
Inputs from the Sapphire Miniworkshop

• ELBE / LUXE
• Effects of the temperature increase during irradiation

• on the charge collection efficiency (mobility vs temperature, …)
• on the mechanical structure (stability of the device, ...)

We know that the sapphire detector is ‘safe’ under LUXE conditions, as 
it is the beam pipe exit window. However temperature dependence 
over time, during irradiation, is important to be studied in order to 
evaluate the effect of the charge collection over time.
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Frascati BTF
Geant4 simulation
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Main points

• Characterization of the uncertainties associated with the deposited 
charge in the devices

• resulting from the beam uncertainties
• resulting from the geometry upstream/downstream

• Estimate the charge range and time duration for data taking
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Summary

Objective
Estimate the charge distribution the initial beam produces in the detector, given 
the experimental setup.

Geometry
Two aligned PCB with the 110um and 150um samples, 
contained in a Zamak3 box with/without cover (3mm).

In the beamline there are:
1. Silicon (300+400)um detector - 10m upstream
2. Ti foil 50um - 30m upstream
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BTF beam implementation

Source macro
/gps/particle e-
/gps/direction 0 0 -1
/gps/energy 300 MeV
/gps/pos/type Beam
/gps/pos/centre 0 0 35 cm
/gps/pos/sigma_x 3 mm
/gps/pos/sigma_y 3 mm

Specifications
• Gaussian beam of 3mm sigma, with center at 

(0,0,35)cm, shooting at -z.

• The detector is displaced as that the beam 
shoots either the small or large pad.

• The two sapphire 110/150 are aligned.
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Upstream detector (110um)
Large pad (d=5.50)

Simulated events 10^6
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Charge created
• With alpha particles

• the charge deposited was about 29.540 fC
• Collected charge ranging from 0.34 to 1.99 fC (from 94 to 489 mV on the scope) 

Electrons/Bunch
Reference Energy deposited [GeV] Pairs created Charge created (e only) [fC] Charge 1% Charge 10% Energy deposited [GeV] Pairs created Charge created (e only) [fC] Charge 1% Charge 10%

1.00E+06 21.8 8.07E+08 129185.19 2.19 8.11E+07 12977.78

1 2.18E-05 8.07E+02 0.13 0.001 0.013 2.19E-06 8.11E+01 0.01 0.0001 0.0013
10 2.18E-04 8.07E+03 1.29 0.013 0.129 2.19E-05 8.11E+02 0.13 0.0013 0.0130

1.00E+02 2.18E-03 8.07E+04 12.92 0.129 1.292 2.19E-04 8.11E+03 1.30 0.01 0.13
1.00E+03 2.18E-02 8.07E+05 129.19 1.3 12.9 2.19E-03 8.11E+04 12.98 0.13 1.30
1.00E+04 2.18E-01 8.07E+06 1291.85 12.9 129.2 2.19E-02 8.11E+05 129.78 1.30 12.98
1.00E+05 2.18E+00 8.07E+07 12918.52 129.2 1291.9 2.19E-01 8.11E+06 1297.78 12.98 129.78

Energy deposited [GeV] Pairs created Charge created (e only) [fC] Charge 1% Charge 10% Energy deposited [GeV] Pairs created Charge created (e only) [fC] Charge 1% Charge 10%
1.00E+06 21.12 7.82E+08 125155.56 2.1368 7.91E+07 12662.52

1 2.11E-05 7.82E+02 0.13 0.001 0.013 2.14E-06 7.91E+01 0.01 0.0001 0.0013
10 2.11E-04 7.82E+03 1.25 0.013 0.125 2.14E-05 7.91E+02 0.13 0.001 0.013

1.00E+02 2.11E-03 7.82E+04 12.52 0.125 1.252 2.14E-04 7.91E+03 1.27 0.01 0.13
1.00E+03 2.11E-02 7.82E+05 125.16 1.3 12.5 2.14E-03 7.91E+04 12.66 0.13 1.27
1.00E+04 2.11E-01 7.82E+06 1251.56 12.5 125.2 2.14E-02 7.91E+05 126.63 1.27 12.66
1.00E+05 2.11E+00 7.82E+07 12515.56 125.2 1251.6 2.14E-01 7.91E+06 1266.25 12.66 126.63

[fC]

[fC] [fC]

Upstream | 110um - Large pad d=5.50 Upstream | 110um - Small pad d=1.60

Downstream | 150um - Large pad  d=5.50 Downstream | 150um - Small pad d=1.60

[fC]
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		Electrons/Bunch		Upstream | 110um - Large pad d=5.50										Upstream | 110um - Small pad d=1.60

		Reference		Energy deposited [GeV]		Pairs created		Charge created (e only) [fC]		Charge 1%		Charge 10%		Energy deposited [GeV]		Pairs created		Charge created (e only) [fC]		Charge 1%		Charge 10%

		1.00E+06		21.8		8.07E+08		129185.19		[fC]				2.19		8.11E+07		12977.78		[fC]



		1		2.18E-05		8.07E+02		0.13		0.001		0.013		2.19E-06		8.11E+01		0.01		0.0001		0.0013

		10		2.18E-04		8.07E+03		1.29		0.013		0.129		2.19E-05		8.11E+02		0.13		0.0013		0.0130

		1.00E+02		2.18E-03		8.07E+04		12.92		0.129		1.292		2.19E-04		8.11E+03		1.30		0.01		0.13

		1.00E+03		2.18E-02		8.07E+05		129.19		1.3		12.9		2.19E-03		8.11E+04		12.98		0.13		1.30

		1.00E+04		2.18E-01		8.07E+06		1291.85		12.9		129.2		2.19E-02		8.11E+05		129.78		1.30		12.98

		1.00E+05		2.18E+00		8.07E+07		12918.52		129.2		1291.9		2.19E-01		8.11E+06		1297.78		12.98		129.78

				Downstream | 150um - Large pad  d=5.50										Downstream | 150um - Small pad d=1.60

				Energy deposited [GeV]		Pairs created		Charge created (e only) [fC]		Charge 1%		Charge 10%		Energy deposited [GeV]		Pairs created		Charge created (e only) [fC]		Charge 1%		Charge 10%

		1.00E+06		21.12		7.82E+08		125155.56		[fC]				2.1368		7.91E+07		12662.52		[fC]



		1		2.11E-05		7.82E+02		0.13		0.001		0.013		2.14E-06		7.91E+01		0.01		0.0001		0.0013

		10		2.11E-04		7.82E+03		1.25		0.013		0.125		2.14E-05		7.91E+02		0.13		0.001		0.013

		1.00E+02		2.11E-03		7.82E+04		12.52		0.125		1.252		2.14E-04		7.91E+03		1.27		0.01		0.13

		1.00E+03		2.11E-02		7.82E+05		125.16		1.3		12.5		2.14E-03		7.91E+04		12.66		0.13		1.27

		1.00E+04		2.11E-01		7.82E+06		1251.56		12.5		125.2		2.14E-02		7.91E+05		126.63		1.27		12.66

		1.00E+05		2.11E+00		7.82E+07		12515.56		125.2		1251.6		2.14E-01		7.91E+06		1266.25		12.66		126.63









Energy deposited per event

Average energy deposited per event
66.25 keV

(66.25keV)/(110um) = 602.3 eV/um
-> 22.3 pairs/um
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Average energy deposited/event:
84.24 keV
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Uniformity and dE/dZ
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backup
Geometry pictures
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