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SUMMARY OF THE PERFORMED STUDY

» General simulation, full calorimeter in the foot setup
+ fragments
+ number of involved crystals
+ topology of the events

+ fragment timing

» Single crystal simulation, BGO length study

+ study on the energy lost (with charged
particles/neutrons)

+ different fragments



GENERAL SIMULATION: sastLiNe serup 7 cm

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

A fragment species study has been performed for single fragment events in
order to characterise the topology of the expected events

» Deposit energy in the calorimeter for difterent fragments.

» Fragments population => Give info to the single crystal study

E 30: Entries 44873 l 45
> — Mean x -3.784 o . o
20l Cinsies. . |wenrewes) B8, > BEvent distribution
B g S .'?'%5.-'*_:_:____- RMSy 6.612 _ a5
0] ol s
of- A s > Crystals occupancies
- 2EE —120
o s Not centred in zero,
ol 10 as expected, because
. ° of the magnetic field
Fragments position .+ .. ... ... .. . 68,

X (cm)

at calo entrance 3




GENERAL SIMULATIAN. osor e rrunn o

................................ = | I16OO
= Entries 44873
> 15F
3 - —11400
o 2 F
A fragment species si & 10F- -
order to chse £
—11000
0 o
. . —1800
> Deposit energy i
T —600
» Fragments populi -0 200
—~ 30 -155_ 200
5 [ l
; : -20_| I L1 1 1 | L1 1 1 | L1 1 | | | L1 1 1 | L1 1 1 | L1 1 | I ] O
20— . -15 -10 -5 0 5 10 15 20
- - Cryst X Pos
10— .,
o s > Crystals occupancies
L —20
o 15 Not centred in zero,
ol 10 as expected, because
. i of the magnetic field
Fragments position .+ .. ... ... .. . 68,
at calo entrance mem y




GENERAL SIMULATION: sastLiNe serup 7 cm

0000000000000000000000000000000000000000000000000000000000000000

Obtained with 2C beam
(200 MeV/u) on C,H4 target

0000000000000000000000000000000000000000
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As expected and pointed
out by all the analysis (see
also R.Sacchi) the peak +

“pratino’ distribution of

the deposit energy is
present for all fragments




GENERAL SIMULATION: sastLiNe serup 7 cm

Obtained with 2C beam
(200 MeV/u) on C,H4 target
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Obtained with 2C beam

GENERAL SIMULATION: saseLine serup 7 oM (200 MeV/w) on C.H target
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Obtained with 2C beam

GENERAL SIMULATION: saseLne serup 7 cu (200 MeV/u) on CaH rarger

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

» Deposit energy in the calorimeter for different fragments
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Obtained with 2C beam

GENERAL SIMULATION: saseLne serup 7 cu (200 MeV/u) on CaH rarger

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

» Fragments population

The most abundant produced light fragments in this setup is He4

)
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GENERAL SIMULATION: sastLiNe serup 7 cm

Obtained with 2C beam
(200 MeV/u) on C,H4 target

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

» Fragments population

The most abundant produced light fragments in this setup is He4
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GENERAL SIMULATION: sastLiNe serup 7 cm

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

» Fragments population

Obtained with 2C beam
(200 MeV/u) on C,H4 target

The most abundant produced “heavy’ fragments are “singles” and B11/C11

lons at calo entrance
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Obtained with 2C beam

GENERAL SIMULATION: saseLne serup 7 cu (200 MeV/u) on CaH rarger

e o o

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

» Involved crystals for multiple fragments events

Fragments distance at calo entrance

The probability of multiple-fragments is crucial for a the proper reconstruction of
the energy deposit and to define the segmentation needed in the calorimeter.

500

Mean 11.08 The size of a single BGO
RMS 5.973 -

100 Constant  446.6 crystal of is 2 cm, therefore
Mean 11.25
Sigma 530 we can assume that only a

very small fraction of
300

events will present multiple-
fragments impinging on

200 two adjacent crystals.

The information is taken only at
calo entrance => we have to

- R study the dynamic of the events

T R I R 35 20 along the fragment path

100

Distance [cm] 12



Obtained with 2C beam

GENERAL SIMULATION: saseLne serup 7 cu (200 MeV/u) on CaH rarger

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

» Involved crystals for multiple fragments events

The probability of multiple-fragments is crucial for a the proper reconstruction of
the energy deposit and to define the segmentation needed in the calorimeter.

S F As double check, we notice
S r 1
3 conol Mean 2.778 that only a very small
5 N RMS 0.8172 fraction of events occurs in
2 L
T 4000[— a single crystal, while
2 B .
= f most of the events with
g 3000 multiple fragments implies
S L at least two crystals.
£ 2000{—
- The information is taken only at
1000 — calo entrance => we have to
N study the dynamic of the events
o tl—Jll 1 along the fragment path

Number of crystals 3



GENERAL SIMULATION: sastLiNe serup 7 cm

Obtained with 2C beam
(200 MeV/u) on C,H4 target

» Timing of the events for multiple fragments events

Fragments time differents at calo entrance

The time distribution of multiple-fragments is important in order o define a

strategy of clustering and event reconstruction in the calorimeter.
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Most of the events
occurs in few ns.. if the
timing of the events 1s
an stringent requirement
the time-resolution of
the calorimeter becomes

a stringent parameter.

BGO=> Phoswich with 1 cm
plastic scintillator (60-150 ps)
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GENERAL SIMULATION: sastLiNe serup 7 cm

Obtained with 2C beam
(200 MeV/u) on C,H4 target

» Timing of the events for multiple fragments events

The time distribution of multiple-fragments is important in order o define a
strategy of clustering and event reconstruction in the calorimeter.
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SINGLE CRYSTAL: sco LensTH STUDY

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

To study how the calorimeter length impacts on the energy containment of
the fragments a dedicated simulations has been performed using a single
BGO scintillating crystal: mono-block cylinder of 22 cm of diameter.

» Deposit energy in three different lengths of BGO (7, 14 and 22 cm);

» Different ion fragments were shot in the center of the crystal block:
Helium, Lithium, Beryllium, Boron, Carbon, Nitrogen and Oxygen;

» Several energies in a range of [100-350] MeV has been studied;

16




C12@200 MeV/u

: BGO LENGTH STUDY

SINGLE CRYSTAL

.
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» Deposit energy in three different lengths of BGO (7, 14 and 22 cm)
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Cl12@200 MeV/u

.
)

BGO (7, 14 and 22 cm)
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SINGLE CRYSTAL: sco LensTH STUDY

C12@200 MeV/u

> The lost of energy is due to the escape of neutral and charged particles
(and the invisible energy due to nuclear binding energy loss);
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SINGLE CRYSTAL: sco LensTH STUDY

C12@200 MeV/u

> The lost of energy is due to the escape of neutral and charged particles
(and the invisible energy due to nuclear binding energy loss);

On the other hand, proton (and
more 1n general charged secondary
particles) contribution is marginal

but 1s dramatically reduced
increasing the length of the crystal
from 7 to 14 cm(or more).

[.ets make the calorimeter
at least 14 cm long!!
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3 cm NB. N 1 t
SINGLE CRYSTAL: BeoLenethstupy * socm o energy resolution

» 7cm

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

>

Different ion fragments were shot in the center of the crystal block: Helium,

Lithium, Beryllium, Boron, Carbon, Nitrogen and Oxygen;

He4
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The same study for the energy loss in the charged and neutral components of

secondary fragments has been performed for different elements and for 4
different energies: 200, 250, 300, 350 MeV/u.

NB: Only elements from “periodic table” from Z=2 up to Z=8§.. no isotopes!
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» 7 cm
» 14 cm
» 22 cm

SINGLE CRYSTAL: sco LensTH STUDY

NB: No energy resolution, no isotopes

> Different ion fragments were shot in the center of the crystal block: Helium,

Lithium, Beryllium, Boron, Carbon, Nitrogen and Oxygen;

He4
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» 7cm

SINGLE CRYSTAL: scoLenem stupy ' Sacm NB: No energy resolution, no isotopes

> Different ion fragments were shot in the center of the crystal block: Helium,

Lithium, Beryllium, Boron, Carbon, Nitrogen and Oxygen;
He4
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» 7cm

SINGLE CRYSTAL: scoLenem stupy ' Sacm NB: No energy resolution, no isotopes

> Different ion fragments were shot in the center of the crystal block: Helium,
Lithium, Beryllium, Boron, Carbon, Nitrogen and Oxygen;
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» 7cm

SINGLE CRYSTAL: scoLenem stupy ' Sacm NB: No energy resolution, no isotopes

> Different ion fragments were shot in the center of the crystal block: Helium,

* * h IKJ *
Lithium, Beryllium, Boron, Carbon, Nitrogen and Oxygen;
THhETOTnorm | |hETOTnorm | |hETOTnorm TEhETOTnorm | [hETOTnorm| [hETOTnorm _ TEhETOTnorm| |hETOTnorm | [RETOTrorm _ HhETOTnorm| [hETOTnorm | [hRETOTnorm
"""""" 00 Entries 10000 | | Eniries 00 [ entis 10000 | | Entries 10000 | | Entries 10000 H entries 10000 | | Entries 10000 | | Entries 10000 [ envs 10000 [ | Enries 10000 | | Eniies 10000
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10_1 E_SI Oy o] et orweeme | | Bt St 10_1 :s‘”e“ 017040001268 | | Std Dev0.146 + 0.001032 | | SdDov 01309 = 00009259 1 0_1 ;sw Dew.2211+ 0.001564 | | StdDev  0.1684 0001191 | | Std Dew.1481= 0.001047 10—1 ;smoev 0256520001814 | | SiDev 018720001325 | | SWDev  0.16482 0.001166
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» 7 cm
» 14 cm
» 22 cm

SINGLE CRYSTAL: sco LensTH STUDY

NB: No energy resolution, no isotopes

> Different ion fragments were shot in the center of the crystal block: Helium,

* * h IKJ *
Lithium, Beryllium, Boron, Carbon, Nitrogen and Oxygen;
THhETOTnorm | |hETOTnorm | |hETOTnorm 1ERETOTnorm| [hETOTnorm | [hRETOTnorm YBhETOTnorm| |NETOTnorm| [hETOTnorm HhETOTnorm| [hETOTnorm | [hRETOTnorm
"""""" 10000 || Eniries 10000 | | Entries 10000 H entrs 0000 10000 | | Entres 10000 i 10000 | | Enties 10000 | | Entries 10000 Entries 10000 | | Enties 10000 | | Enires 10000
40 441 0.00120 o8 N 08988:0001794 | | Mean 0.9195<0.00146 | |Mean 0927220001308 73+ 0.002211 | | Mean 088880001684 | |Mean 09032 = 0.001481 0 Mean 48 2 000164
10_1 N © v o 0553 e 010820000 10_1 @Dev 0179420001268 | | Std Dev0.146 = 0.001032 | | StdDev 0.1309 = 0.0009259 10_1 || StdDe0.2211= 0001564 | | StdDev 016840001191 | | Std Dew.1481 = 0.001047 10—1 [y sue 16482 0.00
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SINGLE CRYSTAL: sco LensTH STUDY

> Different ion fragments were shot in the center of the crystal block: Helium,
Lithium, Beryllium, Boron, Carbon, Nitrogen and Oxygen;

It is cleat that the longer setup, with at least 14 cm of BGO is preferable, not
only for energy loss reduction, but also for fragment total containment: the BP of
Lithium and Beryllium for example is longer than 7 cm at 300 MeV/u.

CONCLUSION:

» May be we can start assuming that our calorimeter is going to be longer
than 7 cm and implement this assumption in the full simulation.

» Efficiency, energy and time resolutions should be now included in our
preliminary analysis in order to evaluate the detector performances.
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BACKUPSLIDES

» Wigmans.. =>calorimeters per Heigh Energy Physics

Lead Tron

lonization by pions 19% 21%
lonization by protons 37% 53%
Total ionization 56%  74%
Nuclear binding energy loss 32% 16%
Target recoil 2% 5%
Total invisible energy 34% 21%

Kinetic energy evaporation neutrons 10% 5%

Number of charged pions 0.77 1.4
Number of protons 35 8
Number of cascade neutrons 54 5
Number of evaporation neutrons 31.5 S
Total number of neutrons 36.9 10
Neutrons/protons 19571 1371
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