Juhee Lee
KIMS collaboration
1 @ Giessen University

VEASUREMENT OF
QUENCHING AND
CHANNELING

IN CSI(TL)

111111111




2011-11-15

Motivation
Channeling effect & Dark Matter search
Purpose

Quenching factors of Csl(Tl) and Nal(TI)
Critical angles & Enhanced light yield spectrum

Setup & measurement of Quenching and
Channeling

Comparing measurements with simulations

SCINT2011



Motivation

= Enhanced light output due to Channeling
effect

= Weakness of Pulse Shape D
method

The Channeling effect
Above vy, ion feels ¢(p)
as continuum.
W/QO hard scatterings,
lon’s penetration is
20111115 rmereasing
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Light yields of ions with
different incident angles|3]
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Fig. 2. Response of Nal(Tl) to 10 MeV 160 ions.

Ranges of ions with different
Incident angles[4]
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FIG. 1. Experimental range curves showing the
residual target activity (percentage of ions not yet
stopped) plotted against the penetration distance,
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Fi1G. 43. Planar channeling dip for 1-MeV protons incident in the
(111) direction in Au [Po72b]. The crystal thickness was 630 A and the
scattering angle 26°. The solid dots are the experimental points, and the
open circles are the results of a calculation which includes multiple-
scattering effects [see Sec. 2.4d2, Eq. (2.80), and Fig. 22].

Scattering yields of ions
with different incident
angles [2]

U1 = 0.8Fps(1.2u,/a )i,

(1.6ul/a md,/a 1), (de
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All was done with ions
from outside target materials
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WIMP (Weakly Interacting Massive Particle) Search
Channeling effect may contribute to
the higher detection sensitivity for low mass WIMPs

Purpose of this work
How many events are subjected to this effect

How this effect is shown up in the light yield spectrum
= Simulations : Reproduction of the light yield spectrum

Estimation of channeling contributions
= Experiments : Directional measurements of light yield
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Applicable to the particle without concerning their
species

Measurable in the L(E) and R(E)
Murray and Meyer model
Birks model[10]

Fitting function to

dL/dE : dE/dx

the data
R. Gwin and R. B. Murray[5] data | (e
with CsI(Tl) Tl 0.046mole% , s =L
7us DAQ time window and 662keV y c i (HT) (1+0.0038 au )



Csl total stopping ;| Csl e/n stopping

E(keV) E(keV)
En : Nuclear Stopping power
phonon energy
Ee : Electronic Stopping power

lonization energy
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Emeasured/ Erecon = I—|ght/ErecoiI* [EO/LO]y
Calibration factor for WIMP-nuclear
elastic scattering

Many exp. data are reported .



SRIM Quenching factor

SRIM simulation for 1000events
— the mean electronic energy loss for each depth bin

Applying the mean electronic stopping power of each depth

bin in unit of MeVcm4/g to the dL/dx curve (S(dE/dx) function)
— the mean light output for each depth bin g o

SRIM
~ % MARLOWE

Summation all light outputs and applying the normalization

factor for the energy calibration

— the measured energy
by dividing it to the recoil energy, we get the quenching factor
4 max depth bin

QF= % AE,; + S(—

recoil i=1



SRIM Quenching factor

Quenching Factor of alpha in Csl(TI) SRIM

SRIM with 5% lower Scint. Eff. ;:1 f—
-

Gwin et. al.
TEXONO collaboration
KIMS collaboration

7 8 9
Alpha Energy(MeV)
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SRIM_I_CsI(TI)
SRIM_TI_CsI(TI)

M.Z.Wang et.al.

S.Pecourt et.al.

KIMS data for Tl 0.073mole
KIMS data for Tl 0.128mole
KIMS data for Tl 0.426mole
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SRIM Na_Nal(TI)
SRIM |_Nal(T1)

SRIM TI_Nal(TI)
Na_Nal(TI} Chagani et. al.
Na_Nal(TI) Tovey et. al.
I_Nal(T1) Tovey et. al.
Na_Nal(TI) Gerbier et. al.
Na_Nal(TI} Spooner et. al.
I_Nal(Tl) Spooner et. al.

120 140 160
Recoil Energy (keV)
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0.12

0.1
0.08
0.06

1. Wrong tail of the scintillation efficiency curve?
2. Wrong Method for the reproduction of E

3. Total ionization energy loss are different by +5%.
TRIM|E

MARLOWE Quenching factor

] MARLOWE I_CslI(TI)

M.Z.Wang et.al.
S.Pecourt et.al.
u KIMS data for Tl 0.073mole
. KIMS data for Tl 0.128mole

KIMS data for Tl 0.426mole
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MARLOWE Na_Nal(Tl)
MARLOWE I_Nal(TI)
SRIM TI_Nal(TI)
Na_Nal(Tl)} Chagani et. al.
Na_Nal(Tl) Tovey et. al.
I_Nal(TI) Tovey et. al.
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Why the mean values obtained from SRIM and MARLOWE are different?
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MARLOWE

For Different recoil angles
Entries 513
Mean 2000
RMS 799.3

= recoil ion || [110]
— recoil ion 6=25P
from [110]

MARLOWE simulation

Due to the
Different axes,
Histogram Meal
Values are
Different by ~2C
In the same crys
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MARLOWE

118.4keV->CslI(TI)

| htemp | I
ERTESEREI AT 118.4keV->Amorphous Csl(TI)
Mean 1.905

RMS 09415
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Red 4.47% Events

for Ranges > max. of Amorphous

Max. Range
Of Amorphous
Vs fdirget

.t

10 12
meassured in MARLOWE(KEV)

3.5 4
measured in HARLOWE(kev’
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Experiment- G4Simulation for setup

®

%

Current setup

0 |Gl

Neutron tagged events in Geant4
Entries 929

Mean  0.002918
RMS 0.001577

Gamma contaminated events
from Neutron Inelastic scattering

Total Neutron tagged events

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Emensured in GeanM(Mev)

The tail events (E,.,.>4keV) from inelastic
2011-11-15 scattering are 3.2%oim201



DAQ : 3 Coincidence trigger of Neutron generator, Neutron Detector and Cs I(TI)

Event Cut : Pulse Shape Discrimination for Neutron detector data
Exponential decay time fit quality cut for Csl(TI) data

2011-11-15 SCINT2011 18



CrystalA with the upright position
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CrystalB with 60° tilted position
CrystalB with -60° tilted position
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Exp : 24 Am y 59.54keV Calibration

MARLOWE QF/1.12 (Nonlinear factor[5] , Losostkev
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The effect of tail events to the Measured

energy spectrum
Histogram Mean Values for 6 different detectors |
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We reproduce quenching factors which fit well with
experiments by using SRIM and a scintillation efficiency
curve.

We reproduce E_, ... eq distribution for the crystalline target
with MARLOWE which is similar to TRIM in the case of
amorphous target.

In E,casureq diStribution in the simulation, we see the tails

from the channeling effect.

In the directional measurement setup and CsI(TI) which is
well grown along [110] , we see the differences for the

amount of tail events.
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