RF Cavities for SuperKEKB MRs and DR




KEKB Asymmetric-Energy e*e Collider

M Started its operation in 1999.
B Achieved the world's highest luminosity among the colliders: 2.11 x 103* cms?
B Total integrated luminosity (not delivered, but logged): 1041 fb!

Integrated Luminosity[fb-1]

7

¥ J

I

(.I

/_/

200 /_,./_'//
0 —

1998 2000 2002 2004 2006 2008 2010 2012




RF Cavities used for the KEKB Main Rings (MRs)

KEKR Rf SjsEe_m

) ¢
—

o ST 20 NC cavities (“ARES”)

ZECreV A e for LER (Low Energy Rin
Ve = 15 MY, Ve = ¥ W, LER (Low Energy Ring)

— ' cam = j
|| ) Pheam = 5.0 MW b 5 MW

&5 L T 12 NC cavities (“ARES”)

12xARES + ¥xSCC

+ 8 SCCs
for HER (High Energy Ring)

\
‘Q‘ Common:
v'RF Operation Frequency: 508.9MHz

v'Single Cell
v'HOM-damped structure

| o
P

. ARES U1 D7
(Shown by T. Kageyama at KEKB Review 2011)



Super-Conducting Cavities (SCCs) for KEKB



SCC for KEKB

-- Qverview --
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Superconducting Damped Cavity for KEKB
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MPure-Niobium Resonators
BMGap length: 243 mm
HmR,/Q, =93 Ohms
BQ, = 10° at 2 MV/cav
mE /E, . =184
WH_/E, . =40.3 Gauss/(MV/m)
BMDesign voltage (field): 1.5 MV/cav (6 MV/m) at 4.4 K
BConditioned up to 2.5 MV/cav (10 MV/m)
BProcesses of the inner-surface treatment

(DElectro-Polishing (~100um)

(@0zonized ultrapure-water rinsing

- Carbon contamination removed
M Loss factor of this structure: 1.8 V/pC (bunch length: 4 mm)
B When the quench detector detects a cavity-voltage drop, RF
power is immediately turned off.

B (Cavity trip rate) < 1 /cav/month
BWorld record on the high-beam-current acceleration (1.4A)




SCC for KEKB
-- High-Power Input Coupler --

GATE VALVE

Superconducting Damped Cavity for KEKB

T. Furuya

DOOR KNOB TRANSFORMER GATE VALVE

FREQUENCY \
TUNER
HOM DAMPER
(LBP)

HOM DAMPER
( SBP)

ION PUMP

N2 SHIELD

0 0.5 Im
Y I Y I N Y Y |

B Coaxial antenna
MDisk-type RF ceramic window with a TiN coating
* Arc sensors to detect discharge
B Conditioned up to 800kW(traveling wave) and 300kW (totally
reflected standing waves with a phase of 0-180deg)
mQ_, = 7x10*
BDC bias applied to suppress multipactoring in the coaxial line
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SCC for KEKB
-- HOM-Damped Structure --

Superconducting Damped Cavity for KEKB

INPUT COUPLER

HOM DAMPER
( SBP)

GATE VALVE

¢150mm

N2 SHIELD

DOOR KNOB TRANSFORMER GATE VALVE

FREQUENCY \\\
TUNER

0 0.5 Im
Y I Y I N Y Y |

T. Furuya

ION PUMP

$220mm duct
< TMg;; , TMg,q , etc.

$»300mm duct
TMy,q, TEqq, , €tC.

HMSingle mode cavity
*HOM s to be extracted to the beam ducts
BHOM dampers with 4mm-thick Ferrite (IB-004)
*Ferrite bonded on the inner surface of a copper duct by
HIPping
*Ferrite Length: 120mm (150mm) for 220 (300) mm
diameter damper as “SBP” (“LBP”)
*Power-handling capability demonstrated: 11.7 (14.8) kW
for 220 (300) mm diameter damper
M Loss factor: 1.37 V/pC for bunch length: 5mm

HOM damper (Y. Morita)

HIPped ferrite (Thickness:4m

Stainless steel flange




Normal-Conducting (NC) Cavities for KEKB



NC Cavity for KEKB (ARES)

-- Accelerator Resonantly coupled with Energy Storage --
MHigh-Purity Copper Resonators

Two SiC bullets per Waveguide

A BGap length: 256 mm
T COUPIH\P:IT w AC: Accelerating Cavity (HOM-damped) BTh ree-caVity SySte m ( uni qu E)
i CC: Coupling Cavity with an antenna-type coupler (C damper)
) 'IELE]E CF: Connecting Flange, where SC and CC are connected. u R h/Q():lS Oh ms
Pumping Pon\ ‘ GBP- G dB Pi S 5
7 N iBP: Grooved Beam Pipe =~
) ‘ =4 HCC: Half-cell Coupling Cavity = QO 1 : 1X 10
e el HWG: HOM WaveGuide BV =0.5 MV/cav
s R e e SC: Storage Cavity (TE013) ¢ . .
SS: Supporting Structure for SC [ | PC= 150kW (60 kW N AC, 90 kW n SC)

M Loss factor: 0.48 V/pC (bunch length: 5 mm)
mE_/E,. =36

B (Cavity trip rate) < 1 /cav/3months
BU_/U_=9 (see the next page)

— e ere

GBP

|

! Tuner Port !

‘ Two S1C bullets per Waveguide

Mode
Shifting

Groove \

Figure 7.3: Top, front and side views of the ARES cavity.

High energy (U,) stored as a low-loss mode (TE,,;)



ARES

-- Three cavity system stabilized with the accelerating n/2 mode --

. = | Tuner Port !
B Why do we need SC? Optimum detuning 47 = -’?—ZQS—:J% |
® Optimum detuning suppressed by U /U_(=9) _ _hung, . T
» SC acts as an electromagnetic flywheel. Y _M}:$ JﬁﬁL— \I {
> Af,=Af,/(1+UJU,) = Af, /10 < f, s (Y N
— Af, =-200kHz (KEKB design), -280kHz (SuperKEKB design) 2 e ==3
— floy = 99kHz ———— 1
> Therefore, coupled bunch instabilities (CBIs) driven by the accelerating ~ (S5) | | l ‘ L

mode are suppressed. =

B Why 1t/2-mode operation with the three-cavity system
® The stored-energy ratio: U /U, changeable: U/U, = k 2/ k>

® The parasitic 0 and m modes can be damped selectively out of CC ks ka @
by an antenna-type damper (“ ”) S— , ' '
0.1 . . , I
; /2 mode C-damper
001 L ! | mode SC CC AC
- 1 0 mode (O = 103) J nmode (Q1 = 98) 0 - - -
/2 —_— » —




ARES
-- Two-types of HOM-Damped Structures --

Type_1: HOM WG (HWG

Type_2: Grooved Beam Pipe (GBP)
51 E—-*N, -_"\gé/ g ‘ ' : : = ==

£ & -

-3 beam




Type 1: HOM WGs(HWG)

HOM absorber

v'Bullet-shaped SiC ceramics
v'Directly water-cooled

Note:
No HWG in the horizontal
direction due to the (H)CC

TE1o TE1o €l |
¥ A v i = ‘ ===
For damplng ! .: : Tuner Port
1 i
v"Monopole HOMs =t T
v'Vertically-polarized dipole modes NS
B igep an HCC




Type_2: Grooved Beam Pipe (GBP)

For damping
Inthe case of SCCs ¥ Horizontally-polarized dipole modes

HEM;4
Needs large ducts,
which reduce Rsh.

—— In the case of ARES (NC)

1800 The Cutoff Freq. of TE in GBP
¥ 1600 [
3 1900 PQ can be made lower
1400 A\ . )
> [ without reducing Rsh.
2 1200 ~ 2
S i AN
~& 1000 <
T ' N
L 800 ‘_J.Mllg =
Cutoff Freq. of TE11 E 600 I e
in a Regular $150 Duct -3 “01? M
O 400 "% "8 10
Groove Depth /cm

v'SiC ceramics tiles
v'Indirectly water-cooled

T. Kageyama, “Grooved Beam Pipe for Damping Dipole
Modes in RF Cavities," KEK-PREPRINT-91-133, 1991.




Type_2: Grooved Beam Pipe (GBP)

Electric-field Vectors

TE mode in GBP

TMllO




ARES
-- High-Power Input Coupler --

Monitor port for
arc detection Over- and under-cut structure
, for impedance matching

Door-knob transformer ¢ /

from rectangular waveguide
to coaxial line

/

/ . .
/ Ceramic RF window

< [] _Coaxial line WX77D

I AN

% \ Coupling loop

)

> ICF203 flange

— —] \

M Coaxial line with a coupling loop

BCouples to TE,,; in SC .

MDisk-type RF ceramic window with a TiN coating @
* Arc sensors to detect discharge

BConditioned up to 750-800kW (traveling wave)

HMinput coupling factor: 3=3

BMFine grooving on the outer conductor to avoid TEy 5
multipactoring in the coaxial line EH

Monitor port for

L b | 1 &
- .. . Two SiC bullets per Waveguide
Capacitive iris . arc detection

Input Coupler Port

RF Power comes
via a rectangular
WG (WR-1500).

|

i T. Abe, et al., Phys. Rev. ST Accel. Beams 13, 102001 (2010)




Upgrade to SuperKEKB



Upgrade to SuperKEKB

based on the “nan-beam scheme” (first proposed for SuperB in Italy)

Upgrade to Belle 11 detector ‘ | Belle i Superconducting Solenoid |
Colliding bunches : SN 13 1= - &
o e ace | d 1Y e g R |
a & :{ER —lgoiE — LgalE [ T Ler

QCIRF == rng;?f_"--
New superconducting final focusing
magnets near the IP

e* 3.6A
LER

Redesign the lattice to squeeze the
emittance (replace short dipoles with
longer ones, increase wiggler cycles)

KEKB to SuperKEKB

&®Nano-Beam scheme
.
extremely small 3,

P:HIZ'E':%HIDHH:# low emittance

¥ Beam current double
-

gL

' 1+ +y
L=12 (I+Ui(] ‘{‘-‘ER’“]
2er, Oy \E'L F: R,

40 times higher luminosity
2.1x10% --> 8x10%° cm?s?

Replace beam pipes with TiN-coated be
pipes with antechambers

Coppes Beam P
 wen snnecnambens.

Y e '.‘ N
Reinforce RF systems for
higher beam currents

Improve monitors and control system

Injector Linac upgrade

Upgrade positron capture section
DR tunnel Low emittance

RF electron gun

e

New e+ Damping Ring
K. AKAL Overview of ring construction status and schedule, 19th KEKEB Accelerator Review, Mar. 3, 2014, KEK




Main Upgrade Items on the SuperKEKB/MRs

@ \Very Low Emittance
»LER/HER: 18/24 nm = 3.2/4.3-4.6 nm
» With the upgrades of the magnet system, optics, and injector linac
®Squeeze B,* to be as small as possible
»LER/HER: 6.5/5.9 mm - 0.27/0.30 mm
» With the upgrades of the magnet system / IR and optics
¥ Beam energy change
>LER/HER: 3.5/ 8 (KEKB) > 4 /7 GeV
»To achieve longer Touschek lifetime for LER
@ Higher beam currents

»LER/HER: 1.8A/1.4A - 3.6A/2.6A
» With the upgrades of various components (vacuum, RF, etc.)

€ x40 higher peak luminosity (= 8x103°cm2s1)
€ x50 integrated luminosity in several-years operation (=50 ab)

18



RF Cavities for SuperKEKB

“T=0" in 2015
SLLF-’E".T’KEKB will skart up wikh

x
e
7 GeV
Ve = 15716 MV
by
FXARES + ¥xSCC 22xARES

¥ GeV x 1.4 A 3285 Gey x 1.¥ A
Ve = 15 W, Ve = ¥ W,
ﬁ Pheam = 5.0 MW Pheam = 3.5 MW

== e

12xARES + ¥xSCC R0xARES

i, i

FUJI D7

st

FUII b7

|
e AR
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| o
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(Shown by T. Kageyama at KEKB Review 2011)



RF Cavities for SuperKEKB

“T=0" in 2015 In 20XX
SuparKaKB R Sjsite'_m ot Ultimate Stage

SuperKeKB will start up wilth
* ¢
< =3
3.6 A

e "““) ;
7 GreV eV 7 GeV x 2.6 A 4. 3.6 4
Ve = 15716 MY Ve = 9.4 MV Ve = 15716 MV 4 MY
by by Pheam = F.0 MW Pheam = ¥.3 MW
FXARES + ¥XSCC 22xARES by by
FXARES + ¥xSCC 22xARES

6 Kl.jsl:rov\ &‘% Yy‘% A ijs!:rou
@ scc %’ M '&,!6' 8 scc
104 ' ARES 2010,11.28

FUII D7

@ Ares

(Shown by T. Kageyama at KEKB Review 2011)



Upgrade on SCC

Beam energy [GeV]

Beam current [A] 1.1 1.4 2.6
Bunch charge [nC] 2 10 10
Bunch length [mm] 4 6 5

Cavity voltage [MV] 1.5 1.2-2.0 1.5
Beam power [kW/cav] 250 400 400
HOM power [kW/cav] 5 16 37

v’ Re-use of the cavities with their main bodies not changed
v’ Adjustment of Q_,, of the input couplers by changing the thickness of the
gaskets for the inner conductors
v’ Measures for such large HOM power absorption to be taken
* Reduction of HOM power loads to decrease Ferrite temperature and outgas
* Additional HOM damper (SiC duct)




Full simulation of the Wakefield and

. (Y. Morita) o)
Power Flow using CST-PS z
Q
+ 7.6: Calculated HOM power loads with and without SiC damper at the beam current of 2.6A. 5
Without S1C (kW) | With SiC (kW) SBP damper
Backward radiation T 1.6
Forward radiation 155 54
SBL damper 8.5 8.9
LBP damper 1.1 L9
SiC damper (240mm) 243 Forward
Total 36.8 52.1 Radiation

pJemyoeg

We have found that:

v RF power absorbed in each damper is under the capability demonstrated at the test bench (@508.9MHz):
> SBP damper: 19kW
» LBP damper: 25kW

v’ The forward radiation power w/o the SiC damper is too high (15.5kW), which reaches a neighboring cavity.

v" With the SiC damper,
» The forward radiation power becomes acceptable (5.4kW).
> No need to change the present Ferrite dampers

D % P dha arle e - Qi
J{’j’,b OF LNne CJ(,‘ ,.,f,(/fx;\J > | | O

gdamper IS on-going.

=




Upgrade on ARES

22 ARES Cavities operated
for SuperKeKB LER ( / beam = 3.6 A)

(T. Kageyama at KEKB Review 2011)

RF frequency 508.869 MHz
At KEKB
Flywheel Energy Ratio Us /Ua 9 unchanged > B(optimum) =3
> Bmax =5
Cavity Voltage Vc 0.48 MV P(wall) = 140 kW

Detuning Frequency Afnz [ Afac -28 kHz / -280 kHz | P(beam) = 460 kW

Input Coupling Factor 8 5.0 B (optimum) = 4.3

v’ Re-use of the cavities with their main bodies not changed (U./U_=9)
v Twice the input power (~800kW) for the Klys:Cav=1:1 stations

v Increase max. 3 (B, = 526)

v Check the HOM powers




Check the HOM powers at SuperKEKB/LER

ARES Cavity System

Phom = 3.3 kKW /HWG
v Tested up to 5 kW at test stand D1-C.

W

HOM Waveguide (HWG) :
Two SiC bullet-shaped
Storage Cavity absorbers per HWG.
Input Coupl BC)
e e el Phom = 0.93 KW /Groove
] Coupling 1  Tested up to 1.2 kW at D1-C.
Input Coupling Factor Cavity (CC)
B =6 (max.)

o » '-

~ Accelerating
Cavity (AC)

Parasitic (0 & 1) i Afac = -280 kHz

Mode Damper
Pemp = 21 kW

to 40-kW dummy load.
v’ Tested up to 24 kW at D5-C.

Pinput = 800 kW (max.)
v’ Tested up to 800 kW at the test stand D1-A,
and up to 770 kW with beam at D5-C.

L T—
Puan = 150 kW (V: = 0.5 MV), Pbeam = 550 kW, Ppmp= 21 kW

(T. Kageyama at KEKB Review 2011)

HOM Power Estimation for SuperKeKB LER

Grooved Beam Pipe (GBP):
Eight SiC Tiles per Groove.

Sepr2l 2004 | LER | verfedat 126 Gty | Factor of Safey
Lheam [A] 1.6 3.6 - -
Niunb 1293 2503 = :
0. [mm] 7 6 . -
k [V/pC] 0.40 (0.39%) 0.44 - -
PHOE((’?]RES 5.4t 17 ) )
& HOE(;I\:’I]\VG 1.05° 3.3 5.0 5.0/3.3 =15
P“O“[‘k/\(i,‘]""“'e 0.3t 0.93 1.2 1.2/093 = 1.3

tbased on calorimetric measurement

S
(T. Kageyama at KEKB Review 2011)

No need to upgrade the HOM dampers of ARES

" (just increase the cooling-water flow rates)




Increasing the Input Coupling Factor

Input couplers with increased input coupling (B,,,., = 526) needed for the stations with
the Klys:Cav=1:1 configuration to accelerate beams with the design current of LER.

Used at the KEKB/MRs With increased input coupling for the SuperKEKB/LER

Production and high-power test at the test stand on-going

25



For “T=0" in 2015
§uparKeKB will start up wikh

) §

7 GeV
Ve = 15716 MV - 9.4 MV

by by

EFxARES + ¥xSCC 22xARES

10 input couplers
to be replaced in T<0

i,

scC in the first summer long shutdown

Klyskron
’ ,B‘M %”a! 4 input couplers to be replaced
Rl

ARES ¥ FUII D7

No vacuum break
since the KEKB operation ended.

26



CBls at SuperKEKB/LER
driven by

B Fundamental modes é@g@i
® Accelerating mode (/2 mode)

® Parasitic modes (0 and m modes) e 2

B HOM impedances

® Longitudinal
® (Transverse)

No problem from the simulation results | (ror the details, see Appendix A))




RF Cavity for the Positron Damping Ring (DR)



Positron Damping Ring
for low-emittance injection to SuperKEKB/LER

Parameters of the Damping Ring MACIO
Energy .1 Gev| |0
No. of bunch trains/ bunches per train 2/2
Circumference 135.5 m
Maximum stored current* 70.8 mA
Energy loss per turn 0.091 MV
Herizontal damping time 10,9 ms 12.7
Injected-beam emittance 1700 nm | 2100
Equilibrium emittance(h/v) 41.4/207 nm | [4/14
Coupling 5 % 10
Emittance at extraction(h/v) 425/3.15 nm 17.6 /5.1
Energy band-width of injected beam + 1.5 %
Energy spread 0.055 %
Bunch length 6.5 mm | 54
Momentum compaction factor 0.0141 e 0.0019
Number of normal cells 3%// o ¥\
Cavity voltage for 1.5 % bucket-height |4 MV ‘6,'26
RF frequency 509 MHz
Inner diameter of chamber 32 mm
Bore diameter of magnets 44 mm

+ 8 nC/bunch (Shown by M.

Kikuchi at KEKB Review 2011)

(N.I1da)

—— RF section

—

—

r == -

Injector Linac

v'Construction of the tunnel and facility finished
v'Installation of magnets, chambers, cavities,
etc. this and next years




NC RF Accelerating Structure for the DR

The blue, gray, green, and magenta regions indicate the vacuum, HOM absorbers, )
coaxial lines of input couplers, and plungers of movable tuners, respectively. B RF operation frequency: 508.9MHz
The colored arrows indicate the direction of the positron beam. ® Same as that of the MRs

Upstream Cavity B Based on the HOM-damped structure of the successful ARES cavity system

Middle Cavity B Three cavities at max. to be installed in a space originally designed for one
cavity (~¥3m in the beam direction)

Grooved Beam Pipe ® Total V. = 2.4MV at max.

B Apart from the CC and SC of ARES, this DR cavity has the following space saving
features that are not included in the ARES:

® The HOM absorbers are all compact tile-shaped SiC ceramics
® The neighboring cavities share a GBP in-between

® The cavity is connected directly to GBPs with lip welding for vacuum sealing at the
outer periphery (“weld ring gasket”)

B “Multi Single Cell” structure

® Coupling of the Accel. mode and HOMs among the cavities significantly
suppressed by the HOM dampers on the GBPs

® One big mechanical structure with solid connections of the components
M Loss factor of this structure: 2.3 V/pC (bunch length: 6.0mm)

HOM Waveguide Load

o " Downstream Cavity A B Vacuum pumps directly attached to each cavity
S - MIn the DR tunnel, we will assemble the cavities separating them
o, : with GBPs similar to LEGO blocks.
=, ' ' il
T% 3 L_:_:52 — = e

Pug 506l
4
¥




Components of the RF Structure except for the cavity

Solid connection between the cavity and GBP

| O-ring (only for high power tests) |

A Lip welding for vacuum sealing |

. Beam Pipe Side
)

Cavity Side
= s

e |
. 2.
. .
8 J
=

RF shielding fingers made of
beryllium-copper with a gold coating

M12 bolt
(16 bolts in total
used to fix this connection)

HOM WG Loa

20
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Relative Permittivity

Permittivity of the SiC ceramic tiles

Typical Measurements of SiC ceramics

80 ® Real Part
» Imaginary Part

10 1 10
Frequency [GHz]

Relative permittivity of the SiC ceramics (CERASIC-B), as a function of
frequency, used in designing this accelerating structure.

These permittivity values are typical measurements on the SiC ceramic
tiles used for the GBPs of the ARES.

Permittivity of SiC ceramics largely depends on
* Source SiC powders
* Sintering conditions of SiC ceramics

¥

We aggressively controlled the permittivity by
changing the amount of aluminum contained
in the SiC powder so that the permittivity
should be close to that used in designing the
accelerating structure.

Y. Takeuchi, et al., “Control of RF Dielectric Properties of SiC Ceramics for HOM Absorbers", in Proceedings
of the 8th Annual Meeting of Particle Accelerator Society of Japan, Aug. 2011 (Paper ID: TUPS137)



DR Cavity

MHighest-Purity Copper Resonators
BMGap length: 256 mm

BR/Q,=150 Ohms

HQ,=~3x10°

WV =0.8 MV/cav

WP =130kW

lEsp/E =3.6

acc

Cavity No.1 just after its delivery,
cooling pipes not yet attached

556 £ 0.5

S W 240% 28

150 256 150

1. Prototype made in JFY2011

» Surface protection of the endplates: acid cleaning followed by chromating

2. Cavity No.1 made in JFY2012

» Based on the prototype
» Surface protection of the endplates: electro-polishing

3. Cavity No.2 made in JFY2013

» Surface protection of the endplates: electro-polishing
33



The Endplates of Cavity No.1 and No.2 Electro-Polished (EP)

v'"Material: OFHC(class1) (Skin depth@500MHz: 3um for copper)
v ina:
Before Ep ” Etehing: 40um After EP
R,=~1.5um Ra=~02um

Endplate
w/o the tuning bump

Endplate
w/ the tuning bump

34



Low-Power Measurements of Unloaded Q-factor (Q,)

O? 40000
| O Prototype
@ Cavity No.1
35000 _ ............................. ........ DCdVltyNO.Z .....
30000_8 __________________________________________________________ W ___________________________ WO_“_.
: ; o—0
' ) “ =
25000
| | | i i
20000 60 65 70 75 80

| Qg(meas) / Qysim)

Prototype 92.9%IACS
Cavity No.1 97.1%IACS
Cavity No.2 97.3%IACS

N

Coupling-Loop Angle [deg]

Significant improvement with EP

35



Conditioning Histories up to V.=0.9MV/cav

Prototype

i
~ I .M ‘

refl

inp

V,[MV] P,

o2 -

Vacuum [x10°Pa]
QO =~ N W M VO

10 20 30 40 50 60 70 80
Conditioning Time [hours]

The light blue lines indicate the reference vacuum pressure
specified by the computer controlled automatic aging.

If the vacuum pressure is higher than the reference, P, is
slightly stepped down until the vacuum pressure becomes
lower than the reference, and then P, is slightly stepped up as
long as the vacuum pressure is lower than the reference.

Cavity No.1
— 200 avity No

kW

= 150

refl

A~ 100

inp

50

‘a
2

0

0.8

0.6

V. [MV]

04

- N W M~ 00O
T

Vacuum [x10°Pa]

i i
TR

10 20 30 40 50 60 70 80
Conditioning Time [hours]

v' P, (P,) : input power to (reflected power from) the cavity

v" Wall-loss power: P, = P,, = P, = ~0.99 x P,

vV, calculation described in Appendix F

v The prototype cavity was not electro-polished.

v’ Better performance with electro-polishing for Cavity No.1
- Lower vacuum pressure and lower trip rate

v" Smooth conditioning for Cavity No.1




& S8lI8s awi |

V_-Holding Endurance Test up to 0.95MV/cav

I

for DR Cavity No.1

Wall-Loss Power | Total Holding | Number of
[MV/cav] [kW] Time [hours] | Cavity Trips
1

0.80 30.5

0.85 164 18 0
0.90 186 14.5 3
0.95 210 8 1

(No vacuum-pressure spikes during this test)

Stable operation with V_=0.8MV/cav demonstrated

O Further conditioning effect expected
O No performance limit observed during this test

37



Effects of EP Observed

Comparing the results between the Prototype and Cavity No.1

1. Higher Q,
2. Lower vacuum pressure during the HPT

3 . LOWG r CaV|ty t rl p rateS T. Abe, et al., “High Power Testing of the RF Accelerating Cavity for the
. . Positron Damping Ring at SuperKEKB", in Proceedings of the 10th Annual
4 . Lowe Fra d | at 10N Meeting of Particle Accelerator Society of Japan, Aug. 2013

. .. (Paper ID: SAP057)
> Less field emission

> Smaller local-field enhancement factors

=
% o Prototype 0
Z 10 Y o°
. o Cavity-No.1 <
=
=2 °
W
&* ® o
2 c
.; 1 o °
=
<
R (Measured, in the radiation shield, at the same
° position about 2m away from the cavity)
[ BN ®
10 e

0.6 0.65 0.7 0.75 0.8 0.85 0.9
Vv, [MV]



Mounting Test with the 4 HOM Waveguide Loads
and 2 Grooved Beam Pipes

has been Performed Successfully with Vacuum Sealing.

Four HOM Waveguide Loads

' r ; with S|C Tiles Insnde
1 --‘* —
@. ; 2 — A4 _,,,;-".- P

~ -“

] =
)
. =

L
. s
S 2t

Turbo-Molecular Pump

] Sputter lon Pump
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CBIs driven by the HOM Impedances =t _* _ &t _ =

Re{Z, 6} [Ohm]

v'From wakepotentials calculated, using GdfidL, for the whole RF section> | - ~

v'CBI thresholds for the DR design
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1.

2.

Summary
8 SCCs and 32 ARES (NC) cavities in total used at the KEKB-MRs

» Successful operations
» Significantly contributed to achievement of the world’s highest luminosity

Upgrades for the higher beam currents at SuperKEKB/MRs

» Cavity main bodies of both SCC and ARES to be re-used without any change
» HOM damper upgrade on SCC

v’ Basic design done
v R&D on the additional SiC damper on-going

» Input coupler upgrade on ARES
v" Input coupling factor increased by extending the coupling loop
v" New couplers with increased coupling, being fabricated and high-power tested

RF cavities for the DR

» Designed based on the HOM-damped structure of ARES
» Fabricated and high-power tested = OK
» Will be installed in the DR tunnel in 2015
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Appendix A (1/5)

Longitudinal CBI driven by the accelerating /2 mode

" 10 1 I 3
Afpre = Afa / (1+Us/Un) p—r 3
7 F_( ;J:Al :
1 " u=-3
5 % KEKB LER --=-- Rad. damping time| ]|
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] ' 20 x ARES (0.4 MV, =3) -3 mode 3
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g - 2 “
o KE D 0.1 -
£ 10° 3 £ )
© ] - ]
S | 2 ool o
& 10° 5 O ]
] 0.001 1 - E
102 | O :
-3 -2 -1 0 1 2 3 0.0001 | | | |
( f-fq ) | frev 0.0 05 1.0 1.5 20 25 30 35

Figure 7.8: Coupling impedance of the 7/2 mode calculated for the SuperKEKB LER where the Beam Current [A]

design beam current of 3.6 A being accelerated with 22 ARES cavities, compare with that for )
the KEKB LER. Figure 7.9: Growth time constants of the CBI modes of p =-1. -2, and -3 due to the /2 mode,

plotted as a function of the beam current in the SuperKEKB LER.

—To be cured by the RF feedback systems

(shown in the next page)



Appendix A (2/5)

KEKB Review February 10, 2003

O “=e -1 mode damping system at KEKB (s. Yoshimoto)

RF reference Klystron Circulator Cavity
+
| 7] Phase shifter
® g
0 0 0 0° 0 0
ot ({28 K] e
o |90 90" 90" 00| |0
¥ Y
® LPF —@— Experimental setup (2)
Up conv. SSB filter Down conv.

S. Yoshimoto, et al., presented in the 14th Symposium on Accelerator Science and Technology, Tsukuba, Japan, 2003 (PaperID: 1P072)



Appendix A (3/5)

Longitudinal CBI driven by the parasitic 0 and ® modes

Re(Z)) I Cavity [Q]

(R*= R7)/ Cavity [Q]

Figure 7.10: Coupling impedance (top) of the 0 and m modes. and the imbalance (bottom) with

0
(f-fit)/ frev

respect to the RF frequency.
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Appendix A (4/5)

Longitudinal HOM Impedance (Simulation Results) and
CBI Threshold at SuperKEKB/LER

Both impedances from
1000 wakepotentials in time-domain
GdfidL (s,,,,=520m) | < With the full structure (including SC)
800 CST-PS (s,..=190m) < Only AC + half CC (without SC)
* T=13mMS for SuperKEKB/LER / 22 ARES cavities '
600 with 3.6 A beam current ﬂzf
| N =N
400} | |
| = |
\ |
200} | \
’ v'< 21.6 ms (Longitudinal rad. damping time of LER)
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Horizontal HOM Impedance (Simulation Result)

Appendix A (5/5)

and CBI Threshold at SuperKEKB/LER
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