Energy Loss of Electrons

	Energy
	Be 

	Ni 1
	Air 1
	
	
	Air


	MeV
	MeV/

g/cm2
	MeV/

g/cm2
	MeV/

g/cm2
	
	
	Range
g/cm2

	1
	1.48
	1.35
	1.67
	
	
	.55

	5
	1.56
	1.64
	1.91
	
	
	3.1

	10
	1.67
	2.00
	2.16
	
	
	6.3

	20
	1.84
	2.70
	2.54
	
	
	12.0

	Conversion:
MeV/g/cm2 (
keV/(m
	0.185
	0.889
	.00012
	
	Conversion

g/cm2 ( m
	8.25

	MeV
	keV/(m
	keV/(m
	MeV/m
	
	
	m

	1
	0.27
	1.20
	0.20
	
	
	4.5

	5
	0.29
	1.45
	0.23
	
	
	25

	10
	0.31
	1.78
	0.26
	
	
	52

	20
	0.34
	2.4
	0.30
	
	
	100

	Conversion:
keV/(m (
Watts/mA-(m
	1.00
	1.00
	1000

	MeV
	Watts/mA-(m
	Watts/mA-(m
	Watts/mA-m

	1
	0.27
	1.20
	200

	5
	0.29
	1.45
	230

	10
	0.31
	1.78
	260

	20
	0.34
	2.4
	300

	
	
	
	

	Density (g/cm3)
	1.85
	8.89
	.001205


1 mA = 6.2E15 electrons/sec
1 keV = 1.6E-16 joules
1 joule/sec = 1 watt
Total energy loss = (Current [e/sec]) (dE/dx [keV/(m]) (j/keV-sec) (Watts/(j/sec)) = Watts/(m

Assuming: 1mA electron current with dE/ex = 1 keV/(m, then:

Energy loss = (6.2E15 e-/sec) (1 keV/(m) (1.6E-16 j/keV) = 1 Watt/(m
Beam Heating of Foil
Energy Deposited by Beam in the Foil

· For 20 MeV, 1mA electrons in Be foils, 0.34 watts are deposited/(m of foil. 
· This energy will be distributed over the beam volume, V = ATx10-4 cm3, where A is the beam area (cm2) and T is the foil thickness (um)

Foil Heating

· Be specific heat = 1.83 J/(ΔC g)    [1.83J will raise 1gram of Be by 1 oC]

· Be density = 1.85 g/cm3.

· Be mass transited by the Beam = ρV = (1.85 g/cm3)(ATx10-4 cm3)] = 1.85x10-4 AT g

· Temperature rise (ΔC)
= [Heat/gram] / Specific Heat


= [(0.34 T J / sec) /(1.85x10-4 AT g)] / [1.83 J / ΔC g]

=  2954 (Current (mA))(dE/dx (Watts/mA-(m)) / A(cm2) )  ΔC / sec

EXAMPLES

For a Be foil, with a 20 MeV, 10 uA beam about 3 mm in diameter (A = .07 cm2) :

· Temperature rise (ΔC)
= 2954 (.01)(.34) / (.07) ΔC / sec


= 140  ΔC / sec

For a Be foil, with a 5 MeV, 10 uA beam about 0.3 cm in diameter (A = .07 cm2) :

· Temperature rise (ΔC)
= 2954 (.01)(.27) / (.07) ΔC / sec


= 110  ΔC / sec
· Assume a ROTATING FOIL at radius 1”, with an electron beam diameter of 3mm.

· The beam track = 160 mm. This is 53 beam diameters (3 mm beam).

· Beryllium Melting Point = 1287 °C
· Temperature rise to ¼ melting = 316 °C

Beryllium Window Temperature Increase 

(Note : Temp. Rise is Independent of Be Thickness)

	
	
	Non-Rotating Window
	Rotating Window

	Beam Energy
	Beam Current
	Temp Rise / sec
	Time to 

¼ Melting
	Temp Rise / sec
	Time to 

¼ Melting

	6 MeV
	1 (A
	11 oC / sec
	28 sec
	0.20 oC / sec
	25 min

	
	10 (A
	110 oC / sec
	  3 sec
	2.0 oC / sec
	150 sec

	
	100 (A
	1,100 oC / sec
	0
	20.7 oC / sec
	15 sec

	
	1 mA
	11,000 oC / sec
	0
	207 oC / sec
	1 sec

	18 MeV
	1 (A
	14 oC / sec
	23 sec
	0.26 / sec
	20 min

	
	10 (A
	140 oC / sec
	  2 sec
	2.6 oC / sec
	120 sec

	
	100 (A
	1,400 oC / sec
	0                     
	26 oC / sec
	12 sec

	
	1 mA
	14,000 oC / sec
	0
	260 oC / sec
	1 sec


� “Stopping Powers for Electrons and Positrons”, M. Berger, ICRU-37 , Washington D.C., 1984


� Same as (1). The author notes that the Ranges are not backed by experimental data, and may be inaccurate.
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