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=m Generalities
s Example of experimental activity: n_TOF at CERN

= From experimental data to evaluated data libraries




Nuclear Reaction Experiments

Neutron induced reactions





Nuclear Reaction Experiments

Neutron induced reactions
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Nuclear Reaction Experiments

Neutron induced reactions
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Objectives

= Nuclear Astrophysics

= Nuclear Technologies
advanced reactors, nuclear waste transmutation, etc.

= Neutrons as probes for fundamental Nuclear Physics




Nucleosynthesis: the s-process

direct correlation between
neutron capture cross section
and abundance:
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Energy generation and
Nucleosynthesis: not only in stars!

The Candu Qinshan Nuclear Power Plant
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Th/U fuel cycle
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ADS (Accelerator Driven Systems)

protons
Accelerator

Reactor neutrons




World scene for tof measurements
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CERN accelerator Complex

. Antiprotons

Linac(s): up to 50 MeV PSB: upto 1 GeV PS: up to 24 GeV

The n_TOF Collaboration




The n_TOF facility at CERN

www.cern.ch/n_TOF
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n_TOF basic parameters

proton beam momentum 20 GeV/c

Intensity (dedicated mode) 7 X 10*? protons/pulse

repetition frequency 1 pulse/2.4s

pulse width 6 ns (rms)

n/p 300

lead target dimensions 80x80x60 cm?

cooling & moderation material H,O

moderator thickness in the exit face 5cm

neutron beam dimension in EAR-1 2 cm (FWHM)
(capture mode)

www.cern.ch/n_TOF The n_TOF Collaboration




Basic characteristics of
experiments at n_TOF

= wide energy range

— Monte Carlo Simulation
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Basic characteristics of
experiments at n_TOF

= wide energy range PPACs & FIC-0 (2003)
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www.cern.ch/n_TOF The n_TOF Collaboration




Basic characteristics of
experiments at n_TOF

= wide energy range

= high neutron flux &
high energy resolution
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Basic characteristics of
experiments at n_TOF

= wide energy range

= high neutron flux &
high energy resolution
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Basic characteristics of
experiments at n_TOF

= wide energy range

= high neutron flux &
high energy resolution

S50 100 150 200 250 300 350
Ea(eV)

www.cern.ch/n_TOF The n_TOF Collaboration




Basic characteristics of
experiments at n_TOF

wide energy range

high neutron flux &
high energy resolution

low repetition rate
of the proton driver
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www.cern.ch/n_TOF The n_TOF Collaboration




Basic characteristics of

experiments at n_TOF

U Abbondanno et al. (The n_TOF Collaboration)

Phys. Rev. Lett. 93 (2004), 161103

&

151G S Marrone et al. (The n_TOF Collaboration)
m(n,y) Phys. Rev. C 73 03604 (2006)

wide energy range

high neutron flux &
high energy resolution

low repetition rate
of the proton driver

low background conditions

www.cern.ch/n_TOF
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The n_TOF Collaboration




Basic characteristics of
experiments at n_TOF

wide energy range
high neutron flux &

D Cano-Ott, et al. (The n_TOF Collaboration)

hlgh enel’gy resolution 23N p(n,Y) ND2004 Conference, Santa Fe, NM — Sept. 2004

low repetition rate
of the proton driver

low background conditions

counts (normalised to the flux monitor rate)

www.cern.ch/n_TOF The n_TOF Collaboration




Basic characteristics of
experiments at n_TOF

wide energy range

high neutron flux &
high energy resolution

low repetition rate

of the proton driver
low background conditions
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Basic characteristics of
experiments at n_TOF

wide energy range

high neutron flux &
high energy resolution

low repetition rate

of the proton driver
low background conditions

Neutron beam

detectors with extremely
low neutron sensitivity

www.cern.ch/n_TOF The n_TOF Collaboration




Basic characteristics of
experiments at n_TOF

wide energy range

high neutron flux &
high energy resolution

low repetition rate
of the proton driver

low background conditions

detectors with extremely
low neutron sensitivity

sample changer and beam pipe
made out of carbon fiber

www.cern.ch/n_TOF The n_TOF Collaboration




* 40 BaF, crystals

Basic characteristics of ...
experiments a,t r]_TOF * good energy resolution

i —

wide energy range

high neutron flux &
high energy resolution

low repetition rate
of the proton driver

low neutron sensitivity
high-efficiency detectors (TAC)

www.cern.ch/n_TOF The n_TOF Collaboration




Basic characteristics of
experiments at n_TOF

C Guerrero et al. (The n_TOF Collaboration)

wide energy range 249Pu(n,y) ND2007 Conference, Nice, France, April 2007

high neutron flux &
high energy resolution

low repetition rate
of the proton driver

low background conditions

| 1.} Room + target frame background ...
__2 ] Background due to the Ti canning + ﬂ
3

) 51.2 mg of 240Py + 2.)

detectors with extremely
low neutron sensitivity

high-efficiency detectors (TAC)
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www.cern.ch/n_TOF The n_TOF Collaboration




Basic characteristics of
experiments at n_TOF

R Plag et al. (The n_TOF Collaboration)
NIMA 538 (2005) 693

wide energy range

high neutron flux &
high energy resolution

| 1t1 | $36200 636400 636600 636800 637000 637200
oW repetition rate

flash ADC chann

of the proton driver
low background conditions

1 mm Au sample, with zero-suppression

detectors with extremely
low neutron sensitivity

hlgh_effICIenCy deteCtO rS (TAC) Silicon detector, with zero-suppression
advanced daqg system 100 150 200 250 300

Number of bursts

6.3 mm C sample, with zero-suppression

Recorded data per burst [kB]

www.cern.ch/n_TOF The n_TOF Collaboration




Basic characteristics of
experiments at n_TOF

wide energy range

high neutron flux &

high energy resolution —
low repetition rate n_TOF beam characteristics

of the proton driver and experimental setup

low background conditions proved to be a unique
combination for high

accuracy measurements

detectors with extremely
low neutron sensitivity

high-efficiency detectors (TAC)
advanced daqg system

www.cern.ch/n_TOF The n_TOF Collaboration
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151Sm

204,206,207,208Ppy 209

232Th
24,25,26)\|g

90,91,92,94,967 937y
]

139La

186,187,188()g

233,234 J

237ND,240PU ,243Am

Fission
233,234,235,236,238U

232Th
209

237Np

241,243Am : 245Cm

n_TOF experiments

easurements of neutron cross sections
relevant for Nuclear Waste Transmutation and
related Nuclear Technologies

s Th/U fuel cycle (capture & fission)
m [ransmutation of MA (capture & fission)
s Transmutation of FP (capture)

ross sections relevant for Nuclear
Astrophysics

m S-process: branchings
m S-process: presolar grains

eutrons as probes for fundamental Nuclear
Physics
= Nuclear level density & n-nucleus
Interaction

The n_TOF Collaboration




Nuclear Reactions & Data Libraries

Experimental Nuclear Data Nuclear Theory

Nuclear Data Evaluation

l

Evaluated Nuclear Data Files

!

USERS

Applications

a.mengoni@iaea.org




Evaluated Data Libraries

Evaluated data sets are produced through the process of critical
comparison, selection renormalization and averaging of the
available experimental data, normally complemented by nuclear
model calculations.

Evaluated Libraries are computer files of evaluated data which,
appropriately processed, form the input data to computations for
a wide variety of nuclear science and technology applications.
Each of these evaluated libraries may consist of individual
evaluated data sets for several hundred isotopes or elements
(commonly referred to as 'materials’).




Data Libraries

& Mozilla Firefox

Eile Edit ‘iew Histary

€

Bookmarks  Tools  Help

$ | ? hittp:f funa-nds isea. org,i

JIAEA orc =4 cf

International Atomic Energy Agency

Welcome to the IAEA Nuclear Data Centre

Content Browser

ADs-Lib
AMDC
CIMDA
DROSG-2Z000
ENDF

ENSDF
ENSDF ASCII Files
EXFOR
FEWDL-2.1
IBANDL
INDL/TSL
IRDF-z002
Masses 2003

Medical Radioisotopes
Production

MIRD

Minsk Actinides
MGATLAS
MNuDat 2.1

MZR
PGAA-TAEA
Photonuclear

Photon+Electron
Interaction

POINTZO07
POINTZ004
Q-values, Thresholds
RIPL

RMNAL

SigmaiCalc
Standards
Stopping Power Data

Thermal Neutron
Capture Gamrma Rays

Thorium-Uranium Fuel
Cycle

Wallet cards

Nuclear Data Services

Search NDS

Major Databases
CINDA - neutron reaction data bibliography
- evaluated nuclear reaction cross section libraries
EXFOR - experimental nuclear reaction data
evaluated nuclear structure and decay data (includes XUNDL)
- Muclear Science Refersnces
NuDat 2.2 - selected evaluated nuclear data

Nuclear Databases and Files
General

r - 2003 atomic mass evaluation, NUBASE, PC-NUCLEUS, etc.

atomic masses, Q-values and threshold energies
- reference parameters for nuclear model calculations

- ground and metastable state properties

Other evaluated data Iil)ralies in ENDF format

- IAEA Evaluated Muclear Data Library / Thermal Scattering Law
IRDF EEIEIE = Internatlnnal Reactor Dosimetry FI|E!

- atlas of neutron capture cross sections (c on is here)

7 - Pointwise data of ENDF/B-YII1.0 process temperature dependent form

- Pointwise data of ENDF/B-¥I Release & at & temperatures
RNAL Reference MNeutron sctivation Library
ards - Meutron Cross-section Standards 2006

Evaluated libraries in different formats
b Application test library in ACE and MAT®S format for ADS neutrunlcs design

IBANDL = Ién Beam analysis NMuclear Data Library
- medical internal radiation dose tables

- database of prompt gamma rays from slow neutron capture
Electron Interaction Data - ERPDL, EADL, EEDL, EXDL and ASF

EMDF Format Manual - ENDF-102 Jyne 2005 version

NEMEA-4

4th Workshop on
Heutron
Measurements,
Evaluations and
#pplications - Nuclear
data needs for
Generstion IV and
acoelerator driven
systems

October 16-18, 2007

Prague, Czech
Republic

Workshop on Hudlsar

Data for Science and

Tachnology: Medical
fpplications

12 - 23 Movember,
2007

Miramare, Trieste,

Joint ICTP-IAEA
Workshop on Muclear
Structure and Decay

Dsata: Theory and

Evaluation

www-nds.iaea.org




Data Libraries

Major Evaluated Nuclear Data libraries available for display & retrieval:

Libraries: &)a
() Major Libraries () Other Libraries |II
[enprse-viro (USa 20080 [liaes-standards, zoos
[ Feeeaa 2005 [l 1aE8-Medical {for radiaoisotope prod.)
[lienpL-3.3  Japan, 2002) [l1rDF-2002 (Dosimetry)
[JenpF/e-wi.e JSA 20013 [LI1IEFF-3.1/a (activation]
] BROMND-2.2 'R 3,199 [ ] Special Purpose Libraries
] CEMNDL-2 (China, 19913 [ ] archival Libraries

www-nds.iaea.org







Capture Jr experimel

151Sm

204,206,207,208Pb’ 209Bj 232Th(n’Y)

Cm 238 Cm239 | Cm 240 Cm 241 Cm 242 Cm243 | Cm 244 Cm 245 Cm 246
24,25,26Mg 3h 27 d 28 d 162,04 d 29,1 a 18,10 & 8500 a 4730 a
af i wiiizooe. W esmssre. B KW O it
£ Fe IR ) L g W o s _-.-
90,91,92,94,962r 93Zr = ¢ aoph : : Al T ity v5 w200l 712 0,98
’ Am 237 Am 238 Am 239 Am 240 Am 241 Am 242 Am 243 Am 244 Am 245
a7n | 730m | 1.63h 11.2h | B0.8&h L’.‘I 4322 a idta | 18k 7370 a ®m 10000 205h
1393 Dol Pl g P Bl e T
s, ave. [N S 5id 51 e 1 gy st | | to TR A T [ oy
' ' o ; fn F BT B e Bt
v i 0 B L s ai u ; g
186’187’18808 Pu 236 Pu 237 Fu 238 Pu 238 Pu 240 Pu 241 Pu 242 Pu 243 Pu 244
2,858 a 452d 87.74a B 2411 10%a [l 6563 2 [N 485 A 3750 10%a [l 4.856 h 8.00- 107 a
Ef. T .I st ik = JIEI 7 4 " i, 158 61 §an g sl o i sh m L L5
233,234U w33 % Mg | ulu-.:{ : i o e
| & =0 480 oy 1 | a7 7 1 260 wmy ~ 0l e " 010 R oy ) F = 100y 200 ! |
235 MNp 236 Np 237 Np 238 Np 239 Np 240 Np 241 Np 242 Mp 243
23'Np,249Pu,23Am . B | dsnrewiy s e | ZNIFA | 23550 | iatm] wm | 150m | medTEee | 185mM
i 3 oo [0 01 - C O S - o R
v B ke | T SRR - 2 el R TR L o P O - P
- - gy ey P00 | g w2500 By 00N @ ar 2100 o2+ 1Hayxl |rrg [#Eoe |0 ° l¢ g
F|SS|On U236 | U237 M U239 | U240 | U 242
s e 12 nyd 2,42 1078 675d 235 m 191h | 16,8 m
1078 mw |70 100 ey n'ﬁg.z:@.r.].u 1 ] 498 102 1303 Fod. ' .‘i'm -
i ral IR - P 1.3, 5 ! 7 B4; 2
233,234,235,236,238| | PERESY B o P B O i
s 3 o 1 o — VO ey < 1 " o 18 m ey . irn
X 3 Pa 234 Pa 235 Pa 236 Pa 237 Pa 238
232Th ; 2¥0d 117Tm | 8700 242 m a1 m 8.7 m 23.m
- § - X graa F.ak & - — v : A
da, 312 30 Ll Dot ol T Eﬁfzuﬁi; Folapa i 148 150
- | i Ao, ] sy | 7 V20— 5SS 1763 - g v B4 BB5; 444: GO,
ZogBI = 18 e sl 7 529; 541 2
Th 233 Th 234 Th 235 Th 236 Th 237
; L3 m 2410d 7.1m 7S m 50m
237 i A05-10"8 e LTS g
Np LD P 40133950 i L :.'.Bﬂmgd.ﬂ E-“_;_.:??? 1:1111-1&4?.
37 iy (0, 00 D00 o 1500 oy 1A a 1B oy« 001 =R 185 ) A

241,243Am : 245Cm




Capture n_TOF experiments
iSm F Gunsing, et al. - The n_TOF Collaboration
204,206,207,208pf)  209Bj ND2004 Conference, Santa Fe, NM — Sept. 2004
24,25,26)\g
90,91,92,94,967y 937
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extremely high-resolution data!
241,243Am, 245Cm

The n_TOF Collaboration




Capture +s  n_TOF experiments

iSm F Gunsing, et al. - The n_TOF Collaboration
204,206,207,208pf)  209Bj ND2004 Conference, Santa Fe, NM — Sept. 2004

&
G Aerts et al. (The n_TOF Collaboration)

24,25,26)\1g Phys. Rev. C 73, 054610 (20006)

90,91,92,94,967 937y
]

139 La
Lmtiner et dT (1976

186,187,18805 o Poenitz et al. 1’19?6;

I'I"::-"Iagkhn Pf &['E +H]gl:-?”a}ii'+1‘||
obayashi et al. |
233,234U Wisﬂ}:ﬂk et al. (2001
Earaﬁndn{t 591{ 35 ]2 1)
arella et a 06
237Np,240Pu,243Am IAEA evaluation (2005

Fission
233,234,235,236,238U

232Th
209

5ND heutron energy (eV)

241,243Am 245Cm
’ The n_TOF Collaboration




Capture %y  n_TOF experiments

iSm - F Gunsing, et al. - The n_TOF Collaboration
204,206,207,208pf)  209Bj Th(n,y) | ND2004 Conference, Santa Fe, NM — Sept. 2004

&
G Aerts et al. (The n_TOF Collaboration)

24,25,26)\1g Phys. Rev. C 73, 054610 (20006)

90,91,92,94,967 937y
]

139La

186’187’18805 TABLE II. Different components of

estimated systematic or correlated uncer-

233,234U tainty in the measured cross section.

Component Uncertainty (%)

237N p 240Pu 243Am
’ ’ PHWT
MNormalization

0.011
0.011
0.010
0,010
0,009

[T =]
ho Lh

Fission
233,234,235,236,238U

232Th

209B; For E, =4 keV up to 1 MeV full dataset
is available on the PRC publication

laad bd d
]

(WY

Total

237Np

241,243Am : 245Cm




Capture

151Sm

204,206,207,208P)  209B;
24,25,26)\|g
90,91,92,94,967y 937y
139 g
186,187,188()g

233,234 J

237Np,240Pu ,243Am

Fission
233,234,235,236,238U
232Th

209B;j

237Np

241,243Am : 245Cm

n_TOF experiments

F Gunsing, et al. - The n_TOF Collaboration
analysis in progress
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