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Rationale

khalid.hassouna@IIr.in2p3.fr Calorimeter Fluxes | A detector for a Higgs factory and beyond: ILD 15/01/2024 3



Rationale

ILD high granularity calorimeters

— High Granularity requirements: Endcap2

* Precision Validation

» Electronics Power Calculation

— Particle flow Algorithms:

» Reconstruction of single particles in jets

requires clear energy and time profiles. o
8" ECAL

Requirements fulfilment:

. . ECAL: 30 layers HCAL: 48 layers
— Creation of a versatile software package that does _ y _ /
a couple of things: — SIW-ECAL™ 0.5x0.5 cm? Si cells —  AHCAL: 3x3 cm?3 scint. cells
) o ) — ScECAL: 0.5x5 cmz Scint strips _ SDHCAL: 1x1 cm2 RPC cells
« Gets any desired set of distributions.
10-100M channels 10—70M channels

» Gets this desired set of distributions for any
geometric selection of the calorimeter.

khalid.hassouna@IIr.in2p3.fr Calorimeter Fluxes | A detector for a Higgs factory and beyond: ILD 15/01/2024 4



Software package

Python Code system_limits = {"ECALBarrel" : (8, 5, 5, 3@) , "EndCaps" : (4, "0-6", 5, 38)}

Production of Primary histograms

— LcioReader from pyLCIO

dictionary_of_system = [{

— Mapplng & Selectlon "SiECalEndcap": ([“ECalEndcapSiHitsEven", "ECalEndcapSiHitsOdd"],

"SiECALBarrel": (["ECalBarrelSiHitsEven", "“ECalBarrelSiHits0dd"],
« Cell_id decoding [J. Kunath] rScECalEmduags {(ecaUEndiapEeHiapvan "LCalEndcapSchtsaid,

"ScECALBa " ( cHitsEven", "ECalBarrelScHits0dd"],
* Highly configurable :

"RPCHCalECRing": (["EcalEndcapRingCollection"],

— ROOT hlstograms "ScHCalEndcap": (["HcalEndcapsCollection"],
"ScHecalBarrel": (["HcalBarrelRegCollection"],
"ScHCalECRing": (["EcalEndcapRingCollection"],

« System and histogram type hierarchy
» Auto-rescalable (high E)
Secondary histograms ! o.031, 100, 3311, [[o.c001]1,

[0.8001]1],
— Scaling : e.g. power, data size = f (#hits, Energy) ! e.e31, [0, 2311, [[0.e0ez11,

[3e-711, Y »

i : : : : [B3e-711, lex_sad: ["@:79", "8@:159", "168:234"]

2D histograms [ 3e-s1. 108, 3511 (36711, Ccomplex_sad: 17017 ; 0123
[0.200111, ) e

[8.2083] complex_happy: ["8:29", "3@:59", "6@:76"]

— Fix one component and get its 1D histograms as ‘ ey (o 00011
bins of a single 2D histogram.
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Histograms Types

Primary histograms:

1)
2)
3)

4)
5)

Low-Scale Energy: Energy distribution of hits in the calorimeter with an upper-bound cut to
focus on the distribution shape and exclude the trailing outliers.

Upper-Scale Energy: The rest of the distribution to show the different tailing effects for
different parts of the calorimeter and different physics processes.

Low-Scale Number of hits: Distribution of number of hits above a given energy threshold per
event.

Upper-Scale Number of hits: The rest of the distribution.

Time: Time distribution of the sub hits weighted with the corresponding energy.

Secondary histograms (functions of primary histograms):

1)
2)

3)

Scaled Upper-Scale Energy: The same distribution as the Upper-Scale Energy histogram with
the x-axis scaled by the MIP value.

Low-Scale Power: This depends on the used ADCs. It could be a linear function of the energy
distribution or the distribution of the number of hits above a given energy threshold.
Upper-Scale Power: The rest of the power distribution.
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Histograms Types (1,000,000 muon events)
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Geometric Selections

Calorimeters systems C Calorimeters Modules

r:z.C r:zzm
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Useful segmentation & grouping: Useless individuation:
— Physics: Group of uniform (rates) regions (~cos8) — (Individual layers)

— Technical: Readout & Cooling Partition (ASIC, SLAB, Tower, Module) _ Symmetrical : staves (¢), Forward—Backward (+6)
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Geometric Selections (Explicit)

» As the beam originates from the origin vertex, all the staves are symmetric (azimuthal
symmetry).

« The spherical radial behavior can be obtained from different layers (central image).

» To get polar behavior, the z-extension is shown for one of the staves. Different modules
give different polar angle. For example, the central one (module 3) is the one with 6 =
90°.

* The chosen selections are 5; one for each module (each one representing a polar angle
profile) and the 3 for each 10-layer block (each of which represents different radial
profile). Total selections = 5*3=15 for the system ECALBatrrel.

Staves Geometry (system = SIECALBarrel) Layers Geometry (system = SIECALBarrel) Modules Geometry (system = SIECALBarrel, stave = 7)
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Geometric Selections (1D histograms : million

muons events)
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Geometric Selections (2D histograms)
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Geometric Selections (Implicit)

Staves Geometry (system = ScHcalBarrel)
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Layers Geometry (system=ScHcalBarrel)
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1D Vs. 2D Histograms (implicit selections)

2J(M-1.5)+38 = {x: x is integer, 0< x < 76}
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Data Simulation
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Processes to Fluxes

By
Daniel
Jeans

Machine Config

4

Process 1 ]»

Process i j»

Machine
Background >

Whizard Histo
: Stdevt \ Full LCIO
Pyth|a> N, > Sim NF. —» | gram

. y
Whizard Histo
Pythia > g.u” Lﬁ::o > gram > f\
o im [ ming \ﬁj
- A i
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ECM, £int, fbunch

o

foin,i = Noin X Lint 0i [ NF;

01 ming

ILD_I5_v02

ILD_I5 vllgamma

Scaling

I ntegrating
. . Histo
Guinea pairs Full LCIO
Pig > Ns | Sim NFs ?nrfr‘]”; —

ki

foin, 8 = Noin X founch / NFg
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Generated data

Table 1: 91.2 GeV

(N = 10000, Ljps — 1.4 x 1073 fb—1s—1)

Channels o RS s
(10° fb) (s—1)
ce —r qq 344 4.82
ce —» [l 34.6 0.484
ce —» ee
(M. < 30GeV) 1.01 0.0141
ce — ee
(Mee > 30GeV) 57.8 0.809

Table 3: 240 GeV

(N = 10000, Li,s = 6.9 x 107 fb~ s 1)

Channcls o %L'
(10° fb) (s—1)
ce — qq 0.550 3.80 x 101
ece — 11 0.100 6.88 x 10~ °
ce — WW 0.167 1.15 < 101
ee — ZH 0.00204 1.41 < 10— 6
ce — 66
(M.. < 30GeV) 0.120 8.29 x 10— °
ce —» ce
(M.. > 30GeV) 5.92 4.09 < 10—

Table 2: 162.5 Gel
(N = 10000, L;,. — 2.14 x 10~1fp—1s—1)

Channels o (T XLnr)
(10°F6) (s 1)
ce —» qq 1.55 3.32 < 10 °
ce — Ul 0.241 5.16 < 10~ *
ce —- WW 0.0504  1.08 < 101
ce —» ee
(M. < 30GeV) 0.240 5.14 < 101
ce —» ee

(Mee > 30GeV) 12.9 2.76 x 102

Table 4: 365 GeV
(N = 10000, Lj,s = 1.2 < 10 % fb 15 1)

Channels o (ZXint)
(10° fb) (s—1)
ee — qq 0.228 2.74 < 10—°
ce — 11 0.0430 5.16 x 107°
ce — WW 0.111 1.33 x 10—
ce — ZIT 0.00123  1.47 < 107
ce — tt 0.00372 4.46 x 10— 7
ce — cee
(M.. < 30GeV) 0.0499 5.99 x 102
ce — e
(M,.. > 30GeV) 2.57 3.08 x 101
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Selected modes

Processes: min.
bias
— All
5 107 ' . .
_— 1 06 q g (g=u,d,s,c,b) ee daq
—10 s ee— uu, 1T
1 10° c ee —ee
< 1 04 (D Bhabha)
A2 s — . yr— W
D 1 0 vy, Yy
B a2 « Machine
10 I background
10 (ee pairs)
1 HHA — Ecm=2 160 GeV
—
10 / e ee - WW
1072 S
0) 1000 — (Ecm= 240 GeV)
Vs [GeV] « ee > HZ
— (Ecm2 360 GeV)
e ee—tt
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#BX L[10%cm¥s] AT[us] Freq[Hz] Vs [GeV]

EBeam

4 813 688 214 0442 162,5
FCC-ZH 4 120,0 260 69 1169 240,0
FCC-tt 4 1825 40 12 7,600 365,0
ILC250 [1] 1 1250 1312 14 0,554 50 250,0
ILC500 1 250,0 1312 18 0554 50 500,0
ILC1000 1 500,0 2450 49 0,366 50 1000,0
CLIC380 1 160,0 10,0 380,0
ILC-GZ 1 45,6 50 91,2
ILC250-HL 1 1250 2625 2,7 0,366 50 250,0
CEPC

C3

Calorimeter Fluxes | A detector for a Higgs factory and beyond: ILD 15/01/2024

ILC from: P. Bambade et al., The International Linear Collider: A Global Project,
arXiv:1903.01629 [Hep-Ex, Physics:Hep-Ph, Physics:Physics]. (2019).
FCC from: Tor Raubenheimer, FCC Week June 2023
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https://indico.cern.ch/event/1202105/contributions/5423512/attachments/2659506/4610093/230604%20FCC%20Week.pdf#page=5m

khalid.hassouna@IIr.in2p3.fr Calorimeter Fluxes | A detector for a Higgs factory and beyond: ILD 15/01/2024 19



Results (Silicon ECAL Barrel)

SIECALBarrel low #Nhits Modules 3 SiECALBarrel low_#Nhits Layers 0:9

Number of Events per second Number of Events per second

107

Distributions of the number of hits
crossing (MIP/4) energy threshold
of all the physics processes and
machine background at 91.2 GeV
with the color bar representing the
rate of events

10°

10°

Nurmber of hits above 5.71e-05 GeVW (MIP/4]
Nurmber of hits above 5.71e-056 GeV (MIP/4)

10

Wodules: Modules:2 Modules:3 Moduies:d =

Layers09 Layers:10:10 Layers:2020

Mean: 4.08¢-02 #hits Mean: 7.05e+00 #hits | Mean: 1.01e+01#hits | Mean: 6.05e+00 #hits | Mean: 5.07e+00 #hits | Mean: 6.05e+00 #hits
Std Dev: 2.35e+00 #hits Std Dev: 2.65e+00 #hits | Std Dev: 2.99e+00 #hits | Std Dev: 2.46e+00 #hits | Std Dev: 3.05e+00 #hits | Std Dev: 2.68e+00 #hits
eventsisecond: 4.01e+07 4. 4. 4.00 4.00 4.01e+07]

Mean: 6.05e+00 #hits
Std Dev: 2.46e+00 #hits
events/second: 4.00e+07

Mean: 3.04e+00 #hits
Std Dev: 2.13e+00 #hits
events/second: 4.01e+07

» Most of the hits are
in the first 2 thirds
of the calorimeter.

SIECALBarrel high_#Nhits Modules 3 SiECALBarrel high_#Nhits Layers 0:9

Number of Events per second Number of Events per second

Layers09

Layers 1019

Layers 2020

Mean: 5.45¢+02 #hits
Std Dev: 217e+02 #hits
events/second: 1.22e+04

Mean: 5.60e+02 #hits
Std Dev: 2.21e+02 #hits
events/second: 1.06e+04

Mean: 3.36e+02 #hits
Std Dev: 7.11e+01#hits
eventsisecond: 3.95e+03
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Wodules: 1

Modules:2

Moduies:3

Moduies'4

Woduless

Mean: 4.13e+02 #hits

Mean: 3.99¢+02 #hits

Std Dev: 1.31e+02 #hits | Std Dev: 1.14e+02 #hits

Mean: 5.45e+02 #hits

Std Dev: 2.17e+02 #hits

Mean: 4.00e+02 #hits

Std Dev: 1.13e+02 #hits

Mean: 4.04e+02 #hits
Std Dev: 1.28e+02 #hits

d: 8.16e+0:

d: 1.26e

d: 1.22

d: 1.29

d: 8.02e+03}]

o i > No significant
s — N angular
B 0 0 0 —— dependence.

E b S “ZZ?E_S ©  » Anexception is
e l | 3 | module 3 due to

the double
counting effect.
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Results (Silicon ECAL Barrel : Combined scales)

SiECALBarrel all_#MNhits Modules 3

Number of Events per second
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Layers:Q:8

Layers:10:18 Layers:20:28

Mean: 7.16e+00 #hits
Std Dev: 9.09e+00 #hits
eventsisecond: 5.27e+07

Mean: 3.14e+00 #hits
Std Dewv: 8. 70e+00 #hits
events/second: 5.27e+07

Mean: 1.06e+00 #hits
Std Dev: 3.60e+00 #hits
events/isecond: 5.27e+07

SIECALBarrel all_#Nhits Layers 0:9

2000
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Nurmber of hits above 5.7 1e-05 GeY (MIP/4)
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Mumber of Events per second
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Modules:1

Modules:2

Modules:2

Modules:4

Modules:5

Mean: 7.10e+00 #hits
Std Dev: 5.81e+00 #hits
levents/second: 5.27e+07|

Mean: 1.11e+01 #hits
Std Dev: 6.78e+00 #hits
events/second: 5.27e+07|

Mean: 7.16e+00 #hits
Std Dev: 9.09e+00 #hits
events/second: 5.27e+07]

Mean: 5.15e+00 #hits
Std Dev: 6.96e+00 #hits
events/second: 5.27e+07)

Mean: 7.10e+00 #hits
Std Dewv: 5.65e+00 #hits
events/second: 5.27e+07|
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Results (Scintillator HCAL Endcap)

Number of hits above 1.57e-04 GeV (MIP/4)

Number of hits above 1 57e-04 GeV (MIP/4)

ScHCalEndcap low_#Nhits Towers 4:7

Layers 015

Layers16:31

Layers:22:48

Mean: 6.03e+00 #hits
Std Dev: 2.05e+00 #hits
events/second: 4.01e+07

Mean: 1.70e+01 #hits
Std Dev: 1.01e+00 #hits
eventsisecond: 4.01e+07

Mean: 7.99e+00 #hits
Std Dev: 4.36e-01 #hits
eventsisecond: 4.01e+07

ScHCalEndcap high_#Nhits Towers 4:7

Number of Even

ts

W L A R

Layarz:18:31

Layarsazas

Mean: +02 #hits.
Std Dev: 5.14e+01 #hits
events/second: 9.31e+02

|

Mean: 3.020+02 #hits
Std Dev: 6.58e+01 #hits.
events/second: 2.27e+01

Mean: 2.85e+02 #hits
Std Dev: 7.50e+00 #hits
events/second: 9.68e-01

Number of Events per second

Number of hits above 1.57e-04 GeV (MIP/4)

Number of hits above 1.57e-04 GeV (MIP/4)
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Towers:0:3

ScHCalEndcap low_#Nhits Layers 0:15

Towers47

Towers:8:11

Number of Events per second

Towers:12:15

Mean: 1.06e-02 #hits
Std Dev: 8.97e-01 #hits
events/second: 4.01e+07

Mean: 6.03e+00 #hits
Std Dev: 2.05e+00 #hits
eventsisecond: 4.01e+07

Mean: 1.00e+01 #hits
Std Dev: 1.91e+00 #hits
4.01e+07

Mean: 1.05¢-02 #hits
Std Dev: 8.90e-01 #hits
4.01e+07

ScHCalEndcap high_#Nhits Layers 0:15

Number of Events per secon

(LA M UL I

=

Tomers 02

TowerstT

Towerza1

Towerz 1215

Mean: 2.78e+02 #hits
Std Dev: 3.32e+01 #hits
events/second: 6.12e+01

Mean: 3.10e+02 #hits
Std Dev: 5.14e+01 #hits.
events/second: 9.31e+02

Mean: 3.07e+02 #hits
Std Dev: 4.59e+01 #hits
1.02e+03

Mean: 2.94e+02 #hits
Std Dev: 4.51e+01 #hits
6.226+01

Distributions of the number of hits crossing (MIP/4) energy threshold of all the physics
processes and machine background at 91.2 GeV with the color bar representing the rate of
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Most of the hits are
in the first 2 thirds
of the calorimeter.
Significant angular
dependence.

The central towers
have most of the
hits due to the
closeness to the
beampipe.
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Results (Scintillator HCAL Endcap: Combined

scales)

ScHCalEndcap all_#MNhits Towers 4:7

Mumber of Events per second
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=
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Layers:0:15 Layers:18:21 Layers:32:48
Mean: 6.53e+00 #hits Mean: 1.75e+01 #hits Mean: 8.49e+00 #hits
Std Dev: 2.21e+00 #hits Std Dewv: 9.08e-01 #hits Std Dew: 3.82e-01 #hits
eventsisecond: 5.27e+07 events/second: 5.27e+07 eventsisecond: 5.27e+07T

ScHCalEndcap all_#Nhits Layers 0:15

MNumber of Events per second

khalid.hassouna@IIr.in2p3.fr

Number of hits above 157e-04 GeV (MIP/4)

1000
900

H[ I IIIHI‘IllllHHlHlllllll

Towers:0:2

Towears:4:7

Towears:2:11

Towers:12:15

Mean: 5.08e-01 #hits
Std Dev: 8.38e-01 #hits
events/second: 5.27e+07

Mean: 6.53e+00 #hits
Std Dev: 2.21e+00 #hits
eventsisecond: 5.27e+07

Mean: 1.05e+01 #hits
Std Dev: 2.13e+00 #hits
events/second: 5.27e+07

Mean: 5.08e-01 #hits
Std Dev: 8.44e-01 #hits
events/second: 5.27e+07
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Results (Dynamic Range)

Upper Scale Energy distributions of tower 0 of ECAL end cap at 91.2 GeV of all physics and background

o
=

Upper Scale Energy distributions of tower 0 of ECAL end cap at 240 GeV of all physics and background

MIP

SiECalEndcap scaled_upper_scale_energy Towers O

Mumber of hits per second

Lay=rs:0:2

Layers:10:19

Layers-20:20

Mean: 3.15e+01 MIP
Std Dewv: 5.34e+01 MIP
hits/second: 9.04e+05

Mean: 2.91e+-01 MIP
Std Dew: 4.36e+01 MIP
hitsisecond: 1.52e+06

Mean: 1.72e-+01 MIP
Std Dewv: 1.91e+-01 MIP
hits/second: 3.99e+05

SiECalEndcap scaled_upper_scale_energy Towers O

10%

Mumber of hits per second

L |H|

Layars:0:9

Layers:10:19

Layers:20:28

Mean: 1.09e+01 MIP
Std Dew: 1.72e+00 MIP
hitsisecond: 1.02e+06

Mean: 1.08e+01 MIP
Std Dev: 4.05e+00 MIP
hits/second: 1.80e+05

Mean: 1.08e+01 MIP
Std Dev: 1.46e=00 MIP
hits/second: 1.03e+05
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Max Energy =
~800 MIP

Tower O is 8 = 90°
It is the same for
both energies.
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Results (Dynamic Range)

RPCHCalEndcap scaled_ upper_scale energy Towers 4:7

Mumber of hits per secon d
o 10°
= 14000
107
12000 -
10
10000 f—
» Max Energy =
8000

10%

~10000 MIP for
10°
91.2 GeV and

.
~25000 MIP for
Layers 162 [E——pT
Mean: 7.88e+01 MIP Mean: 8.09e+01 MIP Mean: 7.88e+01 MIP 240 G V

Std Dev: 3.27e+~00 MIP Std Dev: 3.79e+01 MIP Std Dev: 5.38e-01 MIP e
hits/second: 1.58e+~08 hitsisecond: 1.14e+05 hitsisecond: 1.05e+~08

Upper Scale Energy distributions of tower 0 of HCAL end cap at 91.2 GeV of all physics and background » Itis not the Sa_me
for both energies.
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RPCHCalEndcap scaled_ upper_scale energy Towers 4:7

Number of hits per secon d

= 1 » These are the
UE towers closest to
12000 - o the beam pipe and
0000 5 the beam energy
- —— makes notceable
- - I —— difference.

Upper Scale Energy distributions of tower 0 of HCAL end cap at 240 GeV of all physics and background
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Conclusion

Done
Simulation:

— Simulated detector-level data for all physics processes
and machine background at 91.2 GeV and 240 GeV.

— Simulated detector-level data for all physics processes
but not machine background at 162.5 GeV and 365
GeV.

Histograms:

— Generated primary, secondary 1D and 2D histograms
in various systems of ECAL and HCAL of the ILD
calorimeter

— Merged different processes and background and got
collective histograms.

Conclusions:

To be done
Simulation:

— Simulate machine background at 162.5 GeV and
365 GeV and more statistics at 91.2 GeV and 240
GeV

Extension:

— Extend a similar work to the tracker. We need
logical coordinates.

Expansion:

— Expand the work by applying it to other detectors
rather than the ILD. We also need also logical
coordinates.

— Check the statistics vs angular distribution Code:
for processes.
— Give estimates of the average number of hits and the — Adapt to key4hep framework by changing LCIO to
dynamic range. EDM4HEP
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Thank you!
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