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Introduction

Focal-plane detector

Target g g \

- - |IIII

Dipole Neutron

Quadrupole 7 Detector
—_— Array

Scintillation
Counter Solenoid

«  "RAON" — Korea Rare Isotope Accelerator at RISP

» A Future multipurpose accelerator for the basic & applied sciences.
« LAMPS(Large Acceptance Multi-Purpose Spectrometer)

» Primary purpose : Nuclear symmetry energy

» Also useful for nuclear structure & nuclear astrophysics.
* Neutron detector

» Neutron measurement is important to understand the isospin dependence of
nuclear symmetry energy.

> Should cover from a few tens to a few hundreds MeV.

Korea Univ. Nuclear Physics Lab. 3



o
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Grouping of Hit Fragments

s GEANT4 simulation & 0|&, 0.1 x 0.1 x 2 m3 bar-type scintillator module 2| 7}-24|0f| 300
MeV o SAX7} X|L{7HBIAl BHSO{X|&= hit fragments ©f 9IX| X A7 £
> Hit fragments & group 22 2&/5|7| f/ct A7t & RIX| =AE E7| 2|2
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Hit fragments 2| Q| X|= S X7} X|LiZt {IX] 1, & « Hit fragments Q| 448 A|7t2 T X}7} scintillator L

71222 2F 100 mm O|L{jof Z 2. Off YASH AZHE 7|Z22 9F 2 ns L{Of| 22,

Korea Univ. Nuclear Physics Lab. 5



KOREA

UNIVERSITY

Grouping of Hit Fragments

Z+tZto| eventOj A, gate time(= 150 ns) =@t bar scintillator 0f H7{X|= 2 & hit

fragments & 2 2LC}.

« A AHO|A BtLES| bar scintillator 9H0fl 27 0] Ato| signal O Z=X{Et M,
> MAME QX9 HZ|7} 100 cm O|AF HO{X QALY
> AMA A|7HO| 2 ns O|AF X}O| 7} & I,

O] A1E X E3}0], hit fragments & Z2tZt9| group 22 E&.

E MM
= —10-

. FZFO| group L Q| hit fragments O CHSHA{, Birks formula
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Birks Formula

»  Birks Formula

dL SdE /dz
dz 1+ kBdE/dz + C(dE /dz)?

«  Empirical formula for the light yield per path length as a function of the energy loss per
path length.

« L : Scintillation response. In simulation, L = E .,

« E : Specific energy lose at a depth z

« z:Path length

« S : Electronics response per specific energy loss at the non-quenching limit. Mostly, § =1

« kB : 1%t order parameter. From experiment, kB = 0.977 x 102 gcm—2 Mev 1
C : 2" order parameter

It is expected strength is about two-order smaller than the one for kB.

It becomes significant as the specific energy loss exceeds

Therefore, it does not have to be considered for neutron event.
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Birks Formula

E=2 Ei
» Scintillator(BC-408) density p = 1.032 gcm_3
« Path length z; = (density)*(distance between (i — 1)-th & i-th hit) = pl; (g cm_z)
* (i-th GEANT4 deposited energy) / z; = E;/z; = E;/pl; (MeV g_1 cm?)
« (i-th corrected deposited energy) / z;) / ((i-th GEANT4 deposited energy) / z;)

E_ . _./z 1
— i S SR (Birks parameter kB ~ 0.977 x 1072 g cm—2MeV 1)
EJz, 1+ kB(E,/z;)

*  E.orr =X Eqorr—; . Scintillator-response-corrected total deposited energy
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Propagation & Attenuation

— % S

< < >
ll l2
% It takes some time until the light reach to the PMT at each side of scintillator.
_ CFD
%12: x =l — L]
100 X [ =1
i At = _ | 1 2|
L 05v 05v
I 1/(slope) = v = 160 mm/ns
2t . . l
SEEE L Propagation time t,, = —

X/

% As the light moves through scintillator, it loses its energy.
« BC-408 bulk attenuation length : 380 cm = 3800 mm

ll lZ
> Epyr1 = Ecorrexp[_% Epyrz = EcorreXxpl— m] «
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Signal Generation

ll l2
Cstart1 = Lo T tp1 = o + ; to Cstartz = to Tty = Lo + ?
<< > < >
ll 12

« Light arrival time at the end of the scintillator = signal start time(tsiare1, tseart2)

Signal

/ — sample #1
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Threshold & Signal hitTime

Signal
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tsignal

« Signal 2} A|ZHEO0| Z 1, T}y 0| 22 threshold signal € DH=CL

« (Signal o] =0|7} threshold signal 9| Z|CHZ1} ZOtX|= X[ HO|A{ 2| AlZH
= (simulation 0| Al AFES}= signal hitTime)
~ (A HE0M O{X|= signal hitTime)
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Threshold & Signal hitTime

Signal hitTime t ;4,0
= (BMX}0f| 2|3} scintillator Of light O] &AisH= A|ZF ¢)
+ (light propagation time t, = %)
+ (PMT Of| A| &tA8SE signal | &= 0|7} threshold signal 2| X|CHZta ZHOME MWY7FX| ZE2|= AlZh

- Deposited energy Z+0f| 2}, SEXIF 242 XS X|L7bHe Z 2002 H|RSHEHE signal
hitTime O] Eetd = ULk
> Time resolution

. QF Z PMT Of| A Zt=0{X|= & signal 25 threshold signal height & HZ {0 Bt true £ 7FF

St true signal hitTime 2 AAHSHY M Z&SHLY
> True signal hitTime = 0.5 X(ts;ignai1 + tsignaiz)
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Position Reconstruction

tsignall | tsignalz

Lrecon |
|

- Scintillator ¥Z & PMT 9| hitTime ©| X}0|2 0|25}04, light O] 2B Q|%|(~ ZAIKII} K| L}
Zt |IXDE AL

*  Reconstructed position L..con = 0.5 X(tsignai1 — tsignatz) X v
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Result

% 300 MeV 9| =MX}7} 0.1 x 0.1 x 2 m3 bar-type scintillator module 2 X|L}Zt A2
9| signal hitTime & position reconstruction distribution
» Electron equivalent threshold = 5 MeV

« [, =100 cm, I, = 100 cm (center)

2 I ] 2 I :
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Result
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Result

e [;=150cm, I, =50 cm
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Result
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Result

e ;=180 cm, l, =20 cm
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Result
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Result
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o+ Structure

| ! 0.1 x 0.1 x 2 m3 scintillator for 1 module

x 20 : Horizontal layer x 20 : Vertical layer x 40 : 1 Stack

« 4 Stacks (8 layers)

* 40 cm gap between stacks Veto
counter
« 20 module for 1 layer ~l
* Veto counter & Helium bag H 1s 2 3 40
Bag Stack Stack Stack Stack

in front of neutron detector
Z axis
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