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The CDFE (Centr Dannykh Fotoyadernykh Eksperimentov) is
specialized Center of the IAEA Nuclear Data Section.

The CDFE provides scientific and educational institutes and for organization
of Russian Academy of Science with nuclear reaction and nuclear
spectroscopy data for basic research and various applications.

CDFE services include the compilation, verification, and dissemination of
reliable nuclear data.

CDFE maintains several relational databases some of which were produced
using the international data funds and another — CDFE own sources of
information.

All of those databases are available through the CDFE
Web-site — http://cdfe.sinp.msu.ru.
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- What is NRDC?

4 The International Metwork of Nuclear Reaction Data Centres (MRDC) constitutes a worldwide cooperation of nuclear da
4 centres under the auspices of the International atomic Energy Agency. The Metwork was established to coordinate thgf | EMDF-5 Formats
i world-wide collection, compilation and dissemination of nuclear reaction data. More Docurnents

Objectives and Tasks

MEDC (USA)
MNEADB (France)
[Austrial)
CID_(Russial _

al

B The primary goal of the Metwork is the dissemination of nuclear reaction data and associated documentation to
-4 following specific tasks must be carried out in order to accomplish this important aim:

Compilation of relevant biblisgraphic information (CIMDA),

Campilation of experimental nuclear reaction dsta (EXFOR),

Callection of evaluated nuclear reaction data (EMDF,

Exchange of nuclear reaction data of all types,

Promotion of the development of special purpose evaluated data files,

Development of cormman farmats for computerized sxchange of nuclear data,

Coordinated development of computer software for managing and disseminating nuclear data,

2011 (Vienna)
0(Sspporo)
2009 (Misnnal

KAERI {Korea) i Coordination of the development and dissermination of end user software for both on line and local access to gficlear data, & obninsk)
= sial_ | Docurnentation of current and future data needs in order to be able to mest changing user dermnands 2007 (Wiennal
CDFE Russia)

& (Mier
2005 (wienna)

7 Core Centres Specialized Centres Discontinued Centres ]

Regional, national and specialized data centres provide essential complementary functions te the core data ce
respansibility far the collection and dissermination of data of & specialized type or application.

Country  centre

i 1Al
lerNDC (Ukr

res by assuming particular

Joined
Hotsake ch Hucl Data Center (CHDC)
. inese Muclear Data Center
Elnins China Institute of Atomic Energy Beijing BEBT
Muclear Data Group All meetings
FOREISF ATOMKIIL, Debrecen 1008
I o pp— _ Other Events
Muclear Data Phy=sics Centre of India
Irndia BRRE, Teabo. (iemen zoos Workshop 20135
Muclear Dats Section
TeEem Muclear Data Center . i 1a01
Japan Atomic Energy Agency, Tokai-rmura, Maka-gun, Ibaraki ok =] _
More Meetings
TeEem Japan Muclear Reaction Data Centre (JCPRG)
A4C-1 (NNDC
oron Muclear Data Center 1.r )

Koreas Atomic Energy Research Institute, Tuseonag, Dasjeon 2 (NEA-DBE)
4C-3 (NDS)

4 (1D}
CP-A (CAJaD)

Muclear Structure and MNuclear Reaction Data Centre {CaA
Kurchatow Institute, Moscow

Centre for Experimental Photonuclear Data (CDFEX
Moscow State University, Moscow

Fussia Center for Muclear Physics Data (CHNPD)
all Russian Scientific Research Institute of Experimental Physics, Sarow
Ukrainian Muclear Data Center {(UkrNDC)

Lik
rains Instituts for Muclear Research, Kyiv
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CLFE: Home Page

Welcome to the CDFE Website,

Online Services available at CDFE:

What are you looking for?

All known about atomnic nuclei and nuclear
reactions. Murnerical data, graphics, and
bibliography

&

Abundances, atomic masses, mass excesses,
binding energies, spin-parities, moments,
deformations, decay modes of ground and
metastable states, energies of first isobar-
analog states

Pararneters and features of various nuclear
reactions with incident photons, neutrons,
charge particles, and heavy ions from the
international EXFOR data fund

Nucleus state parameters:

Energies, spin-parities half-times (decay
modes), metastabilities, isospins, angular
rmomenta, spectroscopic strengths, ete;

g-, B-, y-transition parameters:

Energies, intensities, multipolarities, branching
ratios, mixing ratios, etc.

Quadrupole deformation parameters;
quadrupole moments; charge radii

Reference-biblingraphy information on srticles
concern physics of atomic nuclei and nuclear
reactions:

Author, title, year, full reference, keywords
eto..,

Energies, amplitudes, widths, integrated cross
sections and moments of Giant Dipale
Resonances

Database

Nuclei and Reactions Unified

escription
Last updated: October 10th, 2013

Nucleus Ground and Isemeric

State Parameters

description
Last updated: June 15th, 2011

Muclear Reaction Database
{EXFOR}

description
Last updated: October 10th, 2013

Complete Nuclear

Spectroscopy Database
“Relational ENSDF"
description

Last updated: April 29¢h, 2013

Chart of Nucleus Shape and
Size Parameters

| . [deseription

Nuclear Physics Publications
{"NSR" Database}

description
Last updated: October 18th, 2013

Chart of Giant Dipole
Resonance Main Parameters
description
quide {in Russian
Last updated: Septernber 27th,
2011

Calculator and Graph Engine

for Atomic Nuclei Parameters
and Nuclear Reactions and
Radioactive Decays Features
description

Last updated: March 22th, 2010

Reaction energy, threshold, binding eneray,
decays

Chart of At
Last update
Atomic Nu.

Tiyz, decay made
12 'y ain
Characteristics {in Russian

@?
-
v
-

Low Energy Isomer Transition
Internal Conversion

Probal es

description

Last updated: May 15th, 2002

Low energy isomer transition internal
conversion probabilities

Wit fint o)

CAJAD Charged Particle
Reaction Cross Sections
Catalogue

description

Last updated: December 23th,
2000

Contains obsolete data,
Please use EXFOR instead,

p-, d-, t-, 3He-, a-,
o TR oot yields and cross
sections

Together with SINP Division of the atomic nuclear physics (DANP)

=

Wave functions of atoms and ions, He-like,
Li-like, excited states, cross sections,
variational method, matrix elements, single
and double ionization, charge transfer, two
bound electrons, hydrogenic wave functions,
minimurn of the energy, Hylleraas, Slater,
Hartree - Fock, one-electron amplitude

Wave Function Yalue Database

description
Last updated: April $th, 2013

Charge-Changing Cross

Charge-Changing Cross Sections, Electron [Sechonslinkion=Atam!

Capture Cross Section, Electron Loss Cross

[deseription]
Sections, Last updated: December 25th,

2012

Together with SINP Division of space and nuclear research {(DSNR)

]

Dynamic atomic nuclei
deformation
Last updated: Aprit 26th, 2006

Animatian

3 CDFE databases (EXFOR, ENSDF, NSR) are
based on the international data sources but have
original Search Engines.

Other databases are based on the CDFE own data
collections.
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Muclear Reaction Database (EXFOR)

Methodic ~
[ Direct Geometry ]
any 2
Inverse Geometry Method : ABSFY Absolute fission yield measurement
Exzperitental techniguels) employed| | ACTMN Activation
The source of data 1z the EXFOR fund prepared and mamtained in the experitnent QEES;;EE‘EE:W rgﬂss SPEd’D”‘Et{Y
. eparation by mass-separator v
by the Muclear Reaction Data Centres MNetworle. g Y £ —
. . . an
Each field in this farm is optional - may be blank, Facility : EIEEI'AT Eetatron 5
Iain apparatus used in the COW CockeroftWalton accelerator 1
TGRS © T Quantity : extperiment CHOPF Fast chopper
Number Fleaction parameter CHOPS Slow chopper v
ADO7E00Z - AOOS]
ENTEY / SUBEMTRY colzs, LOOZ300Z any ~
Detector - BF3 Boran Trifluoride neutron detector B
Detect y i th o BGO Bismuth-Germanate crystal detectar
Target Nucleus : R ) T (B ot BFAIR Electron-pair spectrometer
" c CEREM Cerenkov detector v
Z (digits) or Chernical symbol Z or Symbol : l:l A : —
(letters) and Mass mumber (digits) Bibliography
any ~ Tyee : | any ~
0 Mo incident particle - spontaneous decay B Book
A Alphas - Reference : C Conference ~
Incident Particle : D Deuterons Type, code and year of publication | coge - | | help
E Electrons e enr - | | 1993 1365 1375
sar - 1948 1985,1997
or Tons Seruence : Be-8,Pb-Z08,Li
Author : | |
any _ | Mame of any author of publication
Inc-Source : A-BE Alpha-Beryium = Institute :
Soutee of the incident varticle heam ARAD Annihilation radiation Instituie(s) at which experiment | | i
B ATOMI Atomic bearn source . weas performed
BRST Bremsstrahlung v Status : : :
Yarious types of information
Mutnber of subentiys
any Al ey [50 v
0 Mo outgoing particle = ABS Absorption itasselet /(e
. . A Alphas # | EL Elastic scattering
Outgoing Particle / Process : B- Decay Beta- F Fissian SEARCH | [ CLEARALL
D Deuterans v IML Inelastic scattering v
=5 o, 00 o I o e o ot
Product Nucleus : If you have any questions, comments, andior sugzestions, plasse, contact
Z (digitsh or Chemical symbol 2 or Symbol : | | A : | | CDFE Head: Vadiuie ¥ helusoy
(letters) and Mass number (digits)
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X T TITLE Three-body photodisintegration of He3. Looigs 1
[ | LO152004 |¥Itewat LEPJ/AA3261.2000 | 1-H-2 (GPIN) . i FACILITY  [LINAC) Loois 1
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= NOCCHMHMCH ] ] LOD1E 1 15
[] | LO052007 (0D Faubt IPR/C24249.198109 | 1-H-3 (G al ENDSUBENT 14 o LOD1E 199939
[ | L0052003 [D.DFaul+ LPR/AC 24240 108109 | 1-H.3 (3,217 + g;‘EENT LDDlBDDi 970123 ’;ggi: Z Zlg
[] | LO052008 |D.D Faul+ LPR/C 24,849, 198108 | 1-H-3 (3,21 T REACTION  (Z-HE-3 (G, X)0-NN-1,,3IG) LOD1G 2 3
- The sum: (G,N] + [G,NF) Loo1g 2 41
(]| LOL57002 RN asseripourt LPR/C.23,034001.2011 | 3-HE3 (GFIF) Lad Threshold of (gewma,n+p] reaction is 7.7 MeV. Loois 2 sI
[ | L0157003 [RMassetipour+ LPR/C.23,034001,2011 | 2-HE-3 (G,FIF) b e iy ENDETE 3 0 Logis 2 3
NOCOMHMCH a a Loo1s 2 7
[] | Lo012002 (B L BERMAN+ IPR/C.102221.7412 | 2-HE-3 [(h s} Energy, MEV  fl pata 3 91 LOO1E 2 8
EN DATL DATL-ERR Loo1s 2 El
[] |L0149002 M. Katlssont JLPESZ80,044001.2009 | 2-HE-3 (GF) HEV HE HE LOO1E 2 10
[] [M0469002 |B. L BERLIAN+ JPR.133 B117.1964 2-HE-3 (G.F) 8.043 0.01s 0.218 Logis 2z 11
You could look through the source d: 5.460 0.056 0.133 Logis 2 1z
[[] |n0472002 |B L BERMAN+ LEERL,10,527.63 Z-HE3 GF) and get it using "File->Save As..." hruwsq 8.877 0.162 0.153 Looig 2z 13
[ | L0D32003 [D.D Faut+ LPR/C24249,102100 |2HE3 |  (GN+F) or clicking ight mouse buton and choosing "8y 3294 el oo .
[ | LOD52006 |D.D Faul+ IPRAC 24,840, 198109 | 2-HE-3 [(EARE Copyright, EXFOR © 2000-2004 (updated 9.9z0 0.263 0.138 LoDl 2 16
RETURN TO 10,129 0.418 0,126 LOO1& 2 17
[ 10465003 (BLBERMAN+  |LPRI33BI17.1964 |ZHE3 | (GH+) 10,337 039z o o11s Loois z 1m
[] | Lo023002 (B L BERMAN+ IPR/C 47237100 2.HE-4 GE | contacts: D Viadii V- Vadamon 10.548 0.603 0.107 Loois 2z 13
: Dr. . 10,755 0.585 0.082 LOO1& & 20
[ |na0520002 [ WM ACCORMICK+ (PR 55103397 2-HE-4 (G, ABS) oo b Y Chosmoke 10,963 0.609 0.061 Lod1s 2z 21
Togramming by .y NESNoKoy, 11.172 0.751 0.058 Loo1s 2 22
[ |nI0546002 1 WM ACCORMICK [LPE/C 55, 1033,199703 | 2-HE-4 (AR T T == T TAET T ) ToT 11.380 0.772 0.064 Loois 2 23
[]|Lo0s1002 (B L BERMAN+ ILPRAC 22 22738012 | 2-HE-4 [(EATN 2-HE-3 | [BIG MEV | 18305 | 47.304 11.588 0.72s 0.057 Loois 2 24
11,798 0.570 0.0%8 Loo1s 2 25
[] | LO051003 B L EERLIAN+ IPR/C222373.2012 | 2-HE-4 (G 2.HE3 | [INT MEV | 206| 473 12006 0.720 0.054 LODiE 2 26
[] [M0327002 7.0 IRISH+ JLCIES3 20275 2-H (G, MEV 35
[] [nI0327003 7.0 IRISH+ JLCIES3,202,75 (G MEV 35
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Main field of CDFE nuclear data activity —

photonuclear data evaluations

Main direction:

investigations of data reliability for partial and total photonuclear reaction cross
sections.

Main results:

- many experimental data for partial photonuclear reaction cross sections from
various experiments were analyzed;

. new simple objective criteria were found out for investigation of data
reliability;

- that was shown that majority of experimental data on partial photonuclear
reaction cross section data are not reliable;

- new method for evaluation of reliable data were proposed;

many new data were evaluated.

3/18/2014 3
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Systematics:

many experimental data data for partial photonuclear reaction cross sections obtained
in period 1962 - 1986 (the majority was obtained at Livermore (USA) and Saclay
(France)), are published in

Atlas of Photoneutron cross sections obtained with monoenergetic photons
(S.S.Dietrich, B.L.Berman. Atom. Data and Nucl. Data Tables, 38 (1988) 199)

Berman’s library - EXFOR entries L0001 — L0059 (~ 174 nuclei sets)

Both — 42

For each nucleus — cross sections:

(v, 3n)
(v, 2n)

(v, 1n)
(Y, Sn) = +(y, In) + (v, 2n) + (y, 3n) +...

Livermore - 84 Saclay - 80

Main problem

(Y, xn) = + (y, 1n) + 2(y, 2n) + 3(y, 3n) +...

3/18/2014 9
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Main problem:

Centrefor

Photonuclear
Experiments Data

for 20 nuclei investigated in both Labs (y, 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) in Articles Translated from Journal Yadernye Konstanty (Nuclear

Constants). INDC(CCP)-440, IAEA NDS, Vienna, Austria, 2004, p. 37.
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Squares -H -
ratios for (y, 1n)
reactions — are

larger than 1.0:
<R>~1.2.

Triangles - A -
ratios for (y, 2n)
reactions — are
smaller than 1.0:

<R>~0.8.
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Possible reasons for clear systematic disagreements

The same method of neutron multiplicity sorting by neutron Kinetic energy
measurement was used in both Labs based on supposition that one neutron from
(y, 1n) reaction has energy larger than both neutrons from reaction (y, 2n)
but experimental methods for neutron energy measurements were different:

- at Saclay We need the ObJ eCtl Ve (“suffered from a

high backgrou ) ) introduced larger
uncertainties i Cr | ter | a ctions” — citation
from B.L.Bern )

for data reliability!

- at Livermure su-caucu THIZ-rauv 1euou wads uscu wcuncentric 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).

3/18/2014 12

MSU SINP - IFIN HH Workshop
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Many efforts:
E. Wolynec et. al., Phys.Rev., 29, 1137 (1984)
E. Wolynec and M.N.Martins, Rev.Bras.Fis., 17, 56 (1987)
B.L. Berman et. al., Phys.Rev., C36, 1286 (1987)
V.V.Varlamov, et. al., INDC(CCP)-440, IAEA NDS, 37 (2004).

Contradictive recommendations: to multiply Livermore data, to divide Saclay data,

to recalculate Saclay data for putting them into consistency with Livermore data.

With the aim to find objective criteria
we investigated many sums, differences and ratios
of various cross sections
and at lately found out very simple, clear
and physically objective criteria
for data reliability — for presence (or absence) of systematic errors.

3/18/2014 13
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Main objective criterion
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Photonuclear
Experiments Data
(CDFE)

for data reliability

Theoretically calculated data.
3/18/2014

The natural and physically reliable
energy dependence of F, should be
following:

— Below the (y, 2n) reaction
threshold B2n only the (y, 1n)
reaction is possible: F,=0;

— Above B2n both (y, 1n) and (y, 2n)
reactions are possible, F, increases
due to competition between
decreasing o(y, 1n) and increasing
o(Y, 2n), going to the theoretical
limit of 0.50, but never reach it
because of a high—energy part in

o(y, 1n);

— Above the B3n threshold the
(Y, 3n) reaction is also possible, F,
decreases due to a 3 o(y, 3n).

MSU SINP - IFIN HH Workshop
25 — 26 November, 2013
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Livermore e j%
N {6‘\ 116y, =y ;U3
r ;

data

0.1 T T T T T T T T T T 1
8 10 2 ;. 20 p2 24 b 28 30 2
Hia E MV

Significant c(y, 2n) ]?ramatic
disagreements: F,= <0.50 (V) disagreements:

F, ~ 0.6! o(y, 1n) +\20(y, 2n) /+ 30(y, 3n) +... F,~1.5-2.0!

Physically not reliable negative cross section values are correlated with physically forbidden values I, > 0.50

3/18/2014 15

MSU SINP - IFIN HH Workshop
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The reliability of many data is doubtful. Many data should be reanalyzed and reevaluated!

There are additional physically natural criteria:
F,=o(y, 1n) / o(y, xn) <1.00

F,=o0o(y,3n) / o(y,xn) < 0.33 etc.

3/18/2014 MSU SINP - IFIN HH Workshop
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New experimentally-theoretical method of evaluation
using combined model of photonuclear reactions:

- initial data — experimental neutron yield reaction (y, xn)
Cross section;

- decay channels competition based on theoretical model.

Theoretically calculated transitional multiplicity functions
Fitheor — Gtheor(.y’ ill) /O-theor(.y, Xll)

are used for cross section evaluation by following way

(Y, in) = Fi""(y, in)  c*P(y, xn).

3/18/2014 MSU SINP - IFIN HH Workshop

25 — 26 November, 2013
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Our new approach for evaluation of partial traction
Cross sections

ov(y, in) = F.theor(y, in) e ¢**P(y, xn)

means.

i) the competition of partial reactions (y, 1n), (y, 2n) and (y, 3n)
is in accordance with equations of model;

i) the theoretical sum of evaluated partial reaction cross sections

ctheor(y, xn) = o™e°r(y, 1n) + 2ctheor(y, 2n) + 36" (y, 3n) + ...

3/18/2014 19

MSU SINP - IFIN HH Workshop
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Systematics of (y,xn) reaction cross section ratios “All/Livermore” for ~ 500 data sets
(V.V.Varlamov, B.S.Ishkhanov. Study of Consistency Between (y, xn), [(y, 1n) + (y, In1p)] and (y, 2n) Reaction
Cross Sections Using Data Systematics. Vienna, Austria. INDC(CCP) - 433, 2002 )

1 LI O| 1 1 u 1 1 1 IPr 1 1 1 Pb 1 1
2.01 1
; t )
1.81 >’< 1
: *
.61 X X 1

syst

] * L § F R -2
¥ X x .

disagreements
are about 12%

Integrated cross section ratio R"% . (arb. units)

! ! ! !
R o e T T ML T S 7 e
Target nucleus mass number A

3/18/2014 MSU SINP - IFIN HH Workshop 20
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Model

B.S.Ishkhanov, V.N.Orlin. Physics of Particles and Nuclei, 38, 232 (2007),
Physics of Atomic Nuclei, 71, 493 (2008):

semiclassical exciton preequilibrium model of photonuclear
reaction based on the Fermi gas densities with taking into
account effects of nucleus deformation and effects of Giant
Dipole Resonance isospin splitting.

Model was well tested on experimental data for neutron yield
(Y, xn) reaction.

M.B. Chadwick et al., Phys. Rev. C 44, 814 (1991) — analogous model.

3/18/2014

MSU SINP - IFIN HH Workshop
25 - 26 November, 2013
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Decay channels competition

Geval(y’ in) = Fitheor('Y, in) [ Gexp(y, Xll)

3/18/2014 MSU SINP - IFIN HH Workshop 22
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e el @ 9092947 15[
. 112,114,116,117,118,119,120,122,124Q 1y
9

159Tb, 186,188,190,192081 197All,
181Ta, 208ph

Livermore
data
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N
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120 T Saclay
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data
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: : i ticeable dif
Reaction Integrated cross section o', Noticeable d feren?es between
MeVemb evaluated and experimental data

Livermore | Evaluation | Saclay | ¢ |
(Y, Xn) 3187 3200 3194
(v, Sn) 2300 > 2383 < 2557 Lotra) et
(v, 1n) 1413 | 1642 < 1936

(Y, 2n) 887 << 714 = 605
46 - 26 > 16

3/18/2014 \ MSU SINP - IFi == SRU

Up for 16 %!

Up for 15 %!

N/l \/

J\| 7\

c™"(y, 2n)/c™(y, 1n)
increased for 27 %.
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40,m6d - Movement of neutrons
[ from “2n” channel to “In”.

Squares - [6°*P(y, 1n) - ¢¥?(y, 1n)]
Circles - [c®¥¥(y, 2n) - c®P(y, 2n)]

Movement of neutrons

from “1n” channel to “2n”. That means that

erroneous moving some
number of neutrons
from “1n” channel to
“2n” decrease (y, 1n)
cross section down to

physically forbidden
negative values and at
- Movement of neutrons the same time 1n.crease
°r from “3n” channel to “2n”. F, up to not reliable
A Z \ / values “> 0.50”.
- ',5;:’:-%:5;"{‘;':?;;;;- g | ] The analogous is the
-+ o quﬂ - \ : situation for “2n” and
R B s N I\ “3n” channels.
o(v. 3n - s A Al TN
(Y, - ) . u_,f A4 | Squares - [c*P(y, 2n) - c¢*¥(y, 2n)]
£ I L N N .| Circles - [c*)(y, 3n) - G**P(y, 3n)]
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E
electrons

E" E
bremsstrahlung
photons

target

bremsstrahlung target

Race-track microtron
RTM-70

HPGE-detector
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B1Ta(y, In)'8Ta, T,,= 8.154 hour, E= 93.326 x3B
E =103.557 k3B
81Ta(y, 2n)!”Ta, T,,= 182 year, E= 63.0 3B

The comparison of ratios of reaction yields Y and integrated cross sections o™

obtained for experimental and evaluated data for 131Ta for Ei"t = 65 MeV.

Ratios Experiments Evaluation
Saclay Livermore Activity F,,,
of cross sections 0.36 0.67 0.49
o(y,2n)/c(y,n) (797/2190) (887/1316) (958/1956)
of yields 0.24 0.42 0.34 = 0.07 0.33
Y (v,2n)/Y(y,n)
of cross sections 0.063 0.055
o(y,3n)/c(y,n) (137/2190) (107/1956)

3/18/2014 28
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Our evaluations 160 T —. IAEA CRP
ultz ( L)
based on F- 140 + J Livermore ssiere (1970) —s— | (1996 — 1999)
functions: - J jid “"m"‘“}fjﬁ}{; S evaluation
. -l I ' (IAEA-TECDOC-
Livermore data are E o100 | 1178, 2000,
reliable g = IAEA
but Sacl ¢ 3 Photonuclear Data
ut dSaclay not. r; 60 - Library).
5 40 t
20 t
0
14 16 18 20 22 24 "1 Livermore /"Il Do
Our evaluations E, (MeV) s =
based on F- g il K| 19T (v, 2nx)
functions: : £ 1
both Livermore and :

Saclay data are not
reliable.
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Disagreements with Utsunomiya data obtained using
quasimonochromatic laser Compton-backscattering y-rays

PHYSICAL REVIEW C 81, 035801 (2010) !"
Utsunomiya = ' ' =
\\m g e 19 Hririp il
IAEA CRP 5 )
data were g ol i | e
‘ E: it L L
obtained for = o SLTLTFrerrl S v
96 Q --=--Lorentzian 1 "I' Ii-' .":"i.
Zr using e QRPA without M1 J il
GUNF code oLk , ., APAM M 28 L :
q e ¢ 8 0 2 14 16 » o
adopting the E {MeV]
same mOdel FIG. 2. (Color online) Comparison of experimental and theoreti-
cal *Zr(y .n)"Zr cross sections. The solid (dotted) line corresponds to
parameters as the QRPA calculation with (without) the M | component, as discussed
for 90,91,92,94Zr in the text. The dash-dot line is obtained with a pure Lorentzian model. Similal’ disagreements:
) The diamonds corresponds to the cross section recommended by the R . 91
IAEA handbook [14]. experimental cross section for *'Zr
(triangles) in comparison with our

evaluation (line)

No experimental data for *6Zr.
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Comparison with data near threshold obtained using quasimonochromatic laser
Compton-backscattering y-rays

s, mb
T 118 117
Sn(y,n)"'’Sn
A. Lepretre et. al., Saclay f
9
Nucl.Phys., A219, 39 (1974) Lepretre, 1974
L
100 3
I *z
I1t s %
J_ -
. LR} *z
I 1+ _#&°
V.V. Varlamov et. al., I 71 .3
MSU SINP Preprint — 3/847, 2009,  CDFE AT
Bull.Rus.Acad.Sci, 74, 833 (2010) ch L evalua’ﬁon L7 li_z 4 >
9 x =
2009 A Tt L .
S.C. Fultz et. al., i I S e ;:lvlem;ore,
Phys.Rev., 186, 1255 (1969) i I L ultz, 1969
e AIST-LCS, Konan Univ, Utsunomiya, 2011
H. Utsunomiya et. al., 0 : . . ' . ' ' |
9 10 11 12 13

Phys.Rev., C84, 055805 (2011)

E, MeV

Similar situations: 116:117,120,124Qpy
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Current situation
with regards to photoneutron reaction data
obtained for energies of Giant Dipole Resonance (up to about 50 MeV)

. there are many experimental data obtained by various methods in various
laboratories;

. the majority of partial photoneutron reactions (primarily (y, 1n), (y, 2n), (y,
3n)) cross sections has been obtained at Livermore and Saclay using the method of
neutron multiplicity sorting;

. generally there are enough small (~ 12 %) disagreements between neutron
yield reaction (y, xn) cross sections;

. at the same time in many cases there are significant (up to 100 %)
disagreements between partial photoneutron reaction cross sections;

. those disagreements are clear systematic: as a rule (y, 1n) reaction cross
sections are larger at Saclay but (y, 2n) reaction cross sections are larger at
Livermore.

3/18/2014 MSU SINP - IFIN HH Workshop 32
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Current situation with regards to evaluations

Data for many nuclei do not satisfy to introduced reliability criteria (F — functions):
89y, 9091947, 15[y 112,114,116,117,118,119,120,122,124Q, 127] 13884 159, 165 ¢, 1815, 188.189.190,192()g

197 All, 207,208Pb

For many nuclei (underlined) new data obtained using new experimentally-theoretical method of
evaluation noticeably disagree with both neutron multiplicity sorting experimental data and
previous evaluations.

For '31Ta evaluated data disagree with neutron multiplicity sorting but agree with activation data.
For '13Sn evaluated data disagree with neutron multiplicity sorting but agree with laser Compton-
backscattering data.

Data for many nuclei are very doubtful:
65Cu, 80Se, 96:98.100\[¢, 927, 124.125T¢ 133Cs, 141py, 142Ce, 160G, 186\, 209B;,

Therefore many data should be re-measured without neutron multiplicity sorting
or at least evaluated using new criteria.
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Important physical consequences

1. GDR width problem. Because evaluated (y ,1n ) reaction cross sections are smaller
than Saclay’s and larger than Livermore’s ones the GDR widths should be re-
analyzed.

2. GDR decay mechanism. Saclay interpretation of high-energy tails of (y, 1n)
reaction cross sections as contributions of high-energy neutrons from GDR
nonstatictical direct decay (those contributions evaluated to be about 17 - 30 %)
looks like as very doubtful; Saclay (y,n) data corrections described decrease those
noticeably: direct decay contributions are not more than 10 - 12 %.

3. Sum rule exhaustion. Large Saclay’s extra integrated cross section c'"t(y, abs) ~
1.3 — 1.5 60NZ/A (MeVemb) became doubtfully being all due to effective mass of
nucleon (effect of exchange forces); Saclay data correction described affects (y, abs)
= (Y, sn) + (v, 1p) = (y, sn) = (y, xn) - (y, 2n); (Y, 2n) reaction cross section described
decrease both (y, sn) and (y, abs) data noticeably.
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Main goals
of further photonuclear data activity

. continue analysis and evaluation of photonuclear reaction
cross sections using data reliability criteria;

. carrying out new photonuclear data measurement without
neutron multiplicity sorting (activity, coincidences);

. production of new reliable photonuclear database;

. preparation of new Atlas of reliable photonuclear data.

3/18/2014 35
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Physics involved in photonuclear data:

traditional
. competition of various GDR decay channels;
. competition of direct and statistical processes in decays of highly-excited nuclear
states;
. GDR configurational and isospin splitting effects;
. .... many other traditional fields;
specific

. monitoring of the beam luminosity in ultra-relativistic heavy-ion colliders(
electromagnetic dissociation of colliding nuclei — neutron emission (primarily (y, 1n)
and (y, 2n)) rates in mutual electromagnetic dissociation of colliding nuclei);

. nuclear astrophysics - mechanisms of production of heavy chemical elements; p-nuclei
production in photonuclear reactions;

. various wide fields applications.

3/18/2014 MSU SINP - IFIN HH Workshop 3
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Proposals for future measurements using new monoenergetic y-quanta source
with energies up to ~ 19 MeV.

The new measurements for isotopes for which we found out the most prominent disagreements
between experimental and evaluated reaction cross sections are of great interest on the first stage.

159Th (B2n = 14.9 MeV),
181Ta (B2n = 14.2 MeV),
208ph (B2n = 14.1 MeV).

The 1-st priority:

97y (B2n = 14.9 MeV),

The 2-nd priority:
186,188,189,190,192Qg (B2n = 14.9,14.3,13.9,13.7,13.3 MeV).

The 3-d priority

(measurements would

be possible for narrow 15Ip (B2n = 16.3 MeV),
energy range (~ 2 - 3 MeV)) 116Spn (B2n = 17.1 MeV).

The 4-th priority new data will be evaluated further.

Unfortunately the correspondent final nuclei (137-158Tb, 17°Ta, 206.207pp, 92937y, 134Qg, 113[n, 1141158 )
are not suitable candidates for activation measurements.

3/18/2014 MSU SINP - IFIN HH Workshop 3
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Therefore the suitable candidates for future measurements using activation method
with highest priority are the following nuclei

18ITa(y, 1n)'8Ta, Bln =7.6 MeV, T, ,(13°Ta) = 8.54 hour

Y 12

1860s(y, 1n)!#50s, Bln = 8.3 MeV, T, ,(1830s) = 93.6 day
5In(y, 1n)!4In, Bln = 8.3 MeV, T, ,(114In) = 71.9 sec

Additionally there are suitable nuclei for which till now
we have F-analysis results but have no evaluated data

165Ho(y, 1n)'%Ho, Bln = 8.0 MeV, T, ,(1**Ho) = 30.0 min
165Ho(y, 2n)'%Ho, B2n = 14.7 MeV, T, ,(1%Ho) = 1.0 sec

141Pr(y, 1n)!4°Pr, Bln = 9.4 MeV, T, ,(**°Pr) = 3.4 min
141Pr(y, 2n)3°Pr, B2n =17.3 MeV, T, ,(1**Ho) = 4.4 hour

133Cs(y, 1n)132Cs, B1n = 9.0 MeV, T, ,(1*°Pr) = 6.5 day
133Cs(y, 2n)13!Cs, B2n = 16.2 MeV, T, ,(1*Ho) = 9.7 day

1271 (y, 1n)'2¢I, Bln = 9.1 MeV, T, ,(12I) = 12.9 day
127](y, 2n)1%51, B2n = 16.2 MeV, T, ,(»°I) = 59.4 day
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