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Comparison PF & ERL
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E=5GeV, |I=100mA,
C:186.6 m, &= 36 nmrad vBe <1mm.mrad
E=2.5GeV,| =450 mA, Bunch length: 0.1~1 ps
t=~60 hrs Average brilliance ~ 10723

- Bunch length: Order of ~10ps ( >10¢ times larger than PF )
Peak brilliance ~10726 ( > 104 times)

- Normalized emittance:
(Unit : photons/mm?/mrad?2/0.1%/s)

vyBe ~ 180 mm.mrad




Compact ERL (test facility)

PF-AR south area
(DC gun test facility)
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Parameters of the Compact ERL

Beam energy 35 - 245 MeV
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Commissioning will be started at end of 2012 FY.




ond 500kV Gun
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Photocathode DC Gun Test Facllity at KEK
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DC-gun using GaAs photocathode




Low emittance beam generation from GaAs cathode
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Vacuum

Negative electron affinity surface is essential to generate ultra-low
emittance beam.




Cathode lifetime problem

QE decay of NEA GaAs photocathode in
ultra/extreme high vacuum (<10-°Pa) is
dominant by ion back bombardment. e
The only way to eliminate ion back bom- ‘ ’
bardment is improving base pressure.
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Charge density 1/e lifetime was estimated - T + T + .
2x105 Coulomb/cm? (~E-9 Pa) by JLAB group. gas DC ion

C.K.Sinclair et.al., Phys. Rev. ST Accel. Beams 10, 023501 (2007)
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Ultimate vacuum

Ultimate vacuum : ~1E-9 Pa

Charge density 1/e lifetime: [>

2x10° Coulomb/cm?
Laser diameter : 1mm

Charge lifetime:

If gun operate 100mA,

QE 1/e lifetime is calculated

1570 Coulomb

~ ~4.3 hours.
Need good vacuum as much as possible!

Q P: Ultimate pressure (Pa)
P= Q: Total outgassing (Pa.m3/s)
F F: total pumping speed (m3/s = 103 L/s)

/ Large pumping speed in XHV \

The ability of lon pump was strongly
decreased in XHV.
NEG may still keep of its pumping
speed in XHV. Is the limit of the

/I_ow outgassing surface

~

Outgassing rate < 1011 Pa.m/s

Material choice

pumping speed decided by its
\hydrogen equilibrium pressure?/

*Surface treatment

-
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Low outgassing material & treatment

» Air-baked stainless steel (SUS316L)
400 C air-bake in ~100 hours
150 C in situ baking
Outgassing rate ~ 2x1011 Pa* m/s (*~1.6mm thickness)
C.D. Park et. al., J.Vac.Sci.Technol. A26 1166-1171

_________________________________________________________

*» Pure titanium & titanium alloy ( KS100 )
CP treatment (San-titan)
Outgassing rate <1012 Pa* m/s (150C in situ baking)
H.Kurisu et. al., J.Vac.Sci.Technol. A21 L10-12

_________________________________________________________

» 0.2% BeCu
400 C vacuum fire in 3 days
Outgassing rate < 1012 Pa: m/s
F.Watanabe. J.Vac.Soc.Jpn Vol.49, No6 349-356




214 500kV gun development




Strategy to generate extreme high vacuum
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Cryopump (< 20 K operation) has large pumping speed

exceit for Hi and He.




2"d 500kV gun system design

@ Using titanium as a base material of the chamber and flanges

to decrease outgassing rate.
H. Kurisu et al.,“Titanium alloy material with very low outgassing”, J. Vac. Sci. Technol. A21 (2003)

L10

@ Using a specialized pumping system for
extreme high vacuum.
- Combination of NEG pumps and a bake-

able cryopump.
H. Yamakawa, “Development and performance of bakeable
cryopumps for extreme high vacuum”, Vacuum 44 (1993) 675.
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The 2"d 500kV Gun
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Outline of 2" 500kV Gun Operation

Stock chamber

Multiple activated 1019 Pa
photocathode preservation

Installation & exchange
damaged cathode puck
quickly.
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Loading Chamber
Multiple NEA-surfaces -

are formed simultaneously. Puck revolver

Multiple cathode cleaning




Fabrication of Titanium Gun Chamber

Material
Chamber body : JIS-2 pure Ti
Flanges : JIS-3 pure Ti (Hv>180 )
6Al4V-Ti alloy (Hv>330)
All base materials for flanges are forged.

The titanium chamber was made by
Komiyama Electron Inc.

Polishing & Cleaning process
1.Chemical polishing
2.\Water rinse
3.Nitric acid treatment
4.\Water rinse & wiping
5.Ultra pure water rinse (clean room)
6.Dry by N, blowing & package

(clean room)
The polishing and cleaning process was
done at Sanai plant industrial Inc.




Construction of the gun chamber




Vacuum Test of Titanium Gun Chamber
® ATG(Pa) | Temp.ave
+ NIG®Pa) |~ Temp. TMP
Gun [ ——_ ) s SR 11T
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ATG: Axial Transmission Gauge A
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Baking condition (3" baking) e E— 10 T
The chamber was purged by dry N, (>5N) Time [h]
after 2"9 baking and kept over 30 min before
restart evacuation.
baking temperature: 150 °C, period: 50 hrs




q [Pa.m/s]
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Vacuum Test of Titanium Gun Chamber
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Measurement of outgassing rate

Method: Accumulation method
AP/At=Q/V
Gauge: Axial transmission gauge

(yttrium oxide coated filament)

Duration of accumulation
- ~ 600 sec.

The measurements were done
10~20 °C step during cool down
process in the baking.

Outgassing rate @R.T.
5.3E-11 Pa.m/s




Vacuum Test of Titanium Gun Chamber
20107 L 210/9/17-2011/1/128%
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Outgassing from a large gate valve

Gun
Chamber

V:0.245 m3
S:2.39 m?

ICF253
gate valve

250 L/min
Dry pump
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Gun
Chamber

V:0.245 m3
S:2.39 m?

ICF253
gate valve

Leakage
area

250 L/min
Dry pump

Outgassing from a large gate valve
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Total outgassing rate @R.T. was
increased ~4E-10 Pa.m3/s




Segmented Ceramic Chamber

] v
(= =)
Base ceramic: TA010 (Kyocera) Resistance of ceramics for each
. . . 10
Metalize: Active-metal soldering segments. (x10™ Q)
Segmented metal: Kover Seg. No | No.1 (*1) | No.2 (*2)
Flange material: Titanium (JIS-3) 1 200 9.8
Ti sleeve Brazing 2 150 8.1
connection 3 250 8.1
Welding 4 100 6.0
Ceramic _ . connection 5 100 8.0
Kover Ti flange

Condition of humidity, *1:38%, *2:50%
Measured by K. Iwamoto (Kyocera Inc.)




Vacuum Test of Ceramic Chamber

= Temp.Ceramic
1) Ul T
T 200
] 150
_l
T :
©
B, o
® 3
-------- 1100
; :
@ ®
L=
3
* O
-{ S0
¥ Ceramic chamber E : :
(covered by baking jacket) = o’ — i
0 S0 100 150 200

Baking condition: 190 °C for 100 hours
Maximum temperature gradient: 7 °C/h




q [Pa.m/s]

Vacuum Test of Ceramic Chamber

10° | . . . .
o i ©  Ceramic#1-2nd Outgassing rate measurement
N E i O Ceramic#2-1st
107 o T ° Gun_camver3rd | - Method: accumulation method
';EIOF < Ceramic#2-2nd
- 513:}% Gauge: B-A gauge (yttrium oxide
10 . T Pop coated filament)
' ' * 8 o0 Duration: 30 ~ 300 sec.
M Oo 5
: ot : . .
10° “rpRo-ree Outgassing rate was improved about
| “*‘E’bf “a, two order of magnitude after 190 °C
ol i e i | ,100hrs baking.
o s I Outgassing rate @R.T.

22 24 2.|6 28 3 32 34 ~?2 5E-10 Pa.m/s
1/T[K] x 10°

(Included titanium flanges surface)



Estimation of total outgassing rate

outgassing rate | surfacearea | total outgassing
q[Pa- m/s] A [m?] Q[Pa- m¥/s]
Gun chamber body 5.0E-11 2.4 1.2E-10
Ceramic chamber 2.5E-10 1.6 4.0E-10
Guard ring electrode 5.0E-11 ~3 ~1.5E-10
Cathode electrode & 1.0E-10 15 ~15E-10
Support rod
Anode electrode 1.0E-10 ~0.3 ~3.0E-11
NEG cartriges support 5.0E-11 ~0.5 ~2.5E-11
Cryopump chamber 5.0E-11 ~0.5 ~2.5E-11
Gate valves &
-09 (? ~ - 2
View ports 1.0E-09 (?) 0.3 > 3.0E-10 (?)
Total Q of the Gun > 1.2E-09




Bakeable Cryopump System

TEST DOKE ; Cryopump
Vacuum separateion region chamber
EXTRACTOR . i
RGA
@ © o
YZama\ E
20K CRYGPANEL
THP 3002 /s

™ 50¢/s

100K CRYOPANEL \ (“"“‘@

Vacuum - ?ﬁl w | O

separateion = "
region t Refrigerator (el
T 3O | w S |
— gy — .
G-M REFRIGERATOR "\
COMPRESSOR

H. Yamakawa, Vacuum 44, p675 (1993)

*Cryo-panel is separated from refrigerator.
*Absorbent (Charcoal) is brazed on the base
panel to improve heat-resistant in baking.




Cryopump
Twin G-M  Chamber f':}52 |
refrigerator  yith pakeable ngle valve

cryo panel

TMP
Scroll
CCG chamber

Pump

300
L/s
TMP

Baking & operation condition

2. Cool down for two days.
3. Cryopump operation & closed valve

Pressure [Pa

Vacuum Test of bakeable Cryopump

Cryopump Baking & Operation

107 - 2010830917 57
L] . Temp.
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1.170°C baking for 140 hours w/o cryopump operation.

4. 80°C baking for 50 hours with cryopump operation.

Preliminary ultimate pressure

WV

2.2E-9 Pa




XHV gauge to measure vacuum of 10-1° Pa or less

Bent Belt Be_am (3B) Gauge
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0.2%BeCu Bent Belt-Beam

Prevent soft x-ray and ESD ions.
Ultra low outgassing.

Dr. F. Watanabe has developed new type vacuum gauge.(http://www.vaclab.co.jp)
It can use the same controller of extractor gage (IM540). (It is possible to measure
the range of E-12 Pa by using 1E-16A accuracy electro-meter.)

The detail report has been published in J. Vac. Sci. and Technol. A 28, (2010) 486



http://www.vaclab.co.jp/

Special RGA to evaluate vacuum better than 10-° Pa

Ultra Iow outgassmg RGA (WATMASS)

af g %1072 Standard RGA
Hz

P=1.3x10"7 Pa
5%3.6x1072 Ap,

Current(A)

http://www.vaclab.co.jp/product04.html
x10°9 BeCu flanged RGA

Dr. F. Watanabe has developed ultra low L
outgassing RGA based on BeCu technology. " :.;};iilﬁ-af/‘.,“

The RGA is reconstructed from a RGA made by W ; x10°!"
INFICON Inc. It can use the same controller of ':‘j ¢ ¢ Hz0 i
INFICON RGA. The detail report has been O___L“__J L

ublished in J. Vac. Sci. and Technol. A 13, (1995 0 (G 26 30 ro 50




Special RGA to evaluate vacuum better than 10-° Pa

B cormmic tuh 3.8E-11 -
B RGA body (1L6%)3 RGA body
i RGA filament 3 8E il i M RGA filament
2010/Nov/29 S 2010/Dee/27
(11.6%)
RGA: INFICON RGA: WATTMASS
H100M Closed-type
HIERE =R HNEFRZE
5.4E-8 Pa (NIG) 2.6E-8 Pa (NIG)
(RGA filament ON, (RGA filament ON,
(41.5‘%)) RGA valve OPEN) RGA valve OPEN)

RGA, £S5 v o & RGA, £3 = v 4 & (248 8)
2007, 100BER bakingifrds 200°C, 100BEERS bakingifd:
S HAMHERE : 9.25E-10 [Pa.m’/s] SHRAMHEE © 3.26E-10 [Pa.m’/s]

1e-103

Total outgassing rate from

RGA was improved about B3

one order of magnitude by i;;i

using WATMASS. -

These results include out- &

gassing fromaICF70 angle  ° "} }{H L noiselevel
valve (bellows side). I “Hu} TN P IR T FE T T

LA N I O L I O B L UL
B i L i 90.0 L




Summary

» Commissioning of cERL will be started at the end of
2012 FY.

» DC gun test facility has been constructed at PF-AR
south area in KEK.

» Development of the 500 kV 2" DC gun has been started
at KEK since 20009.
- Vacuum test of the components are progressed.
- Outgassing rate of Titanium and ceramic chambers were
measured 1.9E-11 Pa.m/s, 2.5E-10 Pa.m/s respectively.
- Total outgassing rate Is estimated >1.2E-10 Pa.m3/s.

» Special gauges were employed to accurate measurement.
- Belt Bent Beam gauge
- Ultra low outgassing RGA (WATMASYS)
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Hydrogen
Equilibrium

Hydrogen equilibrium pressure
pressure [Pa]

T~400°C

log P = A—E+2Iog q
10 N T

Sievelts’ low indicate very low
equilibrium pressure in low
temperature even the getter
hydrogen concentration is high.

105 B

<— Usual activation

Recommended activation procedure
~450 C, 1 hour for St707.

Vacuum was reduced little or nothing
during activation.

10-14(?)

1016 (?)

<«— Sufficient activation

| | | Evacuating with a large pumping
| | | | speed TMP for several hours can

102 0.1 1 10 decrease hydrogen concentration.
Hydrogen Concentration [Torr- L/g]
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P.Manini (SAES getters),PESP2008@JLAB

2. Limiting mechanisms for a NEG

(] Sievert’'s law may limit ultimate achievable pressure
(St 707, PH, ~ 2x10-"® Torr @ 25° C and 1 Torr/g H,).

— o o o o o e e e S EE B e e M EEn S EEm e S e SEe Smn SEe Emm S G e B e Mme Sme Smm B Emm e S e

O No H, equilibrium data available <10-1° Torr to provide
Insight on the actual H, sorption mechanisms at XHV :

[J Various getter alloys with lower equilibrium pressure than
St 707 are being considered by SAES for NEG pumps in
XHV

45 we support your innovation




NEG pumping speed measurement in UHV (JLAB)

)

— 1

5.0E-11 1.0E-10 1.5E-10 2.0E-10
Pressure (Torr)

M.L.Stutzman et al., NIM-A (2007)

*Throughput method

*Passive activation (280C, 30 hours) and additional full activation
(400C, 1hour).

Pumping speeds are difference but ultimate vacuum are the same ?




Cathode Preparation System




