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1) 1. Evaluation of Actinide Nuclear data.
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2) 1.1 Annual Report of the Project CSI-03-95
“Evaluation of Actinide Nuclear Data”.
V.M. Maslov

3) 1.3 Evaluation of Secondary and Prompt Fission Neutron Spectra.
.V. Porodzinskij and E.S. Sukhovitskij

4) Average Resonance Parameters Evaluation for Actinide.
Y.V. Porodzinskij and E.S. Sukhovitskij

5) 1.4 Soft Rotator Model and 245C'm Low-Lying Level Scheme.
Y.V. Porodzinskij and E.S. Sukhovitskij

6) 1.5 Above-threshold Structure in 2*4Cm Neutron-induced Fission Cross Section.
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9) 2.1 Status of measurements of Fission Neutron Spectra of Minor Actinides.
L.Drapchinsky and B. Shiryaev

10) 2.2 The Statistical Model Calculation of Prompt Neutron Spectra from Sponteneous Fis-
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11) 2.3 The measurement of Prompt Neutron Spectrum in Spontaneous Fission of 24Cm.
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12) 3. Measurements and Analysis of the Basic Nuclear Data for Minor Actinides.
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13) 3.1 Fission Cross Section measurements for Minor Actinides.
B. Furnov

14) 3.2 Development of Ionization Technique for Measurement of Fast neutron Induced Fission
Products Yields of 23" Np.
A.A. Goverdovski, V.A. Khryachkov, V.V. Kelterov, V.F. Mitrofanov, Y.B. Ostanpenko,
N.N. Semenova, A.N. Fomichev and L.F. Rodina

15) 3.3 Measutrements of periods, Relative Abundunces and Absolute Yields of Delayed neu-
trons from Fast neutron Induced Fission of 237 Np.
V. Piksaikine

16) 3.4 Measurements of 23’ Np Secondary Neutron Spectra.
N.V. Kernilov

17) 3.5 Analysis of the Evalutaed data Dicrepancies for minor Actinodes and Development of
Improved Evaluation.

18) Appendix Summary of ISTC worksop on Nuclear Data for Mionr Actinoide.
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BAIZ. “Soft-Rotator Model” @ Hamiltonian .
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Ty = —gea(B'ar) @
T7=—137<n7> ®)
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42 sin?(y — 21r/\/3)

Thoban, M. “Soft Nucleus” NEEIZL > T, BIEHIIEN 5 EE X 5 Davydov-Chaban
OHETRD B, {EoT. SEEFHEREIC X > TRERRENELT 5.
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L tb#G, Table 1. 2 BH.
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rr = 1.255(fm), agr =0.626(fm) (8)

WD==an-wQ%;Q+uuLE<muum ©)
=smm4&N;ZXE>m4Maq (10)

rp = 1.260 (fm), agr = 0.555(fm) (11)

Vo = T7.5(MeV) (12)
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Ve = 434-0.107E(MeV) (13)
rp = 1.282(fm), ar=0.60(fm) (14)
Vo = 6.95-0.539E (MeV) (15)
rp =1.29(fm), p=10.5(fm) (16)
Ve = 7.0MeV (17)
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ENSDF I3 EREICE TS ONFERMTHE2DT, ERIZODSABVLRINIETIZAZINTWEES
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1L.3.5 232U OEIXI¥ -5 EmMmR

23207 |3 4D™ 5> D even-even Bi& Bz 1. FissionThreshold Z#/ixty. T ORI, Fig.
13D SRATES, NRBEESERCZD BN 4.2 MeV ETELS BT EICKD. SHUR
BRYRILBEALFERD, DOPEFREIFINE -V BE A 2LDTHS. Fig. 14 Iz
Maslov Dt E % JENDL-3. ENDF/B-VI & l#&d %, REaBMT 26Pu KHRE5N D
(Fig. 15).
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5ETRNELIIT, VRNVEEHETHORMERNTA-IDIE, ERIEKETDHHO
&, Shell Correction Energy §W . Pairing Energy A. Moment of Inertia TdH 5. 5D/
J A—%1d Table 4 KEASNTVALSIFHESIN TS,

75 k- EHBETOKIHHRRAEIL. YRIRA S R TOLRNVEEEFETFF v RO
BREEOLV NNEELOBBETRES, CORAREERTZLIIC. YRARIFTOLARNY
EBEEZFRT 50T, Maslov i Pairing Correretion Coefficient A /87 A—-Z &L T3,

INSOFET, Cn ETUM L DEREEZHRTES (Fig. 16. 17). LAL. 2Cm Dk
512 (Fig. 18). FREMIT S DV THIEL WMLV I —ZAbH 5,

11.3.7 (n,nf). (n,2nf) BSEGHK

INGOWHERBEIL AT A-FEHWTHEINTWS, ZOoBPHTFHRILOMTEEOFS
3. fB7s Exciton Model TEHHEEINTWS, I5IZ (n,2n). (n,3n) KIGbFKIZGEZN S,

ZOFET. KEOXRREEZBR<<HRLTWS (Fi. 19). —4. EBREDIES DWTHWa5E
T, EROBRHTES,

F2, M Am O — A (Fig. 20) Tid. (n,2n) O 5 ERDHFHRE BRsizndt, (nnf) TO
BRETH D 23 Am O Fissility RREVWEZDTHBEL TEREOBEESEL T3,

11.3.8 HEMEM

Maslov #Eid. HMKIEOFEIZEL T, (n,n). (nf) OFHEHEL TS, 238y Izh
TR ED3RE Fig. 21 1R T. TOEEITIE. 38U OL NV EEIZDOWT, 2 Qusai-particle
Excitation Energy iTf§O#IED L TW 5,

I1.4 BROXLEH

Maslov #i. 77 F R 2BE&icxl . H—FETHEZToTWS, iz, EOFKEd, §
RTOESBEREZRMICHEL TWS, 3512, BEXRERIIE. COXIUFHRNEREED
TEL<HHRLTWS, ZOFEHEINECRT. B4 O JENDL-3 OFik (ORI ERMEE IR
HENSBHED. CASTHY iCANTB) KV BENTWEEEDN S,

REAR+THEXINTER JENDL OBGETICAWICFEL TW5, Table 312 ISTC DINET
ORI EPE - FEERE —BERICL 2. ZORIIEIRL = Workshop @ Proceedings 7 5
HELHEALUICHRNL 20T, RELTHHEEbhsH, ZTRBRIIBRELZDLDTH
3. BEOEREH D, HBANABREBZOKREFEFTL T, Table 5 IRTH 15 HEORIE -
FHEOEHI, ISTC ORF Vv VDEIERTHDTH 5.

Table 5 M SBHSM L ST, 2 PTNp & HAm KEAEBVTWS, MA FOEEIM
5ZDBRIIZYUTH2H ., MOKEL NS LRASOLOVETHE LT 21013, MM ERE
AR BB 2ENRFRIN S,
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BTF—t 7 -MNISTC 70V 27 bOEZY -1 >TWBEKT — IEBOSHOFHED
BEILUTOEDTH 5.

1) =-X: ISR ELER . IEES - FHMROER. KERER.
BRER Pu O FAE %,

2)  MREE By, Wy, BTNp, 22Th, 3Py, Pb. Bi.

3) B Ko ST IEIFE.

4)  INER - GNEIS facility in Gatchina,

5) HITER: TOF Spectrometer GNEIS based on 1 GeV Proton Syn-
chrotron of PNPI(1 ~100 MeV).

6) WE - B By oA BRFOREEN L EETRD 5,

7 AHPHEFIRILF-: 1~200 MeV,

8) BEEE: 3~10 % in the energy range 1 ~200 MeV.

9) BEAME . BLXIVF —iZ7:5 &, Internal(thermal) Excitation & &

#%® Compression ¥ Rapid Rotation &% Collective Exci-

tation ORFINHHETH D, SEYBERIC S KEHKEN,
10) WG DERT : NEANSC Working Party on International Evaluation Co-

operation.

#4872 Action Plan # LA FIZRT,

[ Review ]

A-1 Preparation of a review on the measurements of fission cross-sections of heavy nuclei
induced by proton and neutrons in the enrgy range 20-200 MeV.

A-2 Review of theoretical models used for detailed description of fission process in the energy
range 20-200 MeV.

[BIEROHRE |

A-3 Modernization of the existing computor codes aimed on the development of optimazed
calculation code and preparation of the input parameters used in calculations of fission

cross-sections.
A-4 Manufacture and calculation of fissile layers and targets.
A-5 Manufacture and adjustment of the fission detectors.
A-6 Modernization of the experimental set-up and softwares.

A-7 Modernization of the pulsed neutron source of the GNEIS facility.

[ BE ]
A-8 Measurements of the fission cross-sections of U238, Th232, and Np237 relative to U235.
A-9 Measurements of the fission cross-sections of U233 and Pu239 relative to U235.

A-10 Measurements of the fission cross-sections of Bi and Pb relative to U235.

[F— >0



A-11 Experimental data processing.

A-12 Calculations of the proton and neutron induced fission cross-sections of Th232, U238 and
Np237 in the energy range 20-200 MeV.

A-13 Calculations of the proton and neutron induced fission cross-sections of U233, U238 and
Pu239 in the energy range 20-200 MeV.

A-14 Calculations of the proton and neutron induced fission cross-sections of Bi and Pb in the
energy range 20-200 MeV.

[ BB |

A-15 Preparation and publication of the scientific articles, and quarterly, annual, and final
reports.

LOEBEBTS#OD ISTC OBT - Y BHOLRIZPS N TH B, £ENIC 20~200 MeV F
TOBRAZHEORE - BMEZCAS, ZOHMIINF - 0BT — 4. 2 OMEGA 3HH
DOHEBNER L. BORMEREARAIRTHZ0ITT0EMTE DM, o KIGETHRSIILES
W,

IV SEEBERENDIET-%4

MEETOERESEDT —IHSHEMARI DI, BVEOEER MA YN EBERH
E - FEMEHH., FREOEELZEREZITTNS, Fk, ZOBOERNHAETIRETH > T
BRLU WAL, “RAF—" BEELIEIN 28D, ERIZFEXZFTORBOY TIUNRZWDT, &
REZ. ISTC ORBICHFREE 2% X120,

—7 . MERHENEELEEOERICRESN 3L D512, BIRNF -EHROET — 0B
ZLWBERZEZEZETSHE, ISTC DRIRNF BT —Fid. RuURLGHEBRTHLELAWUT
H5.

ISTC ik D E# (Table 3) EEIZ/RL 7= Action List 5 FHREINSRENSEFIR Ik
5MABT-YOLTTHD, —H. 1. 5] TRNEXDIC, BREOHERF. INERKE
HEFOBREZEERTSE, BESUTIRBRZESIRET —INBBIZRDZTHA S,

IV.1 EKIFOEMBEEL

BB S EOBHICHES PHETNI S ADY 7 F CRIBETFRRKENRET T 5. X512,
Fig. 22 IZRT LD, —RICERRESEIL BRI FNEVNI R B72DIC. EHERS
HFHEINI<AR0, HHE, Ry S5-REESORGETHRENBET T 28085160
5. £IZT,

1) 10 MeV LAF D MA B4 HHERE. P8 FHEBETOSEEL.
2) Actinide EEOERPEFEE (Beyy). BRPEFARY MIVORE - 5.

LEE D). BE JENDL-32BT — % 7 7 (N ORIE— — D> HRMOBETH 5L, Actinide
B Benchmark Test IZ2BF S K FROUETHBHD T, EHREORET — ¥ DHEHBERRITICED
505, 2) IIEAOFED. —BiCHET —FNZL <. REHEANICLE<AVLSRTWVS Tuttle



DFMBEIZ BN, TD B.py DRIEOERMKEIZ. BRERTH 3%, BEFTH 5%. THD
A5, Actinide WEBAFSE2FHOHIIAZ L, BERBAEICEKT I LATFHENS,

IV.2 hERREREYHRSF

Table 5 I, ISTC 0T — #{EBIE U THKEL ZHB T, ZZROEMIZ/Z>TWAEFNL. B
Z5 <FRD JENDL-3.2 THN-L TWBEEZ 5% (JENDL-3.2 ® Summary I2& 5 &,
AN—-ENTWB), —F, 283y, 28y, BINp, 227h, 29py. Ph, Bi O 1~200 MeV EHD
B ZTEENEIC L TRREICHEREATH S, ZEL . Zh s OBmEEL. 235U o
IR T2HNETH HDOT. 35U HEOEMNBIEBROBENRWThEMbOIh 3 THA S,

LR 7TEBROBESZMERYENEEINTVADIE. 3F5< OMEGA tEiZfEML
DTH5D, Ll . SBREFLOMEHERBHRERAGREZEATIHANT. 2T TRAHS
T. FTRROWE - #HT —INMBBIIRBTHA D,

A) 1 ~200 MeV &S REEMRAE (FEP) (CHT SEMIRA.

A0. 33y, 28y, BINp, 2327}, 9Py, Pb. Bi.
FHEE A

Al 33U B REEROEMRE - .
EEE 7 R RETHEOBN ERHOID.

A2 kiR 7 BEOBRSEEERLAOKEHE.
NS OEEA P TFIRA Target. X3 HMAEZSHICREL 2R, SOREE#AIST
TR, FLERRL . PHTRIBE2LEETEEAIT. Pix<Ld. JENDL-32 M
HOSBEOMEHNHE - —FHBNIKET 3.

A3, BB RIGERD O RE D IBEtE
IRk OEDBARYONEBREIZBYS T 5A%. Intranuclear Cascade IZ &> T, R
BAERPUNC, SROBBNRIEINATHA S, JORER. F5k/s ISOL ¥EEZ AN
BLENRHD., BOTRETH S, LrL. BAEOHEI - R ORI, MERAEEFICH
BTHs,

B) MA Subcritical System ICZEB/ZIRE.

SRR EIL. MRS ROKERERZEEL TWBEELSNDDT. MAH
EOXRBRERBM 2D HIZRZTHS S, HEid, JENDL-3.2 O LRI RILF - 20 MeV &D
FOIXNE -FRTOMNMAME R T 2ENAHEL 5. MA IZBL TH. BHZ ISTC ORE
NEShTWEHN, FRIXIF-EIBKEERLIVENESITHS. UT. BEEEASNS
HB%3%9 3,

B.1. MA 25 DEMO 20 MeV UL EOBT — Y OER
FRIINE-2EOBRELTHRTRENMT., BIZREBHEKTWEHOEZX 58, Target
2 Na R KRROYENRSENTE, PHTART PIRKLETZ0T, ThEAVIX
N - THETAHERRWEEDN S, ZOAFEBEZB5IZIX. BY ZOGEKNMERS T
»5, BRI - MAENFEOERANNKTES. —F. BRTE. ‘“BIxVF-85—5
M WG” ORENRAWIZHIfEIN S,




B.2. BB RRBROBE
JNDC Decay Heat Lib. iZ. 14 MeV FTI3HEEL TWaH, ThE HICAEL =881,
EOREOBEREI 2N HBETRV, BERNIBWTERMERETESENERIND
A3, BROELRILF -—EBARHINELIT. KERLZZENTHEINSG, HELEOE
BT - IN/BENTVAEN, HR MA BEOSBREMEL T, ZOEBRNERI. M
TFRIBRRZBHEPETNERE OBBTAARTH 5.

B.3. HIR () - BRPHETIER (vy) ORE
ISTC DMREEL T, P Np OBRPHETIER (vy) HEBRPHEF Family T EICREEN
Tn3H, MA DA THBREINEREFBROENBRPMETEES S5 2RELI KD D
IZiX, ftho MA BEOELLETH D, YROTZ ERNS RRHICERPHETNERRATXR
T®H . JENDL-3.2 Tid. Tuttle @ Systematics M SH#FEL ZZEBMATICALN S, TD
FtEid. Total Delayed neutron Yield {35 % %%, Family Yield id& 53/,

B4. BRPUFAXRTZ MIVORE
B.2. TiR/z MA OBRBINENRELXINF —QICBITT L. ERPHETFETEOREBN
Saphier EMBISE - FEML 72 HE RIZ DT B, TDBVD Bess ITEINTL B, ISTC iZ A
RZMNHEIZRPRDBERDZLOKCRIBDT, @UYRT - TH5.

C) £0fth : $5IC ISTC ICRREL /2L IEE

C.1. BBERRICIZ B D B R A
ZOMES. BEPRSUNCBIT 2MORINRERBRL TVEHN. ERFORSGERES
B AN D . BOREBHLUNOESRYN S ORBE HOE TRNT 248N H 5.

C.2. B, BROFERS N — T DHMBEAS . RAOIEFICBNWT, BTNp, 21 4m. M3 4m,
MCOm FOHER Ey. E, OWEEFETH>THBD. HANIESALSN TR ALK
0 23y, 29py HOFPEEE D Consistensy Check DEBEICH 5. Z DREIL. TERFLE
FTRL<., IEBBERERFIZHRWICIERHEZO T, MERNENSZEL 2.

D) BRI RNF BT -9 MNEDOXE

Lz E D2, MA B2 TR0, BERboES ISTC TEREN. AE - ¥4
8% ISTC IKERBZ LIRS, Z08REIL. ERRT 2 v VRO R[N SIIBENTIIA
W, HL, MA BTN ZBAEFIRISTC hSBATENL. K10 MeV XTARLENTEME
D MA BT —20ETE S, BRNOKT — YEREFLHBNZ MA Y2 T IVAFEBEND
DTV, AFVHEEEZED TRITORUMNH S,

V

HE ISTC OB TOHMHICE Y. SEURNTUTORBOTLIRIHEE ST — 5 (BT A~
5, BMBKFARZ MV, v, x ZRD) BAFTES,

243Cm\ 24507)’1\ 2460m‘ 241Am‘ 242mAm
2“3Am‘ 238Np\ 238Pu‘ 242 p,, 243Cm

ZFh 5 JENDL Actinide File IC8#HA k2 & Bbh 5,



LAL., TOMORAF —7 2 F K EEOFES. & 512 JENDL-3.2 BIROF MO HIT.
REBWES O AT LITEBT BFHEI - K AT LERRET DLEND .

EHEETED BB, THRBES HEICRNT B2 ORMORIAITIN ol REBE
FRLTHEETH. FKRMAFOKAL LERN . HERIT DN ZNERDBOTH D, =
DAERMASHOMERITHIVIENTHSB. T, HEES. BT - FHABERRT I
FRSHROTHE, JIEBEZOIRETY

AHEE, B RZEOIMRITBL . R T 5HMETHAZENN TV ISTCIER
DHGEEE-T. TEDLBDOTH D, ROTRBEBIOTHLLBIT, ROBEARRKITH
ERMNTEEROIBOTH S,

- DN Family [ Half Life (s)
Table 1 Np group relative abundances and periods 2‘ 5255- 72
2.72
3 6.22
4 2.30
5 0.6l
6 0.23
. Group number
i 1 2 3 4 5 6 ref.
ai 0.03220.003 0.257+0.077 0.205:0.008 0.395£0.009  0.095:0.005 0.0159£0.0008  Present
Ti S$5.1840.49  22.71#0.18  5.6510.20  2.1410.07 0.43640.021  0.196+0.010 values
ai 0.04010.005 0.25410.008 0.206+0.008 0.37240.011  0.10640.010 0.0221 Bc({10]
Ti 545791085 21.79740.41 5.63510.092 2.180+0.027  0.673:40.111 - Be[10]
a 0.0400 0.2162 0.1558 0.3633 0.1659 0.0589 Bro{l)
T; 52116 21.935 5.934 2.306 0.780 0.251 Brfi1]
ai 0.030£0.008 0.230+0.053 0.18040.058 0.415:0.087  0.0690.018 0.07440.037 Rus)(12]
T 55.452 21.865 5.251 2.113 0.672 0.277 Ruv[12)
a; 0.04240.009 0.23330.028 0.19040.027 0.35910.050  0.145:0.019 0.0314:0.014  Gu(i3]
T; 55.900 22.216 5415 2.303 0.619 0.210 Gu[13)
ai 0.035£0.003 0.23010.023 0.06610.031 0.144+0.061  0.400£0.050  0.12430.029 Wa[14]
T; 55.011 22.652 10.615 4.987 2.113 0.428 Wa(14)
a)- calculated values.
H 237 .
Table2  Total delayed neutron yield for Np fission
Neutron energy Total yield Method Reference
MeV neutron/fission
1.154 0.01180+0.00072 Experimental Present value
Fast neutrons 0.0122 £ 0.0003 Experimental Benedetti [10]
Fast neutrons 0.01142+0.00160  Experimental Gudkov [13]
Fast neutrons 0.01068 £0.00098  Experimental Waldo [14]
Fast neutrons 0.0120 +£0.0015 Calculation Rudstam {12]
Fast neutrons 0.0128 +0.0013 Calculation England [15]
Fast neutrons 0.0114£0.0012 Calculation Brady [l1]
Fast neutrons 0.0108 Evaluation ENDF/B-5



Table 4 Level density parameters of fissioning nuclei and nuclei at equilibrium deformations

Table3 Level scheme of *°Cm
E e, MeV | J w | K | band
0.000 5/2 | +15/2] A
0.042 /2 |+15/2]A
0.0874 12 |+ |1/2[B
0.0939 52 |+|5/2[A
0.094 3/2 | +]1/2| B
0.133 772 |+|7/2]C
0.140 5/2 | +]1/2| B *
0.153 112 | + [5/2] A
0.158 772 [+11/2|B |~
0.164 9/2 |+ |7/2] C
0.219 1372 ] + | 5/2 | A
0.223 12|+ |7/2] C
0.260 92 |+|1/2| B
0.280 11/2|+]1/2|B *
0.300 15/2 |+ 5/2] A *
0.305 52 |- 15/2|E  |*
0.310 3/2 | +~]3/2|D [*
0.311 132+ |7/21C | *
0.320 772 |- 15/21E | *
0.340 5/2 |+13/21D *
0.354 9/2 |- |5/2]1E |*
0.380 32|+ 1/2|B | *
0.390 AR E
0.395 11/2[- [5/21E |*
0.400 T2 |+ [5/2]A *
*) added

inner saddle outer saddle neutron channel
oW, MeV 2.5 or 1.5 0.6 LDM
A, MeV Ay + 8 Ag+ d Ay
€ 0.6 038 0.24
Fo/?, MeV™! 120 200 73

* in the case of axial asymmetry




Table 5 1995 4E~1998 £Ei=451F 3 ISTC D% F— ¥ RIE - TEMEE

[Nuclei S ] o [zf.-n [ oo or',,'z,.I a'n,:;,J vy l Xp | Vd | ad.-] Xd ] Y | Otherﬂ

2327y

233y

23577

23877 '0)

237 N 0|0 |0 Tao
D

238 p,, e} @)

239 p,,

240p,,

241p,, RRP
URP

242py

2i4m |0 |0 |0]0O]O]O |0 |O]|O T -dist
Tno
D.,p
X2nd

22 Am p

242m Am

28303, O '9)

2440 O P, Xspt

2650 ol0o O p

2460m OO0 Xn,n!
P

270,

2480 @) Xspf
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SPECTRUM OF (N,N", ARB. UNITS/MeV
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