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Nuclear Data at High Energy

Measurements of microscopic high
energy data

* Neutrons

= multiplicity distributions

w double-differential cross-sections
Charged particles

w multiplicities

w differential cross-sections

Residual nuclides
w spectroscopy
w in-line mass-spectrometry

w inverse kinematics

e Coincidence measurements

w light charged particles, fission fragments
and low energy neutrons

= deeper insight of the reaction mechanisms

Sylvie LERAY (CEA/Saclay) Trneste, March 20-26, 2000 I A
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Nuclear Data at High Energy

Neutron multiplicity distribution measurements with

liquid scintillator neutron balls
collaboration HMI-Berlin, GANIL, Varsaw

Detection of low energy neutrons (below 20
MeV)

= sensitivity to the amount of excitation energy at
the end of the cascade stage
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Neutron measurements

Angle and energy spectrum measurements

¢ Measurement of neutron production double-diffe-

rential cross-sections at SATURNE

Measurement method:

- from 3 MeV to 400 MeV: time of flight between

tagged incident proton and a neutron scintillator

- from 100 M eV to incident energy: n—p conversion

im a Hy, target and a magnetic spectrometer

- Use of quasi-monokinetic neutron beams (break-up

d + Be) for efficiency determination

"Demon" detectors T
(liquid scintillator) :

Low energy detectors
(liquid scmtlllator)
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Low Energy Detection

= from 4 to 400 MeV DEMON detectors
= from 2 to 16 McV DENSE detectors

ot *E’
- on Bruyéres-le-Chatel Tandem from 2 to 16 eV using SH(p.n)’1
and *H(d,n)*He reactions

- at Uppsala from 30 to 120M eV by associated particle method

- at Saturne from 150 to 800A7eV through d+ Be cross-section

DEMON detector efficiency
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e Measurement of the spectrometer response -
function:
obtained with quasi-monokinetic neutrons produced
in reaction:
-d+ Be up to 1.15GeV /A
-3He + Be from 1.15GeV /A to 1.6 GeV/A

=> Détermination of the absolute neutron flux:
O clastic(n, p) limited to [0, 3°] aperture where accep-
tance is 100%

= measurement of the response function to quasi-
monokinetic neutrons:
measurement with total acceptance

= Fit of the response at different energies: 4 gaus-
sians the parameters of which are a function of en-

ergy

= Déconvolution



Neutron measurements at SATURNE

=> Thin target

- Measurement of energy-distributions at various an-
gles from 0° to 160°
- Protons and deuterons between 0.8 and 1.6 GeV

on Al. Fe, Zr, W, Pb, Th

= Thick targets

- Measurement at various angles on targets of ditter-
ent diameters as a function of position in the target
- Protons and deuterons between 0.8 and 1.6 GeV

on Al, Fe. W, Pb



Nuclear Data at High Energy

Neutron production double-differential cross-
sections
collaboration CEA/DSM, CEA/DAM, IN2P3

= Comparison of two different INC models inside
the TIERCE HETC code

(same Dresner-Atchison evaporation-fission code)

Pb(p,xn)X E_ = 1200 MeV

d’6/dQdE (mbarn/MeV/sr)
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Per reaction total neutron multiplicities

M at 1200 MeV

0 25 50 75 100 125 150 175 200 225 25
Target mass (A )

6 _ ............... Beriim ................... ................. ................. . ............ ....... *

- f‘ Hgn (}f:i
4 T U PRt SONO TP SUPTOTIOPRPN F
' Expenmental data

0 200 400 600 800 1000 1200 1400 1600 1800
Proton beam energy (MeV)
I AA



Per reaction averaged neutron multiplicities and energy carried
out by the emitted neutrons obtained by integration of the double-

differential cross-sections over the angular distribution and com-

- pared with calculations using :i. "~ . . <. with Cugnon? or
Bertini®) INC model and *~ +!i. i for a 2cm Pb target.
Energy A | MG | pmTie ) plah | E o aze | Ex MO | E x M E x My
a 0-2 MeV 4.9 6.1 5.6 4.8 6.2 5.7
2-20 MeV |l 6.5+ 1.0 6.9 9.5 8.6 38, £ 4. 42, 55. 50.
20 - Ennx 1.4 £ 0.2 2.2 1.8 1.8 200. £ 20. 211. 203. 202.
TOTAL 14.0 17.4 16.0 258. 264. 258.
) 0 -2 MeV 58 | 6.9 | 6.3 5.8 7.0 6.5
2-20MeV }| 8.3 £ 1.0 8.9 12.4 11.4 52, + 6. 54, 78. 71.
20 - Ennax 2.7 £ 0.3 2.8 2.4 2.4 310, = 31. 309. 294, 299.
TOTAL 17.4 21.7 20.2 369. 379. 377.
0-2 MeV 6.0 7.4 6.8 6.0 7.5 7.0
2-20 MeV || 10.1 £ 1.4 10.0 14.7 13.6 63, X 8 61. 7. 90.
20 - Eppx 3.4 4+ 0.4 3.1 3.1 3.1 410, £ 40. 422, 373. 389,
TOTAL 19.1 25.2 23.5 489. 478, 486.

2) J.Cugnon, Nucl. Phys. A462 (1987) 751; J.Cugnon et al. Nucl. Phys. A620 (1997) 475.

4) R.E.Prael et al., LAHETT™ Code System, Report LA-UR-89-3014, LANL 1989.
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Nuclear Data at High Energy

—

1

Measurements of hydrogen and helium production

Thin targets
collaboration NESS! (Berlin, Jiilich, GANIL)

§

Calculations with the Cugnon model
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Fig. 15. Comparison of calculated particle energy spectra with the INCL (solid
histogram) and LAHET-code (dotted histogram). The top two panels represent the
- nucleons emitted during the INC while the lower panels display the energy spectra

ool NP REsH (1223)31F

1
1 10 10 10° 10 0’ 1’
evaporation
——
% protons
AR N WA s bt Al P
2
E
S’
i &
S
B
=
L
0 20 40 0 20 40 60
E,, (MeV)

of evaporated particles.
. From Cnke
3
3 P p(1.8GeV) + Au
v ¥ ]
Ew® 7 g
k].: ?;
= 5
; B Y A
= 5
10 -
i
1oEd] + NESSI ;
— INCL |
e ~- LAHET ’
Al ]
10 Bl .
0 0 20 30 4 50 60
E,. (MeV)

Fig. 16. Comparison of measured (solid circles) and calculated helium energy spectra
with the INCL (solid histogram) and LAHET-code (dashed histogram). The exper-
imental helium spectrum was integrated over 0 < 8 < 66° and 114 < 8 < 180°, the

Au target thickness was 8.7 mg/cm?.



10 }

PL3GEV) + Au M, =05

Fig. 9. Angle integrated He energy spectra

oo”

L

125 25 50 73

100 125

E,. (MeV)

(circles) as a function of measured neu-

tron multiplicity for 1.8 GeV p + Au compared with INCL calculations.

@Om Gf\%*&“f/ v

CP6SA

(129%) 313



v-spectroscopy method

- production of nuclides on thin targets from a large

variety of targets from 0.2 to 2 GeV on different ac-

3

celerators

URNE

Mass-spectrometry method

-, on W, Pb, U at SAT-

) . . .
- Measurement of **J and 232Th isobaric production

cross-sections at PSI

Reverse kinematics method

- Measurement of complete isotopic distribution of

spallation residues using reverse kinematics at GSI

in Au, U and Pb + H, and D, reactions

SR I
S

B
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Cross Section (mb)

PE170, K.Stimmerer et al., Phys. Rev. C42 (1990) 2546

¢ Radiochemical techniques to identify near-

target residues

= Target residue dis-
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Yu.E. Titarenko et al. [Nucl. Instr. and Meth. in Phys. Res. A 414 (1 993) 73-99

Mass yields on **BlL — 1500MeV
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J-238 Isobaric Production Cross-Sections
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Isotopic Distributions 1 A GeV **Pb + p
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Comparison of INC Codes

Mass distributions
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00/03/14 10.31
1 GeV Pb+p,cugnon_3 (trapeze vuillier, z OK) + KHS_V3, V=45MeV, t0/0.85
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00/03/14 10.31
1 GeV Pb+p,cugnon_3 (trapeze vuillier, z OK) + KHS_V3, V=45MeV, t0/0.85
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Important parameters in spallation source design

Neutron economy

=> choice of beam energy, nature

=> choice of target nature, geometry

Spatial distribution of neutron flux

= optimisation of target shape

Shielding

= minimisation of high energy neutrons

= beam shape

Material problems

energy deposition (target, window)

activation (target, structures)

DPA, gas production (window, structures)

corrosion (liquid target)
= choice of target nature
= choice of window composition, thickness

= choice of beaimm energy

A




Neutron production in thick targets

200 600 1090 | 1400 1820
Energie des preotons, MeV

Data obtained by manganese bath techmque compared with calculations

performed with the code TIERCE from Bruayeéres-le-Chétel.
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Nuclear Data at High Energy

Neutron multiplicity measurements

Thick target resulits
collaboration NESSI (Berlin, Jiilich, GANIL)

Data : Target Pb, length 35cm, diameter 15cm
Calculation: HERMES (Julich)
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| Energy dependence of neutron production
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Shape optimisation of a spallation target
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Nuclear Data at High Energy

Neutron energy distribution measurements

Thick target results
collaboration CEA/DSM, CEA/DAM, IN2P3

= Direct measurements of escaping neutrons
= Test of the transport part of the simulation codes

pL6GeY )P | Diam=20cm, Long=105cm, pos=10cmn

T

H *
& ANGLE [do (%) ok

Total number of neutrons predicted by the TIERCE code :
1200 MeV 1600 MeV
Bertini 28.6 43.7
Cugnon 23.6 34.8
Sylvic LERAY (CEA/Saclay) Trieste, March 20-26, 2000 18
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Fig. 4. Total and partial activities of lead target as a function of cooling time.
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Analyszs of the Contributions of the Proton and Neutron Spectral Components to the
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Nuclear Data at High Energy

Impurety production in a Fe window

Data : Webber et al., Ap. J. 508 (1998) 940
Calculation: TIERCE, p + Fe, 77 uA/cm?, 573 MeV, 1 year

g S | AN L B
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3 erel ___ Bertini
10° } .
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. ] _ Webber
- |
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% 1L ’ - . . e -tbgd = w Large amount of S, Ca
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-
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Nuclear Data at High Energy

Conclusions

e High energy nuclear data available
w Neutrons: data set almost sufficient
w Charged particles: data still needed
w Residual nuclei: inverse kinematics data
needed
e simulation codes

w Some of the mostly used physics models
clearly not suited

w New models: encouraging but not yet
completely satisfying

w |nterest of parametric formulas

w Quantification of the uncertainties

o Perspectives

w Second generation of coincidence
experiments

w Synthesis at European level: HINDAS
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