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Absorbed dose estimation
Energy deposited in sensitive  volumes  from Hits tree 
D = Edep /M       Gy= [J/kg] 
M is the mass of sensitive volume (pad, pixel…) 
To convert it to Gray, convert Edep in GeV to Joule:    1 GeV is equal to ~ 1.6E-10 J. 
Samples used for estimations:
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Absorbed dose is a dose quantity which is the measure of the 
energy deposited in matter by ionizing radiation per unit mass.

Background

The estimations are done using 
1x signal + 9x background

Signal MC 
Phase 1

New



ECAL Signal
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• JETI40, 16.5 GeV, 𝛏 = 3 vs 𝛏 = 10 , QGSP_BERT_HP list, updated g4 setup with 
no leaking dump, shieldings, the most recent MC ptarmigan

Phase 1

Phase 0
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Phase 1

Phase 0

ECAL: phase 0 vs phase 1
ECAL

Phase 1
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Phase 1Phase 0

ECAL: phase 0 vs phase 1 (log scale)
Phase 0

Phase 1



FDS Lanex Spectrometer
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• JETI40, 16.5 GeV, 𝛏 = 3 vs 𝛏 = 10 , QGSP_BERT_HP list, updated g4 setup with 
no leaking dump, shieldings, the most recent MC ptarmigan

Phase 1

Phase 0



FDS Lanex Spectrometer
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Phase 0 
xi= 3

Phase 1

Phase 1
Phase 0

Phase 0 
xi =5



Gamma Monitor
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Sig, 𝛏 =3 Bkg S+9*B
Bkg w/ 
nAbsorbe
r

S+9*B Sig, 𝛏 =10
Bkg w/ 
nAbsorbe
r

S+9*B

0 3.77E-08 1.28E-08 1.53E-07 1.04E-08 1.32E-07 1.80E-07 1.04E-08 2.73E-07

1 3.28E-08 1.19E-08 1.40E-07 9.36E-09 1.17E-07 1.82E-07 9.36E-09 2.66E-07

2 3.31E-08 1.18E-08 1.39E-07 9.50E-09 1.19E-07 1.71E-07 9.50E-09 2.56E-07

3 3.26E-08 1.29E-08 1.49E-07 1.04E-08 1.26E-07 1.83E-07 1.04E-08 2.76E-07

4 3.17E-08 1.37E-08 1.55E-07 1.11E-08 1.32E-07 1.77E-07 1.11E-08 2.77E-07

5 3.41E-08 1.35E-08 1.56E-07 1.10E-08 1.34E-07 1.72E-07 1.10E-08 2.71E-07

6 3.86E-08 1.28E-08 1.54E-07 1.02E-08 1.31E-07 1.81E-07 1.02E-08 2.73E-07

7 3.66E-08 1.28E-08 1.52E-07 1.02E-08 1.29E-07 1.72E-07 1.02E-08 2.64E-07

Phase 0 Phase 1

Phase 1
Phase 0



Tracker
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• JETI40, 16.5 GeV, 𝛏 = 3 vs 𝛏 = 10 , QGSP_BERT_HP list, updated g4 setup with 
no leaking dump, shieldings, the most recent MC ptarmigan

Phase 1

Phase 0



Tracker
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Phase 1

Phase 1

Phase 0

Phase 1



Profiler
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Phase 0

Phase 1

Sig
Bkg w/ 
nAbsorber S+9*B

Phase 1, 𝛏 =10



BSM
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40 layers,  
lead-glass crystals



results on absorbed dose 
per BX, per sensitise detector 
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Phase 0, 𝛏 = 3 Phase 1,  𝛏 = 10

det_name Averaged Dose 
(BERT), Gy

Per year, 
10^7 sec, Gy

Averaged Dose 
(BERT), Gy

Per year, 
10^7 sec, 
Gy

Tolerable 
dose, Gy

PDS GadOx Scintillator 1.2e-06 12 3.1e-04 3.1e3 1e8 

PDS Backscatter Calorimeter 1.3e-07 1.3 1.3e-05 1.3e2 300

IP Calorimeter 2.2e-07 / 8.7e-07 2 — 9 3.2e-06 — 8.5e-05 32 — 850 1e6 

IP Pixel tracker 7.6e-08 / 9.9e-05 0.7 — 990 6.1e-07 —1.0e-04 6 — 1000 2.7e4

PDS Profiler 6.5e-04 6.5e3 1e7 

BSM 3.8e-08 — 1.7e-07 0.4 — 2 300

shielding with neutron Absorber



Brems Monitoring Lanex
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detid det_name Average
d Dose, 
Gy

Max 
Dose, Gy

5001 ComptonEl 7.7e-10 1.4E-05

1.7e-9

Averaged dose per selected 
region ~ 1.7e-9 Gy

• JETI40, 16.5 GeV, 𝛏 = 5 , QGSP_BERT_HP list, updated g4 setup,MC ptarmigan, 1000 BX



Compton Electron Lanex
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JETI40, 16.5 GeV, xi =5, 1000 BX

detid det_name Average
d Dose, 
Gy

Max 
Dose, Gy

5000 ComptonEl 2.07e-07 1.6e-05

Averaged dose per selected 
region ~ 7.5e-07 Gy



results on absorbed dose 
per BX, 
per sensitise detector 
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Phase 0, 𝛏 = 3 Phase 0, 𝛏 = 5 Phase 1,  𝛏 = 10

det_name Per year, 10^7 
sec, Gy

Per year, 
10^7 sec, Gy

Per year, 10^7 
sec, Gy

Tolerable 
dose, Gy

PDS GadOx Scintillator 12.2 12.4 3.1e3 1e8 

PDS Backscatter Calorimeter 1.3 1.4 1.3e2 300

IP Calorimeter 2 — 8.7 3.3 — 7.98 32 — 850 1e6 

IP Pixel tracker 0.7 — 987 0.76 — 998 6 — 1000 2.7e4

PDS Profiler 2E+03 6.5e3 1e7 

BSM 0.3 — 1.45 0.4 — 2 300

Brems Monitor Lanex 0.02 1e8 

Compton El Lanex 2 — 7.5 1e8 

det_name Sig, 𝛏 =5 Bkg S+9*B

PDS GFM 4.27E-08 1.04E-08 1.37E-07

PDS GadOx 3.34E-07 9.19E-08 1.16E-06
Brem Monitor Lanex 1.72E-09- 

7.71E-10 0 7.71E-10

IP Calorimeter 5.76E-08 2.99E-08 3.26E-07

IP Pixel tracker 3.80E-06 1.07E-05 9.98E-05

BSM 1.09E-08 0 1.09E-08

PDS Profiler 0.00016454 2.81E-08 1.65E-04



Summary
• The estimations were done using 1x signal + 9x background 

•  the signal simulation: JETI40, 16.5 GeV, xi=3 for Phase 0  and xi=10 for Phase 1, ~10 
BX and xi=5 for Phase 0, ~1000 BX, QGSP_BERT_HP list, updated g4 setup with no 
leaking dump, shieldings, the most recent MC ptarmigan. 

• for background: 2 BX, JETI40, 16.5 GeV, e-, QGSP_BERT_HP list, updated g4 setup 
with no leaking dump, shielding   

• for background: 0.14 BX simulation with an additional shielding to reduce the 
neutron flux.   the radiation analysis with and w/o that extra shielding for the detectors 

• The dose is tolerable for  the detector types for which estimations were done 
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Back up



Geometry with neutron absorber
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results on absorbed dose 
per BX, per sensitise detector 

JETI40, 16.5 GeV, 3 um, Signal 1 BX, QGSP_BERT_HP list, updated g4 setup with no leaking dump, shieldings, the most 
recent MC ptarmigan 
+ 
JETI40, 16.5 GeV, e-, BKG 9 BX, QGSP_BERT_HP list, updated g4 setup with no leaking dump, shieldings
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det_name Averaged Dose 
(BERT), Gy

Per year, 
10^7 sec, 
Gy

Tolerable dose, Gy

PDS GadOx Scintillator 1.4e-06 14 1e8 

PDS Backscatter Calorimeter 1.5e-07 1.5 300

IP Calorimeter 6.4e-07 / 1.8e-06 6-18 1e6 

IP Pixel tracker 3.22E-07 /  1.07E-04 3-1000 2.7E+04

det_name Averaged Dose 
(BERT), Gy

Per year, 
10^7 sec, 
Gy

PDS GadOx Scintillator 1.2e-06 12

PDS Backscatter Calorimeter 1.3e-07 1.3

IP Calorimeter 2.2e-07 / 8.7e-07 2-9

IP Pixel tracker 7.6e-07 / 9.9e-05 7-990

shielding with 
neutron 
Absorber�



ECAL Signal
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detid det_name Averaged Dose, Gy Max Dose, Gy

2000 Ecal 7.19e-09 7.0e-06

2019 Ecal 6.74e-08

Layer D, Gy

0 7.19E-09
1 5.50E-09
2 1.11E-08
3 1.17E-08
4 1.27E-08
5 1.54E-08
6 2.05E-08
7 1.50E-08
8 1.47E-08
9 1.58E-08
10 1.64E-08
11 1.83E-08
12 1.55E-08
13 2.19E-08
14 2.63E-08
15 2.81E-08
16 3.48E-08
17 4.77E-08
18 4.61E-08
19 6.74E-08
20 9.14E-08

• JETI40, 16.5 GeV, 3 um, 9 BX, QGSP_BERT_HP list, updated g4 setup with no 
leaking dump, shieldings, the most recent MC ptarmigan



ECAL Bkg
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detid det_name Averaged Dose, Gy Max Dose, Gy

2000 Ecal 7.19e-09 
+9*7.07e-08 =

1.3e-07

6.4349E-07

Layer SIG, D, Gy BKG, D, Gy

0 7.19E-09 7.07E-08
1 5.50E-09 6.52E-08
2 1.11E-08 6.30E-08
3 1.17E-08 6.08E-08
4 1.27E-08 6.08E-08
5 1.54E-08 6.04E-08
6 2.05E-08 6.12E-08
7 1.50E-08 6.30E-08
8 1.47E-08 6.49E-08
9 1.58E-08 6.77E-08
10 1.64E-08 7.18E-08
11 1.83E-08 7.62E-08
12 1.55E-08 8.15E-08
13 2.19E-08 8.83E-08
14 2.63E-08 9.61E-08
15 2.81E-08 1.07E-07
16 3.48E-08 1.20E-07
17 4.77E-08 1.36E-07
18 4.61E-08 1.57E-07
19 6.74E-08 1.81E-07
20 9.14E-08 1.87E-07

• JETI40, 16.5 GeV, BKG, 2 BX, QGSP_BERT_HP list, updated g4 setup with no 
leaking dump, shieldings,

Gy



FDS Lanex Spectrometer
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• JETI40, 16.5 GeV, 3 um, SIgnal, QGSP_BERT_HP list, updated g4 setup with no leaking dump, 
shieldings, the most recent MC ptarmigan

Table 1-1

detid det_na
me

Averaged 
Dose, Gy

Max Dose, 
Gy

3001 LysoCal 3.15e-07 7.9e-5

3000 LysoCal 3.20e-07Gy



FDS Lanex Spectrometer
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• JETI40, 16.5 GeV, e-, BKG, QGSP_BERT_HP list, updated g4 setup with no leaking dump, 
shieldings

Gy

Max Dose, Gy

2.6e-6

Bkg w/ nAbsorber



Tracker
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0 1 2 3 4 5 6 7 8 9 10 11
1.23E-10 5.07E-11 6.59E-11 7.55E-11 8.51E-09 1.17E-07 5.14E-08 1.49E-10 5.02E-07 1.92E-07 2.72E-06 5.37E-07

• JETI40, 16.5 GeV, 3 um, 9 BX, QGSP_BERT_HP list, updated g4 setup with no 
leaking dump, shieldings, the most recent MC ptarmigan



Tracker
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• JETI40, 16.5 GeV, BKG BX, QGSP_BERT_HP list, updated g4 setup with no 
leaking dump, shieldings

Tracker min max Average

bkg, Gy 3.57E-08 1.16E-05 1.66E-06

sig, Gy 1.06E-13 3.91E-06 5.54E-07

sig+9*bkg 3.22E-07 1.07E-04 1.57E-05

Gy

Bkg w/ nAbsorber



Back up



detid det_name Averaged Dose 
(BERT), Gy, TDR

Averaged Dose, 
(BERT) Gy, CDR

Averaged Dose, 
(EM) Gy

5000 ComptonEl —— 4.88e-05 /0.002 6.23e-05 /0.003

3000-1 LysoCal 3.20e-07 7.15e-07 4.17e-07

4000-7 LeadGlass 3.77e-08 4.49e-08 7.08e-08

2000-20 EcalSensor 5.50e-09 / 9.14e-08 4.65e-08 / 1.13e-07 2.75e-08 /2.56e-07

1000-143 TrackerSensor  1.06e-13 /3.91e-06  7.5e-14 /1.06e-06  8.5e-08  /1.44e-06

results on absorbed dose 
per BX, per sensitise detector 

• JETI40, 16.5 GeV, 8 um,  9479 BX, standart EM physics list, IPStrong 

• JETI40, 16.5 GeV, 5 um, 976 BX, QGSP_BERT_HP list, updated g4 setup with no leaking dump, the most recent MC 
IPStrong 

• JETI40, 16.5 GeV, 3 um, 9 BX, QGSP_BERT_HP list, updated g4 setup with no leaking dump, shieldings, the most recent 
MC ptarmigan
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results on absorbed dose 

detid det_name Averaged Dose, 
Gy

Per year, 10^7 
sec, Gy

Radiation 
Hardness, kGy

5000 ComptonEl 6.23e-05 /0.003 6e2 - 3e4 ∼10^5 (Lanex) 

3000-1 LysoCal 4.17e-07 4.2 ∼10^5 (Lanex) 

4000-7 LeadGlass 7.08e-08 0.7 1 (TF101)

2000-20 EcalSensor 2.75e-08 /2.56e-07 0.3-3 ~1000 (Si)

1000-143 TrackerSensor  8.5e-08  /1.44e-06 1-15 27 (Alpide)

JETI40, 16.5 GeV, 8 um,  9479 BX, standart EM physics list

det_name Averaged Dose (BERT), Gy Per year, 10^7 sec, Gy

IP Scintillator 4.88e-05 /0.002 5e2 - 2e4

PDS GadOx Scintillator 7.15e-07 7.2

PDS Backscatter Calorimeter 4.49e-08 0.5

IP Calorimeter 4.65e-08 / 1.13e-07 0.5-1

IP Pixel tracker  7.5e-14 /1.06e-06 7e-7 — 10

per BX, per sensitise detector 

JETI40, 16.5 GeV, 5 um, 976 BX, QGSP_BERT_HP list, updated g4 setup with no 
leaking dump, the most recent MC IPStrong



detid det_name Averaged Dose 
(BERT), Gy

Averaged Dose, 
Gy

5000 ComptonEl 4.88e-05 /0.002 6.23e-05 /0.003

3000-1 LysoCal 7.15e-07 4.17e-07

4000-7 LeadGlass 4.49e-08 7.08e-08

2000-20 EcalSensor 4.65e-08 / 1.13e-07 2.75e-08 /2.56e-07

1000-143 TrackerSensor  7.5e-14 /1.06e-06  8.5e-08  /1.44e-06

det_name Averaged Dose (BERT), Gy Per year, 10^7 sec, Gy

IP Scintillator 4.88e-05 /0.002 5e2 - 2e4

PDS GadOx Scintillator 7.15e-07 7.2

PDS Backscatter Calorimeter 4.49e-08 0.5

IP Calorimeter 4.65e-08 / 1.13e-07 0.5-1

IP Pixel tracker  7.5e-14 /1.06e-06 7e-7 — 10



Compton Electron Lanex
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JETI40, 16.5 GeV, 8 um, 9479 BX

Table 1

detid det_name Average
d Dose, 
Gy

Max 
Dose, Gy

5000 ComptonEl 6.23e-05 0.42

Averaged dose per selected 
region ~ 0.003 Gy



FDS Lanex Spectrometer
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JETI40, 16.5 GeV, 8 um, 9479 BX

Table 1

detid det_na
me

Averaged 
Dose, Gy

Max Dose, 
Gy

3001 LysoCal 1.24e-6 2.4e-5

3000 LysoCal 1.26e-6 4.1e-5


