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@ Performance of Prototype SRF gun (cavity #1)
® Progress of SRF gun cavity #2

@ Preparation for Horizontal test

¢ Summary

September 18th 2019 KEK SRF GUN (TARO KONOMI)



Concept of KEK SRF gun

« We are developing the SRF gun for KEK ERL project.

« The feature is transparent photocathode for simple transport line and easy laser spot control.

« Cathode rod should be kept around 2K because transit temperature of the transparent
superconductor is 13 K.

SRF gun cavity Photocathode Electron -
Beam
Photocathode surface: I
| I K,CsSb
Transparent superconductor: TC— 1 3 K
laser e- beam Transparent Substrate:
L ‘ MgAl,0, 0.5mm
RF AR coating:
MgF, or TaOs/SiO,/Ta0,
SRF cavity L B
R |2(hw —Ey + ¢se) 2kgT  Excitation
Thermal emittance: &, = E 3mc2 > Laser
mc mc
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Gun cavity design

The KEK gun cavity was designed for KEK ERL.
Cell number is 1.5 cell because input power is 2 MeV x 100mA =200kW by using two input couplers.
Surface peak electric and magnetic field are about half of ILC target.
The cavity shape was designed with only gun cavity without booster cavities etc.
« lItis necessary to compensate emittance and energy spread at same time.
« It will achieve better value with adding boosters and bunchers.

Designed by MHI

— RF frequency 1.3 GHz
e Beam energy 2 MeV
— Projected emittance 0.6 mm.mrad
2 Projected energy spread 0.09%(1.84 keV)
—o Peak electric field 41.9 MV/m
o~ Emittance compensation 250000 Peak magnetic field 95.2 mT
RN ~ T rephase
m \ / e M Geometrical Factor 135.6 Q (TESLA 270 Q)
tenl S~ ANY . '\M/ e Target surface resistance 30 nQ (ILC target)
R W T 0 Target Q value 4.5%109
Target cavity loss 8 W
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|H| (norm.)

|E| (norm.)

R (mm)

« Choke cell is the ¥4 wave structure to reflect the RF leakage from the cathode rod.

RF design

* RF loss at cathode rod is 1x107.
« The requirement of the attenuation is more than 1x103.
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Beam energy
Beam current
Bunch charge

Laser length
(uniform)

Projected emittance

Projected energy
spread

Peak electric field
Peak magnetic field
RF phase
Geometrical Factor

Target surface
resistance

Target Q value
Target cavity loss

Parameter Value

2 MeV
100mA
80 pC
10ps

0.6 mm.mrad

0.09%
(1.84 keV)

41.9 MV/m
95.2 mT
55°

135.6 Q
(TESLA 270 Q)

30 nQ
(ILC target)

4.5x10°
8 W




Choke design

« The choke is a simple parallel shape. The parallel two face has slight taper for cleaning easily.
« Choke was machined from large grain ingot Nb, and has high stiffness.
« The tuning range is wide enough to accept the target attenuation (-30dB)

> 1(-L2=1D
L1=11
Port2 2
c
- 1
» -
7))
A
4| | R3=92.17
1§ ‘ — Before Tuning ||
v _70"—Aftertumng
(Unit:mm) 1280 1290 1300 1310 1320
Frequency(MHz)
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Prototype qun cavity #1

« We established the cavity treatment procedure by using cavity #1.
Choke cell Acc. cell « Choke cell is parallel shape to make HPR easily.
\ r A ]  EP rod and HPR nozzles were modified for KEK SRF gun cavity.
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HPR nozzle for choke cell
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Performance of prototype #1 cavity

* Itis important to apply HPR to the cathode rod.

10" —y 10°
B @ 1 Peak magnetic field (Hsp)
g :
; DD Quenchéd
2 at 1st cell equator
10" B | l{ 10*
I I
: : —
| | &
9 ! : ! ! \1 1 <
107 FNoXerayinwirod HPR 0 I 10 =
- (lower than 0.1 pSv/h) §DD %
ST e B
.| * w/orod HPR|]
10| e wredHPR | 10’
o Xeray
| © w/orod HPR |
| ® w/rod HPR |
) (1 A N = e e s sl B 1|
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Esp [MV/m]
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Fabrication of Gun cavity #2

« #2 cavity is modified from #1 to add the helium jacket for beam test.
* The cathode rod is mounted on the cathode holder to remove from the cavity.

Cathode rod Cathode holder

1.5 cell cavity

Cathode holder

| Helium jacket

Helium jacket

Cathode rod
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RF design of Gun cavity #2

150 —

* RF design of Gun cavity #2 is same as cavity #1 except choke area.
* The cathode rod was designed as possible as short for the heat path
shorter. 50 |

* RF heat load on the cathode rod is ideally 240 mW at 2K -
s e e B T :
0.7 ‘ —Fz /\\ 1 — |Esurf]
T 3.25 \\ /\ E 0-85
= odf N\ S o A
: \ /N .. AN
= 02f \/ \ é I \ / \
0.1f \/ \ ] 021 i J
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Preparation for vertical test

+ The surface treatment was followed with the experience of the
gun cavity # 1. * Loss Q at cathode rod and holder is 5x107 if there is no choke filter.

 EBWin KEK * Target attenuation of choke filter is 30dB for 1% loss.
« EP 100 um * The choke attenuation was adjusted to be minimum.
* Anneal 800Cx3h
* Field tuning Stainless steel
. 40 — 200 — *—*\\ L
« Final EP 20um ; Q. =5x10° ) I
loss=2X10
° USR, HPR . copper o0ss \\
* Assembly = < - i
0 4
o ] e T —
) Dummy rod for pick up
position_meas. (a.u.) ChOke Ce“ tun|ng / ) )
3200 4000 4800 5600 6400 7200 8000 x i l Adjust this length
Ll A N A AR AR AR NN PRGN, ¢ i e —— Choke tuning
- —Target Pt sannnannn il e -30_. e ——
~ 1 I r\ T fetore WM WW : —be;fore chol;e tunin | Acc. Cell freq
—;‘: I I / \ T After -40 — -— after choke tuinig ELA
2 087 | [T : /\
Z i Wl MLMW 50 |
'q:, 0.6 it ™ 2 / \
.Té ? -60 | / \\
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Rs (Ohm)

Vertical test of the 1.5 cell type SRF gun

« The maximum gradient without cathode rod reached to target value.

10°

I Measﬁured@iEsp=10MV/m
" Rres= 8.8+/-0.1 nOhm |

0.2

03 04 05 06 07 08 0 1020 30 40 50
1T (1/K>
We can shift the main target to cathode rod and holder development
- Effective cooling structure to keep the cathode rod around 2K.
- Particle free cathode transport method.

Esp [MV/m]
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Vertical test with cathode rod (4t VT)

* The maximum gradient without cathode rod reached to target value.
* However the Q value is dropped at 15 MV/m with cathode rod.
« We suspect it is because the thermal contact resistance between cathode rod and holder is higher than expected.

10-6:“";‘“‘;““;““;““;““; " ——— e 10 Vacuum
: : : : : . | ® Qo_w/rod ]
| | M Qo_w/orod| |
—e—w/orod| | 1 e xra | |
; ] y_w/o rod (No Xray) | : |
| | = wired | | W Xray w/rod
07 N P N S S P
- i | m Rresincreased due tothe R =
g error of the choke tuning. 2
- ——— ] o =
=2 | | | | | § @»
W N~ , o 5
- — 10 o’ 110
- Measured @ Esp=10MV/m '.
- w/rod: 21.4 /- 1.6 nOhm u
- w/o rod: 8.8+/-0.1 nOhm ®
) | | | | : : AN 1 1 1 1 Pickup
107 | o | | | | , antenna
02 03 04 05 06 07 08 107 o g 0
0 10 20 30 40 50 60 70 80 ‘
1/T (1/K) Esp [MV/m]| Input antenna
sp m
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Thermal contact resistance measurement

* We carried out heating test with cathode rod and holder

to measure the thermal contact resistance. Simulation: dependence of thermal contact resistance

Delta temperature S0 ——— IR IR
Heater on the [ 240mW power loss is: estlmated ]
cathode rod head Constant temp. " from simulation at 2K. 1
(LN2, RT) g 40 _Q ................... -
o -| @ heater power=1 W ; 1
= | W heater power—240mW ]
G | | J S S SO .
= " holder temperature = ZK ]
& I , ]
q.a i ; ]
B J | e -
U et :
) R i | : .
Y S S b B
LI

Spring constant:71N/mm 0 —— """i_4 i ""i_z ' e
Press Force pressure: 42 N 10 10 10 10 10

Thermal contact resistance (Km2/W)
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Thermal contact resistance measurement

« The thermal contact resistance is 21.7E-4 [m?K/W] and 63.2E-4[m2K/W] at RT and LN2 respectively .
« The target resistance is 1E-4 [m2L/W]. It is 10~100 times higher than the target.
«  We will apply mirror polish (target Ra ~1nm) to contact surface.

thermal contact resistance test N
50 | L —— T T T L L I B 2,5 60 : I ! ! I.'_:
— rod [ | —®—@RT: 7.857°C/W R
holder_1 50 —| @ @LN2: 22.872°C/W 7
0 holder 2 2 i @ y ’
: holder_outside ) i ,
< 4
o : ] = z 1 ,
S 50 Heater|....] 15 & & Y
g 178 % ’
2 -~ o 30 v
« ( =) =% , 4
5 ] z E I e ]
g -100 1 é = a0l v ]
) 1 ] 5 7
[ ~ D : 4 /
C t tt I d i 2 - ‘/ / i
. L
Machining with onstant temp. -150 1 105 10 g ——
diamond bit (LN2, RT) F //./
_200 -l I — l| R ) N . | ) B R | R R B S N W TR |- 0 00 — IOSI — l1l — Ilsl — Izl — I25
200 250 300 350 400 450 500 : ‘ )
elapsed time (minutes) Heater power (W)

Spring constant:71N/mm
Press Force pressure: 42 N
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Thermal contact resistance measurement

We applied mirror polish to the contact surface.
Before mirror polishing After mirror polishing

Ra~0.45nm J
Rz~3nm :

20190902 furnace log
) e | e e |
. i 3
" I ]
BT
. I N_ |
£ I /l .
® 600 i ‘\ —— CH4 (left_center) |3 10 2
E | ] H H H E E
g L \ Pressure (Pa) °
900°Cx3h Anneal £ 400 ¢ 1 105 3
(w/ 9cell cavity) = : I \S
) _ 200 AN 10°°
The turning track remained on i
the contact surface. S R P PO D s BTV

190 200 210 220 230

Time(hour)

240 250

After Mirror polishing

September 18th 2019 KEK SRF GUN (TARO KONOMI)



Thermal contact resistance measurement

* Thermal contact resistance become about half by mirror polishing.
* However, This is still insufficient, we plan to increase the pressing force by changing the spring in the cathode.

Before mirror polishing Spring to generate pressing force

After mirror polishing

60 ——— T T T e 30
[ e

50 | / : 25 | )L
_ [ ]9 KIW @RI ° ; © 5.2 K/W @RT e
L wl 22.9 K/'W @LN2 4 < [ 1L1K/W @LN2 P ]
£ : 7 I /-/'
§ 30 ' é 15 - '/1 1
= B 7 . T i g ]
8 i 4 / o) L ‘)‘ /:

10 | d // : s[ul )/‘/
oY /.// —&—RT | 7 _'/o’( —e—RT |
K o LN2|] L./'./ W LN2 |

0 m../ [ N B | T T T | 11 i 0 1 1 I I I I I 1 1 1 1 | 1 1 1 1

0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2
Power (W)

Heater power (W)
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Plan for horizontal test

« We are planning beam test with small current in the horizontal test cryostat.
» Support Jigs to install cavity are under fabrication.
» Short diagnostic (beam energy and emittance) line will be designed.

Cooling test

» Heat loss of cathode rod adjuster.

High voltage test

» Particle free cathode rod transportation.

* Q-E curve with cathode rod.

Small current beam test

« Dark (and beam) lifetime of the photocathode.
* Measure the RF field distribution error.

Cathode rod adjuster
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Assembly test

* We checked the fitting of gun assembly.
* Almost all the parts for the cooling test are prepared, except for Helium 2 phase line and magnetic shield.

‘ “.«" '-‘
r_______y'
/ ‘ = -. ‘
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Mechanical tuner test

* Tuner type is toggle mechanism (Blade type tuner?).
* All arm length is fixed. C and D can be move parallel to horizontal.

Design value Dx

a 60 Fo D
b 60
d 155

h 155

G
sin a, = d sina¢—h
. —asi —d sin p+h
F ,/I O F sina, = as;na1= 51Z¢>+
2 o -\'TF D, =acosa; —dcos¢p =,/a? — (dsing — h)2 — dcos¢
2 q) , 1 Cx = acosa, + bcosa, =+/a? — (dsing —h)2 + /b2 — (—d sin¢ + h)% — dcos¢
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Mechanical tuner test

* Stroke of the tuner is about half of the design.
* We suspect the holder post move to unexpected direction.
*  We will make more tuning to the tuner.

1000 LI ' LI | T T | LI T 1T | LI L ' LI LI 1298 Tuning teSt
- * : _ 1.2 LI T T T T LI T
|| —®—upper —o—Freq. I
| | —@—lower i i 1
800 - Design position 1298 1f  Max length |
- . —Min length
— .H ~ I
= /W— ] e T 08
= o N L
= 600 1298 < = i
5 > @ g 0.6
= 1 5] s i
o =N, A
£ 400 1297 = g 0.4
% I ] E : : \ / \
D
A ‘ T E 0a2f
200 1297 i : } \/ \
</ : 0F T
' i _I 11 | | | 111 | T | | I | | I T | | |
0 _.44 [ [ 111 [ 111 T | 1297 -0.2 3 3 3 3 3 3 3 4
0 5 10 15 20 25 30 35 40 3100 410" 510° 610° 710" 810° 910" 110

Position (a.u.)
Handle position (mm)
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Summary

 KEK SRF Gun cavity #1 reached to Esp=75 MV/m with cathode rod.
« KEK SRF Gun cavity #2 itself reached to Esp=75 MV/m with FE.

* Gun cavity #1 and #2 are same RF design.

* Gun cavity #2 can be connect to helium jacket.

* We are preparing for horizontal test.
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