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Context

• Materials and gradient
• Some properties of pure metals in low 

temperature region
• RF GUN design
• Plan



3

Cold Linac (SC)

Normal temperature Gun

low emittance -> high gradient in long pulse 

Gradient – new materials, (we have only one GUN)
Dissipated power  - low temperature + “pulses inside the  pulse” mode
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Gradient
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Breakdown & Pulsed Surface Heating Studies: 
Thermal Fatigue behavior versus Grain 
Orientation
by Markus AICHELER (Ruhr-Universitaet
Bochum)
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DC, 1 nA dark current

SS Cu Ti Mo
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gap 1 mm, F. Le Pimpec and al., NIM A 574 
gap 0.5 mm, F.  Furuta and al. NIM A 538 
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Temperature ~ 300 K
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Dissipated power
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Thermal expansion
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L.A. Novickiy, I G. Kozhevnikov
“Thermo physical properties of
materials in the low temperature region”
Moscow 1975. In Russia

(Au, Ag, Ir, W, Pt…)

Hydrogen 20.3 K
Neon        27 K
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P (W/m2)
60 MV/m

∆Ts (K), τ = 10µS

200 MV/m

15.4

>160

3.5

46.2

∆Ts ( K)
60 MV/m

1.8*106

8.5*107

1.7*106

4.7*107

17

>180

4

51

7.1*
10-8

3.33*
10-6

6.7
*10-8

1.83
*10-6

δ
(m)

2.2*
10-3

2.3*
10-4

8.9*
10-3

3.3
*10-4

Lt
(m)

λ
(W/m*K)

Cp
(J/kg*K)

ρ
(Ohm*m)

T  
(K)

(300)^(5.77)^(2.58*10-11)#25

(4900)^(7)^(2.35*10-11)*
20

1372515.7*10-8300

Mo

3843851.72*10-8300

Cu

DESY  RF GUN5 (V. Paramonov, K. Floettmann,..)

f =1300 MHz, Trf = 1 mS,
Hpmax= ~ 100kA/m 

Lt=(λ∗τ/(γ∗Cp))1/21/21/21/2

∆Ts=(τ*ρ*f*µ/γ∗λ∗Cp)1/2*(Hp)2

* - (Frey, Haefar)? “Tieftemperatur technologie” 1981, p. 5.1.1-1(11/74)

# - А.Н. Великородный,Е.А. Игнатьева “Электро и теплосопротивление
молибдена при низких температурах” , http://vant.kipt.kharkov.ua/TABFRAME.html

^ - Л.А. Новицкий, И.Г.Кожевников “Теплофизические свойства
материалов при низких температурах”, Moscow 1975.

Not included anomalous skin effect !!!
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Anomalous skin effect
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No reason for the breakdown in 
standard  BD model. We can expect
60 MV/m ~ 1 ms pulse and 200 MV/m
for 3 - 5 mS pulse
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Time
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“pulses inside the  pulse” mode,
We need: 5 MHz laser and 10 MW 3.5 MHz bandwidth klystron
first test at the FLASH has already started.                 Power reduction 16/5=3.2
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Liquid Hydrogen
T boiling = 20.3 K
Cp = 8000 ÷ 12000 J/kg*K
Θ evaporation ~ 454 kJ/kg
ρ = 71 kg/m3

Total power losses reduction.

Cold GUN + PiP mode
6.2*3.2 = 19.8

GUN5 (1 mS RF)  - 62 kW, Cold GUN + PiP – 3.2 kW

H2 :  For 1 kW
evaporative cooling:        - 8 kg/hour 
liquid cooling (∆T = 2 K)  - 180 kg/hour, (2.5 m3)

1. DESY has experience to use liquid Hydrogen.

2. Next year in Hamburg will be build liquid Hydrogen gas station
for cars and buses  (~ 700 kg/day)

Liquid Neon
T boiling = 27 K
Cp = 1880 J/kg*K
Θ evaporation ~ 84-89 kJ/kg
ρ = 1207 kg/m3
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Oversize cavity:

1. No tangential current for 
TM020,  slot for cathode
changing, damp for HOMs

Example:
TM020 in first half cell
TM010 in second cell

2. More spaces for input
couplers.

3. No cathode holder,
direct Cs2Te film to the
replaceable part of cavity.

4.Cathode part of cavity can
be made from the other
material

5. Place for probe, without
overheating
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TM020

TM010
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At first, property of different materials
in low temperature region for 1300 MHz.

1.

low RF power: Cavity's in the cryostat,  (Q) 1300MHz?
(test of  Ir, Mo and W, maybe in the SLAC “mushroom” cavity?)

2.
Thermal conductivity, specific heat and resistivity for Cu, W, Ir and Mo.
( Universities and research Institute)? 
Cavity shape calculation and design. (DESY, INR)

3.
Low temperature, Dark current  study (Cu, Mo, Ir). (DESY, PITZ)  

5.
High power RF test. (DESY, PITZ, REGAE)

4.
Liquid Hydrogen or Neon ? (DESY, Air Liquid)
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Conclusion

• The uncommon values of the thermal conductivity of some metals, such as 
Cu, Mo, W and Ir in the range of temperatures of approximately 20 degrees 
of Kelvin, will allow us to increase the accelerating gradient in the RF GUN 
and to decrease heat losses. 
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