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Scintillator Timing Study: Outline %

Presented in Orsay: Today we will discuss:
e Simulations 1. Which methods are used?
- Time resolutions were off by 30-45% 2. Understanding signals at the
photon level

- Now [ found correct parameters!

e Laser measurements 3. Simulating the setup

?
_  Showed that time resolution of 4. What can we learn from the results”

electronics is negligible wrt.
tile measurements

- New measurements and methods
bring even more insights
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Part 1: Methods used In the
Scintillator Timing Study

How can we disentangle the different factors
that contribute to time resolution?
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Understanding the Signal Creation %

E—
1. Particle depoists energy
in the scintillator, emission

of light

Full System Test Beam

Measurements : .
2. Light collection and

transport to SiPM

3. SiPM creates electrical
signal
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Understanding the Signal Creation

1. Particle depoists energy
in the scintillator, emission
of light

Full System Test Beam

Measurements : :
2. Light collection and

transport to SiIPM

3. SiPM creates electrical
signal
Inject pulsed laser beam
into scintillator tile
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Understanding the Signal Creation %

E—
1. Particle depoists energy :

in the scintillator, emission

of light

Emission measurements
with small scintillators

Full System Test Beam

Measurements : .
2. Light collection and

transport to SiPM

3 3. SiPM creates electrical
= ———— signal

Inject pulsed laser beam
into scintillator tile
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Understanding the Signal Creation %

Full System Test Beam
Measurements

e e
Inject pulsed laser beam
into scintillator tile

1. Particle depoists energy
in the scintillator, emission
of light

2. Light collection and
transport to SiPM

3. SiPM creates electrical
signal

e-

Emission measurements

with small scintillators

Induce signal on SiPM
with laser pulses
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Part 2: Understanding Time
Resolution on the Photon Level

What can we learn from single waveforms?

Since all photoelectrons produce the same signal,
can we determine when single photons hit?
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Voltage (mV)

Waveform Decomposition

—— BC408 Test Beam (approx. 1.19 MIP)
125 -
100 -
15 SiPM response for each :
0.175 1 BC408 Tiles Test Beam
50 - measured event.
0.150 4
25 -
% 0.125 4
0 S
. . . . o 0.100
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Scintillation and Light Collection

Ap-Dyzit

Light collection

Inject pulsed laser beam
into scintillator tile

Scintillation
e-

B

Emission measurements
with small scintillators

0.35 4

0.30 1

BC408 Tiles Test Beam
BC408 + Laser
small Cube

30x30x3 mm3 tiles

0.25 +

0.20 1

rmalized counts

Full System Test Beam
Measurements

0.05 1

0.00 -
0 5 10

15 20

Photon arrival time (ns)

25
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Simulation: Scintillator Emission Time %

 Waveform decomposition allows us to find timing parameters for the simulation:

0.200 - BC408 Tiles Test Beam
BC408 Simulated SiPM Arrival Times
0.175 A BC408 Simulated Scintillator Emission
0.150 30x30x3 mms? tiles, BC408
£
2 0.125 - i
o Improvement since CALICE
& 0100 - meeting in Orsay:
E o7s Simulations now have
= | correct time constants!
0.050 +
0.025 A
0.000 - ;

0 5 10 15 20 25
Photon arrival time (ns)
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Part 3: Simulations

Understanding the signal creation allows us
to simulate the measurements.

Geant 4 gives us photon hit times,

let's invert waveform decomposition to build signals.
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Geant 4 Simulations %

BC408 tiles 30 x 30 mm? L
Scintillator

Tiles

 Two scintillator tiles in detector
geometry — hit time difference

« Optical photons are tracked until they SIPM

reach the SiPM - signal creation in
a later step

* |n test beam conditions, there are
double particles

— Due to beam parameters (collimator)

— This changes the energy distribution
of the signals

- Emulate using a tungsten absorber in
Geant 4

One tile with absorber to
reproduce double particles
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Simulation: Waveform Generation

0.175 4

0.150 4

e e
= =
(=] v
(=] w

=4
(=]
]
o

Normalized counts

0.050

0.025

0.000

BC408 Tiles Test Beam

BC408 Simulated SiPM Arrival Times

T T T
10 15 20 25
Photon arrival time

14

Photon arrival times
from Geant4
simulations

SiPM response for each
simulated event.

80 - —— BC408 Test Beam (approx. 0.94 MIP)
—— BC408 Simulation (approx. 0.94 MIP)

WVoltage (mV)

T T T T T
0 20 40 60 80 100

e Stack 1p.e. -—
. waveforms e

-l Average 1 p.e. _ -

s waveform from a Caveat: ,Detection efficiency“ needs
1 measurement to be adjusted to signal amplitude
L] of each detector module (once)

0 20 4-?1me ol 60 80 100
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Simulation: Average Time Resolutions

08.12.2021

Aﬁ»ﬂ;?fﬁ
BC408 20x20 Test Beam 4 1w
BC408 20x20 Sim (1 mm absorber) 1
T T T T T
350 400 450 500 550
BC408 30x30 Test Beam - ]
BC408 30x30 Sim (1 mm absorber) 1
350 400 450 500 550
BC408 40x40 Test Beam - ——
BC408 40x40 Sim (4 mm absorber)
BC408 40x40 Sim (no absorber)
T T T T T
350 400 450 500 550
Single channel time resolution (ps)
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Energy Resolved Time Resolutions

A;:»ﬂ;?ff‘

T 4 BC408 20x20 0.8 - + ++ BC408 30x30
0.6 41 BC408 20x20 Sim ) 4+ BC408 30x30 Sim
%: 0.7 1 E
1 3
_ - i

031 1. 20x20 06 4 - 30x30
g2 044 2 c 05 e -
c o c o == T
2 23 ST
2%0.3‘ m%ﬂ.‘l— RS S i
g S R = 5 T
5@ 5 g 03- S H

E 0.2 1 = i
0.2
0.1 -
0.1 -
0.0 0.0
T T T T T T T T
0.5 10 5 20 25 30 35 4.0 4.5 0.5 1.0 15 2.0 25 3.0 35 4.0 4.
Hit Energy (MIP) Hit Energy (MIP)
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Energy Resolved Time Resolutions

AVRAYSS 3

e 1  BC408 40x40 0.8 + ¥4 BC408 30x30
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[ g B
2 40x40 30x30
— 0.6 4 [ . - —e—
N s W
E p - E = 0_5 1 [ ]
j=gys] —a— - H_I—-—q c o -
0= b 1)
£ 3 e - = 3 i
53 o4 L3 Pe Ug 0.4 Fo--3
Qo 7] ' l 1 w w e
o oL 8
EI - = i +.—0—|_._.
I g = 0.3 1 —-— L
= =
0.2 1 0.2 4
0.1 1
0.0 0.0
T T T T T T T T T T T T T T T T
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.F
Hit Energy (MIP) Hit Energy (MIP)
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Energy Resolved Time Resolutions %

* Simulation reproduces experimental results
— First optimized for 30x30 tiles, then other sizes worked almost out of the box
* Absorber makes a difference: Energy distribution changes!
— Significant for 4 mm, negligible for 1 mm
- Energy distribution changes the average time resolution
* Slight disagreement for 40x40 tiles:
— Simulation has better time resolution than experiment
* Possible reasons for this disagreement:
- Bias in the simulation - less accurate for bigger tile sizes?

- Probably due to wrong implementation of the ESR foil — analysis ongoing
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Beam Parameters of 40x40 Tiles

Ap-Byztt

 Alarger beam collimator was
Installed in this run

— More double particles

e But the hit time distribution of
cosmics and test beam is very
similar

e This rules out the option that
the beam parameters lead to
different timing (e.g. through
delayed double particles)

Normalized counts

0.12 ~

0.10 -

0.08 ~

0.06 ~

0.04

0.02 ~

0.00

BC408 40x40 Test Beam
BC408 40x40 Cosmics

T T
] 10 15 20

Photon arrival time (ns)

25
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Part 4: What can we learn?

Now that the simulations deliver good results,
let's investigate the correlation between
tile size, light yield and time resolution.

Simulations without absorbers — MIPs
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Tile Size vs. LY %

- - ki Size comparison, no absorber
 Finding: LY cA parison.
—— 10% PDE, exponent = -0.644 + 0.013
70 | 15% PDE, exponent = -0.670 + 0.014
Exponents k —— 20% PDE, exponent = -0.653 + 0.002

—— 25% PDE, exponent = -0.640 + 0.005
—— 30% PDE, exponent = -0.648 £ 0.005

# Measured BC408, PDE = 15%
Measured BC408, PDE = 21%

Ao LY -0.651 + 0.010

* Instead of adjusting the PDE
to experimental results, use
different values

Average Light Yield (p.e./MIP)
A
o

 Measurements agree with 201
simulations (caution:
no absorber, experimental

Work in progress!

PDES estimated) 400 600 800 1000 1200 1400 1600

Tile Area (mm?2)
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LY vs. Time Resolution

BC408 Size Comparison (no absorber)

* Finding O,0C Ly"*

1000 —— Power law fit, exponent = -0.458 + 0.013
Power law fit, exponent = -0.468 £ 0.005
Exponents k 7 900 4 —— Power law fit, exponent = -0.477 + 0.004
= H  20x20x3 Simulated
2 800 - 30x30x3 Simulated
A o LY -0.651 £ 0.010 é ‘@ 40x40x3 Simulated
i}
o 700 -
LY « o, -0.468 £ 0.008 £ 0,00 AP where ke, =k, k,
£ 600 -
=
P
k k o
LY cA 14./\{)}OCLY2 2 500 -
k G
o,0c A”wherek,=k,k, 400 1
Work in progress!
— + 300 . . . . .
Expect k3 = 0.305 + 0.007 - o - - -

Average Light Yield (p.e./MIP)
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Tile Size vs. Time Resolution

* Finding: o, A

Exponents k

A o LY -0.651 + 0.010
LY - g, -0.468 + 0.008
Ao O, 0.398 + 0.007

Expect k3 =0.305 £ 0.007
Missing factor ~ 1.3
— Light collection effects?

single Channel Time Resolution (ps)

Size comparison, no absorber

800 -

700 A

600

500 ~

400

300 -

10% PDE,
15% PDE,
20% PDE,
25% PDE,
30% PDE,

exponent = 0.385 = 0.013
exponent = 0.403 = 0.000 /
exponent = 0.402 + 0.007

exponent = 0.402 + 0.006
exponent = 0.395 = 0.001

Work in progress!

T
400

T
600

T T T T T
200 1000 1200 1400 1600
Tile Area (mm?)
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Light Collection %

* To investigate the effects of BC408 20x20 Laser
light collection, use laser 141 BC408 30x30 Laser
. . . BC408 40x40 Laser
measurements with scintillator |
tiles '
m
. . ) ] e
 The width of the phOton arrival % 10 Inject pulsed laser beam
time distribution increases for - .| into scintillator tile
bigger tiles =
. E 0.6 1
* LY does not matter here: arrival 2

times are indepenent of energy .,

* In bigger scintillator tiles the
photons travel longer paths Work in progress!

H H 1] OG T T T T T T T
- Light collection ,takes longer 50 -25 00 2.5 5.0 7.5 100 125  15.

Photon arrival time (n}®
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Summary %

Two significant improvements since the collaboration meeting in September:

1. New measurement techniques allow us to investigate scintillation and light
collectin separately

2. Waveform Decomposition
* Understand timing at the microscopic level
* Find correct timing parameters for simulations

Simulations now give very good results
* Now look at the correlation between tile size, light yield and time resolution

* Independent of experimental effects (e.g. double patrticles, ...)
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Sensors for the Scintillator Timing Study %

clow sensor V3.1
5.1.2008 R

E J ) e |
: »

i
E-‘i'l > +3VPA
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SIPM: Hamamatsu S13360-1325PE

ApDgs 4t

Number of channels 1 channel
Effective photosensitive area 1.3 x 1.3 mm?
Number of pixels per channel 2668
Pixel size 25 um
Spectral response range 320 ... 900 nm
Gain (typical) 7.0-10°

Information taken from: https://www.hamamatsu.com/eu/en/product/type/S13360-1325PE/index.html
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System Stability %

 Use 1 p.e. calibration values to assess system stability over the measurement
period

* The calibration factor gives the integrated signal area that corresponds to one

photoelectron
—— Channel A
—}— Channel C
— Channel G
v "\' "“\'ﬁvw m ll-“i W) ”t“l,

T T T T T T
0 2 4 6 8 10
Time since start of autorun (hours)

)] [=}] [=)] (=)} )]
Ln =] - oo [f=]
1

1 p.e. calibration value {mVns)

h
B
1

[=)]
(¥4
]
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Defining the Time Resolution (1) %

Typical SiPM response

Constant Fraction Discrimination: N
 Get maximum amplitude of the |
event -
« Search for the first time that the PR (I 25% of max. ampl.

signal crosses 25%

|
=
w
[=]

* |f the crossing is between two
bins, interpolate linearly

Voltage [mV]

|
)
=
[=]

—250 +

Leading Edge Method:
 Set threshold to fixed voltage 3001

......... y!------------- max. amplitude

T T T T
180 200 220 240 260 280
Time [ns]
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Defining the Time Resolution (2)

ﬂp»ﬂ;?ft

leb

| CALICE AHCAL
Work in Progress

%" Sigma=0.6096x 0.0031

Mean=0.0367 + 0.0031

Channels C and E give two independent hit times

H{E GTime Difference Between Channels C and E

Relative Hit Time (ns)

le6

CALICE AHCAL
31 Work in Progress

Mean=0.0339 + 0.0032

=*= Sigma=0.6073x 0.0032

— subtract to eliminate trigger resolution effects

Single Channel
Time Resolution:

—0.718/V/2 = 0.507 ns
for AHCAL tiles
(30x30 mm?)

2.5 -
Mean=-0.0055 + 0.0038
CALICE AHCAL ~*- Sigma=0.7182+ 0.0038
Work in Progress
2.0 -
1.5
s
c
=
o
o
1.0
/ 05
0.0 . .
-4 -2 0 2 4

Hit Time Difference (ns)
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Remarks on Laser Measurements %

 The laser has a wavelength of 440nm + | Laser on SIPM“ measurements have
shown that the electronics are

- T t length for SiPM, PRY- i
arget wavelength for S significantly faster than tile

no fluorescence in BC408

* Arrival time distribution does not S ey peam
depend on the energy deposition in ]
the scintillator . x
- ,Laser into tile“ measurements are ﬁ Induce signal on SiPM
not sensitive to LY effects £ with laser pulses
£
* Only geometric effects S 041
| -
* e==—_ | 0.2 r
E h
Inject pulsed laser beam 00 © er ! > s s o
into scintillator tile Photon arrival time (ns)
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