21 161.07 + 0.47*
Weighted mean (n=2 ) 161.97 £ 0.42**

¥ (X) ray spectrometry Cm-08 (1.85%10° )
14.2 keV [ PuLa ] 20 160.78 + 0.40*
18.3 [ Pulgl ] 20 160.98 + 0.46*
21.3 [ PulLy 1] 20 161.67 + 0.61*
44.0 [ ¥ ray ] 20 162.26 + 1.03*
Weighted mean (n=14) 161.11 + 0.26**
Overall weighted mean (n=3) 161.41 £ 0.28**

* : Standard deviation (o) for the half-life value of the best-fit decay curve.
** : Weighted mean = Zxw/3Zw (w = 1/62 ),
Standard deviation of the mean = JZ (x-x)%/(n-1) 3w .
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Fig. 1 Purification of 2420nm by cation-exchange chromatography using DIAION CPK 08

(35um) resin and 0.5 M a-hydroxyisobutyrate solution of pH 3.55.
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Fig. 2 Alpha-ray spectrum of purified 2*2Cm ( The energy values are given in MeV ).
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Fig. 3 The arrangement of 2**Cm sample in 7y -ray spectrometry.
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& S|A = b o m %, ¥, B | min, h, d 10 = 7 4 E
" B(+o07 54 kg B, o, | °, ", " 10'° < 4 p
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# 8 1 PS (L 1)
® 1055.06 107.586 293072x10°* | 252042 | 1 778.172 6.58515 x 10%' =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 10" |  0.323890 | 1.28506 x 10~° 1 8.46233 x 10'* =735.499 W
1.60218 x 107" | 1.63377 x 107%°| 4.45050 x 1072°| 3.82743 x 1072 | 1.51857 x 10722| 1.18171 x 10" 1
i ¢ Bq Ci :‘&2 Gy rad g:i C/kg R ﬁ% Sv rem
l 1 2.70270 x 10-! @ 1 100 @ 1 3876 % 1 100
13 & g {4
3.7 x 101 1 0.01 1 2.58 x 1074 1 0.01 1

(86 % 12 A 26 BB7E)









