20 Kelvin cold High gradient RF gun

Materials and gradient

Some properties of pure metals in low temperature region

Cold RF-photo GUN design
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Super conductive Linac

—

Normal temperature RF Gun

~GZ*R#*TRF

cavity

Low emittance -> high gradient
Dissipated power -> low temperature ( DESY RF GUN #5, Tiris = 72°C + 46°C pulse heating)
Gradient —> new materials, (we have only one RF GUN !II)

Dark current —> new geometry + new materials

2
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Breakdown mechanisms

w_ — <z

> CcLic™

For a cylindrical protrusion heat conduction is described by:

TN oT T
— = +.J
I ’ at ax2 p

Analytical estimates for a cylindrical tip .

dx » - - * - - o
Let's get approximate solution it in two steps:  Breakdown & Pulsed Surface
vy . Heating Studies:
1. Solve it in steady-state (i.e. left hand Thermal Fatigue behavior versus
=T x=h ; : Grain Orientation
—2_J Cathode side is zero) for a threshold current by Markus AICHELER (Ruhr-
() density required o reach melting Universitaet Bochum)

temperature T,

.II- 'II' . . . N
Williams & Williams, 2. Solve time dependent equation in linear

J. Appl. Rhys. D, approximation to get the threshold time
5(1972) 280 required to reach melting temperature
Alexej Grudiev, New RF Constraint. May. 2008
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Breakdown study, pulse DC

@ Ranking materials by TEE
crystal structure?
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H. Timkd, CERN CLIC workshop 2009
dc breakdown conditioning and breakdown rate of metals
and metallic alloys under ultrahigh vacuum

A. Descoeudres,” T. Ramsvik, S. Calatroni, M. Taborelli, and W. Wuensch

European Organization for Nuclear Research, CERN, 1211 Geneva 23, Switzerland
(Received 8 January 2009; published 24 March 2009)
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Some property of pure metals in normal temperature
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Ranking materials: RF, high gradient
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Gradient in the pressurized cavity.
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Maximum stable gradient as a function of the Young's modulus for different materials.
RF frequency 805 MHz, Hydrogen pressure ~ 100 bar. (data from (#), for Iridium the approximation)

#) R. Sah, A. Dudas and al., “RF Breakdown Studies Using Pressurized Cavities”

PAC 2011, MOP046, NY, USA (2011)
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DC dark current

120 A
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Field gradient (Mv/m)
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DC, 1 nA dark current
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mmmm 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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Some properties of pure metals in low temperature

Thermal expansion

12
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Some properties of pure Cu, W, Mo and Ir in low temperature
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Cupper, thermal conductivity
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Electrical resistivity of Copper and Molybdenum
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DESY RF GUNS5 (V. Paramonov, K. Floettmann,..)
f =1300 MHz, Trf = 1 mS, Hpmax= ~ 100kA/m

Lt=(1#2/(y+Cp )2

ATs=(z*p*f* 1/y*A+Cp '2*(Hp)?

T C A ) Lt
P P ATs (K) P (W/m2)
K Ohm*m J/kg*K W/m*K m m
(K) (Ohm*m) (Ikg*K) | (WIm*K) (m) (m) 50 MV/m 50 MV/m
300 1.72*108 385 384 1.83*106 3.3*104 46.2 4.7*107
Cu
~ 5*10-11
-~ -~ * -8 * -3 * 6
20 RRR~400 7 6000 9.8*10 9.8*10 4.6 2.5%10
~ 8*10-11
~ ~ *1(0)-8 *10)-3 * 6
Mo 20 RRR~600 3.5 360 29.2*10 3.2*10 32 3.2¥10
~1.2*1010
~ -~ * -8 * -3 * 6
W 20 RRR-450 2 1600 15.2*10 6.5*10 18 3.9%10
~1.0*1010
~ ~ *1 ()-8 *1 (-3 * 6
Ir 20 RRR-450 3 1900 13.9*10 5.3*10 11.3 3.5*10

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

- J1.A. Hosuukutl, U.I".KoxeeHukos “Tennoduanyeckme cBoONCTBa
MaTepuanoB Npu HU3KNx Temnepartypax’, Moscow 1975.
Thermophysical properties of matter, IFI/PLENUM, NEW YORK-Washington 1970
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Anomalous skin effect

o,
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an ﬂ . f
R ~ reflection factor for electrons

A CRYOGENIC RF MATERIAL TESTING FACILITY AT SLAC*

Jiquan Guo#, Sami Tantawi, David Martin, Charles Yoneda
aL aL SLAC National Accelerator Laboratory, Menlo Park, CA, U.S.A.
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& i 1.145 10" Py
Mo 47 2.3*103 ~6 \'--- F(resonance) L
1.144 10"
DESY GUN 5 e ro®
60 MV/m -~ 6. 18 MW 510° 1.142 10"
. o g0 100 150 200 260 300
CO | d G U N Figure 4: Low power measurement of the SLAC copper

sample
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Conditioning of pure metals in pulse DC mode

Conditioning curves of pure metals
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assumption: ‘good material’ = refractory ; oxides easily reduced

@‘ CLIC Breakdown Workshop — CERN, May 2008 7/18
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Cold GUN, regimes for conditions and for the normal operation

Mo, Irr W, T=20K ~0.3 MHz Cu
~0.15 MHz Nb
| ~0.1MHzMo
ﬂ’zo ~ 3 ’ /1300 500 M _
dA,
F >0 400 -
¢ —01 2
p 20 p 300 g 1
= ®
RN < 200
dT >
a,=004 o
Rs =~ 1 Rs Temperature (K)
20 ~ 6 300
dRs @ 20 Kelvin ,working point, feedback “ON”
aT
No reason for the breakdown in
the standard BD model ! ‘ 77 Kelvin , point for condition , feedback “OFF”
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1. From W, Ir and Mo we can easy make only very simple shapes like a disks.
2. At the moment we can only get from the industry very pure thin sheets of W, Ir and Mo

with maximal sizes just about 100 mm.

Solution #1

To make the first half cell of cavity as an oversized, 16.78
operated on TM 020 mode at the working frequency.

+ * aremovable connection can be done without 12,546
problems for TM020 mode in cavity, because
there is a circumference where we don’t have

any of radial current, .34

* the oversize cavity has a higher Q factor and
can be cooled better due to larger surface.

10

- *this type of cavity can only be done for a
frequency more than 2.9 GHz because of |
the limitation on max size of available metals. S

(%)

\

—

17,28 2en
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RF GUN cavity design
Oversize cavity:

Example:
TMO20 in first half cell
TMO10 in second cell

1. No tangential current for
TMO020, slot for cathode
changing, damping of HOMs

2. More space for input
couplers.

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

4.Cathode part of cavity can

be made from very hard
material

Vladimir Vogel | DESY | Oxford JAI, September 2013
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1. From W, Ir and Mo we can easy make only very simple shapes like a disks.
2. At the moment we can only get from the industry very pure thin sheets of W, Ir and Mo
with maximal sizes just about 100 mm.

.5 ..___..
e

el

3.8

B 1,48 .%é 4.4
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Solution #2

For removable connection, we can use a fact that a
factor of thermal expansion for Cu for one side and W,
Ir and Mo for the other have a big difference.

+ * 1.3 GHz cavity can be produced using existing
100 mm sheets from the industry
* over electrical fields that arise due to
inaccuracies of fabrication in the contact area
could be shielded by inner angle in the cavity.
* easy to test on the existing DESY cryostats

- * limitation of working cycles because of a peening.

o ()



Cs2Te film

Spring (Be bronze) \ GUN #5
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Inside plot

GUN #5

E-Field (peak)
scaledEfield
abs
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“COLD GUN’” team in DESY

Klaus Floéttmann, Siegfried Schreiber, Dirk Lipka, Xenia Singer

and Sven Lederer

22
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Conclusion

Heating and thermal expansion in the normal conductivity RF-photo electron
gun are the main limitations to achieve high accelerating gradient and
consequently a low emittance beam. Some pure materials show a significant
increase in thermal conductivity with a small coefficient of temperature
expansion at temperatures around 20 degrees Kelvin. Possible materials are
Molybdenum, Iridium or Tungsten. However, machining of these materials is
very difficult. Therefore we propose a simplified shape for RF gun. We expect
to achieve a significant increase in gradient for similar RF powers as used in
the present DESY RF-gun. On the other hand, it would also be possible to
increase the duty cycle keeping a moderate gradient and to decrease heat
losses, frequency shift and dark current.

Thank you for attention!
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F =5.25GHz

ON POSSIBILITY OF DEVELOPMENT OF HIGH-PERFORMANCE HIGH-FREQUENCY
CRYOGENIC RESONANCE SYSTEM FROM YTTRIUM DOPED COPPER
V.A. Kutovoy, A.l. Komir, ISSN 1562-6016. BAHT. 2012. Ne4(80)

HayuoHanbHbIlU Hay4HbIU yeHmp «XapbKoecKull hu3uKO-mexXHUYEeCKUll uHCmumymny,
Xapbkos, Ykpauna E-mail: kutovoy@kipt.kharkov.ua
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T=300 K K | T30K 10k Sf‘zgf_"’g 5.25GHz ?230/(?;(’;
13GHz | 1.3GHz élH‘; 11.4 GHz ' cu+0.02Y |
_ ] 4.4 6.1(exp) | ~6.2
* 3 * 3
_ Cu 27 2.4*10 16 | 0s10° | 5 (estim)
Mo 47 2.3*10° -6
0 o T.K
0 20 40 60 80 100 1.,

Puc.9. Omnocumenvbroe uzymenenue nogepxHOCmHo20
conpomuenenus meou mapoxk MOo6, MOOB,
MOGB+0,02Y 6 3asucumocmi om memnepamypoi
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Liquid Hydrogen Liquid Neon

T boiling = 20.3 K T boiling =27 K

Cp = 8000 + 12000 J/kg*K Cp = 1880 J/kg*K

© evaporation ~ 454 kJ/kg © evaporation ~ 84-89 kJ/kg

£ =71 kg/m3 L= 1207 kg/m3

H,: For 1 kW Ne: For 1 kW

evaporative cooling: evaporative cooling:
8 kg/hour 42 kg/hour

liquid cooling (AT = 2 K): liquid cooling (AT = 2 K)

180 kg/hour (2.5 m3/hour) 862 kg/hour (0.7 m3/hour)
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Physica 104C (1981) 82-87
© North-Holland Publishing Company

POINT-TO-PLANE BREAKDOWN IN VACUUM AT
CRYOGENIC TEMPERATURES

R MAZUREK?*. 1.D. CROSS and K.D. SRIVASTAVA

BREAKDOWN VOLTAGE imp, U (kV)

10

GAP LENGTH, a (mm)

Fig. 4. Impulse breakdown voltage as a function of the gap
length. Parameters: temperature of the plane electrode and

polarity.

140

120

100

80

BREAKDOWN VOLTAGE ,DC, U (kV)

) 1 ! ! ] | 1
2 4 6 8 10 12 14

GAP LENGTH ,a (mm)

ig. 3. dc breakdown voltage as a function of the gap length.
‘arameters: temperature of the plane electrode and polarity.
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Breakdown for copper at 77 K and 293K
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Properties of cryogenic insulants
J. Gerhold
Technische Universitat Graz, Institut fur Electrische Maschinen und Antriebestechnik,

Kopernikusgasse 24, A-8010 Graz, Austria
160 1 L |

Breakdown voltage, V}, .ee [KV]

Spacing, d [mm]

Figure 3 Breakdown in a non-uniform field vacuum gap; a.c.
voltage with copper electrodes




Breakdown voltage for Aluminum Copper and Gold

J. Phys. D: Appl. Phys., Vol. 7, 1974, Printed in Great Britain. © 1974

Prebreakdown currents and breakdown voltages in
vacuum at cryogenic temperatures

RN Allan and AJ Salimf

Department of Electrical Engineering and Electronics, UMIST, Sackville Street,
Manchester, M60 1QD
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Figure 4. Logarithmic plots of breakdown voltage characteristics for gold, copper and

aluminium electrodes.



Surface temperature rise as a

function of the initial gun temperature.

1 ms RF pulse
Gradient 60 MV/m, A N
f=1.3 GHz, 10 20 30 40 50 60 70 80
material copper, RRR = 100. 0 1 ! ! ! 1
0 50 100 150 200 250 300
Temperature (K)
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