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Introduction
Motivation:

» Better understanding of digital calorimetry generally
 First qualitative view on DHCAL global performance

Study performed:

« Study of the main calorimeter characteristics such as:
 Response
e Linearity
* Energy resolution
« Shower shape
« Containment

« Comparison of various absorber materials

« Comparison of analog and digital readout

* Dependency on the readout threshold

Generated data: 1 3, 10, 50, 100, 150, 200 GeV
Simulation tools:

e SLIC (Geant4) simulation tools with LHEP physics list
 |csim.org analysis framework
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Calorimeter configuration

uMegas DHCAL

Calorimeters description: )
« Sampling calorimeter with 80 layers (9 A)
¢ 1x1 cm?® cell size
 Readout: - analog (deposited energy)

- digital (number of hits)

Calorimeter with Fe absorber: 100 GeV
e Passive material: 1.9 cm Fe including 4 mm thick steel cover
(total 9 A: 154 cm Fe)
« Active layer: 6 mm (3 mm of gas + 3 mm detector materials)
« Dimension: 200 x 200 x 200 cm®

Calorimeter with W and Pb absorbers:
e Passive materials: 1.13 cm W or 1.99 cm Pb
(total 9 A: 90 cm W and 159 cm Pb)
e Active layer: 6 mm (3 mm of gas + 3 mm detector materials)
+ 4 mm of Al cover
« Dimensions: - W: 200 x 200 x 170.16 cm?

- Pb: 200 x 200 x 239.44 cm®
’a® J. Blaha, ALCPGO09, 29 Sep - 3 Oct 2009, Albuquerque, New Mexico



Analog vs digital readout, W abs.

[ depEnergy for 10 GeV pions |

1800

1600

1400

1200

1000

alpha = -0.6827 + 0.036
mean = 0.1375 = 0.0013
n= 133+129

sigma = 0.03601 =+ 0.0009

analog
0=2062%

.05 01 015 0.2 0.250.3 0.3504 0
danng

. [MeV] in calorimeter

[ nbHits for 10 GeV pions |

alpha = -1.0157 + 0.035

1200

1000

800

lapp)

mean = 70.41+ 0.26
¢ n= 135+ 62
sigma = 14.21+ 0.20

digital
o = 20.

Ly 1.
40

Lol
60 80

TR B
100 120 1

Nb of counted hits

[ depEnergy for 50 GeV pions |

alpha = -0.9504 + 0.027

EEde

mean = 0.8160 + 0.0016
n= 536+ 0.62
sigma = 0.1219 + 0.0013

analog
0 =149 Y%

06 08 1 1.2 14 16 1

. - depEng
. [MeV] in calorimeter

[ nbHits for 50 GeV pions |

[alpha = -2.196 + 0.13

mean = 300.60 + 0.49

n= 139110
sigma = 47.26 = 0.36

digital
o= 15.

0 200 250 300 350

Nb of counted hlts neH

[ depEnergy for 200 GeV pions |

aoof

alpha= -0.7874 + 0.056

mean = 3.3731+ 0.0092
n= 21+ 16
1 sigma = 0.2831+ 0.0066

N IR
2 3 3..5 l 4.5 5 5.5

[MeV] in calorlmeter

| nbHits for 200 GeV pions |

alpha = 0.954 = 0.055

996.6 + 3.5
n= 131.69+ 0.10
sigma = 107.2+ 2.7

mean =

digital

o=10.8%

rfi TR T W N T T TN NN T T M Y
600 a00 1000 1200

Nb of counted hits ™"

J. Blaha, ALCPGO09, 29 Sep - 3 Oct 2009, Albuquerque, New Mexico



Response for various abs.
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More visible energy is for the Fe due to
its longer X and R in comparison with
W and Pb absorbers

Number of counted hits is well correlated
with Edep. Digital readout can be used in
a wide energy range

The saturation effect is seen for higher

energy — semi-digital readout should be
considered
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/Response vs threshold, Fe abs.
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Number of hits has decreased by 15 % for 1 MIP threshold
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/Response vs threshold, W abs.
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Calorimeter linearity
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* Similar behavior observed for all three absorvers and for both
readouts

* For analog readout, the full-scale linearity is within £ 1 %

 In case of digital readout, full-scale linearity is + 5 % due to the
saturation for higher energy
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Linearity vs threshold
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’apa Very small improvement of linearity for digital readout
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Energy resolution
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Resolution vs threshold
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No degradatlon of the energy resolution up to 1 MIP threshold
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/' Long. shower profiles, W abs.
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Longitudinal shower profile
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==Ecdep, 10 GeV

nb of layers

10_1” =Fdep, 100 GeV
Edep, 200 GeV
nbHits, 10 GeV

102 =nbHits, 100 GeV

1073 I —qu}bﬁ\

F =
e Y
4 THE
0 Fe abs. 0o
107° : : : : : : : i
0 10 20 30 40 50 60 70 80

==Fdep, 10 GeV

hb of layers

101 =Edep, 100 GeV

~ Edep, 200 GeV
nbHits, 10 GeV
102+ = nbHits, 100 GeV
= nbHits, 200 GeV

10734 LL"H,_

'-\..—-l.._,_l
L'-I_' -1
10744 W abs. L._"Lr

T

107° : : : : : : : |
0 10 20 30 40 50 80 70 80

), Iap@

Edep or nb of hits ==Fdep, Fe abs

-1 =Edep, W abs
10 i Edep, Pb abs
- nbHits, Fe abs
1 ) = npHits, W abs
10—2; == nbHits, Pb abs
107°%
;100 GeV pions
1074

0 10 20 30 40 50 60 70 80
nb of layers

« Shower profile behaves as expected
for different absorbers

« Analog and digital readouts have
almost identical shower profile in a
low energy range

* The shift between analog and digital
shower profiles increase with energy
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Lateral shower profiles, W abs.
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Lateral shower profile
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Longitudinal containment

fraction fraction
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| ateral containment
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» Large difference in containment is seen
between analog and digital readout

* For analog readout, 95 % is contained in
a radius 23 (27) cm for Fe (W) absorber
for 50 GeV pions

* In case of digital readout, 95 % is
contained in a radius of ~21 (19) cm for
Fe (W) absorber for 50 GeV pions
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Summary and conclusions

Linearity has been found similar for all three absorbers and is within 1 % for
analog and 5 % for digital readout.

The best energy resolution, over whole energy range, has been found for Fe
absorber. The degradation of the resolution up to 1.0 MIP MPV for both
readouts

The difference in longitudinal and lateral shower profiles has been found
between analog and digital readout. The difference can lead to incorrect
estimation of the calorimeter dimension if only digital information is considered

A difference in performance between analog and digital approaches has
been identified and will be a subject of further investigation.

The study will be also extended from digital (1 bit) to semi-digital (2 bit)
readout.
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/" Properties of absorbers
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