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Total Absorption and Dual Readout

calorimetry concepts




Simulation framework,
detector parameters, assumptions

= Work done within SLIC framework, optical calorimeter option, using Geants
Versions 4.9.1,2

= Optical properties characterized by the refractive index n (relevant for
Cherenkov radiation)

= Scintillation (S) == total ionization energy deposited. No Scintillation
efficiency, light collection, Birks suppression

= Cherenkov (C) == total amount of energy radiated as Cherenkov radiation;
No directionality, collection efficiency, fluctuations, Scintillation/Cherenkov
separation
= Total information about an event is usually reduced to two variables : S and C

= Scintillation and Cherenkov signals were calibrated using electron beam, so
that S=C=Ebeam (for electrons)

= Beam energy is defined as the kinetic energy; the total beam energy which
can deposited in the calorimeter is by .2139 GeV (m_ ) higher for pions . In the
following we will be comparing the observed signals with the total energy
which can be deposited in the calorimeter as defined above

= Still early stages of the analysis of the dual readout concept
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Detectors Simulated




Dual Readout Correction — the idea

Example distribution for 100 GeV pions,
QGSP-BERT physics list, Fe56, d=8.0 g/cm3, n=1.65

fraction of energy detected

Scintillation/Beam Energy

*The idea is to use the observed
Cherenkov/Scintillation energy ratio to
correct every event to the beam energy

(B)

* Cherenkov & Scintillation response is
scaled using calibration factors
determined using electron distributions

(The resulting resolution is a function of
the local width of the scatter plot)

Cherenkov/Scintillation Energy
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Dual Readout Correction for 100GeV pions

QGSP_BERT physics list, Fe56, d=8.0 g/cm3, n=1.65 After dual readout correction, with
the correction function (C/S)
determined at the appropriate
energy (here 100GeV):

*100 GeV 1T

* Raw (uncorrected) AE_/E - 1-_7%

Scintillation/Beam Energy SF'”F'l_lat'Or_‘/Beam Energy ~1

e AEJE ~3.3% Significantimprovement in energy

resolution and correctness of the
energy response

* significant non-linearity, E~ 92 GeV
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Dual Readout Calorimeter performance as a
function of beam energy

AE/+JEvs. E
QGSP-BERT physics list, Fe56, d=8.0 g/cm3, n=1.65

(Mean Energy RMS)sqri{Beam Energy) v. Beam Energy (Gaussian fit based)

*Dual correction done using
global (not energy specific)
correction function

*pion energy resolution scales
like AE/E =~ a/VE
with o0 =~0.07-0.15

* Note a surprising degradation
of the energy resolution in the
energy range in vicinity of
10GeV
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Pions: Overall Response

1,2,5,10,20,50 GeV pions, QGSP-BERT physics list, d=8.0 g/cm3, H,Fe56,BGO

pi—, different detectors

=
3
b

* Note the significant dip in the

response around ~10 GeV beam
in case of heavy nuclear targets
(not Hydrogen) - Why?

B optical, H, d=8.0, n=1.65

A optical, Fe56 , d=8.0, n=1.65
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Closer look at the dual readout distributions
for 10 GeV pions in case of Fe56 & H detectors

Scintillation/Beam Energy vs. Cherenkov/Scintillation Energy
QGSP-BERT physics list, Fe56 & H d=8.0 g/cm3, n=1.65; 10 GeV pions

Note the two peaks in the Scintillation/Beam Energy distribution in case of Fes6
(but not H)

04 0.6 08 1 12 04 0.6 08

Cher/Scin

Scintillation/Ebeam vs C/S

Scintillation/Ebeam vs C/S
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Calorimeter response for various
combinations of beams and targets

- occasional “excess energy” aspect
in case of BGO targets




Electrons on Hydrogen:
Deposited Energy Distributions

1,2,5,10,20,50 GeV electrons, QGSP-BERT physics list, H, d=8.0 g/cm3, n=1.65

e—, optical, QGSPzBERT, H, d= 8.0 g/cmj, n=1.65, B=0.0
104 104

103 10° * Scintillation Energy is never

102 102

" 10 bigger than the beam energy

1
0.5 1 1 15 2

Scint, T'eX, 1 GeV Scint, I'eX, 2 GeV

* But sometimes it is smaller,

103

o and it shows distinct peaks
o5 s U o5 0 *Is it one, two, three etc... pion
it et T 10 eV production in deep inelastic e-H
o scattering? neutrinos carry

10

1
19.5 20 49 49.5 50 .
Scint, T'eX, 20 GeV Scint, T'eX, 50 GeV p I o n

away ~ 100 MeV per decaying

Scintillation Energy

99.5 100
Scint, I'eX, 100 GeV
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Electrons on Iron:

Deposited Energy Distributions

1,2,5,10,20,50 GeV electrons, QGSP-BERT physics list, Fe56, d=8.0 g/cm3, n=1.65

e—, optical, QGSPzBERT, Feb56,
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0.5 1
Scint, T'eX, 1 GeV

45 5
Scint, I'eX, 5 GeV

19.5 20
Scint, I'eX, 20 GeV

99.5 100

Scint, I'eX, 100 GeV

d= 8.0 g/cm’, n=1.65, B=0.0

10*
103
102
10

1
1

Scintillation Energy

1.5 2
Scint, T'eX, 2 GeV

9.5 10
Scint, I'eX, 10 GeV

495 50
Scint, I'eX, 50 GeV

* Energy is never bigger than
the beam energy

*Energy loss in nuclei smear the
pions production peaks seenin
hydrogen?
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Electrons on BGO:
Deposited Energy Distributions

1,2,5,10,20,50 GeV electrons, QGSP-BERT physics list, BGO, d=8.0 g/cm3, n=1.65

, optical, QGSPzBERT, BGO, d= 8.0 g/cm’®, n=2.21, B=0.0
104
103

0.5 1
Scint, T'eX, 1 GeV

45 5
Scint, I'eX, 5 GeV

19.5 20
Scint, T'eX, 20 GeV

99.5 100
Scint, I'eX, 100 GeV
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1 1.5 2
Scint, I'eX, 2 GeV

9.5 10
Scint, I'eX, 10 GeV

49.5 50
Scint, T'eX, 50 GeV

Scintillation Energy

* BGO is similar to the Iron case

* However occasional examples
of energy deposited exceeding
the beam energy —Why? Is it
Fission?

* The tails to the left (nuclear
binding energy related loss?)
slightly smaller (energy losses
smaller) than in the Fe case
(binding energy difference?)
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Pions on Hydrogen:

Deposited Energy Distributions

1,2,£,10,20,50 GeV

pi—, optical, QGSP—BERT, H, d= 8.0 g/cm’, n=1.65, B=0.0
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Scintillation/Beam

06 0.8 1 1.
Scint/Ebeam, 100 GeV

pions, QGSP-BERT

physics list, H, d=8.0

pi—, optical, QGSP—BERT, H, d= 8.0 g/cm’, n=1.65, B=0.0
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45 5
Scint, I'eX, 5 GeV

19.5 20
Scint, I'eX, 20 GeV

99.5 100
Scint, [eX, 100 GeV

* No energy greater than beam energy (E;ctic*m.,)
* Observed energy deficit and its fluctuations consistent with possible

fluctuations of multiplicity of charged particles production
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Pions on Iron and BGO:

Deposited Energy Distributions

1,2,5,10,20,50 GeV pions, QGSP-BERT physics list, Fe56, BGO, d=8.0 g/cm3, n=1.65
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1.2

* Nuclear binding energy related losses smaller (higher response) in BGO vs. Iron
* No observed energy greater than beam energy (E,; .tic+M,) for Iron
* Occasional ‘surplus’ energy in BGO - Why? Fission?
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Calorimeter response for various

physics lists




QGSP_BERT vs. LCPhys physics lists

Number of Scintillation vs. Cherenkov hits

One entry per event; Note the lower number of Scintillation (~3) hits and

Cherenkov (~0.3) hits in LCPhys type simulation
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QGSP_BERT vs. LCPhys physics lists

Scintillation and Cherenkov hit energy
distributions

Scintillation () and Cherenkov (') hit energy distributions; Note the much

lower number of low energy scintillation hits in LCPhys type simulation
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QGSP_BERT vs. LCPhys physics lists

Scintillation and Cherenkov hit timing distributions

Scintillation () and Cherenkov (/1) hit timing distributions; Note the very large
number of entries in the very first bins and the very different nature of distributions
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BGO Calorimeter response for
different physics models

SiDo2 geometry detector, electrons, pions, BGO crystals, n=1.65,

..... —&— QGSP_BERT e-

]
=

—s— QGSP_BERT pi-

—=— QGSP pi-
e LCPHYS i ~29% variation in energy response

—
L= ]

—
=

—¥— QGSC pi-

..... _ again, a nonlinearity around 10GeV
—&— LHEP pi- : - :

........... _ esp. for QGSP_BERT

—
]

calorimeter response[GeV]
— —
L= o

o

Which model is “correct”?
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