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Tape irradiated by
CARIBU

TAGS with Si



The TAGS detector

Nal(Tl) TAGS detector at
Argonne

Original detector used
by Greenwood et al
@ ldaho.

Greenwood et al. 1992 NIMA 314 pg514-540



The TAGS detector

Nal(Tl) detector
dimensions:
25.4 cm
diameter x 30.5

cm length

.............

Well
Dimensions:

5.1 cm diameter
x 20.3 cm length

7 X PMTs



GEANT4: Geometry ANd Tracking 4

International collaboration of programmers organized
through CERN, started in 1999

Based on C++, update to Fortran based GEANT3

Originally intended for High Energy Physics simulations

High modularity allowed greater use by the physics
community

GEANT4 - NIMA 506 (2007) 250-303



TAGS model

Nal detector constructed in
simulation using dimensions both
measured and indicated in
Greenwood
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TAGS model

eUnder the hood (bonnet)

eSimulation resolution

eLight non-proportionality correction
ePile-up

eModel input

eModel output
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TAGS model

eUnder the hood (bonnet)
eSimulation resolution

eLight non-proportionality

correction
ePile-up
eModel input
eModel output




Light non-proportionality correction
Method from Cano-Ott et al NIMA 430 (1999) pg 333 - 347
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Light non-proportionality correction
Method from Cano-Ott et al NIMA 430 (1999) pg 333 - 347

1.3 A

RN Y I R
10

-

) &
:i%"
A S
SN |
800 —T

T >

o

R T Summed
T 5 o
48. % position
2 ® 1320
Ll

Shift in position of summed peak
More light generated for summed individual events than
for a single event of the same energy



1.3

Light non-proportionality correction
Method from Cano-Ott et al NIMA 430 (1999) pg 333 - 347
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TAGS model

eUnder the hood (bonnet)
eSimulation resolution
eLight non-proportionality
correction

ePile-up
eModel input
eModel output




eUnder the hood (bonnet)
eSimulation resolution
eLight non-proportionality
correction

ePile-up

eModel input

eModel output

TAGS model




Model input

Standard particle gun:

Shoots particles
you define - Particle type
- Direction
- Energy
One particle per event




Radioactive Decay Module:
60Co .,

. 99.88%
Define Co-60 and run. %317 keV
4+

80.12%
Q,=1490 keV

Y1173
2+

Y1332

! o

60Ni

Decay information
single event controlled by input files,
default data from ENSDF



Transition

I
5V type E D Q
1
& 680 (5.2714 y)
# Excitation Halflifle Modg Daughtepy Ex Intengity
# 68C0 (16.467 m)
# Excitation Hulﬂiﬂle Modg Daughtef Ex Intengity
i
# File sanitized by Vargderbilt Decay-o-matif
Ground # $Id: repair_decay_filles.pyjv 1.20 2006/04)24 14:53:38 marcus Exp $
# Fri Oct 6 15:26:19
state  |# d
—>P 0.0000 1.6640e+08 W v v
BetaMinus 2.0000 1.0000c+00
BetaMinus 1332.5080 1.2000e-01 1491.3926
BetaMinus 2505.7480 9.9880e+01 318.152@
—_—P 58.5000 6.2800e+02
Excited BetaMinus 0.0000 2.40000-03
IT 0.0000 9.9760e-01
state BetaMinus  1332.517@0 2.2990e-81  1549.7260

BetaMinus 2158.8100 B.4000e-83 723.4330

Decay input file for z27.a60



Starting

level keV

Transition

probability Angular

Partial Conversion probabilities

(o)

% momentum

& J, K L1 12 13 M1 M2 M3 M4 M5 N+

.3325182+B3 1.332501e+03 1.000e+82 -2 7.13e-13  2.00 1.760e-84 8.968e0-01 B.497e-02 6.714e0-84 B.175e-84 1.7672e-82 9.6032e-85 1.15% -84 1.9132-88 3.881e-08 4.262e-83
7. 1586402+03 8.72606002+02 1.0000+87 -7 5.98e-13 Z2.00 3.890e-04 B.946e0-01 B.483e-072 1.167e-83 1.277e-03 1.257e-82 1.668e-04 1.817e-84 4.499-0B8 6.817e-08 4.293e-83
2. 158640e+83 2.158570e+03 1.760e+81 -2 5.90e-13 Z2.00 4.940e-05 5.968e-01 B.507e-02 3.8B7e-84 5.810e-04 1.75%-07 5.567e-05 B.300e-05 8.057e-09 2.591e-08 4.251e-83
2. 2B4870e+@3 9.524000e+07 1.000e+82 1 1.50e-17 0.00 1.150e-04 5.957e-01 B.478e-02 4.457e-84 1.826e-03 1.757e-872 £.391e-05 1.461e-84 2.7482-08 7.000e-08 4.243e-83
2. 284870e+83 2.284870e+03 0.0002+00 @ 1.50e-12 .00 2.520e-04 8.968e-81 8.651e-82 1.199e-83 4,762e-04 1.7287e-02 1.706e-84 6,.825e-05 2.940e-08 1.7214e-88 4.365e-83
Z.505766e+83 3.460300e+02 7.6002-83 1 1.18e-12 4.00 1.270e-83 5.976e-01 B.584e-02 1.0000-83 1.8032-03 1.244e-82 1.425e-04 2.567e-84 1.3672e-07 2.252e-07 4.276e-83
2.505766e+83 1.17323724+03 1.0002+02 -2 1.18e-12 4.00 1.660e-04 8.976e-01 B.554e-02 7.771e-84 9.896e-04 1.25%-82 1.1720e-04 1.301e-84 2.4160-B8 4 .446e-08 4.283e-83
Z.505766e+83 2.5050002+03 2.0002-86 -4 1.18e-12 4.00 B.630e-85 5.96090-01 B.557e-02 8.285e-84 4.751e-04 1.275e-82 1.187e-04 6.8022-05 1.010e-B8 1.727e-08 4.287e-83
7. 626080e+83 1.205000e+07 5.500e+00 1 6.00e-13 3.00 2.880e-02 5.958e-01 B.175e-02 Z2.076e-83 3.576e-03 1.198e-872 2.951e-84 5.104e-04 7.227e-87 1.04%-06 4.271e-83
7. 626080e+83 4.673000e+07 1.000e+87 -7 6.00e-13 3.00 2.060e-03 5.9372e-01 B.398e-02 Z2.097e-83 2.311e-63 1.7238e-0872 3.000e-04 3.301e-84 1.180e-87 1.510e-07 4.340e-83
7. 626080e+83 1.203700e+03 5.300e+01 1 6.00e-13 3.00 6.550e-05 5.9672e-01 B.473e-02 3.35%-04 B.6E7e-04 1.757e-872 4.809e-05 1.744e-04 1.64%9-08 5.757e-08 4.220e-83
3.119700e+83 4.930000e+02 8.70024+00 1 2.48e-13  4.00 5.020e-04 5.964e0-01 B.446e-02 7.68%:-84 1.466e-03 1.247e-82 1.107e-04 2.0972-84 7.8882-08 1.4442-07 4.263e-83
3.119700e+83 1.7872002+03 1.0002+02 -2 2.48e-13  4.00 7.000e-85 8.971e-81 B.514e-02 4.771e-84 6.500e-04 1.257e-02 6.8572-05 9.300e-05 1.1232-08 2.971e-08 4.2430-83
3.17240200+83 4.979000c+02 3.6800+00 1 ©.00e-13 Z2.00 4.9702-04 5.963e-01 B.435e-02 7.6472e-84 1.4592-03 1.246e-82 1.893e-04 2.073e-04 7.8052-08 1.431e-87 4.268e-83
A T
a-Total
Transition
energy Level t,/,

keV

Spin parity

variation

Photo evaporation file for z28.a60
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eUnder the hood (bonnet)
eSimulation resolution
eLight non-proportionality
correction

ePile-up

eModel input

eModel output

TAGS model




Model output

For each event:

Where Index:

Index1 0- error

Feedl

Index6 -
Feed6

Energy TAGS total
Energy TAGS (Feed1)

RDM event information

Energy TAGS (Feed6)
Energy TAGS LE correction
Energy Si Total

Energy Si-B

Energy Si-y

PMT1

Interaction information

PMT6




Addition of Silicon detector in
the simulation

Ability to use in coincidence
with TAGS

Sl Total
-\ .
Mean 1074
1200 _ . . AMS 114
60Co- Simulation Silicon

1unu_—

800

400_— \

200 \

& & | . " i i "I s 4 a4 4
Dﬂ ZIIH] 400 600 800 1000 1200 1400 1600 18DD




5 x 10° events generated

| TAGS det Total | TAGS total
Entries 4925422
C Mean 1882
B RMS 652.1
14000— ©0Co- Simulation n
- TAGS Singles /|
12000 | . :
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- |
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Gating with RDM information
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Gating with RDM information

2505

1332

feed1 | 1
Entries 4036147
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TAGS Simulation of ¢9Co ﬁ
in well
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Alternative method

Simulation -99Co

— 1173 keV
- 1332 keV

— RDM

{1

cascade
response
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Simulation -99Co

— Using mixing script
— Energy deposition with RDM
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TAGS measurement - %9Co s

Passively summed response




Individual PMT responses

| — Central PMT response
W\ . ==Peripheral tube
{1 | responses
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TAGS model

eUnder the hood (bonnet)
eSimulation resolution
eLight non-proportionality
correction

ePile-up

eModel input

eModel output




eUnder the hood (bonnet)
eSimulation resolution
eLight non-proportionality
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ePile-up
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eOptical Photons

TAGS model




Using optical photons







Simulation -99Co

Summed response
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Individual PMT responses
— Central PMT response

— Peripheral tube responses
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Disadvantage !!

Simulation time ~1000 x standard simulation time

=
Vg

Many weeks
later

\
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\ =

r-ﬁ -
QG =~

e

This can be overcome by running multiple threads in parallel



Advantage

1504

150




eUnder the hood (bonnet)
eSimulation resolution
eLight non-proportionality
correction

ePile-up

eModel input
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TAGS model




TAGS model
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COUNTS

Greenwood 148Ce — 148pPr

148PI"
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Tip
— Modified decay scheme
15’ 3
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— Greenwood 143Ce-148pr
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— Greenwood *8Ce-14%pPr

— Simulation 148Ce component ™|
- Simulation *8Pr component
1“ 3
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Not there yet!

—— Greenwood '48Ce-143pPr

10000

= Simulation Sum 148Ce — 148pr

1000




Not there yet!

—— Greenwood '48Ce-13Pr
— Simulation Sum 148Ce — 148py 1

— Simulation 2050 keV pseudo level




Summary
e GEANT4 model exists

*ENSDF data as input

e |nvestigated microscopic behavior - optical photons

To be continued....



