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Program

« Neutrons produced in the target and in the environment
(MC simulations)

RECA?
* Neutron detection using the standard FOOT setup
(principle)

« Some limitations (qualitative)

* Event by evenf analysis (s  NE W
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MC simulations — neutrons from target & environment SE7
primaries

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Neutrons (10%) | Neutrons (10°) | Neutrons (10%) | Neutrons (10°) | Neutrons (10°)
Produced interacting towards interacting arriving to the
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MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Neutrons (10%) | Neutrons (10°) | Neutrons (10%) | Neutrons (10°) | Neutrons (10°)

Produced interacting towards interacting arriving to the
Magnets Calorimeter Calorimeter world
target 3.2 1.3 (40%) 0.6 (20%) 0.4 1.4
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MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Neutrons (10%) | Neutrons (10°) | Neutrons (10%) | Neutrons (10°) | Neutrons (10°)

Produced interacting towards interacting arriving to the
Magnets Calorimeter Calorimeter world
target 3.2 1.3 (40%) 0.6 (20%) 0.4 1.4
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MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Neutron “sources”
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MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Neutron “sources”
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MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

All neutrons
Kinetic energy <E,>

= 104 MeV
<E,> = 17 MeV
10° - From target <E,> = 16 MeV

— From magnets
— From cal.

entries

0 01 0.2 03 04 0.5 0.6 0.7 08 09 1

Kinetic Energy, GeV

‘\7_\: |
I N F N ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
nale di Fisica Nuc

Istituto Nazio cleare



MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Neutrons 1in cal.
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MC simulations — neutrons from target & environment

Some comments:

» Large production of neutrons outside the C,H, target.
— Avoid detectors based on moderation (sensitive to thermal neutrons)

- Only high-energy neutrons originating from target can have
experimental signature higher than background .

« Neutrons from the target interacting in the calorimenter are a factor 6 >
neutrons from the magnets. With condition on AE - factor 10.

N * Neuvutirons from the calorimenter are not an issue ONLY if they can be
tagged.

 How to discriminate y rays?
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Detecting neutrons with existing setup

Basic idea: anticoincidence scintillator — calorimenter

Charged
particle
Neutron
Scint. Calorimeter
e,
Average number of particles produced per fragmentation 2 ,

Granularity of scintillator and calorimenter high enough ¢

Istituto Nazionale di Fisica Nucleare



Detecting neutrons with existing setup AE/E

Only events from the target

CoH, Scint. Calorimeter
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Detecting neutrons with existing setup

%%
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Detecting neutrons with existing setup
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Detecting neutrons with existing setup SUMMARY

Basic idea: anticoincidence scintillator — calorimenter

Charged
particle

Neutron

. Simple technique

1
1
Advantages !
I
i
. Exploits current setup |
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Detecting neutrons with existing setup

Limitation 1:
Basic idea: anticoincidence scintillator - calorimente veto

Charged
particle

Neutron

Scint. Calorimeter
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Detecting neutrons with existing setup

Limitation 1:
Basic idea: anticoincidence scintillator - calorimente veto
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Detecting neutrons with existing setup

Limitation 1:
Basic idea: anticoincidence scintillator - calorimente veto
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Detecting neutrons with existing setup

Basic idea: anticoincidence scintillator — calorimenter

Charged
particle

Neutron

Scint. Calorimeter
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Detecting neutrons with existing setup

Basic idea: anticoincidence scintillator — calorimenter

Charged
particle

Neutron

Yy rays

Scint. Calorimeter

vy rays can feature the same signature
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Detecting neutrons with existing setup

75.7x10°% y rays

23.3x10° neutrons
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Detecting neutrons with existing setup

Limitation 3:

o cal. neutrons
Basic idea: anticoincidence scintillator — calorimenter

Charged
particle

Scint. Calorimeter
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Detecting neutrons with existing setup

Limitation 3:

o cal. neutrons
Basic idea: anticoincidence scintillator — calorimenter

Charged
particle

Scint. Calorimeter

Neutrons produced in the calorimeter

cannot be easily tagged
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Detecting neutrons with existing setup

Limitation 3:

o cal. neutrons
Basic idea: anticoincidence scintillator — calorimenter

Charged
particle

Scint. Calorimeter

Neutrons produced in the calorimeter
cannot be easily tagged
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Detecting neutrons with existing setup

Z position, cm
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Limitation 3:
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Detecting neutrons with existing setup

Limitation 3:

Neutrons produced here: cal. neutrons
interaction point h
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Detecting neutrons with existing setup
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Detecting neutrons with existing setup

Limitation 3:

Neutrons produced here: cal. neutrons
interaction point
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Detecting neutrons with existing setup

Limitation 3:

TRUE Monte Carlo

cal. neutrons

10°

- neutrons from target
- neutrons from magnet
- neutrons from calorimeter
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Detecting neutrons with existing setup

Limitation 3:

TRUE Monte Carlo Vs reconstructed
cal. neutrons

10°F
s E,., reconstructed of neutrons from target
B - Ey, (MC) of neutrons from target
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Detecting neutrons with existing setup

Limitation 3:

TRUE Monte Carlo Vs reconstructed
cal. neutrons

—h
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Detecting neutrons with existing setup

Limitation 3:

reconstructed
cal. neutrons
10°E
= E,., reconstructed neutrons from target
10
= E.., reconstructed neutrons from cal.
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Detecting neutrons with existing setup

Limitation 3:

reconstructed
cal. neutrons
10°F
= E,., reconstructed neutrons from target
10° =
= E.., reconstructed neutrons from cal.
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Conclusions

INFN
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We are studying the possibility of using the present setup to have some
information about neutrons.

Due to the large production of neutrons in the FOOT setup, neutron
detectors based on moderation are not suited.

A few information for high-energy neutrons only, by using the scintillator
and the calorimenter, (provided that the calorimenter time resolution is
better than 1 ns).

the impact of y rays is negligible if E,., > 20 MeV.
Veto provided by TOF wall works ~ for protons (efficinecy 70-80%).

Neutrons produced in calorimeter are an issue strongly limiting the
energy region where we can provide data.
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Detecting neutrons with existing setup
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Detecting neutrons with existing setup AE/E

Only events from the target

CoH, Scint. Calorimeter
¢ > » TOF
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Detecting neutrons with existing setup AE/E

Only events from the target

C;H, Scint. Calorimeter
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Detecting neutrons with existing setup AE/E

Only events from the target

CoH, Scint. Calorimeter
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Detecting neutrons with existing setup AE/E
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Detecting neutrons with existing setup AE/E

Only events from the target

CoH, Scint. Calorimeter
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Detecting neutrons with existing setup

Only events from the target

C,H, Scint. Calorimeter

F Neutron _
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Detecting neutrons with existing setup

Only events from the target

C,H, Scint. Calorimeter
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Detecting neutrons with existing setup EFFICIENCY

Only events from the target

C,H, Scint. Calorimeter
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MC simulations — neutrons from target & environment

'H+C,H, @200MeV (newgeom) statistics: 2.2E5 fragmentations
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MC simulations — neutrons from target & environment SE7
primaries

'H+C,H, @200MeV (newgeom) statistics: 2.2E5 fragmentations
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Produced interacting towards interacting arriving to the
Magnets Calorimeter Calorimeter world
target 168 65 (40%) 11 (7%) 6.1 X92
magnets 267
g 1.3 254
Cal. 56 2L
10° Entries 494996
Neutron SWDev 3487

“sources”

10*

‘ Interacting
in the
calorimeter

entries

»"f\i?,\s“oo
HEN Y 0
3| ’w%‘ Zl
2 [l
1 1 1 | I | A5 7082
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MC simulations — neutrons from target & environment SE7
primaries

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Neutrons (10%) | Neutrons (10°) | Neutrons (10%) | Neutrons (10°) | Neutrons (10°)

Produced interacting towards interacting arriving to the
Magnets Calorimeter Calorimeter world
target 3.2 1.3 (40%) 0.6 (20%) 0.4 1.4
magnets 6.5 0.06
14.8
Cal. 13.3 3.1
- Entries 2328439407
19 Neutron ol .
“sources”
10°
n
m \
-~ 10* Interacting
J in the
c :
@ 10° calorimeter
10°
U, N . ORI i T TR M NC=2
<@ : S5 SHEREES = O e BRI ATERSTVB IO

e Z nosition. cm



MC simulations — neutrons from target & environment

'H+C,H, @200MeV (newgeom) statistics: 2.2E5 fragmentations

energy in Calorimenter From target

From magnets
From cal.

10°

10

‘f‘r

_ 01 0.15 0.2 0.25
Kinetic Energy, GeV

0.05
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MC simulations — neutrons from target & environment

'H+C,H, @200MeV (newgeom) statistics: 2.2E5 fragmentations

Neutrons out of FOOT

[ Neutrons to
- the wall
10 = — From target
s — From environment
n
@ 10°E"
i’ -
S -
P =
c -
®
10°E-
= et
10
e A 1 l 1 1 1 l | i1 l - 1 l | 1 L l L 1 ] l L L1 l LA A l L L L [ L A
~1000 -800 ~600 ~400 -200 0 200 400 600 800 1000

Z position, cm
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MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Interaction point

h
140 Entries  2.328439e+07 )
Mean x 2.339
Meany 7357
120 p=* Std Dev x 9.342
Std Devy 483 )

100 £

80

60

Z position, cm

40

20

X position, cm
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MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Z position, cm

<R

Istituto Nazionale di Fisica Nucleare

vy:vx {fluka_code==88&8&vfinz<125&&vfinz>100&&vz<125&&vz>100}

: - hcH
LSS Production point e
= Prouctlon point Enties 3170110
2 Mean x 4.7 PO
30— : Meany  0.006864
o Std Dev x 8.067
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MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Interaction point

h
Entries 428624
Mean x 0.1165 p
NEUTRONS Meany 0.01484
| Std Devx  10.69 h
StdDevy 10.66
o E 120
= 100
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s E 80
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MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Interaction point

hec h
Entries 670065
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2 5 - Meany 0.004678 )
. 3 Std Dev x 8.993
StdDevy  9.652
— ) .| —1250
() = S
10— adut b
=" = = - —1200
© o Feo tTY
i 0 = e
Y OE v -5 B850
v 10— - _.=
(o] — - 3
Q. 5 B B 100
SN - gy
& - i 50
_40 :l | I A | l { R IRA] e | l L1 1 1 I | B O G | l -l | l- | l { ekl I | l L1 1 1 l | N TN e | o
~40 -30 -20 -10 0 10 20 30 40

X position, cm

TR 575

\)

(o)

=

=

S|

gb%/
I N FN ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

Istituto Nazionale di Fisica Nucleare




MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Interaction point

hc
Entries 670065
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MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Interaction point

h
Entries 428624
Mean x 0.1165 p
NEUTRONS Meany 0.01484
| Std Devx  10.69 h
StdDevy 10.66
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MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (newgeom) statistics: 1.4E6 fragmentations

Interaction point

hcH
: Entries 1793000
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backup

vfinz

— protons
— neutrons

— Heavier particles

40

hvfinz_heavy

Entries 418166
Mean 44.05
Std Dev 51.18
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backup

vfinz
A h

Entries 7400391
— Neutrons ‘ Mean 109.5
Std Dev 6.743
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backup

<R

Istituto Nazionale di Fisica Nucleare

Deposited energy in Calorimenter

10°
From target
ot From magnets
N From cal.
| ~
10° &

. umﬂ" WI"A

Deposited energy, GeV

hDE_neutroninCal—
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Mean
Std Dev
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backup

Displacement

hDLxy_cal——
= Entries 1737812
t\ Mean 5.791
o Std Dev 5.629
0 E
E \\:\“ e .
o T
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backup

Displacement

hDY_cal
10° |— Entries 1737812
- Mean 3.692
Std Dev 4.344
|
10° &
- Along X,y
10° =
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Detecting neutrons with existing setup

Only events from the target

C,H, Scint. Calorimeter
L = Flignt path = 109.6 cm NEnkinete
Entries 626282
4500 Mean 0.164

Std Dev 0 07105

- E from sinulation e

— No threshold

4000

3500

8 o ~ Th. 5 MeV i MG
b 2500 — Th. 10 MeV fluka 70% 41%
5 2000 Th. 50 MeV
o 5 MeV 65% 36%
000 10 MeV 42% 27%
il 50MeV  16% 10%
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backup

timing
TOF
htof_neutron_cal
10° Entries 1737812
Mean 9.751
Std Dev 2.277
10*
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10° calorimenter
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from cal A
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MC simulations — neutrons from target & environment

160+C,H, @200MeV/u (V15) statistics: 2.9E6 fragmentations

Neutrons (10%) | Neutrons (10°) | Neutrons (10%) | Neutrons (10°) | Neutrons (10°)

— From any volumes

Produced intecting towards interacting arriving to the
Magnets Caolorimeter Calorimeter world
target 7.4 3.2 1.4 0.9 (~60%) 3.1 (=2.6+0.5)
magnets 17.1
g 0.15 318

Cal. 28.8 8.3

= Entries| 3102826

- — From target Mwnl 876.1

B Std De 624.6

B

10¢

Neutrons to
the wall

entries
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