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LAr Calorimeter FCC-hh vs. FCC-ee

• Going from FCC-hh calorimeter to FCC-ee:
• Loss of 15 cm in barrel thickness
• Current thickness: ∼ 22X0 at θ = π/2

• Geometry on the right used for FCC-ee calculations

source: Brieuc François (CERN)
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https://indico.cern.ch/event/969249/contributions/4086276/attachments/2132741/3591642/20201029_LAr_workingMeeting_Brieuc.pdf


FCC-ee: Energy deposits outside calorimeter I.

• Energy is deposited also outside calorimeter, most notably in front and back
cryostat

• There is correlation between first calorimeter layer and energy deposited in front
cryostat

• Similarly, there is correlation between last calorimeter layer and energy deposited
in back cryostat

• Energy deposited in side cryostats negligible
(< 0.003 GeV for e−, 100 GeV, θ = π/2)

• Those correlations are exploited to create upstream and downstream energy
corrections

• This presentation:
• Corrections derived for 12 layer version of FCC-ee LAr Calorimeter (Merged

Brieuc’s branch) (Code was not yet transfered to FCCDetectors repository)
• Back cryostat extended to 1100 mm 3/21



FCC-ee: Energy deposits outside calorimeter II.

FCC-ee, e−, 20 GeV , θ = 70◦
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Upstream energy vs. energy in first layer
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FCC-ee: Energy deposits outside calorimeter III.

FCC-ee, e−, 100 GeV , θ = 70◦
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Upstream energy vs. energy in first layer

5/21



FCC-ee: Energy deposits outside calorimeter IV.

FCC-ee, e−, 240 GeV , θ = 70◦
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Upstream energy vs. energy in first layer
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FCC-ee: Energy deposits outside calorimeter V.

FCC-ee, e−, 20 GeV , θ = 70◦

0

100

200

300

400

500

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Energy in layer id: 11 [GeV]

0

0.5

1

1.5

2

2.5

3

3.5

D
ow

ns
tr

ea
m

 E
ne

rg
y 

[G
eV

]

downstreamEnergy__energyInLayer_11

Entries  30000FCC-ee, LAr Calo

electron

20 GeV, 70 deg

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Energy in layer id: 11 [GeV]

0

0.5

1

1.5

2

2.5

3

3.5

4

M
ea

n 
D

ow
ns

tr
ea

m
 E

ne
rg

y 
[G

eV
]

profile_x
Entries  29962

 / ndf 2χ   1980 / 79

Prob       0
 

0
δ  0.002± 0.106 

 1δ  0.010± 1.343 
 2δ  0.0058± 0.1561 

FCC-ee, LAr Calo

electron

20 GeV, 70 deg

*pow(x,2)
2

δ*x+
1

δ+
0

δFit func.:   

Downstream energy vs. energy in last layer

7/21



FCC-ee: Energy deposits outside calorimeter VI.

FCC-ee, e−, 100 GeV , θ = 70◦
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FCC-ee: Energy deposits outside calorimeter VII.

FCC-ee, e−, 240 GeV , θ = 70◦
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FCC-ee: Upstream Energy vs. First Layer

Cluster energy dependence
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FCC-ee: Upstream Energy vs. First Layer

Cluster angle dependence
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FCC-ee: Downstream Energy vs. First Layer

Cluster energy dependence
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FCC-ee: Upstream Energy vs. First Layer

Cluster angle dependence
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FCC-ee Upstream Correction Energy Dependence
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FCC-ee Downstream Correction Energy Dependence
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FCC-ee: Energy correction test I.

FCC-ee, e−, 10 GeV , θ = 70 deg FCC-ee, e−, 30 GeV , θ = 70 deg

8 8.5 9 9.5 10 10.5 11
E [GeV]

0

500

1000

1500

2000

2500

N
um

be
r 

of
 e

ve
nt

s

FCC-ee, LAr Calo (12 layers)

, 10 GeV, 70 deg-e

 = 2.51 %
E
σ 0.25 GeV,   ± = 9.87 caloE

 = 2.17 %
E
σ 0.22 GeV,   ± = 10.10 calo+cryoE

 = 2.35 %
E
σ 0.24 GeV,   ± = 10.08 calo+corrE

24 25 26 27 28 29 30 31 32 33
E [GeV]

0

500

1000

1500

2000

2500

3000

3500

4000

4500

N
um

be
r 

of
 e

ve
nt

s

FCC-ee, LAr Calo (12 layers)

, 30 GeV, 70 deg-e

 = 1.77 %
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 = 1.26 %
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 = 1.47 %
E
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FCC-ee: Energy correction test II.

FCC-ee, e−, 50 GeV , θ = 70 deg FCC-ee, e−, 80 GeV , θ = 70 deg
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σ 1.14 GeV,   ± = 76.79 caloE

 = 0.77 %
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 = 0.98 %
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FCC-ee: Energy correction test III.

FCC-ee, e−, 120 GeV , θ = 70 deg FCC-ee, e−, 180 GeV , θ = 70 deg

100 105 110 115 120 125 130
E [GeV]

0

2000

4000

6000

8000

10000

N
um

be
r 

of
 e

ve
nt

s

FCC-ee, LAr Calo (12 layers)

, 120 GeV, 70 deg-e

 = 1.51 %
E
σ 1.73 GeV,   ± = 114.38 caloE

 = 0.62 %
E
σ 0.75 GeV,   ± = 119.57 calo+cryoE

 = 0.84 %
E
σ 1.00 GeV,   ± = 119.45 calo+corrE

150 160 170 180 190
E [GeV]

0

2000

4000

6000

8000

10000

12000

N
um

be
r 

of
 e

ve
nt

s

FCC-ee, LAr Calo (12 layers)

, 180 GeV, 70 deg-e

 = 1.55 %
E
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 = 0.51 %
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 = 0.77 %
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FCC-ee: Energy correction test IV.
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FCC-ee: Energy correction test V.

Only Ecluster dependence θ and Ecluster dependence

50 60 70 80 90

 [deg]θ

0.9

0.95

1

1.05

1.1

cl
us

te
r

E
/E

calo+cryoE
caloE
calo+corrE

FCC-ee
LAr Calo (12 layers)

 slice: 70 GeVclusterE

50 60 70 80 90

 [deg]θ

0.9

0.95

1

1.05

1.1

cl
us

te
r

E
/E

calo+cryoE
caloE
calo+corrE

FCC-ee
LAr Calo (12 layers)

 slice: 70 GeVclusterE

20/21



Conclusion and Plans

• For FCC-ee large energy leakage observed
• Correlation between first/last layer and back cryostat exploited to create

up/downstream corrections
• Upstream energy vs. energy in first layer linear
• Downstream energy vs. energy in last layer quadratic
• Parametrization can use any basic 1D/2D ROOT function
• Energy correction reconstructs cluster energy in whole energy and theta range
• Inclusion of cluster theta dependence needed
• Links:

• calo_corr: https://github.com/kjvbrt/FCCSW/tree/calo_corr
• Correction lives in: Detector/DetStudies/scripts
• calo_corr_12: https://github.com/kjvbrt/FCCSW/tree/calo_corr_12
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