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GSI2021 setup

GSI2021 data
SC, BM and TW information used in the analysis

* 400 MeV/u beam on C target (5 mm) and C.H, target (10 mm)
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Cross section measurement

Angular differential cross section

(Z)= Y,Z,6) . Y, Z,0)) 1
Nprim,TG Nprim,noTG NTGe(Z’Q)AQ

do.
dqQ

TW

SC

TG

27 May 2025 MAECI - MOFFIITS Meeting 3




Cross section measurement

Angular differential cross section

YTG(Z’Q) YnoTG(Z’e) 1

Z)= -
N N N,.€(Z,0)AQ

do.
dqQ

prim, TG prim,noTG

*  Number of primaries: evaluated after selection cuts on SC and BM
* Rescaling factor for fragmentation trigger events
*  Small background statistics (only ~57000 events)

« Total cross section: integrated from angular cross section (0° - 5.7°)
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Analysis flow

- Efficiencies and purities calculated from the Monte Carlo simulations
* Purities applied separately for signal and background

« Background subtraction from a no target run

* Unfolding to solve angle mixing

* Cross section calculation (with efficiencies)
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New binning

Z 9[0] o+ Actar + Asys [b Sl‘_l} Asfatfﬂ' Asys/cr

* Increase number of bins?

0-06 110 £13+5 11.6% 4.3%
0.6—-1.2 87T +6+3 7.2% 4%
1.2-18 65+3+2 52%  3.1%
1.8—-24 45+2+1 47%  3.2%
2 243 344+1+2 3.6% 4.4%
3-36 204+1+1 42%  4.5%
3.6-4.2 14+1405 42%  3.5%
42— 48 940.4+0.3 43%  3.5%
4.8 - 5.7 5+0.3+0.7 5% 14%
0-0.6 9+44+0.3 0%  3.7%
0.6 —12 11+24+04 15%  4.2%
312—-18 6+1+0.2 17%  3.1%
1.8 —2.4 54+0.5+0.2 9% 3%
2.4-57 1+0.04 4+ 0.04 5% 1.2%
0-06 13£3+0.7 20%  5.3%
106-1.2 7T+ 1.5+0.2 21%  3.2%
1.2 -5.7 1+0.14+0.03 9% 3.5%
0-0.6 3I0E6L£1 20%  3.1%
506—1.2 19+2+1 10%  4.7%
1.2 -57 1+0.14+0.05 7% 4.3%
0-0.6 86G+13+3 15% 3%
60612 52+3+2 55%  4.3%
1.2 - 5.7 2+ 0.1 4+0.08 56%  4.6%
0—-06 160 £ 15+ 6 9% 3.9%
706-1.2 42+3+3 6.8%  7.5%
1.2-57 1+0.14+0.03 13%  4.4%
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New binning

Z 9[0] o+ Actar + Asys [b Sl‘_l} Asfatfﬂ' Asys/cr

* Increase number of bins?

006 [NUESRES 116% 4.3%
0.6 —1.2 87 +£6+3 72% 4%
1.2-18 65 +£3+2 52%  3.1%
1.8-24 4542+ 1 47%  3.2%
2 243 344142 3.6%  4.4%
3—3.6 204141 42%  4.5%
3.6 — 4.2 14+1+05 42%  3.5%
4248 9+0.4+0.3 13%  3.5%
1.8 5.7 5+£03+0.7 14%
0-0.6 9+ 4+0.3 3.7%
0.6 1.2 1142404 4.2%
312-18 641402 3.1%
1.8 - 24 5+0.5+0.2 3%
24-57  1£004%0.04 1.2%
0— 0.6 3E3E07 5.3%
406-12 7T+1.5+0.2 3.2%
1.2-57 140.140.03 3.5%
0-06 WEG=1 31%
50612 194241 4.7%
1.2-5.7 14 0.1 40.05 4.3%
0- 0.6 86T 13+ 3 3%
6 0.6 1.2 243+ 2 4.3%
1257 2+ 0.140.08 4.6%
006 60+ 15+ 6 3.9%
70.6-1.2 4243+ 3 7.5%
1257 140.140.03 4.4%
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New binning

° H ? Z B[Q] g+ Astar + Asys [b Sl‘_l} Asg,ﬂ/g &sys/ff
Increase number of bins? Some e L S T S
improvements helped: 0612 BT £6+3 72% 4%

1.2-18 65E£3+£2 52%  31%
. ) 1.8 -24 45 +2+1 4.7% 3.2%
* Corrected some shifts in GSI2021 2 24-3 34142 3.6%  4.4%
3—3.6 20k£1£1 4.2% 4.5%
geometry 3.6 —4.2 14+1405 42%  3.5%
* Better geometric transformation to 1248 0E04£038 43% 3.5%
. . 4.8 -5.7 5+03+07 14%
measure the impact point of the 0- 06 9£4£03 3%
0.6-12 11+24+04 4.2%
beam on the target 312-18 6E£1£0.2 3.1%
1.8—-24 5+0.5+0.2 3%
24-5T7 1+0.04£0.04 4.2%
0—0.6 13£3+07 5.3%
406-12 7Tx1.5+0.2 3.2%
1.2-5.7 1+0.1+0.03 3.5%
0-0.6 30L£6+£1 o\ 3.1%
506—-12 19+2+1 10% 4.7%
1.2 -5.7 1+0.1+£0.05 7% 4.3%
0—0.6 86+t13+3 15% 3%
6 0.6-1.2 52+3+2 55%  4.3%
1.2 -5.7 240.14+0.08 5.6% 4.6%
0—0.6 160+ 15+ 6 9% 3.9%
706-12 42+ 3+ 3 6.8% 7.5%
1.2-57 1+0.1+£0.03 13% 4.4%
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do/dQ [b sr]

New binning

* Increase number of bins? Some
improvements helped:

Z=4

e Data

g e
g 124’
* Corrected some shifts in GS12021 3 1or
geometry +
* Better geometric transformation to £
measure the impact point of the 2 o |
beam on the target i e A B,
Z=2 Z=3 7=y
20— o Data T r o« 7 - "'jl = ¢ Data
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| . .
R Sl New binning
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do/dQ [b sr]

do/dQ [b st

® Data
— 1 stat. uncertainty
L —— [17] sys. uncertainty
——
1 02 = e
[ ——
L ——

NEW results

O +C,H,

He differential cross section|
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0[°]
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* Data

e

I Stat. uncertainty
[j Sys. uncertainty

%
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1 2 3 4 5
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do/dQ [b sr]

do/dQ [b sr']

ST

o

New binning

Li differential cross section

* Data

se
t

I Stat. uncertainty

¥ [j Sys. uncertainty

SIS Y-
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2 3 4 5
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B differential cross section
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I Stat. uncertainty
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Data % L .
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E et ° 10°F '
C [j Sys. uncertainty F Sys. uncertainty
L .
10
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=
_LZJ 102: He differential cross section|
E’ E““*“ * Data
% e [ stat uncertainty
© L D Sys. uncertainty
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10k ——
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do/dQ [b sr]

107'E

Cross section for O+H

Li differential cross section

Data

ﬁ——}— I Stat. uncertainty
+———+——

B Sys. uncertainty

do/dQ [b sr]
>

B differential cross section

T

I Stat. uncertainty

._+_. E Sys. uncertainty

do/dQ [b st

F TA0PE

d € differential cross section 2 E— N differential cross section

L —— ® Data .C_f.' — * Data

E —— I Stat. uncertainty % 10 I Stat. uncertainty

F ©

F I:l Sys. uncertainty E E:j Sys. uncertainty

| —— r —_—

g 1

107"

[ : .

E [ 1

E. | PRI ORI AR AR . P N B RN BRI B

0 2 3 4 5 0 1 2 3 4 5
o[] 0[]

Systematic uncertainty accounts for
reconstruction strategy (reconstructed
MC vs true MC result) and
stoichiometric subtraction
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Cross section for O+H

= = 10k _— E TA0E
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YIELDS WITHOUT

° ° °
correcrions 3 distributions (MC) TRUEYIEEDS
=2 Z=2
. x10° Entries 358092 ian X1 o Entries 316842
3 150 ; == Mean 0.6806 31 =0 ; == Mean 07
1400 — Std Dev 0.05811 160 } Std Dev 003095
120 140
r 120~ -
100 F
r 100—
s * B distributions according "
60— : r
: to TOF resolution 60
40 40
20 — 20;
O:H\H“i‘,u\___ﬁ R I B IVRFETIN PO G: P N T T IS IOt NPTl Bfirure NPT IR
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YIELDS WITHOUT

CORRECTIONS d 1 1 b 1 TRUE YIELDS
B distributions (MC
: =2 3 Z=2
= oo
140 i— - 160 ;7 Std D 003095
120f 140;*
100/ 120? o
: L] . . . 100?
= * B distributions according sof-
“F to TOF resolution o0
40 401
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B
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Yields corrected for purity and

bkg subtraction distributionS: O+c (MC)

Z=2 =4 7=6
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Yields corrected for purity and
bkg subtraction

B distributions: O+C,H, (MC)
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E.i, distributions

* Eun distribution using mass of a single isotope: valid
approximation for some isotopes ( “He, '2C, “N)

* Necessary for inverse kinematics
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Yields corrected for purity and

bkg subtraction Ekin distributi ns. 0+c (MC)
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Yields corrected for purity and

bkg subtraction Ekin diStributio
2 z
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Inverse kinematics

Steps:

* Eun distribution using mass of a single
isotope (for elements with a particularly
abudant isotope, like™>C and '*N)

* Calculate C+0O and C;H4+0O and subtract

MAECI - MOFFIITS Meeting
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Inverse kinematics

Steps:

* Eun distribution using mass of a single
isotope (for elements with a particularly
abudant isotope, like™>C and '*N)

* Calculate C+0O and C;H4+0O and subtract

* Some considerations in the next slides
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Angle limitations for He

Inverse kinematics energy cross section
calculated with MC truth C+O

* TW acceptance within 5.7° = in Z=2
inverse kinematics some fragments g -
H ° 5
are lost at higher energy e
* Relevant for He i
10°= o, T
i My o i
i wﬁﬂﬂm " + +*+ﬂ++f++ﬁ+ﬁ+++w++ f oy
. . 2| d
—— With cutin angle e i MW fi
—— Without cut in angle TR . BT
Ekin [GeV/n]
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Angle limitations for He

Inverse kinematics energy cross section

. ) calculated with MC truth C+O
* TW acceptance within 5.7° = in s .

inverse kinematics some fragments P e
are lost at higher energy
* Relevant for He T e it wwfﬁ
105 ST T ‘éLé‘ -*M * oﬂﬁ 7“ Ji.‘oa w% o0 o * H* \H
* Not so relevant for other Z
Z=5 Z=6 z=7
—— With cut in angle T .
— Without cutinangle = j T T
LS R R
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Mass fixed vs true mass

Inverse kinematics energy cross section
calculated with MC truth C+O

* No mass reconstruction possible —» .
use the mass of the most abundant N
isotope
* Used mass of “He, '2C and "N | e
Z=6 7=7
— With mass of single isotope oz ':* oz —
— With true mass T ¥ 'Y
T ﬁf | 5 T
|2 0002 0004 0006 ‘o.ojj ‘0.51“ £ 0.001 0,002 ‘d.oi‘d.oj‘o‘.o‘o‘s‘ ‘0,006 0,007
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MC inverse kmematlcs (MC truth) vs quka H+O

Z=2 =4 =
w o Bro‘te _ ) ) - ) )
U ~— MCsimulation 5 — MC simulation E MC simulation
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Conclusions and next steps

* Correctly calculate reconstructed cross section in kinetic energy in inverse
kinematics for the MC sample for C+O and C;H,+0 with also background
subtraction for the chosen isotopes

* Subtract the two cross sections to obtain H+O

* Apply same steps to data
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Thank you for
your attention !
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do/d€2 [b sr]

do/dQ [b sr]

Comparison with nuclear models

"0 (400 MaViu) + C (5 mm) — He + X
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do/dQ) [b sr]

do/dQ [b sr]
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*  FLUKA

* Geant4 hadronic models:
* Binary Ion Cascade (BIC)
* Quantum Molecular Dynamics (QMD)
* Liege Intranuclear Cascade (INCL++)
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Literature comparison
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""Fragmentation of '*N, '°0, 2°Ne, and *Mg nuclei at 10~
290 to 1000 MeV/nucleon”, C. Zeitlin et al., Phys. e
Rev. C 83, 034909 (2011) ol
B C N
27 May 2025 MAECI - MOFFIITS Meeting 32




MC simulation: unfolding

Response Matrix for He Response Matrix for Li
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extract purities and efficiencies

* Unfolding to solve angle mixing
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Cross section measurement

Entries

Charge identification

 Data for 400 MeV/u beamona1cm
thick target
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