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PLAN OF THE LECTURE

* Needs of IBA in nuclear data

* lon Beam Analysis Nuclear Data Library (IBANDL)
EXFOR data base

» Evaluation of nuclear data

What nuclear data are needed for
IBA?

Sort of data Projectiles Targets Type of interaction | Energy range

Differential p, d, 3He, All elements | Elastic scattering, | 0.5+10 MeV
cross sections | “He, heavy nuclear reactions
do(E)/dQ, ions
y-ray yields




NRA Depth Profiling

[ A channel of width 6E at
Ene energy E in the spectrum

corresponds to a slice of width
) o dx at depth x in the sample,
\ with E and JE being inversely

¥ related to x and &x through a
S T linear combination of the
. stopping powers for the
incident and outgoing particle

* The number of particles
E accumulated into that
< histogram bin is proportional
to ¢(x), dx, and o(E,), where
E, is the energy of the
incident beam when it gets to
depth x.
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Distinctive feature of the nuclear data for IBA

« |IBA uses differential cross sections
rather than total ones — data for different
angles are needed

* IBA employs data mainly for elements
of natural abundance rather than for
separated isotopes — data acquired in
nuclear physics studies are often not
sufficient

The difference between cross sections for
separate isotopes and for an element of natural

abundance
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R33 Format for Communication of Reaction

Cross Sections in the IBA Community

Comment: The thick film method vas employed =t different incident beam energies
and the results vere combined into a single cross section. The values agree with

our thin film results, which generally exceed those of Saad et al {1966 by a factor of 2
File created by R33 Nemager version 0.21
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The distribution of the available data on angle
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How accurate is digitizing?

4
ES X %
- 2 X
s x X
50
s » X
o 2 « X
o . x
Mean deviation: + 0.19%
Mean square deviation: 1.44%
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What is EXFOR

Database for all experimental nuclear reaction data,
such as all total and differential cross section types,
resonance parameters, fission and other product yields,
production cross sections, spectra, polarization data,
etc. etc.

Started in 1970 for neutron data, later extended to
charged-particle and photonuclear data

Includes also structured abstract of experimental
method and bibliographic information




EXFOR format

Data exchanged in 80-character ASCI! files, managed with
relational database system with sophisticated retrieval
possibilities see http://www-nds.iaea.org/exfor/ )

Data presentation very flexible (close to authors’
presentation in publication): different units, varying
number of data columns, etc.

Several “computational” output formats for processing
and plotting; not yet working for differential data (but
coming soon)
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THE REASONS WHY EVALUATION IS NEEDED

Reason 1: because of discrepancies between results
of different measurements

= 165° G.Amsel, Thesis, Ann.Phys., v.9 (1964) 297

e 164.25° R.F.Seiler et al. Nucl.Phys. v.45 (1963) 647

v 164° S.Cavallaro et al. Il Nuovo Cimento v.14A (1973) 692
5 164.25° H.C.Kim et al. Nucl.Phys. v.57 (1964) 526

254
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THE REASONS WHY EVALUATION IS NEEDED
Reason 2: because cross section may has a fine
structure missed in some measurements
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WHY IS A FINE STRUCTURE ESSENTIAL?

Suppose "true" cross section is as shown
by a solid line and two measurements with
12 keV step are made, the measured points
in the two sets being shifted by 6 keV

2000

Simulated EBS spectra

1500
1000 / VN Black line — simulation with "true"

cross section, blue and magenta —
simulation with sparse point cross

do/dQ, arb. units

500 Step AE=12 keV
section measurements

30000

so0| Step AE=12 keV

20000

10000

do/dg, arb. units
Counts/Channel
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THE REASONS WHY EVALUATION IS NEEDED

Reason 3: because cross section may have a strong
dependence on angle.

12C(*He, *He)!2C

olc,
S
T
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Comparison of different results for 1°0(a,0t,)'¢O cross

section
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The comparison of the results obtained by «thin»
and «thick» target methods for Si(a,cr) cross section
K.-M. Kallman, Z. Phys. A 356 (1996) 287
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Fig. 2. The excitation function obtained with the thick-target
method (full line} compared to the excitation function from [4] (dots)




Evaluation Problem

Given:

Different sets of (generally inconsistent)
experimental data measured at sparse
points on energy and angle

Find:
The most accurate possible smooth
curves of do/dQ(E,0)

31

Solution

Step 1: search in the literature and nuclear data
bases to find all relevant experimental data.

Step 2: digitize data published only as graphs.
Step 3: compare data from different sources.

Step 4: examine reported experimental conditions
and errors assigned to the data.

Step 5: select the apparently reliable experimental
points.

Step 6: identify nuclear physics processes
corresponding to the case.

Step 7: fit free parameters of the theoretical model.

Step 8: produce the optimal theoretical differential
cross-section. 2

The Essence of Evaluation

To produce cross-section
through incorporation of the data
measured under different experimental
conditions at different scattering angles
into the frameworks of the unified
theoretical approach.

33




Evaluation Scheme

| Data Compilation |

!

‘ Critical Analysis ‘
»le

v

‘ Theoretical Calculations ‘

l

‘ Analysis of Discrepancies ‘

|

!

Cross Section
Measurements

Benchmark
Experiments

I

[

‘ Data Dissemination ‘

34

Evaluation Scheme

‘ Data Compilation ‘

!

[ critical Anaysis |
]

v

‘ Theoretical Calculations ‘

l

‘ Analysis of Discrepancies ‘

l |

Cross Section Benchmark

Measurements

Experiments

L]

[

‘ Data Dissemination ‘
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Evaluation Scheme

‘ Data Compilation ‘

l

‘ Critical Analysis ‘

I
v

| Theoretical Calculations |

}

‘ Analysis of Discrepancies ‘

]

!

Cross Section
Measurements

Benchmark
Experiments

L]

[

‘ Data Dissemination ‘
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Evaluation Scheme

‘ Data Compilation ‘

!

‘ Critical Analysis ‘

e
v

‘ Theoretical Calculations ‘

l

| Analysis of Discrepancies |

!

Cross Section Benchmark
Measurements Experiments

I A R

Data Dissemination
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Comparison of different results for 1'B(p,p,)!'B
cross section
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Evaluation Scheme

‘ Data Compilation ‘

!

‘ Critical Analysis ‘

e
v

‘ Theoretical Calculations ‘

‘ Analysis of Discrepancies ‘

Cross Section Benchmark
Measurements Experiments

‘ Data Dissemination ‘
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Evaluation Scheme

‘ Data Compilation ‘

l

‘ Critical Analysis ‘
I

v

‘ Theoretical Calculations ‘

‘ Analysis of Discrepancies ‘

]

!

Cross Section
Measurements

Benchmark
Experiments

L]

L |

‘ Data Dissemination ‘
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Benchmarks

A benchmark is an integral experiment which is
compared with a standard direct simulation using
microscopic cross-section data in order to verify
the data.

This is an extension of the definition taken from
reactor physics where microscopic neutron data
are verified by comparison of calculated integral
reactor characteristics such as e.g. neutron flux
with results of direct measurements.

42




The benchmark demonstrated the significance of
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The deviation of the cross section for Mg(p,p,) from

Rutherford above 800 keV
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Counts/Channel

The benchmark for Mg(p,p,)
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Evaluation Scheme
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‘ Critical Analysis ‘

e
v

‘ Theoretical Calculations ‘

l

‘ Analysis of Discrepancies ‘

| |

Cross Section
Measurements

Benchmark
Experiments

I

[

| Data Dissemination |

46

s SigmaCale

e e

et Element Braction
O TR " jroril
Toorpy e sCrens wecfiens.
e gy
= 1w
ey
o

L
ek
0w Ly
warlab} Orich 3001 T et ot ltsnges ) bt et
) el
Boaaary M0 Arguiy b, 4l Wesain (g} e
irant wore sdded
Debman
"
Sy
Comns
iy Dtk T8 e e ssmiion s wbled
[ Seramir 10

109 - WinSCP
Local Mark Files Commands Session ptors Bemolm bl

o MP SEe BT + o 3 (pexh@IEIAT w iy S @
o C Fimamrmt e v o REAR @Y% Do
Sie Chargped atr
0107 2008

1007 2005
1007 7005
5118 06062001
M0 05051990
A0 15062008

21002000 209008 rwerer

- Pl
}e1 fanxn clat

me-agon
B C-1plren

a gl
Mg st
T Mg omp
Mg g
B | Mey s
= g
W S g
Mg dat
Myt omp L]
= M e o 1011
<

A0S 1:06:40
5,06 2002 11:8853

OPTE- T POET B0 o 4 007 K i Dol 155
» i 1h] 3 O FT Crese Dinettony *
e EEl] 8 @ g STPKA MG




do/dQ, mb/sr

do/dQ, mb/sr

Evaluation of the "N(p,p,)'*N cross-section

o Olness 168"
& Lamber 166°
< Bashkin 161°

Havranek 161"
o Rahala 171°

350

300

—— Evaluation 165" ‘

20
Energy,

25 30
MeV

do/dQ, mb/sr

Tautfost 152°
Ferguson 155" 4
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Jiang 12" 4
Evaluation 152°

“N(p.py)'“N
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A Olness 167"

Evaluation 165
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Energy, MeV/

4.5

Energy, MeV
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Evaluation of the proton elastic scattering from oxygen
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The evaluated cross section for proton
elastic scattering from oxygen

O(p.p,)

do/dQ, mb/sr

2800
Energy, kev 52

Comparison of different results for 160(c, ) 1°0
cross section

Energy, MeV 53

160 (01, 010) 160

Resonance parameters reported in different works

Eq, keV T, keV Reference
3.0317 Demarche et al. J. Appl. Phys. 100 (20060) 124909
303445 Leavitt, et al. NIM B 44 (1990) 260
303516 Cheng et al., NIM B 83 (1993) 449
3036+2.3 | 10.12+0.37 | MacArthur et al., Phys. Rev. C 22 (1980) 356
3038+5.0 | 10.0 Soroka et al., NIM B 83 (1993) 311

30424+3.0 | 10.26+0.49 | Jarjis, NIM B 12 (1985) 331
3042+3.0 | 10.20+0.40 | Wang et al., NIM 211 (1993) 193
3045+10.0 | 10.0 Cameron, Phys. Rev. 90 (1953) 839
3038.2+2 | 10.1+0.4 Evaluated (1998, TUNL)
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The evaluated cross section for alpha
elastic scattering from oxygen

do/dQ, mb/sr

2000 3000 4000 5000
Energy, keV 55

Evaluation of the "N(a,0,,)"*N cross-section

160 T T T T
14 14
a0l N(o,0) N ]
O Herring 167°
120 A Bogdanovich 165° ]
v Terwagne 165°
5 100] 4 Feng 165° ]
€ sl > Kashy 164° 1
g
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©
©
o )
25 3.0 3.5 4.0 4.5
Energy, MeV 56

14N(0t,015)'“N narrow resonance

Beam r=1.2 keV

300 T T T T
14, 14, i
N(oo )N ® Herring etal.,
250 | ( ’ c‘O) shifted lf)y15 keV |
6=170.8° c.m. Evaluation:
Original
% 200 Resonance 2.767 MeV —— Folded q
E r=0.8 keV, I /r=0.69
o 150 Target thickness 4.3 keV 1
3
°

L L L L
275 2.76 2.77 278

Energy, MeV
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Evaluation of the 2C(a,0,,)'?C cross-section

'D ) 160 | — Fualuation 1669° v Feng 1650° 1
120(%%)12(: . - - -Evaluation 170.0°  + Gosset 165.0°
8 L 12 o Bitner 1669°
o Leavitt 170.5° 120l ¥ C(ou0)) °C o Cheng 1700° |
o Feng 165.0° 4 2 Davies 170.0
6 . Hill 166.9 100 ° Leawnnus"o ]
o Evaluation 166.9" & * Somatr 1720
3 o 8 4
s ¢ 13 w
) | 40
3 20 \
0 o ) G
25 3.0 35 4.0 4 5 6 7 8
Energy, MeV Energy, MeV
58
The evaluated cross section for alpha
elastic scattering from carbon
_ 1000
2
e
£
g
B 500
©
0" 4500 5500 6500
Energy, keV 59

Evaluation of the Ar(p,p,)Ar cross-section

181

161

T T
& Valter 150°
© Frier 155°
o Barnhard 160°
Evaluation 155° S

Ar(p,p,)Ar

' ' ' '

20 22
Energy, MeV
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Ar(p,po)Ar fine structure

20f 7 i j
18 Ar(p.p )Ar
16
14]
12]
1.0
08
06
04

do/do,

= Frier 155°
e Barnhard 160°

T T T
—— Evaluation 160”
- = - Averaged AE=12 keV |

02p 4 Cohen-Ganouna 165° ) ) ) ]
00 1840 1860 1880 1900 1920 1940
Energy, keV/
61
Most useful reactions with deuterons
2H(d,p)*H = 4.03 MeV
12C(d,p)*C = 2.72MeV
14N(d,p)'SN = 8.62 MeV (p,)
14N(d,0))'2C = 13.57 MeV (ap)
80(d,p)70 Q= 1.92MeV (p,)
160(d,0)"*N = 3.11 MeV
27AI(d,p)22Al = 5.50 MeV (p,)
7Ad,0)5Mg Q= 6.71 MeV (ag)
288(d,p)20Si = 6.25MeV
62

Evaluation of the 2C(d,p,)'3C cross-section
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160(d,0,0) 4N cross-section at 165°

a1 160{d. a0} 14N

Cross gection. sb/er

o
Erorgy, keV
Therm=laf 8 SigmaCale 16, File coeamed 9.0.3010
Thweta=165.00 € Amsel, Thesis, Aun Plys, 901064y, 297
Thetaslig 25 F Setler e L [¢ VA5 (1903} 047 64

Twta=164 25 HC. Kisn ot 3l Nacl Plys. 57 (1964) £26

Three regions in the compound nucleus excitation
and corresponding cross-section behavior

Resonances Smooth cross-section

Ericson fluctuations
65

Ericson fluctuations in the 28Si(d,p)2°Si reaction

285i(d,py)?°Si 28Si(d,p,)2°Si
L . | i ..
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Ericson fluctuations in the 27Al(d,p)28Al reaction
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“Recommended” cross-section for 28Si(d,p,)2°Si at 150°

Een 2851 {d. p0) 2951

Cross sectlon. mb/sr
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68

“Recommended” cross-section for 28Si(d,p,)2°Si at 150°

E+d 2051 {d.p1}2a51

Cross section. sbisr

Enargu. kel
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Benchmark for the 28Si(d,p,)2°Si cross-section
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“Recommended” cross-section for
27Al(d,ps,¢)28Al at 150°
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The comparison of the results of a new measurement with
other data for 27Al(d,p,,)2%Al
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Benchmark for the 27Al(d,p)28Al cross-section
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Most useful reactions with 3He

2H(°He,p)*He
2H(°He,0)'H
9Be(®He,p,)''B
12C(3He,p)“N

Q= 18.35MeV
Q= 18.35MeV

Q= 10.32 MeV (p,)
Q= 4.78MeV (p,)
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EHDF Request 1434, 26018-Aug-38,14:47:38
EXFOR Reguest: 771361, 2818-Aug-38 14:58:57
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Conclusions

IBANDL is a main source of the cross section data for IBA
There are a lot of discrepancies in the compiled data

The evaluation of the IBA cross sections provides the most
reliable data

New measurements and benchmarks are under way to
resolve the problems

Some of the most wanted cross sections have been
evaluated and the work on evaluation is in progress
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