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Outline

In the following slides the simulation studies on the energy reconstruction
of a single particle (either 10 GeV electron or 10 GeV pion) that undergoes
inside a test beam prototype of a total absorption calorimeter with optical
dual readout are reported.

In this analysis, the test beam calorimeter prototype simulated has a
truncated cone shape and it is made of scintillating glasses.

The attention is focused on the application of the DR Technique and the
evaluation/correction of the quantity of the leaking energy to obtain a
good energy resolution.
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Simulation Details

The simulation is performed using Geant4 based on the code written by
Hans, DRCal.

Changes

1. Material → ”DRCalDetectorConstruction,,

included some optical proprieties

2. Geometry → ”DRCalDetectorConstruction,,

3. Particle Beams → ”DRCalPrimaryGeneratorAction,, and ”file.mac,,
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Material

To reproduce the SCG1-C glasses by Ohara Optical Glass:

Material Composition

Salt % (by weight)

BaO 43.4%

SiO2 42.5%

Li2O 4.0%

MgO 3.3%

K2O 3.3%

Al2O3 2.0%

Ce2O3 1.5%

elements from NIST Manual;

salts from elements (density);

glass as a mixture of mixtures.

Material Proprieties

density: 3.36 g/cm3;

radiation length: 4.25 cm;

interaction length: 45.6 cm
(for pions with 30-200 GeV energy)

refraction index: n: 1.61 (TODO)

Cherenkov emission angle θC : 51.6

Scintillation decay time: 70 ns

Cherenkov to scintillation signal:
C/S=40/60

Absorption length vs photon energy
(next slide)

TODO: Birks constant,
”YIELDRATIO”,
”SCINTILLATIONYIELD”,
”SLOWCOMPONENT ”.
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Absorption Length vs Photon Energy

Trasmittance: from experimental measurements ...
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Geometry

The dimensions of the glasses are:

74 large glasses: 15 x 15 x 89 cm3

161 small glasses: 7.5 x 7.5 x 89 cm3

An example of the arrangement of the glasses to obtain a TB prototype:
L=3.9

GLASS BUDGET
212 (161) + 74

R=1

10 GeV

30 GeV

50 GeV

Putting glasses together, longitudinally

End wall glasses

GLASS BUDGET
212 (161) + 74

As an example I tried to arrange the
glasses in ‘concentric’ sheaths radially
and slices longitudinally.
Different colors in the drawing and table
are an aid to the eye for counting.

!"#$%"&'($)*$+, -&.+$!!#!/!"#$%"-&.+$!!#!/!"#$%"-&!+*0#!&'+12.3, %1%$+&-&.+$!!#! %1%$+&-&.+$!!#!

4 5 ! 6 7 !
6 67 ! 6 89 !
: 5 "# 6 7 #$
5 ; "% 4 ; "%
8 ; &# 4 ; &#

%1%$+ <6 '#
=1+>?#&'0?@:, :9;58; 45547;;
A#*."%&'B., 4644 5755

Putting glasses together, radially

The colors are only for aid to the eye for counting with the exception of the white ones
that are the ”end wall glasses” (longitudinal leakage correction, see later)
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Actual Geometry on the Simulation

FOR NOW SIMPLIFIED GEOMETRY: Truncated Cone + Cylinder

L=3.9

GLASS BUDGET
212 (161) + 74

R=1

10 GeV

30 GeV

50 GeV

Putting glasses together, longitudinally

End wall glasses

Truncated cone

Rmin= 37.5 cm

Rmax= 67.5 cm

Length= 178 cm

Cylinder

Radius= 67.5 cm

Length= 22.5 cm
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Particle Beams

Two kinds of showers (produced by a single particle) under investigation:

Macro electrons.mac

/gun/particle e-;

/gun/energy 10 GeV;

/gun/position 0 0 -120 cm;

/run/beamOn 1000

Macro pions.mac

/gun/particle pi-;

/gun/energy 10 GeV;

/gun/position 0 0 -90 cm;

/run/beamOn 1000
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Energy Deposited by Electrons
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Energy Deposited by Pions
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Longitudinal Leakage and DR Corrections

First the longitudinal leakage corrections for the hadronic energy (S) and the Čerenkov
energy (C) are performed in the following way:

Recipe for the Longitudinal Leakage Correction

1. Make a plot of STC/〈S〉 vs SCyl ;

2. Find the correlation f by fitting the plot ⇒ STC
〈S〉 = f (SCyl);

3. The ”no leakage” energy will be: S̃ = STC
f (SCyl )

4. For Čerenkov energy just replace S with C.

Second the DR Correction is performed with S̃ and C̃ :

Recipe for the DR Correction

1. Make a plot of S̃/E vs C̃

S̃
;

2. Find the correlation g by fitting the plot ⇒ S̃/E = g( C̃

S̃
);

3. The corrected energy will be: Ẽ = S̃

g( C̃
S̃
)
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energy (C) are performed in the following way:

Recipe for the Longitudinal Leakage Correction

1. Make a plot of STC/〈S〉 vs SCyl ;

2. Find the correlation f by fitting the plot ⇒ STC
〈S〉 = f (SCyl);

3. The ”no leakage” energy will be: S̃ = STC
f (SCyl )
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Example of Longitudinal Leakage Correction
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C_TCvsC_cyl
Entries  1000

Mean x  0.1164

Mean y  0.9758

RMS x   0.236

RMS y  0.4165

Plot C_TC/E vs C_Cyl  P C_TCvsC_cyl 
Entries  978

 / ndf 2χ   5.11 / 4

Prob   0.2762

p0        0.028± 1.096 

p1        0.1437± -0.6075 

p2        0.058± 0.109 
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Entries  978

 / ndf 2χ   5.11 / 4

Prob   0.2762

p0        0.028± 1.096 

p1        0.1437± -0.6075 

p2        0.058± 0.109 

Profile correlation between C_TC/E vs C_Cyl hCEC
Entries  1000

Mean        6

RMS     2.613
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 C after longitudinal LK Correction
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Example of DR Correction

C/S

0 0.2 0.4 0.6 0.8 1 1.2 1.4

S
/E

0

0.2

0.4

0.6

0.8

1

CDR

Entries  1000

Mean x  0.7922

Mean y  0.6081

RMS x  0.3214

RMS y  0.1526

CDR

Entries  1000

Mean x  0.7922

Mean y  0.6081

RMS x  0.3214

RMS y  0.1526

Plot S/E vs C/S  PDR 
Entries  1000

 / ndf 2χ  54.39 / 23

Prob   0.0002369

p0        0.0304± 0.8253 

p1        0.0653± -0.2816 

p2        0.03280± 0.03003 
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PDR 
Entries  1000

 / ndf 2χ  54.39 / 23

Prob   0.0002369

p0        0.0304± 0.8253 

p1        0.0653± -0.2816 

p2        0.03280± 0.03003 

DR Correlation hDR
Entries  1000

Mean    9.067

RMS     2.308

 / ndf 2χ  153.9 / 84

Prob   5.075e-06

Constant  2.00± 42.18 

Mean      0.036± 9.731 

Sigma     0.033± 1.002 
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Entries  1000

Mean    9.067
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 / ndf 2χ  153.9 / 84

Prob   5.075e-06

Constant  2.00± 42.18 

Mean      0.036± 9.731 

Sigma     0.033± 1.002 

 S after corrections
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S Before and After Correction

HADdep_TC
Entries  1000

Mean    3.267

RMS     1.251

 / ndf 2χ  121.2 / 56

Prob   1.031e-06

Constant  1.28± 29.28 

Mean      0.049± 3.305 

Sigma     0.037± 1.217 
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Entries  1000

Mean    3.267

RMS     1.251

 / ndf 2χ  121.2 / 56

Prob   1.031e-06

Constant  1.28± 29.28 

Mean      0.049± 3.305 

Sigma     0.037± 1.217 

Energy deposited inside the TC by had processes

hDR
Entries  1000

Mean    9.067

RMS     2.308

 / ndf 2χ  153.9 / 84

Prob   5.075e-06

Constant  2.00± 42.18 

Mean      0.036± 9.731 
Sigma     0.033± 1.002 
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Entries  1000
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 / ndf 2χ  153.9 / 84

Prob   5.075e-06

Constant  2.00± 42.18 

Mean      0.036± 9.731 
Sigma     0.033± 1.002 

 S after corrections
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Conclusions and Comments

The leaking energy needs to be studied thoroughly:

an idea for investigating longitudinal LK, lateral LK and back scattering
is to include the TBP (blue TC) inside a ”big” truncate cone made
with an active material and to measure the energy deposited on it.

the longitudinal correction has been investigated. Now the attention is
focused on the correction for the lateral losses with the same
mechanism.

Future work: make a detailed simulation of the TBP (as the example
shown before).
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