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documentation, .
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=== ENSDF

e nSR
= evaluated nuclear structure and decay data (+XUMDL) **

Muclear Science References *
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2% Evaluated nuclear reaction libraries
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EMDF archive = H H H R Pittsbu

= -tTIt MuDat 2.5 ' RIPL + IBANDL : Charged particles XS

= il selected evaluated nuclear structure data ** | reference parameters for nuclear model calculations Ion Beamn Analysis Muclear Data Library + Beam monitor & radionuclide production cross sections PHYSOR 2010
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th National Nuclear Data Center

Search the NNDC: )
| ]
NHDC Site Index

The ENDF Project

About ENDF Ld
Plot ENDF Dats
The ENDF Format 3

The CSEWG Collaboration
feeack
Comments, Questions?
Frequently &sked Questions
ENDF Discussion List

Found a Bug? Report it!

ENDF Roleases |
EMDF/B-VII. 1

EMDF/B-II.0

ENDF/B-VILE
AII Releases 3
ENIJF Covariances

gi

MHCS & Reaction Rates

MACS & Reaction Rates

S | Sigma

AN S0

NNDC Databases: MNuDat | NSR | xUNDL | ENSDF | MIRD | ENDF | CST

HIE

=7 —

Evaluated Nuclear Data File (ENDF)

ENDF ENCF/B viL1 released December 22, 2011

Core nuclear reaction database containing evaluated {recommended)
cross sections, spectra, angular distributions, fission product yields,
therral neutron scattering, photo-atomic and other data, with
emphasis on neutror-induced reactions. All data are stored in the
internationally adopted format (EMDF-B) raintained by CSEWG
Due to performance issues with the ENDF/B-VILO decay data
sublibrary we recommend ENDF/B-VIL.1 decay data.

o Basic Retrieval ‘(

I [ iciemn

1—

Target I:|| | Library

S6fe; fo-56; 26-fa-G6; fe* Ol @ Selected O Reset

Reaction []] | ENDF/E-L (USA, Z011)

sk gt ”(J;fi::.:uw 0 EMDF/B-ILD (IS4, 2008)
sig; da; de; daide; res; cov® | | JEFF-3.1 (Europe, 2005)
[l JEMDL-4.0  (Japan, 2010)
JEMDL-33  (Japan, 2002
CEMDL-3.1  (China, 2003
ROSFOND  (Russia, 2010)

EMDF/B-E (34, 2001)

ENDF/B-v.2 (LISA, 1934

FRTARY

BHnﬂIﬂﬁlEH

NATIONAL LABORATORY

Library

O Al @ Selected O Reset

EMDF/BE-II. 1
EMDF/B-411.0
JEFF-3.1
JEMDL-4.0
JEMDL-3.3

(LISA, 2011)
IS4, 2006)
Europe, 2005)
Japan, 2010}
Japan, 2002

e e

CEMDL-3.1

China, EIIIDB)!

ROSFOMND
ENDF/B-418
ENDF/B-4 2

Russia, 2010)
LISA, 20017
LISA, 1994)

—— il —

Database Manager. David Brown, NNDC, Brooichaven National Laboratony (abrowniDioni.gow)
Web and Database Prograrnning: Viktor Zerkin, NDS, International Atormic Energy Agency (V. Zerkiniaea.org)

Web Programming: Bovls Prityehenio, NNDT, Brookhaven National Laboratony (prtschenkofDon). oo

Data Source: CSEWS fwww nnde. Dl gowtsewed and NEA WPET (www.nea.fvhimisciencedvpecy)
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Introduction: CRP on IRDFF validation and IRDFF database

CEEl b S L L ST ) MR 5 el B ¢

IAEA CRP F41031 “Testing and Improving the International Reactor

Dosimetry and Fusion File (IRDFF)” :
https://www-nds.iaea.org/IRDFFtest/ (period 2013 — 2017)

RCM-2, 16 - 20 March 2015, Summary Report INDC(NDS)-0682, page 15 (Actions):

“There is a 15% discrepancy between the IRDFF and measured spectrum averaged
cross section for 238U(n,2n) in the 233U thermal neutron field. The reason could be due
to the contribution from the competing reaction (v.n) which also leads to 237U.

A similar problem may exist with (n.fission) and photo-fission reactions for 23¢U.
Additional effort is needed to simulate such experiments and to determine

how to properly use current nuclear data.
Validation of photonuclear data on SINBAD benchmarks with MCNP will be done.”

IAEA IRDFF database: https://www-nds.iaea.orq/IRDFF/
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Nuclear Data Needs and

May 27-29, 2015
Lawrence Berkeley National Laboratory,
Berkeley, CA USA

@ & O 2 @ENERGY

Capabilities for Applications gy H e RE T NI SN

2015 FE R EREEFERAEZ PR

*¥Zn(y,p)*'Cu; '“Mo(y,n)*”Mo;
104Pd(y,n)1031)d; 124Xe<y’n)123xe;
232Th(’y,f)99MO; 238U('Y,f)99MO

ar

A “third class” of facility discussed here is
the High Intensity Gamma Source (HIGS),
which produces monoenergetic photon beams
through the use of a free electron laser: This
provides a unique capability for
measuring (Y, ¥’) and (Y,n) cross
sections. These cross sections are
needed for a number of national
security applications, and were
specifically called out as requiring

additional measurement in the talks by

Office of . d Ceri
Solara @mi@%ter and Cerjan. Eﬁ%’ o /




3 tRas iR

FemREER O

[DRESRE) CHINA INSTITUTE OF ATOMIC ENERGY
% B B PO B &
1999 0NN
g0 ~CRPETE 1999 zp
160 FEZ  hEH
140 A% 200;1
120 N
i 100 HH B 1%
5 1999 A ipisie 19
T 60 2%
40 i Ak 1999 i EZ
20 2L /(
0
IAEA e BE H x£H HA 2 Hy HE
CRP1999 LA-150 KAERI JENDL ENDF-VIl | JENDL-PD | BOFOD CNDC
mEY| 164 12 143 18 163 68 9 24
‘ﬁﬁ?%ﬁ@ﬁﬁ% (MSU) : V.V.Varlamov iﬂ?ﬁfi‘%&%'—iﬁﬂﬁ%i%%ﬁ%
( CDFE (Photonuclear Data Index at the Center for Photonuclear Experiments Data ) )
| ®7i>% (TENDL-2014) : 2629MEZE, °Li — 114-14-289

/




83 1Rt taLy

[ME%RE cHIN

2 ARy
: &%,

ez REEERE O

0
0
O

& B BIE TP F Gt
1999 200]
180 ,,?RPé?YF 1999 245
160 | TEE GEy
140 K% 2004
120 V¥~ B
, p %
%mo”, E%L
ﬁg s0 1999 fpade 1999
'm,  P B
- A 1999 h&EZ

Iﬁﬁ%ﬁﬁ$ﬁ&é§ﬁw$?ﬁﬁﬁm VERIMARZDN, 1302 MK &R
(Fi £ ek B TR, B KRBT

o RIEEAZEAEIETTM19994F J5 {507, o B 0 5 S N 5 SkAFAE &= 1R
o {8 W22 38 Varlamov N 1970 FF 45, X7 ANCLiB23Pu ) 58 MZ 2= SE I B it
ITVE, HEEASH REEERMNEMBREIE. £ITeRH, 2005251/
HFHFUERZSFERH, AERUFE! (EEEEN50-60MeV)

!- AR BEATAN 5 RAE AT S5, 440 H RINK R 8 1% R AR 1




§3 t@e st EA%E

[DRESRE) CHINA INSTITUTE OF ATOMIC ENERGY

semEsiEmg O

Schematic flbw qfevaiuation f(')r

photonuclear data in previous CRP

CRP No.8833 (1996-1999)
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—{ EXFOR Data and J e

[ |

i "l

1

! AUTOOPT

H DREAM
i

i PLOT i

]
i GUNF INPUT DATA .-
1

1

1 GUNF CALCULATION
PHOTONUGLEAR DATA FROM
EXFOR FILE g l
CRECTJ -6
[ 2

POTONUCLEAR DATA FILH

I—G COMPARISON PLOT for
POTONUCLEAR DATA

CHECKR
FIZCON
PSYCHE

N>

gk 5w b, TORAE, B R
DEZE (up to 30MeV) :

MBe, 27Al, STV 50,52,53,54Cy, 54,56,57,58 ¢

63,65(qq. 90,91,92,94,9677.. 180,182,183,184,186
) b )

209Bi

=R
GLUNF(°Be),
GUNF(F H %)

RN

(V,abs),(Y,n), (Y,p), (V,), (¥,"He),
(y7d)) (y)t)7 <y72n)’ (Y’np)’ (Y’na))
(Y,2p), (Y,3n)
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TAEA: 1996-19994F ] 74% /R ICRP 58 4%

Compilation and Evaluation of Photonuclear Data for Applications (1996 — 1999)

MF MT Quantity

1 451 Description and Dictionary

3 3 Photoabsorption cross section

3 4 Cross section for (v, 1n)

3 16 Cross section for (7, 2n) HmtuEEeESER

3 17 Cross section for (v, 3n)

3 50.,51,....66.....91 Cross sections for partial excited states, from ground state to
the highest state and continuum

3 102,...,107,111 Cross sections for (v,7), (v, 1p), (v, 1d), (v, 1f), (7,1 *He),
(v, 1a) and (v, 2p)

6 16,17.22,2891 Double differential cross sections for (v, 2n), (v.3n), (7. na),

(v,np) and (v, n continuum)

(1) Evaluations are completely obtained based on the experimental data for
QBE,ETA1,63’65CU,5]\”;182’184’186% 209B; for MF=3: (,}{, abS),(Y,ZIl), ('}’,311);

@ SR CIN S ZANFD GG A R BEROAR 5 B A% ) BRI 2% 2016-6-24
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File Structure: New JENDL/PD
= MF1: General Information 2016#&

= MT451: Descriptive data and Dictionary
= MT452: Number of neutrons per fission
= MT455: Delayed neutron data
= MT456: Number of prompt neutrons per fission
= MF3: Reaction Cross Sections
/’ = MT3: MT5+MT18
= MT5: Photo-absorption cross section
= MT18: Fission cross section
= MF4: Angular distributions
= MT18: Fission cross section
= MF5: Energy distributions
= MT18: Fission cross section
= MT455: Delayed neutron data
= MF6: Product energy-angle distributions
= MT5: Production cross sections
Energy-angle distributions of emitted particles
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Present situation of photoneutron cross sections data
in the GDR region
* Most of the photoneutron cross section measurements were performed

using quasi-monochromatic annihilation — QMA photons using positron in
flight annihilation at two major facilities:

— Saclay (France)
— Lawrence Livermore National Laboratory (USA)
» Large discrepancies in (y,xn) c.s. measured at the two facilities:
— (v, 1n) c.s. are generally noticeably larger at Saclay than at Livermore

— (y, 2n) c.s. are generally Iarger at Livermore than at Saclay.

Otller 10

BOth _ 42 No systematic way to

Many bremsstrahlung
data

New and reliable
measurements are

required!

Main problem

Livermore - 84 - Saclay - 80 resolve the discrepancies:

2016-6-24
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Main problem for 19 nuclei investigated in both Labs:
(v, 1n) cross sections are larger at Saclay but those for (y, 2n) - at Livermore.

V.V.Varlamov, N.N.Peskov, D.S.Rudenko, M.E.Stepanov. Consistent Evaluation of Photoneutron Reaction
Cross Sections Using Data Obtained in Experiments with Quasimonoenergetic Annihilation Photon Beams at
Livermore (USA) and Saclay (France). INDC(CCP)-440, IAEA NDS, Vienna, Austria, 2004, p. 37.
Ratios of integrated cross sections R = g iy / g Int

,,: - 159Th o e I B T ST SI]I.IRI'ES -0 -
1 .. o \ ratios for (v, In)
Mg, ' reactions — are
¥ F e 1 larger than 1.0:
':: “ -"'%‘3;;* b 107 <R> ~1.07.

o 4 Triangles - A -

R U] “'“‘ ratios for (y, 2n)
) ¢ reactions — are

. i smaller than 1.0:
o] { S <R> ~0.84.

. } Pt very large small

éll"r t:lﬂ.s S'Jl.rr QJIZII IIl_,ln ”FSI'] ‘”Sﬂ”;&'l IEL:Sn I'_Msn IE.'I "i:ilucs Ib'\;-l-b I'-Jbl'_h'ill-l—a "Jf’m 'JJ['IHJ ';“.:V.J.I‘-Ih L“}It‘U
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AR TAEA Research Contract N 20501 MSU

L IAEA o ! “Ewvaluation of Partial and Total Photoneutron Reactions Cross Sections Using SINP
Nl [t o A o B o/ e New Objective Physical Data Reliability Criteria™ CDFE

=, 296 mb i = T, 321 mb e 1 “l:. 331 mb ] wal 1o 344 mb
fal ‘. - & - 3 ' 4 (.)ffo suf| ‘J‘q'-
'N!.._ ol ¥ LY b | 5 - 200 : \\
ol | a4 100 | '
;_J; _ h""h-'#w (y. Sn) ol "j._ Sesn 1 e g ﬁj |l @.smy |= A e )
Towant Tiy.2n1 iy, 30T s af S (PET . (I PTRr Ea— T a1 Tie.3e o | “Tiy.ni Tiw.2aty. 3007 ]
Al " f‘ﬂ\‘ ] :’ e Sl .f\\.‘ 1% | J_r- : 240 N“'\
1 .., E l ‘,I" »\ | | [’-_ ; = '}l
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Ve Tip. 20 1. 3001 | ; -I ——— e —‘-I_‘I‘__—_-l -| 3 % = | Siein b £Euls
296 mb | 12% «w— 321mb — - s 266 mb
e Y | T i ! . #o| Ry | 1
L “ = > i it i % '
; ] 1na} i 3 % iﬂ] ot S 5
. S |1y |1 5N | & 4] o o S,
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R g M 2 m - . 120
:I & i!mhf-l- I R Y i h = ol ’#‘S., | ¢
o : (Ll £ T . v S
| ' I | i f {T 2n) £ s e,
R Toean,ad | (¥, 2m) i L S : ! [T MeanaT
“r | . L] L] " o [ - ! i n L
ng | Phetan Energy (Mol Phatan Energy. (Mavi P e
‘i i (Y’ 3[[) _: s (1"9 3]]) : |
o . s 2 il
1 Saclay Livermore o s

Ffi; i

|
"Ir_f:'.T- l'l-.aul,.z-l IH " e : Ei Tipas Tis.anty r.,‘r Jr
5 w s o A X S.S.Dietrich and B.L.Berman. Atom. Data and Nucl. Data Tables, 38 (1988) 199 - . = = B 3
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There are additional physically natural criteria:
iy =o(y, 1n) / o(y, Sn) < 1.00
F;=0o(y,3n) / o(y,Sn) < 0.33 etc.

Physically forbidden negative cross section values
FI ' FI i Fl I FI

=11}

I j o0 i u" ] o i r 1" ]
94zr N &2 . E, MeV h 1380‘§ B2n ? e E. MeV b 1890§ EZn 0 E, MeV N

\ The reliability of many data is doubtful. Many data should be reanalyzed and re-evaluated!
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Possible reasons for clear systematic disagreements

The same neutron multiplicity sorting by neutron kinetic energy measurement was used
in both Labs based on supposition that one neutron from (y, I1n) reaction has energy larger
than both neutrons from reaction (y, 2n) but experimental methods for neutron energy
measurements were different:

- at Saclay the large Gd-loaded liquid scinftillator was used (“suffered from a high
background rate, made up largely of In-events, which introduced larger uncertainties in

the background subtraction and pile-up corrections” — citation from B.L.Berman and
S.C.Fultz, Rev.Mod.Phys., 47, 713 (1975));

- at Livermore so-called “ring-ratio” method was used (concentric rings of counters in
paraffin moderator): low-energy neutrons (from reaction (y, 2n)) should have enough time
for moderation in the way to inner ring but high-energy neutrons (from reaction (y, 1n))
should go to the outer ring passing inner ring (due to multiple scattering high energy
neutron could return to inner ring).

SR 7 B IR THTZ6 5907
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REHBRSKTE.

R

CLOSED-FORM MODELS OF E1 PSF

Dipole electric gamma-transitions are dominant ones, if they take place
together with transitions of other multipolarities and types

Nuclear states excited by E1 field

GDR

neutron skin

& vibrations
. E asymmetric f
f Ell =7 slopes /
Al
— / s quasi-deutron
Two Phonon _ & R photodisintegration
state Pygmy Dipole YAt
(2p2h) Resonance /-,‘;,-_ Y l%: £ ] /
. ‘_,-_: + _-_v__,./
] £
‘: MR
E ‘I o fa/a,w
v | ”M“l § oo —
ol =
Low-energy S" 12 - 20 E, MeV
states
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For (y,1n) cross sections — measurements using LCS y-ray beam and the
high efficiency neutron detector developed at GACKO offer the required precision

and reliability

E,<S,, = (v,1n) 240-

rp,anptd NG -
PR Beljaev (1991, BR) L3
S P pet k- = Angell 2012,1CS) 2.7
E3, J51e, 3 1809 - | z
H = i
EfJim | - - E B 3 =
E 1 g N U T L
0,J4mh ¥ & |1 S, 5 120971870 85 910 9.5 10.0 10.5 is° ®
_ 17 % 14 14 X%~ @&
A—1 . ExE =
x Eq Jimy * | § Sﬂ- 4‘Nd. Sn— )'Nd . §§;!‘- .
i 5 0.7 FhEBEUED IS
| 6'3'— -! L
| “'Nd(y.n)
0,Jo™y 4 Nyhus (2015, LCS)
Ay * Carlos (1971, QMA)
T v T
Average energy E_ _ determined 12 13

avg
using the ring ratio method

Paymy SR AN —: BT BT AR R
RPN AR TANES  end, 2260, N=82
H1i2 3 5] & K 3L R 4Nd: Z=60, N=84
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Utsunomiya et
al., PRC 88,
015805 (2013).

e Present

A8 Beil etal (1974)
e > Ishkhanov etal (1970) |

= Oslo

+  Rusev et al. (2008)
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Inconsistencies between
results of charged particle
reaction results and (n,g)
TSC but also mismatch
between (y,y’) (also
between different (y,y’)
experiments.

ELBE — HIGS
Normalization problems?
ELBE-CPR Normalization
or measurement
problems?

Appropriate uncertainty
estimates?

Why the differences?

A




ety SR : Ey<Sn , PSFEEHE Q)

HE2A3IL  Closed form PSF with response of GDR

Standard Lorentzian (SLO) Brink(1955)& Axel(1962)

Depressed Lorentzian (DLO) Lane &Lynn(1960)

Fermi liquid model (KFM) Kadmensky, Markushev, Furman(1983)
Enhanced Generalized Lorentzian (EGLO) Kopecky& Uhl(1993)
Hybrid model (GH) Goriely (1998)

Modified Lorentzian model (MLO) Plujko et al (1999)

Generalized Fermi liquid model (GFL) Mughabghab &Dunford (2000)

Triple (triaxial) Lorentzian model (TL) Junghans et al (2008)

CNDCIETEARE : EFRQRPAIEE ( Gogny/d ) BIPSFIAFT
T{E , hEZK
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Electric dipole strength in nuclei

10°°
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f. (MeV™)
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Absorption cross section o,

Dipole strength function
f = 0,/[3(mhc)?E,)

Standard Lorentz SLO
Generalized Lorentz GLO
Three-fold Lorentz TLO

Implications for reaction rates
in astrophysics and
nuclear technology?
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BETTER POLIGIES FOR BETTER LIVES

Muclear science > Working Party on Scientific Issues of Reactor Systems (WPRS)

WPRS

WPRS Expert Groups

Expert Group on
Reactor Fuel
Performance (EGRFP)

Expert Group on
Reactor Physics and
Advanced Nuclear
Systems (EGRPAMS)

Expert Group on
Radiation Transport
and Shielding (EGRTS)

Expert Group on
Uncertainty Analysis
and Modelling
(EGUAM)

Databases under
WPRS

International Fuel
Performance
Experiments (IFPE)
database

Shielding Integral
Benchmark Archive

K EZ!

-2 =TI B i A BAT T TE R 3R A

Radiation shielding

Shielding Integral Benchmark Archive and Database (SINBAD)

A new release of the radiation shielding experiments database (SINBAD) was issued in 2012, Currently the SINBAD
database contains compilations for 46 reactor shielding, 31 fusion neutronics and 23 accelerator shielding
experiments. This work is jointly carried out by the Radiation Safety Information Computational Center (RSICC) and
the NEA Data Bank. Data for 100 experiments has been collected. The major emphasis has so far been on fission
reactor shielding. Facilities used for measurements have now been closed down and there was an urgent need to
preserve the data. Data for fusion blanket neutronics are also considered, the rest being made up of accelerator
shielding experiments. More data sets are in the process of being identified for future release. Emphasis will be on
quality of the experiments and new compilations will address cases not yet sufficiently covered by the present set.

Abstracts of the data compiled in SINBAD, can be found also in:

+ SINBAD reactor shielding benchmark experiments
* SINBAD accelerator shielding benchmark experiments
« SINBAD fusion neutronics benchmark experiments

The database of shielding experiments (SINBAD) is hosted by the RSICC and is maintained as a basis for computer
code, model and nuclear data

For more detailed information, consult the indices of the experiments sorted by shielding material, facility,
originating establishment and summary descriptions of the SINBAD evaluations carried out at the NEA Data Bank.
Further information can be requested through the Data Bank Computer Program Services (Search for 'SINBAD' or
visit the abstact search list for SINBAD).

SATIF Expert Group Meetings

Information on meetings of the Shielding Aspects of Accelerators, Targets and Irradiation Facilities (SATIF) expert
group are available here. A list server for e-mail discussion amongst SATIF members is also available. To join SATIF,
send an e-mail to SATIF-request@oecd-nea.org .

SINBAD
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The IAEA Co-ordinated Research Project
on Compilation and Evaluation of Photonuclear Data for Applications (1996 — 1999):

*  Evaluations for 164 isotopes of 48 elements (from *H to *!Pu);
*  Various nuclear modeling codes
— GNASH (Los Alamos),
— ALICE-F and MCPHOTO (Tokai),
— GUNF and GLUNF (Beijing),
— XCFISS (Obninsk);
* Initial experimental data - photoabsorption cross sections
o(y, abs) = o(y, 1n) + o(y, Inlp) + o(y, 2n) T o(y, 2Znp) + o(y, 3n) T ...+ o(y, F) +
o(y, 1p) + o(y, 1d) + o(y, 1d1p) + ... + o(y, lo) =
o(y, tot) T o(y, charged particles);
* In many cases o(y, tot) were used instead of o(y, abs); evaluations have been done in order to
model accurately experimental o(y, tot) data;
* Calculation the (y, In), (y, 2n), etc. excitation functions, and comparison against available
data.

* Calculated results were converting into the ENDF format.

@ SRMOEIREN 2 AU M A 5 R BT 2016.6.94
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Some needs for updating previous CRP evaluations:

| 1. In many cases o(y, tot) was used instead of o(y, abs) - systematic errors in o(y, tot) are -
noticeable and different for different nuclei;

2. In many cases evaluations have been done in order to model accurately experimental data
which are not satisfied new data reliability criteria;

3. Some experimental data have been obtained after 2000 vear using alternative methods
disagree with multiplicity sorting method data;

4.  Some new advanced theoretical models have been developed till now;
5.  Evaluations have not been done (though experimental data exist in EXFOR library) for

37 isotopes for which data are needed not only for applications but for basic research (not
only nuclear physics but nuclear astrophysics, etc.) also:

I 3 6,77 ; 10,1IR 14 19F 45Qc 75 76,78,80,82Q 89Y 103 115, 138 139 140,142
H. °He, °’Li, B, **C, YF, *°Sc, PAs, Se, °°Y, '*Rh, *°In, *°Ba, “*"La, Ce,
142,143,144,145, 146,148,150\, 153E qy, 160G d, 175Lu, 186:188.189,190,1920 237N,

G G e P I BE DI YN S s NS | B Y 7/ B D R 2016-6-24
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4 NDS CRPs

Reference Database
for Beta-Delayed
Neutron Emission____
Nuclear Data for
Charged-particle
Monitor Reactions and
Medical Isotope
FProduction___________
Nuclear Decay Data
for the International
Reactor Dosimetry
and Fusion File

Related » ENSDF Manuals | Codes | Nuclear Data Sheets | EXFOR

Coordinated Research Project on Photonuclear Data and Photon Strength Functions

Approved in July 2015; Code F41032; Duration 2016-2020

Updating the Photonuclear Data Library and generating a Reference Database for Photon Strength Functions

Photon nuclear data describing interactions of photons with atomic nuclei are of importance for a variety of applications including (i) radiation shielding and radiation transport analyses (in particular of production of photoneutrons with
energies above 8 MeV), (ii) calculation of absorbed does in the human body during radiotherapy, (ii) activation analyses, safeguards and inspection technologies (identification of materials through radiation induced by photonuclear
reactions using portable bremsstrahlung devices), (iv) nuclear waste transmutation, (v) fission and fusion reactor technologies, and (vi) astrophysical nucleosynthesis.

Photons are commonly produced as bremsstrahlung radiation by electron accelerators which are relatively simple machines present in many hospitals, industries and laboratories. In response to growing needs for photonuclear data, the
IAEA held a Coordinated Research Project (CRP) under the title Compilation and Evaluation of Photonuclear Data for Applications between 1996 and 1999. This CRP produced three major results: the IAEA Photonuclear Data Library; a
Handbook on Photonuclear Data for Applications, Cross-sections and spectra. Final report of a co-ordinated research project 1996 - 1999. IAEA-TECDOC-1178, 2000; and additions of compiled experimental photonuclear cross sections in
the EXFOR database. The Photonuclear Data Library, that is available at the IAEA Nuclear Data Services web site, includes photon absorption data, total and partial photoneutron reaction cross sections for 164 isotopes, primarily for
structural, shielding, biclogical and fissionable materials.

Although this database has been extremely useful to a broad user community, it has become evident that it needs to be revised especially since (i) some of the data are unreliable and discrepant, (i) for 37 isotopes there exist data that have not
been evaluated, (i) improved evaluation techniques are available, (iv) many new data have been published in recent years.

In addition to the many applications mentioned above, photon strength functions which describe the average response of the nucleus to an electromagnetic probe, are important for the theoretical modelling of nuclear reactions,
consequently they are relevant sources of information for other databases such as the IAEA Reference Input Parameter Library (RIPL), and evaluated data files such as Evaluated Gamma Activation File (EGAF), Evaluated Nuclear
Structure Data File (ENSDF), and transport files in ENDF-6 format which are also supported by the IAEA. In the past two decades, there has been considerable growth in the amount of reaction data measured to determine integrated
photon strength functions. Quite often the different experimental techniques lead to discrepant results and users are faced with the dilemma of trying to decide which (if any) amongst the divergent data they should adopt. It is
therefore important that all these experimental data are evaluated by experts who will recommend the most reliable data for use in the various applications.

To address all these data needs an IAEA Consultants' Meeting on 'Compilation and Evaluation of reaction gamma-ray data' was held in November 2013. A summary report of the CM was published as technical report INDC{NDS)-0649. The
Consultants Meeting strongly recommendead a new CRP to revise the photonuclear data library and generate a dedicated database of compiled and ewvaluated/recommended photon strength functions. The scope and deliverables of such
an activity are discussed in detail in this document. The proposed CRP was endorsed by the Muclear Data Section advisory body, the International Nuclear Data Committee (INDC), in June 2014. Aspects of the proposed project were
presented at CGS15 - Capture Gamma-ray Spectroscopy and Related Topics, 25-29 August 2014, Dresden (published in EPJ Web of Conferences 93, 06004 (2015); DOI: 10.1051/epjconf/20159306004).

Hain Objective
The main goals of the CRP are to

= update the Photonuclear Data Library (1999)
= generate 3 Reference Database for Photon Strength Functions.

Specific Research Objectives

Measure photonuclear cross-section data where needed

Update existing evaluations and evaluate new photonuclear data (including total photoabsorption cross sections, partial photonuclear cross sections and photoneutron spectra)
Measure photon stength functions where needed

Compile, assess and evaluate existing photon ptrength function data

Develop and use theoretical tools to make recommendations and extrapolations to mass regions where no data exist

Propose new measurements where needed.

1st RCH, 4-8 April 2016

The 1st Research Coordination Meeting of the CRP was held from 4-8 April 2016, at the IAEA, Vienna. The meeting addressed the work plans of the CRP participants, and also additional joint actions that need to be taken in order to
achieve the anals of the CRP. More information ahout the meetina is availahle here
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ﬂﬂ ZQEE ?—tﬂg&ﬁ Vs LX&]nggy This Research Contract is entered into between the Intenational Atomic Energy Ageney (hereinafter :

referred to as the "[AEA"), an intergovernmental organization established by its Statute, whose v |
Wfﬁ address is Vienna International Centre, P.O. Box 100, 1400 Vienna, Austria; and the China Institute
o of Atomic Energy CIAE (hereinafter referred to as the "Contractor") whose address 1s: .
China Institute of Atomic Energy CIAE
PO Box 275-59

© 280 (EITAMER )

Hereinafter, the TAEA and the Contractor will also be referred to individually as a “Party™ and

'S -lb collectively as the “Parties™
- ZIEICTIE (~200MeV) , B4 | R -
K 1 e Il w Whereas, the IAEA is authorized under its Statute and the decisions of its competent organs to

accelerate and enlarge the contribution of atomic energy to peace, health and prosperity throughout the

'= M E N D | =] A3 U4 I world, and this mandate includes the encouragement and assistance to research on, and the -

W E ¥ ‘ development of, practical applications of atomic energy for peaceful purposes throughout the world n

by, inter alia, entering into contracts for research and development; and )

A : If'l VAN “ 7 Whereas, the Contractor is able and willing to carry out the Research Projeet in cooperation with the -

[ ] — ’ $ *- \_\L S 1 IAEA under this Research Contract (hereinafier referred to as the "Contract") B
Now, therefore, the Parties hereby agree as follows:

I‘ﬁ Article 1

Scope of the Research Project

Y E BE*:K 1. The Contractor undertakes to perform the Research Project entitled “Calculation and Evaluation of
2 ¥

Photonuclear Cross Sections and Y-Ray Strenght Functions for Light and Medium Heavy Nuclei”

(hereinafter referred to as the “Research Project™) which forms a part of the IAEA’s Coordinated 2
andFusionFile [ The 1st Research Coordination Meeting of the CRP was held from 4-8 April 2016, at the IAEA, Vienna. The mesti Research Project “F410327, entitled “Updating Photonuclear Data Library and Generating a Reference
— . achieve the anals of the CRP. Mare information ahout the meetina is availahle here for Photon Strength Functions™.

SBEf= . L X e 0%
- VAU S U JEaT S e UHT S OBV LN S N A I LT T AN 2. The Chief Scientific Investigator shall be Ms Ruirui Xu.
K 3. The programme of work to be performed under this Research Project shall be: /
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28 nuclei are planned to involve in this CRP (nuclei

in red are in this contract):

® Update the data for "Be, ?’Al, °'V, °?>2:23°>%Cr,
54,56,57,58 @ 63,65Cy, 90,91,92,94,9677,. 180,182,183,184,186 Y/

20981'.
3

@® New evaluations for ©7Li,'% 1B,

@ SRIBOGIN BN AN ED U B R BB S AN A ) BRI 2% 2016-6-24




4 Motivation : Phoenix ’é/ﬁ A

1, Updating photonuclear data Iibrary
2+ Generating a reference database for photon strength function

LB
5. Goriely EZE Moscow State University
5. Belyshew .
- _ A. Kuznetsowv ﬂtggﬁ
MewSUBARLU facility y-ray strength Tuniction ¥ Stopani
5. Miyamoto, 5. Amano TALYS data evaluation - . 5
1y.xm) cross sections
Froduction of y-ray beams 103FRh, 89Y, 59Co
Laser system E$
_ ] ELI-MNP
Kyoto University Enti:ul:l;':neh::w D. Filipescu o F;
i ' I. Gh h =G
H. Ohgaki S. Katayama sorghe
y-ray beam manitoring (y.xn) cross sections (y.xn) cross sections
197Au, 181Ta, 135La 169Tm, 165Ho, 155Tb

: : 160Gd, 158Gd,
F. Kitakani — 157Gd, 1566Gd, 5. Siem
0. lwamoto, N. lwamoto BANI, BOMi, 58Mi A-C. Larsen

Photoactivatdion G. Tveten fﬂl!liﬁ
CCOME data evaluation T. Renstrgam

JAEA EZIS*%%HEFF'L‘.‘ [r.n) cross sections University of Oslo j

{r.n) cross sections
19205, 1BSRe, 184W, 183 W,
182W, BEZn, 66Zn, 647N,
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Phoenix™ Collaboration -1-

Updating the Photonuclear Data Library (IAEA-
TECDOC-1178)

Purpose: Resolving the long-standing problem of the discrepancy
between the Livermore and Saclay data

(v,xn) cross sections (x=1-3) for 11 nuclides
(¥, BT

The Konan team: 1%7Au, 18173, 1393, Be ,
. 209p; 169 165 159 %ﬂ!/ﬁﬁ:ﬁ
The ELI-NP team: ““?Bi, °*Tm, ‘*°Ho, *>°Tb

The MSU team: 193Rh, 8%, >2Co

* Photoexcitation and neutron emission cross (x) sections

@ SRMOEIREN 2 AU A 5 R BT 2 2016.6.94
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Phoenix Collaboration -2-

Generating a Reference Database for Photon
Strength Functions

Purpose: Providing new PSF data for the reference database

(y,n) cross sections for 18 nuclei

The Konan team: 19Gd, 1°3Gd, 1°/Gd, 1°°Gd, ®*Ni,
E’UNi, SSNi

The Oslo team: 205T| 203T| 192Qg 185Re, 184\\/

183\A/ 182\A/ 89V 687 667+ 64
W, *°2W/, ©7Y, °°/Zn, °°Zn, **Zn
@ OIS 2 U % S A 5 I BT i 2 2016.6.94
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Time Schedule of Phoenix Collaboration

2015
(v,xn) (x=1-3): 209Bi, 9Be m
PSF: 205TI, 203TI, 89Y

2016
(y,xn) (x=1-3):197Au, 169Tm, 89Y
PSF: 1920s, 185Re, 64Ni, 60Ni, 58Ni

2017
(y,xn) (x=1-3): 181Ta, 165H0, 59Co
PSF: 184W, 183W, 182W, 68Zn, 66Zn

2018
(y,xn) (x=1-3):159Tb, 139La, 103Rh
PSF: 160Gd, 158Gd, 157Gd, 156Gd, 64Zn
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N.IWAMOTO: 1st RCM on Updating Photonuclear Data Library and Generating a Reference
Database for Photon Strength Function (4-8/4/2016) @IAEA

17 Brief explanation of the CCONE
code for photon-induced reactions

ompound decay: statistical model

»n,p,d,t,He3,qa,y emissions
»Optical model (n,p,d,t,He3,a emiss.)
»OMP potential = RIPL-3
»Discrete |level data
* RIPL-3 (2012)
» Gilbert-Cameron type level density
* Constant temperature model

* Mengoni-Nakajima Fermi-gas model
»Photon strength function

« E1 transition (9 options)

e M1,E2 transition (SLO type) = RIPL-1+Kopecky-Uhl
» Quasideuteron dissociation model

Precompound decay: two comp. exciton model
+ gamma emiss.
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