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Accelerator Resonantly-coupled with Energy Storage

3-cavity system stabilized with the z7712-mode operation

Two SiC bullets per Waveguide

(top view) N

Input Coupler Port W S ConSIStS Of
3 @ e
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Operation with the Accelerating /2 Mode

# The field of the /2 mode is the
stablest against
® Beam loading,
® Detuning of A-cav (=Af,)

iz iz iz

# The stored-energy ratio: Us/Ua
- can be changed

U K[, a
Ua k? 2" 1+Us/Ua

. C—damper

# The parasitic 0 and = modes S-cav ,_9'1??_‘{__ A-cav
- can be damped selectively 0O — | — —_—
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Energy-storage Cavity (S-cav)

»Qo(S-cav) =~ 1.7x10"5
» Stores large electromagnetic energies in TE013
»To suppress the longitudinal CBls

Optimum detuning Af

—h
CUIRSin ;)oR Af Ua Af Afa [ Ua:energy in A-cav]
- A, s Q_Z f, I:> /2 Ua+Us @ - ‘\ Us :energy in S-cav
R, tan g, =9 (in KEKB

47U Af,: optimum detuning of A-cav
Af, =-200 kHz in KEKB/LER (2.6A, 20 sets)

Af, = 710 kHz in SuperKEKB/LER (9.4 A, 28 sets)
cf. f_ = 99kHZ

Movable tuner on A-cav
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Design Parameters

ARES Iin the KEKB Tunnel

Ve 0.5MV
Ra/Qo | 15Q : ¥
Qo 11x10°5 | ;
P, A00KW S

In '
Pc 150kW

Us/Ua

9

. __ih\.;i AT

]

SRS ) |G

7 _J

.

et
W

2005.02.21 KEKB Review

ARES Status 2004(JFY) 4
by T. Abe (KEK)



Operation Status @ @ ngfgv

(Jan.~Feb., 2005)

> LER: 20 cavities

® Total Vc: 8.0MV (0.4MV/cav)
Beam current: ~1.6A

HOM power:

O
® Input RF power /cav: ~300kW
O
O

Trip rate:

> HER: 12 cavities

>~ 5kW
<1 /cav /3months

(+ 8 SCCs)

® Total Vc = 15MV (€13MV)
= 4.09MV(ARES) + 10.91MV(SCC)

(0.34MV/cav)
® Beam current:

® Trip rate (ARES):

~1.20~1.27A
< 1 /cav /3months

Stable Operation!!!

ARES cavities in the LER RF section
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DO4C/ARES Multipactoring Problem

--- worse vacuum and discharge ---

® The vacuum in the ARES cavities

(No.1 and No.2) of the DO4C station
became worse significantly (-3 times).

® Even with lower Pkly-out and/or Vc
® No conditioning effect
[—— oo o pocrrcin] Cho RFNComc ciachve | O ® Input-power dependence
— CH3: RFHMC:DOSC:CCGEC AN O
-"|-'-|--'|'--|-'-|'-'|-'-|"-|-_3-5® ® Discharge in the input couples
1200 — .
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Example of the discharge snapshots—>
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The input couplers were wiped
with dilute sulfuric acid
IN Nov. 2003 (winter shutdown)

Before

2005.02.21 KEKB Review ARES Status 2004(JFY) 7
by T. Abe (KEK)



B FAle Edit Browser Channel Axis Window

Still bad! (on cavil)
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In the summer shutdown 2004

® Two input-couplers replaced

® Input-coupler ports scraped

® lon pumps replaced

® High power test (with no beam) 2 OK
v'The vacuum condition was good.
v'"No discharge observed
v'"We reached a target power soon!
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Again bad on Cav1l
In the KEKB operation
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Options

.  To leave the cavities as they are
-  No effort, no cost and no time to be spent
- Might cause terrible accidents.
. Toreplace the whole ARES cavities
- Effort, high cost and long time to be spent
-  No guarantee (?)
Ill.  To do studies, not to replace the cavities

-  Effort and time to be spent, free of cost
-  More scientific
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Choice

—s1Il.  To do studies, not to replace the cavities
-  Effort and time to be spent, free of cost
-  More scientific
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Simulation Study on the Multipactoring
In the coaxial line of the Input Couplers

Door—-knob Transformer
- Impedande-matching Section

LT

(Outer conductor)

|/

— «—1—] Ceramic Window
1 Capacitive Iris 0 (Inner conductor)
Input RF
. . . OC' 5 10 15 20_
# Solving eq. of motion with the Time /T (=N )

Runge-Kutta method

# Assuming the SEY of conditioned
copper

<~ Count number of collisions.

— Example of the Orbits ——
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Multipactoring Zone from the Simulation
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OLD route before summer 2004
\Vc(D04C)=0.54MV

Recovery (no beam)

D04C-cavl data

g in 2004.05.09_13:41:45-14:50:00
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Machine Studies
® good vacuum,

Search for an operating region with @ no discharge,
® [ow trip rate

based on the simulation results.
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NEW route in 2005

With a higher Vc(D04C)=0.68MV

Recovery (no beam)

103 .
Over-coupling

)
v

2 Under-coupling

Reflection Coefficient (I")

D04C-cavl data

in 2005.01.30_16:37:45-17:50:00
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|
HM 1]
Fofi=
-

:
S CELEELEN EOR P

| IIW

Simulation

- - > | After agin
Comparison with the Data P o
S 26
—» Good Agreement ! S 24
/ 2_2%.'-*“
= 4l
D04C-cavl S
-
l £10°
N 102
= 32| Measurements S o ] -
QO s
k]
S e
g 238 “ S
> .‘- :1:-;
26 : g
o a3 o §
o 10 —~ T:J
* o T . <
é10 *-'::. . ol
Simulation !
10 rh
0 200 400 600 800 1000 1200 1400

HER Beam Current

[mA]

10

120 140 16EJ 180200
Input RF Power™ [KW]

0 200 250 300 350 400
Input RF Power [kW)]

2005.02.21 KEKB Review

ARES Status 2004(JFY)
by T. Abe (KEK)

18



Vac (CCG) [V]

Int. # of Coll.

Prediction comes true!

3.2 caeees
ST L i ,Measurements
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2.6 $-*
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But the region is not so wide.
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Considering the fact that
“Cavities out of condition are in a minority”,

|

We can keep an input RF power in aregion with
a good vacuum condition by changing the cavity

phase (or beam loading) automatically.
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Scan of the vacuum pressure
and a target power region
D04C (2005.01.24_2:10-2:45)
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Before HER beam current

Bl ABle Edit Browser Channel Axis Window 01/30/2005 23:05:22  Help

Loy Screen ~alect Menu
] v | |
CH1: REHNC:D04C CCG-CAY VaC (DO4C-C av 1)
CHO: BM_DCCT:HCUR | ‘ CHZ: RFHNC:D04C COGCAY?
5 o single
N P I . Bufferd: 2401
1200 -
I T OR  BH_DCCT:HCLR VaC(DO4C cav 2)
r I\‘*’lruw\ ] o2 1R RFHNC:D04C:CCG —-
1000 Y s AT
F - EEI
o© 1 22
8 soor 58
E | | 28
8 EDD_“‘ ,J}q]\ r-uv’rﬂ ny -ﬂhh HA I r—f:‘ P\‘_m‘ __2'59 _C? 21 Ele Edit Browser Channel Axis Window 01/30/2005 22:58:36 Help
fa) F e - \"\XGF,L——{ 8 S—Log Screen Channel Select Menu
2I [ i 1 ooy ‘ Record | Math |
& 400 B8 CH1: RFHNC:DO4C:CCG:CAV .
L 5 T I CHO: BM_DCCT:HCUR | CHZ: RFHNC: D04 C:COGCAVE Channel List
F N CHZ: Record(RFfAnalogData) Index: single
F 1T N T T T L— T 3.5 Record: RFHNC:D04C:CCG:CAVZ
e I 1200 T T T S T P Bufferd: 2401
1 H OR  BM_DCCT:HCLR  -- 090128-0641 0S0123-0841
H 1 1R RFHNC:DO4C:CCG -- 0S0128-0641 050128-0841
Ui —— —— S —— ——-15 i X 2R RFHNC:DOACICCG -- 050128-0A41 0F0178-0841
75900 16M0m 20m 40" 170m 20m 1000 1 1 | = ‘
1/30/2008 e I ==
Date a F o0
8 soor g g
e : v 2
SN0
8 BDDW a0
2 [
v 0o
= r [2X 9]
@ a0 55
r o >
: S5
200
b i . . AutoPhaseChanger ON
omge 20m agm ghom 20m agm /
1/28/z005 D TREND DRAW
ate

2005.02.21 KEKB Review ARES Status 2004(JFY) 23
by T. Abe (KEK)



HER beam current
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D04C-cavl data in CIM
(Vc(Dpo4c)=0.68MV)
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Summary and Future

# 20+12 ARES cavities are working well.
-> Low trip rate
—> Stable operation

# DO4C/ARES multipactoring problem

- Good operating region found by the simulation and machine studies

—> Solution: keeping an input RF power in a region with a good
condition by changing the cavity phase automatically.

- The feedback program has been working well since Feb.4.

# R&D activities for SuperKEKB
- To be continued on the tomorrow’s talk...
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