Neutrons with the FOOT detector (or with few modifications)

Questions:
0 How many neutrons produced in target
0 « » and are in the scintillator acceptance
0 « » make elastic scattering
0 How many background neutrons produced
0 « » and are in the scintillator acceptance
0 « » make elastic scattering

Measure Goal:
O Total neutron cross section

0 differential cross sections: do/d0 and do/dE
0 Double differential cross section d2c/d6 dE

Detector Goal:
0 Use a detector as similar as possible to FOOT



Neutrons with the FOOT detector (or with few modifications)
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Neutron definition: signal in SCN without a combined track in tracker



Neutrons kinetic energy

Input: /gpfs_data/local/foot/Simulation/V13.1.1/160_C2H4_200_1.root
107 primary particles = 115,3 k fragmentation (1.15%)

Selected 295.8 kneutrons produced in target —> 2.56 neutrons/ev
Selected 469.7 kneutrons produced in magnet - 4.07 neutrons/ev
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Neutrons produced in Target Neutrons direction
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SCN Geometrical acceptance

SCN] Sj
Target Magnet

xsen = Xin + (Xpin — X )(ZSCN — Zin)
Definition of neutrons hit the SCN SCN = Hin fin ™ (25t — Zin)

Q Trg,>100
0 fabs(xge) < 20 = Ysen = Yin + (Vin —
a fabs(yscy) < 20

y )(ZSCN — Zin)
o (Zfin - Zin)

ZscN = 100
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160 with 200 MeV/u SCN Geometrical acceptance, 2

neutrons prod in target
a0 295826 »
a hit the SCN: 56806

neutrons prod in magnet
Q 469706
O hitthe SCN: 7371

Geometrical acceptance 19.2%
0.49 n/ev

Geometrical acceptance 1.6%

6.4x1072 n/ev

Geometrical acceptance of bkg neutrons << neutrons from target

With 160 of 700 MeV/U (4 x 10° primary = 24011 fragmentations (0.6%)

O Neutron in target: 92129
O « » hit SCN: 26542

Geom acc 28.8% | 1.10 n/ev

0 Neutron in Magnet: 219477 »
O « » hit SCN: 3310

Geom acc1.5% | 0.14 n/ev




10000

8000

6000

4000

2000

1400

Events

1200
1000 —
800 ;
600 _—
a0l

200}

oouu\..u

100

Kinetic Energy

hki
: Eniries 299856 Neutrons on SCN,
Produced in target Mean 104.1
) Std Dev 83.75 200 MeV
1400 —
1zuuf <E> =175 MeV
. 1000 —
- Hit the SCN -3
— auuf—
I B
L 400 —
| 200
— 0 “foo 200 300 00 500
L III|Il_|I|I\II|II\I|III\|IIII
1 300 400 500 600 700 800 902 M '{’(}00
e ki
£ . Entries mieems
s sl Produced in magnet Mean 1666
L Std Dev 35.41
eutrons on ne  10° i _
HittheSCN | <E>=73MeV
10° \‘;F
Prod in target )
10° 1 |
Prod in magnet RS R
10
200 Eﬁdl‘doo 566J'é‘|fd‘l+t‘)dllé0‘dl‘étl}n‘ll"‘ooo 1 IIlIIIIIIIIIlIIIIlIIII

0 100 200 300 400 500 600 700 800 900 1000
Kinetic Energy




Neutrons on SCN,

-ann Produced in target [ Piine
E1300__ = ries 92129 700 MeV
Q [ [ hkine hitcalo | &N 353
L1600 - e t?gjg |Dev 2818 €
- o SdDov 2165 —'7
1400 — e
- : <E> =605 MeV
1200 160
1000 100/
800 501
600:_ O o @0 800 800 7000 1200
C Kinetic Energy
400
200—
%~ 200 400 600 800 1000 1200
Kinetic Enerc
” —hkine
E 105 - o Entries 219477
__ s " £ | Produced in magnet Mean 8127
« 600 hkine_hitoalo w C StdDev  79.93
£ il A
> L. ean . 10
& snf- Neutrons on SCN ey <E> = 164 MeV
ao0 Prod in target 10°
- Prod in magnet sl
200 -
B 105— ‘Hi”
100 B
L IANM |‘ LR
: : - = i 1 A TR | \ 1
% 200 400 600 "800 7000 1200 0 400 600 800 1000 1200

Kinetic Energy

Kinetic Energy



Neutrons elastic scattering

N = N, e (detp)

N Number of survived neutrons after travelling a material
Ny Number of incident neutrons
Ol n + p elastic cross section (barn)
ny, Number of hydrogen nuclei in the material
. =P dx Nay Ny
P Watomic 1barn
P Material density (gr/cm3)
dx Depth of travelled material (cm)
NAV Number of Avogadro

Wtomic Atomic weight (gr)
Ny Number of hydrogens

-24 2
1bam 104" cm



SCN characteristics

Supposing to use the current scintillator: C4H,,
0 p=1.3gr/cm3
QO W, i.=9x12+10=118

= Ny = 10 n, =dx X6.6 x 1072
a N,,/barn=0.6

Percentage of interacting neutrons

(1 —N) x 100 = (1 — N, e~ (e "p)) x 100
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E (ev)
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Neutrons elastic cross section
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Thanks to Cristian Massimi
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% of interacting neutrons
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Thanks to Cristian Massimi
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Percentage and Rate of interacting neutrons (200 MeV)

SCN depth (cm) % interacting n from target | % interacting background n
<E> =175 MeV <E> =73 MeV

0.4 0.12 0.29

10 2.95 6.90

20 5.82 13.32

13.92 30.04
I P A
n from target | Background n

DAQ (supposing to use FOOT) 1000 1000
Fragmentation (1%) 10 10
Produced neutrons 25.6 40.7
Geometrical acceptance 4.9 0.64
Interacting neutron on SCN 0.4 cm 5.9103 1.9103 3.1
Interacting neutron on SCN 10 cm 1.4 101 4.4 102 3.2
Interacting neutron on SCN 20 cm 2.9101 8.5 107 3.4
Interacting neutron on SCN 50 cm 6.8 101 1.9101 3.6

Supposing a SCN of 10 cm —2{500 n/hour|with 30% of bkg

13
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Neutrons Tof, 200 MeV
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Thanks to Cristian

30 . .
Massimi

25|

BKG Neutrons
Neutrons  in target|

TOF (ns)

20|

15|

10 \

1x107 1x10°
Eneraia (e\)

0 neutrons from target travel 100 cm (<E> =175 MeV) 2 Tof = 6.2 ns
0 Background neutrons  « » = 73 MeV) 2> Tof = 8.9 ns
QO « » 120 cm 73 MeV) = Tof = 10.7 ns

<A, > =3-4ns

Different Tof but not possible to disentangle signal from the bkg =
bkg neutrons are mismatched for low energy neutrons from target 14



Conclusion
Studied a quasi-FOOT detector to measure the neutrons tof

0 Take away the calorimeter

0 Use the same scintillator with 10 cm depth

Neutrons/ ev l

O 2.56 n/ev from fragmentation in target
QO 0.49 n/ev hit SCN (g, = 19.2%) » 500 n/h
)

0O 0.014 n/ev make elastic scattering (g,; = 2.95%

0 4.07 background neutrons expecially from the target

0 0.064 n/ev hit SCN (g, = 1.6%) 160 n/h
O 0.0044 n/ev make elastic scattering (&, = 6.9%)

neutrons tof

O Neutrons from target: <tof>=6.2ns
O Bkg neutrons : <tof>=8.9ns

Different tof but Not
possible to disentangle

2

Next step to analyze the data at 700 MeV/u 15



FOOT General Paper

First paper in FOOT (to be sent to NIM): «Development and Characterization of a
AE-TOF detector prototype for the FOOT experiment» signed by all the collaboration

Important to have a general paper to be extracted from the CDR

Proposal: 1 paper from the CDR (hadrontherapy range energy 200 MeV/u)
0 the FOOT experiment:

Q
Q
Q

Q
Q

Introduction;
Motivation;
Design criteria

0 Detectors description
Reconstruction Software;
Performances;

0 Another paper at the radioprotection energies (700 MeV/U)

Giuseppe contacted Marzio Nessi for JINST (Journal of Instrumentation) that allows
to publish a very long article (40-50 pages)



FOOT General Paper

God new: we have the first paper in FOOT (to b sent to NIM):
«Development and Characterization of a AE-TOF detector prototype
for the FOOT experiment» signed by all the collaboration

Important to have a general paper to be extracted from the CDR

Same possibility for JINST (Journal of Instrumentation), but better to
contact Marzio Nessi

Giuseppe contacted the Journal of Physics G and European Journal of
Physics C = possibility to publish paper of order of 40 pages



FOOT Papers from CDR

Possibility to extract two papers from the CDR:

O The FOOT detector
0 Detector description meaning :
O chapter 3: Design criteria;
Q Chapter 4: Electronic detector Setup;
Q Chapter 5: Emulsion Chamber;
Q Chapter 6: DAQ and Trigger;

O The FOOT experiment
0 Chapter 1: Introduction;
0 Chapter 2: Motivation;
0 Chapter 7: Reconstruction Software;
0 Chapter 8: Performances;

Persons involved are at least the ones involved for the CDR

18
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