Simulation Studies of a
Homogeneous lotal Absorption
Dual Readout Calorimeter




Half a century of Calorimetry

Sclence Technology

BUODE chamber, santiation counters, FMTS, gamma-ay countars. ..

® The ability to select the “interesting” events to study ( ),

® Reduce the involved in analyzing pictures in bubble
chambers,

® of the information provided increases with increasing

energy (whereas in bubble chamber decreases since we measure the radius of curvature),

® [he emphasis of many experiments changed from a detailed
of all the particles produced in the
iInteraction process to a measure of (i.e.

energy flow)
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Calorimetry

111

refers to the detection of particles, and measurement of their
properties, through total in a block of matter, called a

7

[R. Wigmans, 2000]

The most energetic particles in modern accelerator
experiments are measured in units of TeV

| TeV=10" eV
whereas

| | calorie ~ 10" TeV

—
1

Sophisticated methods are needed to

ise i ~ iaible!
Rise in temperature ~ negligible! = determine the particle properties
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Principle of Operation

® Incoming particle initiates particle shower: \When a particle traverses
matter, it will generally interact and in doing so.

eEnergy is deposited in the calorimeter, in form of , ,
, (different calorimeter types use different

detection mechanisms to measure the deposited energy)

For e&m showers,

Detection Mechanisms

e Scintillation light: produced when unstable atoms in excited state
return to ground state.

e Cerenkov light: produced when a charged particle travels faster than
the speed of light in a certain medium.
V I
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The Collider

Detector at Fermilab
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Calorimeters can also be:

® Homogeneous: Entire volume is sensitive to the particles and may - “a'iorimeter

contribute to the signals generated by the detector (.c. the functions of
the signals produced in this process are

the particles and

exercised by the

e Sampling: Particle absorption and signal generation are exercised by

different materials:

>

).

: Generates the light or charge that forms the

Dasis for the signals |

>

the particle |

Some calorimeters are built in two sections:

® Electromagnetic: Finer segmentation, smaller volume, enough to contain an e&m
shower, electronics are usually more precise.

® Hadronic: Coarser segmentation, larger volume to contain a hadronic shower,
usually worse resolution than the e&m section.

Distance over which a high energy (> 1GeV)
= electron or position loses, on average, 63.2% of its
energy to bremsstrahlung (~10 cm).

Radiation
length (X))

Nuclear interaction

~ — Average distance a high energy hadron has to travel
length (A1)

iNnside a medium before a nuclear interaction occurs.

-— L ———

]

., Y . v
. Usually a high density material that absoros ._ W

»%_ Plug Calorimeter
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Average value of Electromagnetic Fraction

Some particles produced in the decay through electromagnetic interaction
of the form:

. =7y

Hadron showers generally contain a component that propagates electromagnetically
[ {f ., 1. This component is defined in several ways:

e Some people defines it as the energy deposited in the calorimeter by means of
the kinetic energy of s

e For this study, we define it as the energy deposited by any electromagnetic-
interacting particle: €7, €, Y

The electromagnetic fraction varies strongly from event to event. Possible explanations
iInclude:

® Processes occurring in the (i.e. energy
available for these processes to occur leads to different interactions)

e The average fraction of the initial hadron energy converted into neutral pions
increases with energy.

° induces a smaller electromagnetic fraction proton-
induced showers than in pion-induced showers.
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Average value of Electromagnetic Fraction

The fraction usually obeys the empirical power
law:
m-1

. Ez’n g ~
<f c'm> =1- *§ :_
E() LT_O'7:
0.6
where: -
0.5
E, : ascaling factor corresponding 045
to the -
(~ 0.3
1GeV for incident charged -
pions) 0.0l

e FTFPBERT Physics list
m — 1 : isrelated to the —

and the 01— BGO <f.>
(~ 0.80-0.87) o BGO <fx®>
:I | | | I | | | I | | | I | | | I | | I
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E., [GeV]
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Motivation for a Homogeneous lotal Absorption
Dual Readout Calorimeter

The next generation of lepton collider detectors will emphasize on precision for all sub-
detectors systems:

® A benchmark of this new type of calorimeter would be to be able to distinguish W and
Z vector bosons in their hadronic decay mode.

This requires a di-jet mass resolution better than the natural width of these bosons and hence a
jet energy resolution better than 3%...

® The use of Cerenkov light might provide a fast signal when timing is critical.

® Higgs factory?

—nabling Technologies

® The availability of scintillating crystals/glasses (currently a R&D program to
find affordable crystals).

® [he availability of robust, compact, and inexpensive silicon PMT’s.
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Motivation for a Homogeneous Iotal Absorption
Dual Readout Calorimeter

The principal contributions to hadron energy resolution and non-linearity include:

® Fluctuations in nuclear binding: hadronic non-linear response, different response to
charged and neutral pions.

e Sampling fluctuations: fluctuations in the sharing of shower energy between active
and passive materials in sampling calorimeters.

e Difference in sampling fractions: fluctuations introduced from the difference in
sampling fractions between the different materials.

® Leakage: Energy lost in neutrinos, muons and the tails of the shower that escape
the detector volume.

We can address these fluctuations by building a
homogeneous (totally active) total absorption dual
readout calorimeter!
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Motivation for a Homogeneous lotal Absorption
Dual Readout Calorimeter (continued)

% 50 — BGO calorimeter, physics list FTFPBERT
E -
[ 50.0 GeV &
‘5 45 -
2 40:_ 50.0 GeV e’
35— | poor resolution, non-Gaussian
- response function
30—
25
- o:0.037
20— Mean : 49.89
E_ Relative energy
15 — resolution (%): 2.32
10—
5
— Mean : 47 .41 \\
O_|III|III|II II|III|II I|III|III||
38 40 42 44 46 48 50 52 54 56

E[GeV]

viernes 3 de agosto de 12



Mot

vation for a Homogeneous Total Absorption

Dual Readout Calorimeter (continued)
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Dual Readout Calorimetry

Measurement of both the

and the

hadronic shower in order to determine on an
of the shower and so to cancel/correct for this source of fluctuation that degrades

the energy resolution of the calorimeter.

The energy response for both scintillation and Cherenkov signals can be described as:

S ;
B m €+
E J L

C

(l - f(m)/

T fun € + (l - fun)/]("

E

signals generated by a

where ¢ is usually set to unity since we calibrate for this response to be equal to one. By

doing this and then taking the ration of both response equations we can eliminate the

contribution from the electromagnetic fraction:

(1 -nh;)-
E=S

(/g | - hy)

h. -h.
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Simulation Framework : CaTlS (Calorimeter and
Tracker Simulation

Created by Hans Wenzel, Paul Russo, Peter Hansen

e A flexible and extendable framework based on
Geant4 and ROOT for the general of
and

® Provides special sensitive detectors and Hit
Classes that register both the and
the produced by
particles above the Cherenkov threshold. This in
order to be able to

e Allows for the detailed study of single calorimeter
cells by enabling the

Single event for 2.0 GeV pion

e Facilitates the description of the detector
geometry by using a file containing relevant
optical properties [refraction index, absorption
length, scintillation yield, etc...]
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