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SPACS Troubleshooting and Debugging
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= SPACS

» Spallation cross-section calculations
combining EPAX and new parametrization
methods for ~12-200 A nuclei and ~50MeV/U-
200GeV/U projectiles on protons or neutrons

» Originally written in Basic, now ported to C++ for
use in LISE** application

sum(CS); A=const [mb]
8

* |dentified errors in C++ SPACS for mass

A<~185 range calculations for most beams
(see figures for 97Au at 10.6 GeV/U)

@

@

* Moving to debugging algorithm and logic of
C++ port for SPACS
» Verified constants from Erratum and papers

sum(CS); Z=const [mb]
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Figure 1: SPACS C++
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left) and Basic (right) isobaric
distributions for 1°7Au at 10.6GeV/U on proton target

Figure 2:

» Comparing data points/methods from SPACS
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1 Comparison of C++
SPACS (orange
squares) sum of

| Isotopic cross

1 sections and other

| existing methods for

Basic to the C++ port
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Even-Odd Projectile Comparisons

» Note differences from SPACS predictions to other working models for both even and odd
projectile cases — differences are not similar, have different behaviors around peak region.

Cross sections (Projectile Fragmentation)
1205n (1000 MeV/u) + H — sum Z=0-60
E* method: <2>; <E*>: (0.0 20.00 0.00e+00); o(E): (0.0 17.00 0.00e+00); No Intrin.Thermalztn; LimitTemp: No

NP=32; SE:"DBO0+Cal3"; Den:"auto"; GeomCor:"On"; Tunlg: "auto"; F®Bar=#1; Bar = 1.00; Modes="0101000110

Cross sections (Projectile Fragmentation)
930 (1000 MeV/u) + H — sum Z=0-60
E* method: <2>; <E*>:(0.0 20.00 0.00e+00); o(E): (0.0 17.00 0.00e+00); No Intrin.Thermalztn; LimitTemp: No

NP=32; SE:"DBO+Cal3"; Den: "auto”; GeomCor: "On"; Tunlg: "auto"; ®Bar= #1; Bar"®°= 1.00; Modes="0101000110

sum(CS); Z=const [mb]
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Figure 3: Even Mass'%Sn at 1GeV/U
sum of isotopic cross sections
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Figure 4: Odd mass 9Sn at 1GeV/U
sum of isotopic cross sections
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120Sn + p 1GeV/u

i o = - - —
Cross sections (Projectile Fragmentation) B SPACS: Z=50, A=120 + p (E=1000MeV) U x
1203n (1000 MeV/u) + H — sum 2=0-60
Method: 6 -under construction SPACS 1.e: C.Schmitt et al.,Phys.Rev.C94(2016)039901(E) 1880 3
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., " Focusing on peak regions for even

A mass projectile, notice
discontinuities for both isotopic and
Isobaric cross section sums

» Both cases, sum rises too early and
grows uncontrolled before
discontinuities reduce cross section

 For isobaric sums, complete
breakdown around 100 A

Fig 5: Even mass '20Sn at 1GeV/U
comparison of C++ (left) and Basic
(right) calculations
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1198n + p 1GeV/u

Cross sections (Projectile Fragmentation) vl 1 SPACS: Z=50, A=119 + p (E=1000MeV) - ] X
185 (1000 MeV/u) + H — sum Z=0-60

Metho: & underconsructon SPAGS 1.6: G ottt e Phys Rev COICZMIB10001 () 1o0a , . Ag ain ’ focusin g on the pea k for

even A projectile, notice trends:
« Sum begins to rise early again for
.’ 3 Isobaric and isotopic sums
; .* * Now, peaks are shifted
Lot ] rightwards, closer to actual
expected curve

mb 1O

140

120
o
E

- 100
w
c
o
i

o 80
3

= 60
E
=
w

40

20

0 24

55

= 45
E
-
w
c

§ 35
e
o

Qo 25
£
3
w

15

5

60

__/——6 -under construction SPACS 1.e: C Schmit et al. Phys Rev.C94{2016]039901(E a.1 L] S I d t t t
e e | Ly el L L L ome clear discontinuity counting
Protons (Z) Atonic nunber
Cross sections (Projectile Fragmentation) eve n _Od d m a S S n u m be r
11280 (1000 MeV/u) + H — sum A=0-130 1000 - 3

Method: 6 -under construction SPACS 1.e: C.Schmitt et al.,Phys.Rev.C94(2016)039801(E)

188 4

nh 1@ H -

Figure 6: Odd mass '?°Sn at 1GeV/U
| comparison of C++ (left) and Basic
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120Sn and '°Sn Comparison

* Here is an additional print of the even and odd tin isotopes next to each other.
* This result suggests some error in the calculations for even-odd projectiles, and is found to be

consistent in additional isotopes (not only tin)

FRIB

Cross sections (Projectile Fragmentation)
12050 (1000 MeV/u) + H — sum Z=0-60

Method: 6 -under construction SPACS 1.e: C.Schmitt et al.,Phys.Rev.C94(2016)039901(E)
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sum(CS); Z=const [mb]
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Cross sections (Projectile Fragmentation)
98n (1000 MeV/u) + H — sum Z=0-60

Method: 6 -under construction SPACS 1.e: C.Schmitt et al.,Phys.Rev.C94(2016)039901(E)
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Figure 7: Even mass 29Sn (left) and '9Sn at 1GeV/U side by

side
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Ansatz Considerations

* The Erratum includes Ansatz that prevent escaping values/divergence of functions.

» For central collisions, provided some ratio of projectile, target and product mass greater than

19, fix to be 19 to prevent numeric error (Fig. [])

» Ansatz not originally considered in SPACS C++
version, but no clear numerical errors encountered

* For even-odd corrections, additional Ansatz (Fig. [+1])
* Not included in SPACS C++, large candidate for gamma

even-odd miscalculations

Ansatz:

for [(Aproj - Acent - A)/Acent_ﬂuct] > 19: [(Aproj - Acent_A)/
Acent_ﬂuct] = 19in Eq (A6)

Figure 8: Ansatz for central mass contributions

Ansatz:

if F, (A,Z)>2: F,,(A,Z) = 2in Eq. (A35).

* For gamma attenuation, additional Ansatz (Fig. [+2])
* Not included in SPACS C++, additional large candidate

for F_,(A,Z) corrections
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Figure 9: Ansatz for even-odd corrections

Ansatz,
if 7 <0,S,
if 7 <0,S,

> 50,or A< 1:T, =0in Eq. (A39b),
>
ift7T <0,S, >
A

50,orA < 1:T, =0inEq. (A39c),
50,orA < 4:T, =0inEq. (A39¢).

Figure 10: Ansatz for gamma attenuation
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