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General remarks

@ The LHCal calorimeter have been intesively studied by Maryna and Vlad during last year
@ They have successively graduated master’s degree and go out Kiev group

@ Finalization and improvement of some results obtained by Kiev group: energy deposition
response function for u, e, v, w, K within the 1-100 GeV particle energy interval

@ Approaches to the particle identification based on the Machine Learning (see Alex’s talk)
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LHCal location

@ The LHCal is a componet of the
forward region

@ Located between LumiCal and
BeamCal

@ The LHCal sizes and properties
are limited by its disposition
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Geometry of the LHCal simulations is similar to Maryna’s and Vlad’s previous reports:
@ Total thickness: 463 mm
@ Width in XY plane: 630 mm
@ Inner radius: 150 mm
@ Structure: 29 layers of 16 mm thickness

Hfﬂ?
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Layer structure

140} 13.8 mm, Absorber
I 0.1 mm, Air
120} E 1mm,Si
Layers have a sandwich structure: == 0.1 mm, Cu
200 =3 1 mm, Air gap
@ Absorber (Fe or W): 13.8 mm
@ Air: 0.1 mm £ oo
-
@ Si-sensor: 1 mm &0
@ Cu-layer: 0.1 mm a0
@ Airgap: 1 mm 0
"D 20 40 &0 a0 100 120 140 160
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Simulation features

@ Particles divided on 3 groupes:

@ Muons (u) — exclusively ionisation energy losses
@ EMs (electrons and +) as EM shower produced particles
e Hadrons (m, K) as nuclearly and ionisationally interacted particles

Initial energies: 1 — 100 GeV
Number of simulated events: 50,000

Events with penetration into internal and external edge regions (15 mm thickness) not
included into analysis to minimise an influence of lateral energy leakage

@ Two types of tested absorbers: Fe and W
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L response

@ assymetrical shape with maximum at 10-12 MeV nicely described by Vavilov function
additional small component at 8-11 MeV can be described by gaussian
u response, R, —weighted sum of Vavilov and Gaus (5 and 3 parameters)

Ru = Av-V(\v, &, f2) + Ag-G(E, Ego, o)
E—Eyg

Ty

V — Vavilov function with Ay =
G(E, Egp, o) — normalized Gaus

5 GeV = (W) 50 GeV

mu_5.0GeV_W 7/ ndf 11137101 mu_50.0GeV_W %2/ ndf 160.5/121
000 T T Area 1185 + 87.0 @ - T T Area 455.4 = 37.3
c En 8.363 + 0.144 5600 | En 8.348 = 0.093
3 sig 14260081 | 3 [ Sig 0.8842 +0.0551
uauo r Aloniz 1.415e40822004es02 | @ [ A_ioniz 9726 £ 176.9
En_ioniz 1217 +0.03 500 E En_ioniz 1325 0.04
Sig_loniz 1125 £ 0015 E Sig_ioniz  1.633 0.028
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@ slow sensitivity of . response to an initial particle energy
@ similar shape behavior both Fe and W absorbers
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EM response: e,y

@ EM — electrons and «’s as EM shower produced particles

@ Central region (narrow peak) and marginal low energy part (wide tail) can be described by
two gaussians:

R = Ay G(E, Eo1,01) + A2 - G(E, Eg2,02), 02 > 04
@ Energy distributions for electrons and ~’s are similar

5 GeV et (W) 50 GeV

4 nalf 1253192 el_50.0GeV_W ¥/ ndt 752144
» Areal  1280e40842330e:02 | Areal  1.4240404 + 12842402
£8001- Ent 4011010 | EF Em 449 £03
H sigt sd06 0402 | 3000 Sigt 26702021
Os00F Area2 2869 +189.9 ‘1“400 E Area2 1240 +59.2
Enz 294212 £ Enz 333 +32
400 sig2Sigl 2324008 1200 Sig2/Sig 1.832 + 0.082
] 10005 El
300 E 8001 E
200 E 600 El
] 4001 E
100 4 2000 E
. L ‘ .
0 50 100 o 500 1000
Energy, MeV Energy, MeV
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Hadron response: m, K

@ Hadrons as nuclearly and ionisationally interacted particles have the most complicated
response function:

Ry = Ay - G(E, Eo1,01) + Az - G(E, Egz, 02) + Av-V(Av, 5, B2), 02 > 0y

7t (Fe): 5&50GeV 7t (W): 58&50GeV

AT ndf 185/138 ETndr 70 /137
@ 500 - Areal 7125 +204.7 Areal 7082 +439.2
g Ent 61.05 + 0.48 Ent 3146 +0.24
3 sigt 21.98 £ 0.31 sigt 9.629 +0.292
S 400l Area2 8998 +238.3 Area2 9145 +387.3

En2 37.57 +1.43 En2 31.42 +0.56

Sig2/sigi  2.013 £0.043 Sig2/Sigl  2.409 +0.078

300 A 579 +19.0 A_ioniz 181.7 +56.0
17.04 =018 13.21

g_ioniz  3.035 +0.129 1.532 +0.439

200} kappa  0.9765 +0.7356 0.5241+0.7519

beta2 1406 0.9872 +0.5121

100 150
Energy, MeV
2Tt 20747113
Areal 867225110
Ent 647694
sigt 2054 £42
Area2 8432 9929
En2 65.34 6020
300 sig2/sigt 1566 20,154
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lonisation fraction at hadron response

@ Part of hadrons has a possibility to penetrate the 46 cm-thickness calorimeter without any
nuclear interaction
@ These hardons can be associated with “ionisation” peak (as muons)
@ Fraction of ionisation events is of 0.05 — 0.2 for Fe and W absorbers
@ Fe absorber gives 3-4 times larger values
@ Kaons have a bit bigger values in comparison with pions
g 03¢ T T |
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Energy response linearity

@ Fitted parameters of narrow gaussian were used to estimate the linearity of response
functions
@ 2nd degree polynomial fit:

1
Edeposit =A (E/'nit - EBEI%H)

Fe W

Particle A, MeV/GeV B, MeV/GeV2 Particle | A, MeV/GeV B, MeV/GeV2
EM 22.03 £ 0.03 | —0.20 £ 0.03 EM 8.94 £02 | —0.13 £0.07
Hadron | 13.57 £ 0.35 2.93 4+ 0.05 Hadron | 7.59 +0.1 | —0.58 +0.45
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§ C ee ] @ L ®e ]
I ER I E
2 r aK ] g2 aK ]
2 2 = lepton —] D 0.8 — lepton —
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@ Sufficient nonlinearity for hadrons in Fe (B, re = 2.93) in comparison with W (By w/= ~
@ W-Si sandwich is quite close to compensated sampling calorimeter J £

@ Fe-Si calorimeter is considerably undercompensated
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Energy resolution

@ Energy resolution fit function:

AE

— =9

E

A
VE

B® CVE

@ 3rd component, C, describes increasing of the energy resolution for hadrons in Fe caused by
enlarged longitudinal and lateral leakage

Fe

W

Particle A, Gevl/2 B,10—2 c,Gev—1/2 Particle A Gevl/2 B,10—2 c,Gev—1/2
EM 0.197+0.001 1.6840.28 0.040.001 EM 0.437+0.007 0.02+1.78 0.0£0.002
Hadron 0.83+0.09 0.22+0.06 0.02340.008 Hadron 0.7440.04 11.242.23 0.040.031
Resolution (Fe) Resolution (W)
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@ The W-Si calorimeter has considerably better energy resolution for hadrons
and a bit worser for EMs
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Conclusions

Simulations for p, e, ~, 7, K within the 1-100 GeV energy interval have been done for Fe and
W absorbers

Improved description of response functions was obtained
Linearity of response functions has been checked
Usage of the W absorber gives better results in comparison with Fe

The W-Si sandwich is quite close to compensated sampling calorimeter in contradiction to
considerably undercompensated Fe-Si one

Energy resolution parameters for EM and hadrons were obtained

The W-Si calorimeter has considerably better energy resolution for hadrons and a bit worser
for EMs

lonisation fraction at the hadron response was estimated

Many thanks to
Vladyslav Lukianchuk and Maryna Lazorenko
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7 in Fe
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