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Introduction



Compact ERL (cERL) in KEK

RF frequency= 1.3 GHz
Energy recovery done in main linac

il

il
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.1; 0 L, Beam Dump

Main LINAC

~ Injector LINAC

2-cell SC cavity 9-cell SC cavity

Injector linac cryomodule
2-cell cavity x 3
Double input coupler

©Rey.Hori/KEK

Injector & Main linac
made by MHI.

Main linac cryomodule
9-cell cavity (named as ERL-
model2)x 2

HOM damped (for 100mA
BBU suppression)

(main linac design)

Input power : 20kW CW
E,.: 15 MV/m
Unloaded-Q: Q, > 1x10"°

H. Sakai, E. Cenni, K. Enami, T. Furuya, M. Sawamura, K.
Shinoe and K. Umemori, Phys. Rev. Accel. and Beams 22
022002-1 — 022002-22 (2019)

Pink is present operation value
Design parameters of the cERL T

Photocathode DC gun (Injector design)

Nominal beam energy

35MeV > 17.5-19.5 MeV

(Not SRF gun) Input power :

Nominal Injector energy

5MeV —22.9-5MeV

180kW/coupler (10mA, max 10MeV)
- now 10kW/coupler

Buncher

Beam current

10 mA (initial goal)
100mA (final)

E,..: 15 MV/m (max 10MeV)

Normalized emittance

0.1 — 1 mm-mrad

Unloaded-Q: Q> 1x101"°

K. Watanabe, S. Noguchi, E. Kako, K. Umemori, and T. Shishido,
Nucl. Instrum. Methods Phys. Res. A 714, 67 (2013)

Bunch length
(bunch compressed)

1-3ps (usual)
100fs (short bunch) 3




(E) Current status of high power RF sources

<Design>
100mA beam &
Vc=2MV at Inj.Cav

e

200kW RF power is

necessary for each inj.

cavity.

LLRF'15, Shanghai, Nov 3-6, 2015 (T. Miura)

WA
Vector-sum

Buncher Inj-1 Inj-2 Inj-3 ML-1 ML-2
Cavity NC 2cell-SC 2cell-SC 2cell-SC 9cell-SC 9cell-SC
Cavity Voltage 114 kV 0.7 MV 0.7 MV 0.7 MV 8.6 MV 8.6 MV

, _ 3 MV/m 3MV/m 3MV/m 8.6 MV/m
Field Gradient 7.5MV/m) (7.5MV/m 7.5 MV/m) (15MV/m) 8.6 MV/m
(Desgin) IMV/m (5M | 7MV/m (5 MV/m (5M (> 6MV/m (15MV/m)
Voperation) Voperation) Voperation) from 2017)
QL 1.1x 10° 1.2 x 106 5.8 x 10° 4.8 x 10° 1.3 x 107 1.0 x 107
Cavity Length 0.068 m 0.23m 0.23 m 0.23m 1.036 m 1.036 m
RE Power 3 kW 0.53 kW 2.6 kW 1.6 kW 2 kW
@Low beam current
| |
Inj2 Inj3 H— { mL1 ML2|>

~

16 kW SSA 8 kW SSA

Total energy

Injector 3MeV
Total : 20MeV
(from 2017
17.5 MeV)



cERL Cryogenic
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* Injector and main linac cooled by one cryogenic system
« 3000l Liquid He storage

« 500W He refrigerator @ 4.4K

* Pumping at warm (2K) 80 W (3kPa) (80 m”3/h)
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Performance of Injector cryomodule (2013.Apr.-June)

5.5MeV beam was accelerate by Injector cryomodule By E. Kako et al.

Eacc HOM coupler heating was unexpected more than 2MV/m

B field in cryomodule operation. (It was not shown in V.T)
147 _ . But 5.5 MeV injector operation was achieved within our
134 Vc = 5 MeV OPef‘GTlON cryogenic capacity. Input coupler was tested up to CW
12 (3 cavi‘l'ies) 30kW in test bench and operated within 10kW at present.
1 | no trip. during Apr — Jun In 2013 o !
3 . Po ® Cavity -1 ~
=] 1 on , Cav1: 7.11MV/m m ciy-2|  Cryomodule test
- _ J A Cav2 : 7.25MV/m 15 - & cavity-3 *
Ej - lw o~ == { ] Cav3:6.82MV/m [w] -
R d 10
i © 3 Total 5MV v®
i : acceleration 5 me
- . No coupler kick 4
- WRERIL was observed. e : 4 : : =
3 | Eacc [MV/m]
L] |
- wr -
5

2013-04-26 15:00 16:40 18:20  20:00 2013-04-26 * Tcavity3 (cW operaton)

MS7 MS6 MS5 MS4 MS3 MS2 MS1 10
HLJFER]  B-magDET FCTRRAE BHHAD  mEiE EREA BB

3 MVIm), f-_ﬁ =) =
d/Rr feedthrough
~i]

HOM.5, (
{ l, .
HOM-1, (1.7 MVIm) _%/
|

8

OM-3, (1.7 MVim)

: l
—
w
Eacc [MV/m]

THOMJ (5 MVim)
HOM-2, (2 MVIm)————— E
——— = =

HOM-top

IS

~

g K2

\

Temperature [K]

°
)

20:09

| HOM heating HOM feedthrough
For high field of more than CW 5 MV/m, HOM heating is issue.

F gt



Performance of main linac cryomodule before beam operation (2012.Dec)

Summary of performance of cryomodule test in 2012 Deside 2>
Vc=16 MV was achieved. Vc=13.5-14 MV could be kept for more than 1 hour. 8.5MV/cav in operation
Onset of radiation due to field emission: 8-10 MV/cavity not to get field emission

o —— ey w‘—
String assembly (class 10)

= Main linac cryomodule set in cERL

_I_’

Some dusts would be contaminated during string assembly = problem

e Ve vs Qo (Final) 1 e R
® Qo (3rd cav_xty) § IR:d::t:gggboar‘cﬂkﬁaM)?No,csa::\!;\)t;nmsv?'h)
A Qo (4thcavity) [ ] + ERL target ‘g 100 eoe
‘ = 10" =
ak tf200g,, _ odule test 2 Adiati
g 10" | [ 3 -‘og.‘mf LN e - rcadla’flc?n'
. . - i : Degradation 2 i I {
Vertical test — ERL target [ X = 40 | ;
| 1 [ @ ooz cavity) 2 ! |
" — W QO (No4 cavity) E o ;
1 - - r
o 12011.Nov ! . - 2012.Dec | = //‘ [‘l
! o | SN . SYVINIVE  SPIUNIVE DA -,
0 5 10 15 20 25 E 0 5 10 15 20 0 2 4 6 B A0 12 14 16
Eacc[MV/m] ! Accelerating Voltage (Vc) [MV] Ve(MV)
i : ~Eacc [MV/m])
Results of VT of two ERL 9cell cavities. ( ioti i
(No radiation below 14MV/m) Degradation was observed in cryomodule radiation monitors were set on
high powe test (V, = 1.038xE,,) both sides

For high field of more than 10MV, field emission is issue for main linac.



Operational issue and recovery of SRF



Injector FE recovery from unexpected events

Solenoid 1

J

Solenoid 2

J

- |
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Screen monitor in front of Gun

ceramic

sCreen

F.E. electrons

NS AT AN

cavity

Add S5
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|
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X-ray (center)
(2015, June 16)
Many bursts of vacuum pressure

Buncher Stius

PRI /0 6 27000 CAE

Make shield not to hit FE to faraday cup & ceramic

Vacuum discharge caused by charging-up of Faraday-cup
due to field emitted electrons come from injector cavities.

Merger

ERL2019 E. Kako et al

Recirculated beam

Gradual increase of
X-ray radlatlon level

> 100 m5w/h
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(2015, June 16)



See detail on IPAC16 WEPMBO013

Recovery by Pulse processing at injector cryomodule & TTC mesting WG1 presented by E.Kako.

We carefully carried out the pulse processing by changing the pulse length from 0.5ms to 5ms
and finally CW not to make the fatal damage to the cavity

RF conditions of pulse processing 500usx5Hz 5msx5Hz
|| NoaCaity | No2Cavity | No.3cCavity |NNISEEEEEES ‘ e Pulse
Q 1.2 x 106 5.3 x 10° 5.4 x 105 ; : SNhage (ex
’ 0.
fi“ingr time 0.15 msec 0.07 msec 0.07 msec Cavity)
Required RF power 12 kW 27 kw 27 kW
at 15 MVIm Soomv v @ 500 T Zoomy. l C[10ous
Required RF o 21 kw 47 kW 47 kW E e =] |
at 20 MV/m
iAfter pulse
. . - . Before pulse processing |
History of pulse processing of No.3 injector Cavity(11 hours) P P 9 iprocessing
somoun - e Measured radiation &4 i=
X- 10 mSv/h I I T T T | E
== 1# P | e CavitvalUpper) i ]
( 100 k-] —o—c::;:;#sgL g&ii)) / : 3 QuenCh
£ . N
z‘“ = ., L/MV/m field ’// \ \.] protected by
fo <™ 500 psecx 5 Hz _Smsecx5Hz CW g / \ QL decay
< — e g / ) i
B QL _12mMv/m czu/tm'” O 2 °L¢"’L Q“” Q“/L >'< : / ! curve by
e = /” -/ i LLRF
/W (. f L iz
‘/ L - — E :
Bl 7 i 0.01 & & T
2013 ;1014'19 2015 June 12 2016' |e L
D ate Feb. o June11l June26 Eeb.B  Mar. 31

No field emission
By appropriate pulse processing, we drastically recover the cavity performance and do the 5MV operation in 2016.

Even though sudden FE increased, high peak pulse processing worked well for injector cryomodule. > keep stable operation



Example of pulse processing for Main linac (ML2)
ML2 Pulse Aging (10Hz)

Vc=8.57TMV(CW)+2.3MV(10Hz x 4ms)=10.9 MV

:40min pulse aging was done.

0)
%

:36:14

w

172.28.65.220 OiGEEROTVET ..

History of pulse processing: In ML, we were
processing by monitoring side 32 PIN diodes
k|| b 4| st @ | 5[4

=l Arc sensor

""1SBP side __[resomaoss 1610

2015/5/25 Before pulse processing
After pulse aging
Pulse Aging Result
0
i 20150525 UP AR
1000 - 20150525 DOWN [t g
: 20160210vp | =
100 = 20160210 DOWN | ... ¥ |
‘[Y® 20160212 UP "= g
g i :20160:212 DQWN i |.1... 7777777777 ]
) g By
E | Resultsof "% ]
3 - pulse Be oo
» 0.1 processing - ..3' rrrrrrrrrr .
- (ML2) $¢
0.01 - e R S e -
X B —— R A, SN TS — E
2 gane
0,000 e

iz Under pulse processing ] MLz caviy (lowe
S ued < >
ENTE

z
8024

w4

==

0 3

P I ——— L (Cav2)

2016-02-12 21:20 2130 2140 2150 2200 2210 2016- 024 =

21:00:00 22:30:00 - =
Time

—17 =18 =15 =——20 =21 - ‘

27 =28 =20 =—3f) =——3] =——32

—>Pulse processing works well.

0 2 4

6 8 10

Ve (Pt) [MV]
ML2 Vc vs ALOKA monitor

Onset moved up 0.5 MV.

Radiation reduced half on

same acc. field.



Main linac Q-value history (2012.Dec. ~ 2022.Mar.)
No.1 cavity No.2 cavity

QE_6_8.57_10MV_ML1_2012Dec_2022Feb QE_6_8.57_10MV_ML2_2012Dec_2022Feb
1.4 10" = ‘ ‘ 210" ‘ ‘ ‘
Cavity kept |2 10° e qoanr veaw | | [Tamewom || [cavity kept
9 -+ — Q0 (ML1 Vc=6MV) - N2 W 9
Q0 ~2x10 " , 1510 1 /QO~6x1O
on ML1 after 9 : BUrSt event L;‘ » |on ML2 at 8.6
urst ev I 1
unknown o281 i‘, (2015’7) S 110° } R I _ w ,,’ MV from 2015
o ~ o
burst event ~| &10% - \] H[{/i - i/ g “;%ﬂ to 2022
I . .
410° \:\ 510° \iz e 1
2 10° - LR i ng\g
0 . 2
= = = = = ~ § o s B8 &
N i © % N S S 35 5 8 8
N ™ N ™ ™ Date [Y/m/d]

Date [Y/m/d]

This Q-value is not determined by Rg.g but by R, ..
Due to the low Q-value of ML1, first we need to reduce the field down to 17.5 MeV in 2018.



ML1 under cavity processing on March 2017

.- CW processing Event (1) Itis difficult to increase more than 1 MV.
1.1:1 Upto5MV Cavity condition was changed.
e , ‘ \ Event (2) (Multipacting ??) - finally processed but quenched
K 6.9 MV (before quench limit is not problem)
4 i
T 5 I \
: 10 ' StartML1 cavity
e processing :
<70 in20]7 - Vacuum increase on Event (1) and (2)
g | Tk
Eal e - : TV W S A it T S—
& R _118007000 182‘000 IS!IDUD 12:00:00 192‘000 194‘000 200b00 . 202‘000 2U4IUUNI’£;IL‘U§DI 212‘000 214‘000 220‘000 222b00 224‘000 230‘000 232‘000 23-1‘000 DDUbUU
|—CA‘J1:‘JC ——CANV2:VC “—li 1:CCG ——CAVZ L}ﬂTCPLl:CCG—:T_Z CCG
Event (1) BRE 5 Event (2)
(2min.) - [ 3x10°Pa = ( 2min.)
gl “{ e sec.
L 52MV (ML1) i \
P sec. by o }
LLH& & e ———eeeeeeeee -
- S

Some explosion occurred ??

It is difficult to overcome the quench field



Warm window

ITL lists and what happen during arc events in main linac

ITL lists
_ ITL level ITL response ITL use
RF input(Pin)/refrection(Pref) 5 kW - RF OFF ITL
IR (P 9.2 MV(8.6 MViEEL) RF OFF ITL
ARCsensor Sensitive RF OFF ITL
Vi .0E- i 100 -500 RF OFF ITL/GV CLOSE .
acuum 1.0E-5Pa(Cavity & Coupler) ms / Cold window
He 3.05 kPa 100 -500 ms RF OFF ITL ‘ b
Potentio meter - Only for measuring cavityl vac2 il
Load cell - Only for measuring (cce) warm coupler A H warm coupler cavityfvact
, vacl (CCG) vac2 (CCG) (CC6)
Temperature - Only for measuring | T
. > YO LY Y YY) ,
Quench is protected Pt decay T U000
beam | : ¥

Warm window 2 arc events:

Discharge 9us keep - RF off ITL
On the other hand vacuum of warm window e
became worse after 100ms. = vacuum event

is very slow.

Arc sensor is very important to quickly prevent the
break of ceramic window from the discharge event.

W

25 us/div

—y

For CW operation like ERL, it is important to make fast ITL. 2015.Jun.18 19:00 event of arc6 and vac warm W‘”ﬂOW-



Trip statics of main linac (2014.May~2022.Mar.)

Mainly trips were occurred by mis operation and warm coupler window arc event.
This warm coupler arc event were occurred per month. - it is very important for arc sensor

cavity I earthquake ]
coupler2(warm) Cryogenic I
vacuum outside cavity other hardware N
LLRF I unknown 1

miss operation 1

Trip statics of cERL Main Linac Cavity

20 T T T T T T T T T T T T T T T T T T T T T T 1
= N NN NN T A O G N DA DN DN N RN DN A O DA AN A B
E L £ 1 A N S S A N R A M S A B
h - % £ : & ¥ 4 E & ¥ E & ¥ 3 I p: I I G
-] " - ] !
=" ] ] !
=) : : i f
k= ; ; ; :
] : : : ‘
- : } i |
= | i i
= ; : ;
= ‘ g :
|l = : ,
NN NN NENNNNNDNDNNNLN )
222 RN R EEEE
T TR RN R R R R R E -
5 S GASS3EESRI3TESNGENG
Date (Year/month)

There were a few trip per month concerning about cavity due to optimum operating field and processing.



@ Phase noise jitter measurement

using Signal Source Analyzer (Microphonics)

M.Egi, PASJ2016 (MOP025)

T. Miura, IPAC2014 @Dresden Agilent E5052B
0 I Vibrational state of "floor" around Main Linac
50HZ Pf: w/o FB
4OR\ pow/or8 I co RP: Rotally pump
7 g MO v
o \ T 65 v '\ —RP/OFF
\‘ = 70 ﬂ —RP/ON
jN: -80 3 75
O -0 i % -80 — — ﬂ
2 2 8 LS
-120 I En -90 ] ﬂ gl Al
o 1]
-140 Em—w S 95 Ll vl
N\h-J
-105
180 HHHH ’H 0 50 100 150 200
10° 10 10° 10° 10 10° 10°

Hz

Frequency [Hz]

The rubber sheet
was inserted under
the scroll pump.
The 50 Hz vibration
IS suppressed.

Vc Phase Noise with RF FB (10Hz-1MHZz)=0.017deg
Vc Phase Noise w/o RF FB (10Hz- 1TMHZz)=0.73 deg
Microphonics is observed at 10 Hz - 400Hz.

Phase noise by Microphonics was suppressed well by RF FB.
Phase noise of Vc with FB was almost the same as that of Master Oscillator.

16



Power & LLRF stability in beam operation

F.Qiu & T.Miura et al

Satisfy our requirements of AA/A<0.01% , A6 ~ 0.01 deg for cERL operation. Suppress michrophonics.

FPGA
Virtex5-FX
F T,

Amp. Pha.
478
"
2 A bbb
m -
7058 482 _In-]' I
0 200 400 0 200 400
, time [ms] time [ms]
15635518 1298
—.129.9
E i 57 eyt
@ -130
1.6625%= 400 ms —MLI1
0 200 400 200 400

time [ins]

time [ms)

Amp.

5962

5958

5956

g A() S —

(1}

1.644
=)
E 1.6435

1.643

0

20
time [ms]
x10'

pa—

400 M5 =

40

200 400

time [ms|

Pha.
438
MWW WYY
5.2 —Il‘lj. 2&3

20
time [ms]

40

Beam stability was
also achieved
within 0.01% by
measuring
momentum jitter at

—ML2 screen monitor on
; arc section thanks to
& h“?‘?}l?m] 00 RF optimization

SC Cavity mmmm- ML1(9cell) | ML2(5cell)

Acc. Field

power

Power
source

QL
AA/A(% rms)
AB(deg rms)

3.2MV/m 3.3MV/m 3.0MV/m
0.53kW 1.4kW 1.0kW
25 kW 300kW klystron
klystron (Vector sum)
1.2e6 5.8e5 4.8e5
0.006% 0.007%
0.009deg 0.025deg

8.
1

3MV/m

.6kW

16 kW solid
state Amp

1.

3e7/
0.003%
0.010deg

8.3MV/m
2kW

8kW solid
state Amp

1.0e7
0.003%
0.007deg



(E) Stability of Beam Momentum

Screen Monitor Injector ¢

CAM14 E - Main Linac Ml =%

. 20 MeV =
Takako Miura ’ geam 4
ey, L i e | o
_ » _W = Thanks to
Dispersion : ny= 0.487m this stability,
Screen Monitor Beam: 5Hz, 3ps rms, 23 fC, total Energy=19.9 we could
~  Change cam 63.7 1 Mev
—— o] dP/P= 0013115 %rms FEL
| 63.7 umipixel 0.06 operation.
0.04 *
[ ] L )
= 002
[ e —— ®
o s O e
n2Ed _002 ® -
-0.04
| 0 500 1000 1500 2000 2500
[ RV ATR P | R Y time(sec)
0 50 100 200 300 400 500 600 659 18

Momentum drift in the period of ~15 minutes was observed.



Total performance after changing He pressure

3.0kPa:1.99K
3.5kPa:2.04 K

If Rs is dominated by Rres, we
have little difference of Rs
between 3.0 kPa and 3.5 kPa.

On the other hand, actual cryo
capacity is linear to the pressure
of the He pressure tank. In our
case

3.0 kPa : 85 m"3/h

3.5 kPa: 99 m*3h

We tried to change the He
pressure from 3.0 kPa to 3.5
kPa and tried higher energy
operation.

71.9 m"3/h

(17.5MeV operation) (19.5MeV operation)
A
004 15 157' I " ! ‘
“I0Y [Heflow| <= e
363 ::: ngd 114 » _ mlh ié ir i
359 4 1® 10 ML1 E \ :
Eig L. (MV) n\ |
é“’%:: iﬁ? é"? CMI \,c : (20:34, E'R cpsrsE 3.5
%3.17540 725 4 & 3 0kP 9 E }'\/ / i
% ' .
: 30 17 I 1 (/ i .
20 3 4] ¢ ” / ” . ’1 ; x
S e L2 i i1~ 2 | Inj3
2.6 ;0 4 (MV) (MV/m) (MV/m) ;1E7IAE,C;4J (MV/m)

(201 9/6/1 8) 1800 1810 1820 IBSD IB-iﬂ IBEB IQDB ‘I‘i - IQZD IQSD 18:40 WQED 2002 20;‘0_:021mm2(0’:ﬂ _ :ii 20‘5-0 2100 2110 2120 2130 2110 ZIED 22.00
Total energy INjL(MV/m) | INj2(MV/m) | INJ3(MV/m) | MLL(MV) | ML2(MV) |Hepressure |Heflow |
17.5 MeV 5.49 4.38 3.49 7.65 3.0 kPa
19.5 MeV 5.49 4.38 3.49 6 9.15 3.5 kPa

L

Injector 4 MeV operation

I

90.2 m”"3/h

19.5MeV operation, we could keep more
than 1 hour by changing He pressure.

From this test, we will operate under 3.5 kPa and can increase the beam energy 19.5 MeV again.
—> obtain more margin for stable beam operation.



Summary

Injecto cryomodaule is limited by HOM heating and main linac was limited by FE.

By appropriate pulse processing, injector cavity performance were drastically improved in
2016 and we successfully carried out stable beam operation.

The performance of ML SC cavities were gradually degraded by field emission from 2013.
But by appropriate pulse processing, cavity performance were kept and we successfully
carried out stable beam operation even though we met the unexpected burst event in
2017.

Fast arc interlock is very important to keep long term beam operation.

RF stability of 0.01% of dA/A and 0.01 deg were performed under 1*1077 QL. And beam
was very stable. Microphinics was suppressed.

— lead SASE-FEL operation
3.5 kPa cryogenic control enlarge the cryogenic performance keep stable beam operation.

Next plan
* We also plan to make the new cryomodule with new Scell cavities to overcome
field emission problem with higher gradient for EUV-FEL and/or CW-XFEL.
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A) Apparatus of cERL injector
& main linac cryomodule

Injector module

2-cell cavity x 3
Double coupler
RF frequency: 1.3 GHz
Input power :
10kWI/coupler (10mA, 5MeV)
180kWi/coupler (100mA, 10MeV)

A T.Furuya &
. E.Kako et.al

Install in Jul/2012

Apr/2013

E,.: 7.6MV/m (5MeV) to cERL
High power test
15MV/m (10MeV) HOM Coupler & g IC>Jan/2013
Unloaded-Q: Q, > 1x101"° RF Feedthrough \ | commissioning
Main linac module ﬁ‘”‘p DA A
I\Z\ﬂrol Room (ZF)‘ E

HOM damped (for 100mA BBU suppression) ] Ll
9-cell cavity (named as ERL-model2)x 2 ! Mo . .| Targetof cERL
Cryostat  Two 9-cell SC cavities |, 1 absorber gne = a s 1 Current.: 10-100mA
vt Helium Refrigerato oufc_le, Eﬂ?ergyu/“. §5MeV
Epply ' 2Ll HiE
o~ - . Photocathode
Assembling in Oct/2012 e DCGun |
] ! Main Beam Dum |
Main-Linac Module Injector Modul ¢ THER amllne
B e~ -
Input couplers e \ .| l! ,‘l
RF f - 1. — B LCS Beamline
requency: 1.3 GHz , r— \K D-
Input power : 20kW CW (SW) ' 2 S
E,.: 15 MV/m (design) , _ Installed in Oct/2012 to cERL

Unloaded-Q: > 1x101° issioni
nloaded-Q: Q, > 1x Commissioning Dec/2013

High power test at Dec/2012 —
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Digital LLRF System at cERL

Mechanical tuner : coarse tuning _

Cavity pick-up signal

0 ~ 500VPieso Tuner : fine tuning I}__}

O

~

Pt

O

LPF: fe=20 Hz

Resonance
feedback board

250Vr256—"
5 Piezo driver
set

+250V

Pf

1300 MHZ%

1310 MHz \
L Down convertor

10 MHz

CW/CCW
! pulse output

Field FB board

MicroTCA

KLY/SSA

1Q modulator

S—

RF swich Sl

\J

/

MO(1.3

GHz)

16-bit ADC (LTC2208) x 4ch
16-bit DAC (AD9783) x 4ch

Digital I/O x 12 ch

FPGA Virtex5-FX



Waveform of ML Cavities

T. Miura, IPAC2014 @Dresden

ML1 \ Amplitude Phase

AA = 0.012% rms W

AG=0.014° rms I FoorT
FaoF o4 ' ’ .
AA =0.035% rms E_% F Ll o
AB=0.3°rms \ L wi g(}?l f FW §
Vc: w field Feedback ‘ !
Vc: w/o field Feedback B e BT Wm0 w0 e
» Amplitude Phase
L2 ] |
22: 88115?:@;”;8 t 1 m | ?o 50I—12 Microphanics )
WAz s ms it (I AR AR
| i V] QARSI R OR
i ' Rl
626 i v

Field fluctuation by Michrophonics is stabilized by RF Feedback
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Tuner system of Injector Linac

Slide-Jack tuner E. Kako, IPAC2013 20 kHz/rotation
13003 . - 7
Drive S'aft P ]:‘
] Waler cocled inner conducta ;'\‘\; N
He JaCket Input coupler (% 2) i _— 13001 I
£ 1300 x
=
HOM coupler (X 4) = o
HOM coupler (% 2) §~ 12939‘ 8
- 3 12998 |
t4
O uw 12997 ¢ —{ = No.1 Cavity
—i-No.2 Cavity \{
\ 12906 | —e—No.3 Cavity Ki
i PiCZO tuner 1299450 R
No. of Retation

¥ 0-500V

cavity

The same as KEK-STF tuner system

L 2Af1,=fo/ OL

InjI: 0,= 1.2 X105, 2Af,,,=1.1 kHz
Inj2: 0,= 5.8 X105, 2Af,,,=2.2 kHz
Inj3: 0, = 4.8 X105, 2Af,,,=2.7 kHz

Piezo tuner can cover the band
width.

stroke= 4 pm@2K

Frequency [MHz]

1300.014

Piezo: 0-500V => 2 kHz

{| —=No.1 Cavity 1
1300.012 1 —m—-No.2 Cavity ' 1

{| —®—No.3 Cavity 1
1300.01 M ]
1300.008 f ! ' I

1300.006M
1300.004 M
1300.002 ‘ |

2kHz

Piezo Voltage [V]

performance of piezo tuner

performance of slide-jack tuner
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@ Tuner system of Main Linac

Shaft of slide-jack tune

Cavity flange is fixed here

Piezo tuner
0V - 500V (offset=250V)
Stroke= 4 um @ 2K
40 um @ 300K
(1 um: 300Hz)

He jacket

Slide-jack tuner

0,=1 x107
20f1,=fo! O,= 130 Hz

Coarse mechanical tuner stroke @ 2K
1300.4 1299.984

/
1300.3 —e—i0(No.4) (MHz) 1299,9835 -
)
13002 2 turn around § pa— 1kHz
g S
o a0 T 1299.9825
o Hz £
=] -]
S 1300 = e = -
i o 1299982 -
1299.9 =l i -
=oUUKHZ ak,
12093 | with - 2mm e
— stroke A, | | |
"0 05 1 15 2 25 3 0 200 400
"""""""" Tuner movement(mm) Piezo Voltage(V)

H. Sakai, SRF2013 @Paris
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Recovery by pulse processing of injector Colrizyar
.ARakKo
cavity under sudden FE increase

During 3 years operation, once we met sudden FE increase on 2020.June.18.
-> It is difficult to operate when FE onset was decreased below 7 MV/m.

Nominal field of 5MeV

Pulse processing condition
0.5ms & 5ms with 10Hz
>15 MV/m field

Nominal field of 5MeV

Before pulse processing operation(7MV/m i
P P g op ( ) After pulse processing :
/ .55 operation(7MV/m)
100 5 - [ )
Once FE 1 #2 cavity . ] #2 cavity
Onset ] CW operation [ 1 Cw Operation —¢—xray up(B)
10 T . 10 T ——center(B)
became - - —e—xray up(B) | — ] Aftl:r
worse 2 ] £ . = ] a—down(8)
tg ™ center(B) & E}/U
s ] 4 4—down(8) E  aj 7 >—xray up(A)
] J [ > . .
g ] FE createg, T g : ﬂ/iﬁ —5— center(A)
01 ;j J‘?‘ —B—center(A) | 0.1 : —f\L H I do“‘-n(A]
down(A) ' " - :
oos | | Al s sefore , ] ?! ; f xray up(flnal)
0o 1 2 3 4 5 6 _7 8 9 ' 0.01 . | | | . . /B — center(final)
Eacc Pt [MV/m] /MV/m , 0O 1 2 3 4 5 6 7 8 9 down(final)

Eacc Pt [MV/m] 7TMV/m

After pulse processing, field emission onset recovered to more than 8MV/m , higher than nominal value.

Even though sudden FE increased, high peak pulse processing worked well for injector cryon

- keep stable operation



Design of Main Linac Cavity for EUV-FEL

How to overcome field emission

EUV cavity — TESLA-type 9-cell cavity + Large beam pipes(100¢ & 110¢)

=

EUV cavity

Only end cell was modified to match the impedance to beam pipe.

ST SR <ol ew
- B
T A by
Sy e e by Al
4100}
B e ]
e T

HOM damper” &>

uuuuu

1 ¢110

281er0s |
2256405
THEEHE
117es0s 8
5528405

o

|
HOM damper

cERL cavity (Model 2) — HOM damped cavity for 100mA operation

90000000 )3

B

HOM damper _ HOM damper
Parameters for acceleration mode
ERL Model 2 EUV ERL Model 2 EUV
Frequency 1300 MHz 1300 MHz | Iris diameter 80 mm 70 mm
R/Q 897 Q ~1000 Q | Q, %R, 289 O ~270Q
Eo/Eace <Q E)Hp/EaCC 42.5 Oe/(MV/m) | ~42.0 Oe/(MV/m)

From cERL stable beam operation of 8.3 MV/m in 3 years with less trip ratio.

Stable operation at 12.5 MV/m seems achievable due to reduced E/E

acc-




