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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 .139 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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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

G4 Workshop October 2009
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QGSP_BERT physics list, Fes6, 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):

AEJE ~1.7%

Scintillation/Beam Energy ~1
Significant improvement in energy
resolution and correctness of the

*100 GeV

* Raw (uncorrected)
Scintillation/Beam Energy

* AE/JE ~ 3.3%

* significant non-linearity, E~ 92 GeV

energy response

G4 Workshop October 2009 Geanty studies in context of Dual Readout Calorimetry
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AE/+/Evs. E
QGSP-BERT physics list, Fe56, d=8.0 g/cm3, n=1.65

*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

G4 Workshop October 2009 Geanty studies in context of Dual Readout Calorimetry
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1,2,5,10,20,50 GeV pions, QGSP-BERT physics list, d=8.0 g/cm3, H,Fe56,BGO

pi—, different detectors

=
]
O

* 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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102
Beam energy, GeV
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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)
Feg6

Observed energy vs C/S ratio, Fe, 10 GeV
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Scintillation/Ebeam vs C/S Scintlllation/Ebeam vs C/S
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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/cm?, n=1.65, B=0.0

104 104
0 o * Scintillation Energy is never
10 10 1
1 ; bigger than the beam energy
0 0.5 1 1 15 2
Scint, ['eX, 1 GeV Scint, I'eX, 2 GeV
s * But sometimes it is smaller,
1o* and it shows distinct peaks
e - "y o s *|sit one, two, three etc... pion
ST e St TR e production in deep inelastic e-H
o scattering? neutrinos carry

" away ~ 100 MeV per decaying
19.5 20 49 49.5 50 .
Scint, I'eX, 20 GeV Scint, ['eX, 50 GeV p I O n

Scintillation Energy

99.5 100
Scint, ['tX, 100 GeV
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1,2,5,10,20,50 GeV electrons, QGSP-BERT physics list, Fe56, d=8.0 g/cm3, n=1.65

e—, optical, QGSPzBERT, Feb6, d= 8.0 g/cmj, n=1.65, B=0.0

104 104
108 103 : 2
o ha * Energy is never bigger than
10 10
; ; the beam energy
0 0.5 1 1 15 2
. Scint, I'eX, 1 GeV Scint, I'eX, 2 GeV
e *Energy loss in nuclei smear the
pions production peaks seenin
45 5 95 10 hYdrogen?

Scint, T'eX, 5§ GeV Scint, T'eX, 10 GeV

19.5 20 49.5 50
Scint, I'eX, 20 GeV Scint, I'eX, 50 GeV

Scintillation Energy

99.5 100
Scint, I'tX, 100 GeV
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1,2,5,10,20,50 GeV electrons, QGS

)

-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

0.5 1
Scint, ['eX, 1 GeV

4.5 5
Scint, ['eX, 5 GeV

19.5 20
Scint, I'eX, 20 GeV

99.5 100
Scint, ['tX, 100 GeV

G4 Workshop October 2009

104
103

e * BGO is similar to the Iron case

10

1
1 15 2

S 1%, 2.Gov * However occasional examples
10? of energy deposited exceeding
e the beam energy —Why? Is it
" u = Fission?
* The tails to the left (nuclear

binding energy related loss?)

Solt, X, 80 0oV slightly smaller (energy losses
smaller) than in the Fe case

(binding energy difference?)

Scintillation Energy

Geanty studies in context of Dual Readout Calorimetry
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1,2,5,10,20,50 GeV pions, QGSP-BERT physics list, H, d=8.0 g/cm3, n=1.6

pi—, optical, QGSP—BERT, H, d= 8.0 g/cmz, n=1.65, B=0.0 pi—, optical, QGSP—BERT, H, d= 8.0 g/cmz, n=1.65, B=0.0

10° 10°
102 102
10 10
1 1

0.5 1 1 15 2
Scint, ['sX, 1 GeV Scint, I'eX, 2 GeV

102
10
1 1

45 5 9 9.5 10
Scint, I'eX, 5 GoV Scint, I'eX, 10 GoV

3
103 10
102 102
10 10

1
0.6 0.8 1 1.2 04 0.6 0.8 1 1.2
Scint/Ebeam, 1 GeV Scint/Ebeam, 2 GeV

102
102
10

1

0.6 0.8 1 1.2 04 0.6 0.8 1 1.2
Scint/Ebeam, 5 GeV Scint/Ebeam, 10 GeV

103
102
10

1

0.6 0.8 1 1.2 04 0.6 0.8 1 1.2
Scint/Ebeam, 20 GeV Scint/Ebeam, 50 GeV

m Scintillation/Beam
: AR Energy

0.6 0.8
Scint/Ebeam, 100 GeV

102E
10
1

19.5 20 49 49.5 50
Scint, I'eX, 20 GeV Scint, I'eX, 50 GeV

Scintillation
Energy

99.5 100
Scint, ['eX, 100 GeV

* No energy greater than beam energy (E;tic*m.,)
* Observed energy deficit and its fluctuations consistent with possible
fluctuations of multiplicity of charged particles production

G4 Workshop October 2009 Geanty studies in context of Dual Readout Calorimetry
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0.6 0.8 1 1.2 . 0.6 0.8 1 . d . 0.6 0.8 1
Scint/Ebeam, 1 GeV Scint/Ebeam, 2 GeV Scint/Ebeam, 2 GeV

0.6 0.8 1 1.2 . 0.6 0.8 1
Scint/Ebeam, 5 GeV Scint/Ebeam, 10 GeV

0.6 0.8 1 d 04 0.6 0.8 1 1.2

Scint/Ebeam, 5 GeV Scint/Ebeam, 10 GeV

103
102
10
1
06 0.8 1 12 04 06 0.8 1 12 k

0.6 0.8 1 1.2 04 0.6 0.8 1 1.2
Scint/Ebeam, 20 GeV Scint/Ebeam, 50 GeV Scint/Ebeam, 20 GeV Scint/Ebeam, 50 GeV

et EtfenBesT Scintillation/Beam Energy

by i 12 Energy Fe56 04 06 08 1 12 BGO

Scint/Ebeam, 100 GeV Scint/Ebeam, 100 GeV

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

G4 Workshop October 2009 Geanty studies in context of Dual Readout Calorimetry
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One entry per event; Note the lower number of Scintillation (~3) hits and

Cherenkov (~0.3) hits in LCPhys type simulation

ScHitN_v_CrHitN

25000

20000

15000

10000

5000

h_ScHitN_v_CrHitN ScHitN v CrHitN h_ScHitN_v_CrHitN
Entries Be00 25000 Entries 10000 I]'
Meanx 8458+ 1.032 B Mean x 639.8 + 0.7004
Mean ¥l 318e+04 + 37.26 B Meany 4226+ 6.381 M
RMSx  102.7 + 0.7297 5 20000_ ............................................................................................................................... RMS x 70.04 + 0.4953 5'
RMSy 3707 + 26.35 | RMSy 838.1+ 4512
Integral ggaT ] B Integral 1e+04 "
° P
1]
Fl
1]
80
60
- 40
A !20
111 | L1 1 | 111 | 11 | | 111 | L1 1 | 111 | 11 | | 111 | 1 11 0
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% 200 400 600 800 100012001400160018002000
QGSP_BERT

% 200 400 600 800 100012001400160018002000

LCPhys




)
Y
")

C

s -
L

Ldl“ﬂ
A

L

<

un
ruuln*

¢

Scintillation (

Q

C

v

rumr

)
)

unh

¢

)
)

Q)

~

<

W
y

—

) and Cherenkov (

) hit energy distributions; Note the much

ScHitE_Scld_All

lower number of low energy scintillation hits in LCPhys type simulation

h_ScHitE_Scld_All

108

=
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B

I IIIIIII|

107 10°

10°

QGSP_BERT

10
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10°

107

10

Entriss 1.3050E22+08

1 10
GeV

h_ScHitE_Scld_All

ScHitE_Scid_All
10° = *
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Entriss 4.22553%+07

2009077 £ 387407

4.226e+07
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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

ScHitTLong |

QGSP_BERT
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h_ScHitTLong

ScHitTLong |

h_ScHitTLong

E Entrles  1.305082e+08
-

L cecoscomsansssnsesassanssssmssanoajaassanssanmassaoaas isaasssaasanamsansas fraasaasacaasanesaaasfsassansssaaassaasansaaasag Mean T332+ 0.1005
=

- RMS 1148 + 007106
E Underflow [
I - EIS SR EE— AR - Overliow 255
iy Integral 1.305e+08

Entries  4.22553%a+07

Mean  64.92 £ 0.05006

RM3 3254 £ 00354

Underfiow L]

Overflow 438

Integral 4.225e+0T

0 2000 4000 6000 8000 10000 1200014000

ns

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

—o— QGSP_BERT e-

—+— QGSP_BERTpI. | | | g g
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again, a nonlinearity around 10GeV
esp. for QGSP_BERT
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Which model is “correct”?

10 12 14 16 18 20
incident kinetic energy[GeV]
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