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Kinetics of the Csl crystal

Example of single event pulse shape - Event 50

The shape of crystal’s -
emission waveform can E
affect:

(

Amplitude

* Energy Measurement el Wl s
— Pile up i EmissonofGsl
— Data Volume :
» Expected performance
parameters of calorimeter (

— Realistic Shape of Crystal oo
convoluted with FEE *

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Example of pulse shapes: single and multiple events
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Waveform shape of the Crystal’s emission

Different experiments during past years studied undoped Csl and it’s
emission giving us the following information:

 Emission is a function of the temperature

« Radiation hardness adequate for Mu2e experiment
« Emission peak of the fast component at 310 nm

« Emission peak of the slow component at 500 nm

(1) Isometric plot of decay curves of undoped Csl measured for
a-particle excitation (2**Am) at different temperatures;

Luminescence and scintillation properties of Csl: A potential cryogenic
scintillator, (VB Mikhailik, V Kapustyanyk, V Tsybulskyi, V Rudyk, H Kraus)
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(2) Scintillation emission spectrum of undoped Csl;
Csl Pure Data Sheet, Saint-Gobain Ceramics & Plastics



How many lines and uncertainties

 Fast component:

— One component ~20 ns®) or two components at ~6 and ~30ns*)?

g ) CsI pure . 10 CsI pure
s 10+ @
g 2
20 i S TN
8 10‘_ £ 10‘_ 3 2 o
662 keV gamma rays 2 5.15 eV as
] IW' 200 300 400 S0 ) ey pos) (7S
time [ 153 ps/ch ] time { 153 ps/ch ]
662 keV gamma-rays 5.15 MeV alpha particles
21.7 + 1.8 ns (65 %) 20.6 + 1.3 ns (50 %)
fast
2.1 £0.2ns (35 %) 2.2 £ 0.2 ns (50 %)

1.0 ps (50 %)
slow 0.1 ps (100 %)

0.1 s (50 %)

(3) Decay spectra and times of pure Csl;
Scintillation characteristics of pure and Tl-doped
Csl crystals, (P. Schotanus; R. Kamermans)

Sample | F (%) | ¢ (ns) | S (%) | 75 (ns)
Csl-1 33 6.1+1.2 67 30+8
Csl-2 29 | 6.6£1.7T| T1 2745
Csl-3 22 7210 78 41+6
Csl-4 27 6.8+1.1 73 4316

(4) Decay spectra and times of pure Csl;
A study on undoped Csl crystals (Zong-ying Wei, Ren-yuan Zhu)

 Slow Component, dependent on contamination:
— Large spread around the value of ~1 ps in decay times for different publications(®)

Mu2e
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Results of Caltech Mu2e group

Data taken over 4000 ns with time bins
of 50 ns:

 Raw data is the integrated charge,
not the waveform

 Fast component ~30 ns

» Slow component of ~ 1600 ns,
contribution can be small compared
to fast component in some crystals

Mu2e
5

(5) Charge integrated from the signal start to 4000 ns for

crystals from OPTOMATERIALS.
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Results of LNF Mu2e group

Data taken over 1000ns with time bins
of 1 ns subsequently integrated over
20 ns intervals to compare with
Caltech results:

» fast component ~30 ns

« slow component between 500 and
1000 ns

X

po\l —e p1)+p2 1—6_5)

Mu2e
6

(6) Ratio between the charge
integrated from the signal start (DT =
-30 ns), Qint, and the total integrated
charge, Qtot, as a function of the DT
variable for crystals from

OPTOMATERIALS. e i
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Results of LNF Mu2e group

« Using a running integral makes uncertainties on different points all
correlated

« Alignment of different signals made respect to the higher bin, noise can
make it fluctuate

» Acquisition window of 1000 ns can affects fit results for the slow
component

Example of single event pulse shape - Event 50

I

(6) Ratio between the charge
integrated from the signal start (DT
= =30 ns), Qint, and the total
integrated charge, Qtot, as a
function of the DT variable for

N crystals from OPTOMATERIALS.

Amplitude (arbitrary units)
o

T_“TTTT

L i L
200 400 600 800 1 QIQO
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Analyzed data from LNF

We have analyzed data taken with two crystal:

« Siccas Csl readout by an UV-extended PMT and tested with
a 2Na source (placed at different position w.r.t. the PMT on
crystal longitudinal axis)

* |ISMA Csl readout by PMT and tested with CRs

Data: counts converted in volts and pedestal already subtracted
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Analyzing the pulse shape

Steps followed:

 Integration from 60 to 960 ns
 Integration from peak to 800 ns

* Normalizing and aligning all pulses
* Deriving an average pulse shape

— Projecting the average and studying it in single 10 ns slices
— Histogram made using the mean of Gaussian fit on each slice
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Analyzing the pulse shape

Steps followed:

* Integrati ¢
* Normali:
* Deriving

— Proje

— Histog

Mu2e
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Example of single event pulse shape - Event 50

arbitrary units)
S

(

Qg /Q; Integration fromt _ tot . +800 % 1.5;
: -
08 hcprof oo
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06 CZ / ndf 3011 OWM 00 400 Hhelf Ieoo ittty 800 ool ugl_orge‘(ns'
Rin 0.7804 + u.uuuz
o4 t 22.89 + 0.02
Ron 0.4838 = 0.0013
t, 1324 £ 6.0 .
0.2 5
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=
08 :— hfcprof
- Entries 1565100
06— c? [/ ndf 1.95e+04 / 791
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04 & t 25.23 + 0.02
Ron 0.3779 = 0.0019
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Analyzing the pulse shape

Steps followed:

* Integration from 60 to 960 ns
 Integration from peak to 800 ns
* Normalizing and aligning all pulses
* Deriving an average pulse shape
— Projecting the average and studying it in single 10 ns slices
— Histogram made using the mean of Gaussian fit on each slice
Q./Q, Integration fromt _tot,,,+800
o.af— hcprof
- 1392939
06— 3.011e+04 / 791
— 0.7804 + 0.0002
04— 22.89 = 0.02
0.4838 + 0.0013
02l 1324 + 6.0
Qg/Q; Integration from 60 to 960
Mu2e S 2& Fermilab
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08 hfcprof
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Analyzing the pulse shape

Steps followed:

Integration from 60 to 960 ns
Integration from peak to 800 ns
Normalizing and aligning all pulses
Deriving an average pulse shape

— Projecting the average and studying it in single 10 ns slices
— Histogram made using the mean of Gaussian fit on each slice

Amplitude (Time)

Amplitude (Time) - Pedestal subtracted

w »
w o EN o
H“HT“H“TH

N
o
WH

v

N
HWHT

N
&)
“

Normalized Amplitude (arbitrary units)

-
HH“TH

o
&)
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The Pulse Shape — Assumptions

« All waveforms have the same shape

 All waveforms have the same rise time

Example of single event pulse shape - Event 50

N

N
2

Amplitude (arbitrary units)
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200 400 600 800 1000
Time (ns)

Mu2e

13

Amplitude (arbitrary units)

Example of single event pulse shape - Event 124

n

—_
o

E||||

0.5

n
o
o

400 600 800 1000
Time (ns)

2% Fermilab

21 September 2016



The Pulse Shape — Deriving the average

 Normalize shape to the the integral
* New pedestal evaluated from first 50 ns

« Alignment with leading edge slope
Amplitude (Time)

. |  Pulse Shape
E 200 _— 900
re
'5 B 800
EL B
< 150 — —700

- b — 600

B 500

100— .
B —1400
B —1300
50—
L 200
B 100
ol— . , .
0 200 400 600 800 1000
Time (ns)
J€ H
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The Pulse Shape — Deriving the average

 Normalize shape to the the integral
* New pedestal evaluated from first 50 ns
« Alignment with leading edge slope

Mu2e
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Normalized Amplitude (arbitrary units)
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The Pulse Shape — Deriving the average

 Normalize shape to the the integral
* New pedestal evaluated from first 50 ns

« Alignment with leading edge slope
Amplitude (Time) - Pedestal subtracted

— 45p |  Pulse Shape
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The Pulse Shape — Deriving the average

Graph

¥2  ndf 82.1/4
r Constant -845.9 = 119.7
50— Slope 7.812 = 1.083

 Normalize shape to the the integral
* New pedestal evaluated from first 50 ns
- Alignment with leading edge slope

Amplitude

Amplitude (Time) - Pedestal subtracted e .
ime (ns)
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Analyzing the pulse shape

« Steps followed:

 Integration from 60 to 960 ns
 Integration from peak to 800 ns

* Normalizing and aligning all pulses
* Deriving an average pulse shape

— Projecting the average and studying it in single 10 ns slices
— Histogram made using the mean of Gaussian fit on each slice

Amplitude (Time) - Pedestal subtracted

Avaraged Shape and Fits

- 45 .- Fast Component Fit
£7F 20 2/ ndf 3.526/6
3 4 F t Ce 0.01185 =+ 0.00682
g F 250 = Pe 138.9 = 27.3
£ 35 B te 22:08
3 s 200 . Slow Component Fit
3 E 08— 2/ ndf 1.451/33
gasE o F Ps 0.003927 = 0.004345
3 LE 150 . 476.3 = 385.7
N2 » =L
g 5 +
I 100 £ ol
1= <C L
osf- 50 0.2
o [l L
S 0 N
_osEl R T T
0 100 200 300 400 _ 500 _ 600 _ 700 800 900
Time (ns)
Mu2e e -
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Example - Gaussian Fit of a 10 ns Slice

Siccas 13 crystal, 22Na source 2 cm from PMT, Tyvek wrapping

Gaussian fit from 501 to 510 ns Gaussian fit from 501 to 510 ns
- htemp50 - htemp50
- 2 / ndf 6.4536+05 / 33 - 2 / ndf 5.6646+05 / 1
6000 — Constant 6564 = 1.0 6000 — Constant 6590 = 1.0
- Mean 0.003182 + 0.000003 - Mean 0.003321 = 0.000004
5000 :_ Sigma 0.02043 + 0.00000 5000 :_ Sigma 0.02026 + 0.00000
v 4000  4000{—
Q : 2 :
— - — -
+ L E -
S so00— L 3000{—
2000— 2000—
1000 1000
0 o 1 11 11 I 11 1 1 I 1 I 4 L - I | 1 I 11 1 1 0 C 1 I 11 11 I 11 1 1 I 1 1 I 4 1 Il I | - 1 I 1 1 1 1
Z01 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 S04 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
Amplitude Amplitude
Gaussian fit including tales of a 2D histogram’s slice. Gaussian fit excluding tails of a 2D histogram’s slice.
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Emission Shape — From slices Gaussian fit results

Siccas 13 crystal, 22Na source 2 cm from PMT, Tyvek wrapping

Avaraged Shape and Fits

Fast Component Fit
- ' c? / ndf 1.266 /6
= Ce 0.01144 = 0.00715
o Pe 133 £ 229
B te 22.25 + 0.75
o8 1 Slow Component Fit
B c2 [/ ndf 1.616/33
- Py 0.003578 = 0.002533
L 0o ts 656.5 + 461.8
: —
= B
Q 04—
E -
< —
02—
— - —___
oIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 100 200 300 400 500 600 700 800 900

Time (ns)

Points evaluated from Gaussian fit including tails

Mu2e
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Avaraged Shape and Fits

Fast Component Fit
- . c2/ ndf 6.715/6
14— . Ce 0.01494 = 0.00599
C Pe 442.3 = 65.5
1.2 — tF 18.29 = 0.44
- Slow Component Fit
Ung c? / ndf 0.1224 /33
o Ps 0.003686 + 0.004748
T o8 ts 9921+ 1927.9
2t
S 06—
E ¢
< -
0.4_—
02
0_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 100 200 300 400 500 600 700 800 900
Time (ns)
Points evaluated from Gaussian fit excluding tales
T :
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Emission Shape — From slices Gaussian fit results

Siccas 13 crystal, 22Na source 10 cm from PMT, Tyvek wrapping

Avaraged Shape and Fits

Fast Component Fit
12 2/ ndf 3526/6
B + Ce 0.01185 + 0.00682
= P 138.9 = 27.3
- te 2208
- Slow Component Fit
0.8 — t c?/ ndf 1.451/33
- Ps 0.003927 + 0.004345
L o6 ts 476.3 = 385.7
S L
'4: —
g' 0.4{—
< L
0.2
o—IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 100 200 300 400 500 600 700 800 900
Time (ns)

Points evaluated from Gaussian fit including tails
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Avaraged Shape and Fits

Fast Component Fit
LEad cZ/ ndf 9.206 /6
C Ce 0.01561 = 0.00441
12— Pe 519.6 + 75.9
- te 17.77 = 0.40
14— Slow Component Fit
C c?/ ndf 0.302/33
o 08k Ps 0.003881 + 0.007584
S F ts 668.1= 1333.8
Z oL
rof 0.6_—
E r
< 0.4
02f—
o——
_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 100 200 300 400 500 600 700 800 900
Time (ns)
Points evaluated from Gaussian fit excluding tales
T :
3¢ Fermilab
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Emission Shape — From slices Gaussian fit results

Siccas 13 crystal, 22Na source 16 cm from PMT, Tyvek wrapping

Avaraged Shape and Fits

_ Fast Component Fit
- ! 2/ ndf 2.986/6
— Cr 0.01393 = 0.00677
B Pe 161.9 = 30.4
Ty e 21.37 + 0.75
08— Slow Component Fit
B 2/ ndf 1.612/33
06— Ps 0.004122 + 0.004005
Lt ts 664.6 + 653.7
S [
:l: -
S 04
E —
<
02—
B i T —
oIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 100 200 300 400 500 600 700 800 900

Time (ns)

Points evaluated from Gaussian fit including tails
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Avaraged Shape and Fits

Fast Component Fit
e cZ/ ndf 9.454 /6
- Ce 0.01345 + 0.00461
12— Pe 5231+ 77.5
- e 17.75 = 0.41
1= Slow Component Fit
C c?/ ndf 0.1422 /33
o 08— Ps 0.004082 + 0.009551
S F ts 1246 = 5458.7
2 F
o 0.6_—
E T
< OA:T
o2f
o—— M
_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 100 200 300 400 500 600 700 800 900
Time (ns)
Points evaluated from Gaussian fit excluding tales
T :
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Example - Gaussian Fit of a 10 ns Slice - CRs

ISMA crystal, cosmic rays and PMT, Tyvek wrapping

Gaussian fit from 501 to 510 ns Gaussian fit from 501 to 510 ns
htemp50 htemp50
6000~ — 2/ ndf 3.093e+06 / 33 60001~ — 2/ ndf 2.9436+06 / 2
- Constant 5783 + 0.8 C Constant 5809 = 0.8
5000/ Mean 0.00621 + 0.00000 5000 Mean 0.005902 = 0.000005
C Sigma 0.02668 + 0.00000 C Sigma 0.02643 = 0.00000

4000 4000
8 F gt
2 C = C
45 3000— + 3000
[ - C -
wl - w -

2000 :— 2000 —

1000|— 1000 —

0 E 1 I 11 1 | I 11 1 | I 1 1 | - I | I Ll 0 E 1| I 11 1 1 I ) I I 11 1 | |- I | - I 11 1 |
01  -0.05 0 0.05 01 0.15 0.2 0.25 0.3 “01  -0.05 0 0.05 01 0.15 0.2 0.25 0.3
Amplitude Amplitude
Gaussian fit including tales of a 2D histogram’s slice. Gaussian fit excluding tails of a 2D histogram’s slice.
JE :
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Emission Shape — From slices Gaussian fit results

ISMA crystal, cosmic rays and PMT, Tyvek wrapping

Avaraged Shape and Fits

Fast Component Fit
= ¢? / ndf 0.2142/6
- Wl Ce 0.02933 + 0.04068
B Pe 109.7 = 139.3
0.8 te 21.96 + 5.29
B Slow Component Fit
L c?/ ndf 0.0005569 / 33
0.6— Ps 0.02649 = 0.38466
o - t *
3 L s 385.9 + 3422.5
S L
= 04—
S_D_ -
E [
< 02
o
=L L1 | I ) I I | I ) I I | I | I ) I I ) I ) I
0 100 200 300 400 500 600 700 800 900

Time (ns)

Points evaluated from Gaussian fit including tails
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Avaraged Shape and Fits

18 Fast Component Fit
- 4 c? / ndf 1.122/6
1.6 Ce 0.03354 = 0.03089
1aF Pe 125.1+ 88.1
e tr 21.42 +2.92
12 + Slow Component Fit
C c?/ ndf 0.000125/ 33
v 'E Ps 0.03074 = 0.96516
S osf ts 427.4 + 8993.4
2
‘_é_%;_
< 04
0.2
£ TR
o I D o
.OIIII1(;0IIII2(I)OIIIIS(I)OIIII4(;OIIIIS(I)OIIIIG(I)OII”?(I)O””S(I)O””QOO

Time (ns)

Points evaluated from Gaussian fit excluding tales
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Results — Slices Gaussian Fit with tales

Tr(ns) 22.25 1+ 0.75
T5(ns) 656.5 + 461.8
Tr(ns) 22 +0.8
Ts(ns) 476.3 + 385.7
Tr(ns) 21.37 £ 0.75
T5(ns) 664.6 + 653.7
Tr(ns) 21.96 + 5.29
T5(ns) 385.9 + 3422.5
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Results — Slices Gaussian Fit with tales

Tr(ns) 18.29 + 0.44
T5(ns) 992.1 +£1927.9
Tr(ns) 17.77 £ 0.40
T5(ns) 668.1 + 1333.8
Tr(ns) 17.75 £ 0.41
T5(ns) 1246 + 5458.7
Tr(ns) 21.86 + 9.57
T5(ns) 398 £ 100360.3
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Summary

* No evidence of a component with decay time close to ~ 6 ns

* Fast component decay time from pulse shape fit is ~ 20 ns,
consistent with different publication but lower then the results
from fitting the integrated charge

« Slow component decay time from pulse shape fit is between
~ 380 ns and 1200 ns but lower then the results from fitting
the integrated charge

Mu2e 2= Fermilab
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