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ABLAQ7

1.Emission of neutrons, LCP (Z=1, 2), IMF (Z>2) and vy is considered.
2.Particle decay widths based on Weisskopf-Ewing formalism, with:
e Energy dependent inverse cross sections based on nuclear potential
e Barriers for charged particles are calculated using the Bass potential
e Thermal expansion of the source is taken into account.
e Change of angular momentum due to particle emission is considered.
3.The fission decay width is described by including:

e An analytical time-dependent approach to the solution of the Fokker-Planck
equation,

e The influence of the initial deformation on the fission decay width,
e The double-humped structure in the fission barriers of actinides,
e Symmetry classes in low-energy fission.

4. Particle emission on different stages, i.e. between ground state and saddle point,
between the saddle and scission point, and from two separate fission fragments, of
the fission process is calculated separately.

5. Kinetic-energy spectra from Maxwell-Boltzmann distribution
6. A stage of simultaneous break-up (MF) in the decay of hot excited systems is treated.
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pP(1200 MeV) + Fe — Neutron multiplicity distribution
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pP(1200 MeV) + Fe — Neutron multiplicity distribution
INCL45-ABLAOQOY INCL45-GEMINI++

p (1200 MV} + Fe —Multiphicity distribution p (1200 MeV) + Fe ~Multiplicity disinbution
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Cross section, @ (mhb)
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p (1200 MV} + Fe —Multiphicity distribution

Strange shape: maybe
multifragmentation?
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Cross section (mb)

pP(1200 MeV) + Pb — Neutron multiplicity distribution
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p (1200 MeV) + Pb --Multiplicity distnbution p (1200 MeV) + Pb --Multiphicity distnibution
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Cross section, o (mb)

pP(1200 MeV) + Pb — Neutron multiplicity distribution
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p (1200 3eV) + Fb --Multiplicity distnbution
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Neutron multiplicity

p + Fe — Average neutron (2-20 MeV) multiplicity
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p + Fe — Average neutron (20+ MeV) multiplicity

Neutron multiplicity
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p + Pb — Average neutron (2-20 MeV) multiplicity
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Neutron multiplicity

p + Pb — Average neutron (2-20 MeV) multiplicity
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Neutron multiplicity

p + Pb — Average neutron (20+ MeV) multiplicity
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Neutron spectra



pP(63 MeV) + 298Ph — Neutron spectrum
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)

P(256 MeV) + Pb — Neutron spectrum
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double differential cross section (mb/sr/MeV)
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pP(800 MeV) + Fe — Neutron spectrum
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double differential cross section (mb/sr/MeV)

pP(800 MeV) + Fe — Neutron spectrum
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double differential cross section (mb/sr/MeV)

P(800 MeV) + Pb — Neutron spectrum
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)

P(1200 MeV) + Pb — Neutron spectrum
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)

P(1600 MeV) + Pb — Neutron spectrum
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pP(3000 MeV) + Fe — Neutron spectrum
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double differential cross section (mb/sr/MeV)

P(3000 MeV) + Pb — Neutron spectrum
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Neutrons

Neutron average multiplicity

Status: Good
Improvement:?

Neutron multiplicity distribution

Status:

- INCL45+ any de-excitation and ISABEL+ any de-excitation: All models are too low at
high neutron multiplicities (check E* coming from INC models?)

- p(1200 MeV) + Fe: strange shape (only with ABLAO7); maybe break-up?
Improvement: Test break-up contribution. Test shape of spectra with modified initial E*
distribution. Other?

Neutron double differential cross sections (starting from for E = 256 MeV)

Status: Good

neutron

Improvement: INC models?



Proton spectra



double differential cross section (mb/sr/MeV)

p(62 MeV) + 5°Fe — Proton spectrum
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)

pP(800 MeV) + 28Ph — Proton spectrum
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)

INCL45-ABLAOQO7

P(1200 MeV) + Ta — Proton spectrum
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double differential cross section (mb/sr/MeV)

INCL45-ABLAQY

P(1200 MeV) + Ta — Proton spectrum
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double differential cross section (mb/sr/MeV)
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P(1200 MeV) + Au — Proton spectrum
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)

10*

10°

10°

10!

i

10

10

10~

10

107

pP(1200 MeV) + Au — Deuteron spectrum

INCL45-ABLAOQO7

+

I8 83111

1 10 100
Eoutted particle energy (WeV)

1000

d:G.-'JEMF-. {mh'arMe V)

10*

10°

10°

10!

i

10

10

10~

10

107

_r":_-'
P it
1 A T"'l-,_‘ H
e Ty
1 ¢ ", .I.'fi \.“
i -r'_'+-" _f‘}“*‘\_‘ ; _
—=— ;fll ;'"._. I'.
LA
I——HI* :._._._, ‘:.x‘.. .I'.
3 ] e
il r- q‘ i= =
| .‘\._ II
I p—r-+1'- _.*"'-..,‘ .."._ | )
J§ "xx Mit;
3| | Y Ay )
/ ":H 1
- pabelizblally i Yo
~ 15 (I iipdofiski el Y, |
- 2 m“? v ¥
e 3R lD'_‘
o 5p° {107
Bl
- 80° {107) bi
r 1007 107 .
0.5 1 10 100
Eoutted particle energy (WeV)

emitted-particle energy (MeV)

1000



double differential cross section (mb/sr/MeV)
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Tritium spectra



p(62 MeV) + %6Fe — Tritium spectrum
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double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)

p(62 MeV) + Bi —3He spectrum
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double differential cross section (mb/sr/MeV)

107

emitted-particle energy (MeV)

INCLA45-ABLAO7 ISABEL-ABLAO7
meld5-ahlal? 10 1szbel-ablali?
30° (10" herbach et al 30° (10" herbach et al
75° (10%) - 75° (10%) ~
150° (107 = _ 150° (107) =
10"
l—-—:-h'; I—'—:-H_'H
= . TS
H‘L =
. .'I I-I-I-'-Iw.!-i —_k i..-""-I i
+ '_"4_..._._“ 1! H—FJ_H I'.
' J/* ML M 1; = ¥ "R
I ..._.-_.1\""‘. — . -.:"1['_ — D FHoha
J i k i E‘ hﬂ}l—'ﬁ-\.!\‘ }.i ﬁ b -*- '_HH-|
T - A
; i £ | \
};. 4 %I'I-.g'i_.l--i \\il i = f "I"._.I'-'-'
T r"EL.. "..= % 3 e | I'-'L". ;
J_ ~ :._‘ - 'E ].U T E 1
f | 1 } e | 2 |
[ 5?. o NNINAL:
h S | I 1t/
| -I: 5]
Lbd M : l[ [|F ]|
il "T-_.} x 10° o —
% .I 'Il}
H[ : 10
] 10°
100 10 100
Eoutted particle energy (WeV) Eoutted particle energy (WeV)




double differential cross section (mb/sr/MeV)

10°

10*

10°

10

107

10

10t

10°

10%

107

10®

107

pP(1200 MeV) + Au — 3He spectrum

INCL45-ABLAOQO7

10°

ISABEL-ABLAOY

meld5-ablal7

10*

10°

10

1sabel-ablali7

16° (10" budzancwsk et al

20° (1% -

33 (100 -

rertettey o 50" (lﬂ-::l o
- ;B“nqa,n 657 (107 :

107

10

10t

A G dOdE (mbv'sr/MeV)

-

10°

"f‘l" L ! * 15-5

R3]
Ll
[

B

H

=TT : 107

1 10°

10 100 800 1
Eoutted particle energy (WeV)

emitted-particle energy (MeV)

10 100
Eoutted particle energy (WeV)




double differential cross section (mb/sr/MeV)
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double differential cross section (mb/sr/MeV)
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Light Charged Particles

LCP double differential cross sections (starting from E, ., = 175 MeV)

Status

- Not so good with ISABEL + ABLAO7

- Quite good with INCL45+ABLAOQ7 for light target; not that good for heavy target

- Visible differences between INCL45 plus ABLAO7 / SMM / GEMINI++

- But the spectra depend also on the INC (even in the low energy part of the spectrum)
Improvement: Complicate!

Concerning ABLAOQO7:

- Tunneling through barrier (now taken into account only for calculating decay widths)
- Coulomb barriers (from Bass prescription) could be adjusted

- Apparently, in evaporation from deformed nuclei the emission could not be isotropic (to
be demonstrated)



The empirical nuclear potential of R. Bass
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Residues



Fingerprints of the de-excitation process
1 GeV p + 238U INCL4.5, ISABEL + ABLAQO7
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pP(300 MeV) + >°Fe — final residues
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Residues

Status: Good
Improvement: Difficult to establish how to disentangle INC and de-excitation...

Concerning ABLA:

1) improve the description of even-odd (- gamma decay strength)

2) improve structural effects (could be relevant for very light residues)
3) fission
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General conclusions

We (all here in this workshop) did a good job!

General tendencies and behaviors are well reproduced
- we have understood the main physics behind!

Left to do: refinements...

Concerning ABLAOQOY
Overall behavior satisfactorily, but there is still work to do

- neutron multiplicity distributions (INC or de-excitation?)
- LCP spectra: barriers, tunneling, break-up?

- Residues: even-odd effect, structural effects, fission

Strength of ABLAOQO7: high physics content
relatively low computing time (we want to keep this feature)

Thanks EU contribution (EUROTRANS)
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