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Overview of SuperKEKB ’

« Searching for “new physics” beyond the Standard Model
e e-/e+ asymmetric energy ring collider for B-meson physics ———
e Circumference of 3 km SC-RF e

. . . (HER) =
e« Aiming High Luminosity - LA S

on the order of 1035 /cm?/s >4 s BEN

several 10 times of KEKB achieved g/ ~7Electron P
»>Nano-beam scheme with colliding beams of N | W

10pm x 40nm ok 897 NC-RF
»Increase of Beam Intensity NC- RF ~ 9/ (HER,LER)
- (achieved) 1.14 A for HER, 1.46 A for LER (LER)

Peak luminosity of 4.65 % 10%* /cm?/s was
recorded in June 2022.

Particle positron electron
Energy 4 GeV 7 GeV _
Positron
Beam Current (design) 3.6 A 2.6 A Damping Ring
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RF-Related Parameters Layout of RF system

Ring HER LER HER LER HER LER € = < et

Energy [GeV] 8.0 3.5 7.0 4.0 7.0 4.0

Beam Current [A] 1.4 2 2.6 3.6 1.14 1.46 .

Number of Bunches 1585 1585 2500 2500 2346 2346 30 RF Statlons :H.

Bunch Length [mm] 6-7 6-7 5 6 ~6 ~6 HER (7GeV) LER (4GeV) -

Total Beam Power [MW] ~5.0 ~3.5 8.0 8.3 ~ il 3.2 8 x ARES 22 x ARES =

Total RF Voltage [MV] 15.0 8.0 15.8 9.4 14.2 9.12 8 x SCC o

ARES SCC ARES ARES SCC ARES ARES SCC ARES ::::::::j

Number of Cavities 10 2 8 20 8 8 8 14 4 4 8 12 10 H.:

Klystron : Cavity Aoz | dledl | e 1:2 1:1 Aledl =2 | =il ez | dlgil 1:1 o2 | dlgil YV KLysTrRON >_'=::

RF Voltage [MV/Cav.] 0.5 1.5 0.5 0.5 1.5 0.5 0.45 1.35 0.45 :

Beam Power [kW/Cav.] 200 550 400 200 600 400 200 600 130 170 260 190 230
Physics Run started in 20109. Y. Ohnishi | 2022ab
el ' Tl
g 0 H B | Re-using RF system with reinforcements to handle
T | | twice high beam current and large beam power
_ P Basic Beam Operation Schedule
= 1000 « Beam operation (Physics Run) : 6~7 months/year
2 ool (with summer and winter shutdown)
ET l « SCC cooling and warm-up : 2 cycles / year

ot : |  Regular maintenance day in operation term : 8

05/01 09/01 01/01 05/01 09/01 01/01 05/01 09/01 01/01 05/01

2019 2020 2021 2025 hours every 2 or 3 weeks
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SCC Module of SuperKEKE )

June 26, 2023 (MOIXAQ5)

509 MHz Nb Single-cell Cavity
4.4 K Operation

" nput Coupl

)
3T | | N S r#xr|1111 t T l ] 3
IIIIII I T IllllIIIII”””””|||””””“”””
| .
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SCC in SuperKEKB =",

Tuner

Gate valve \ : ;o dampeieate valve

® 509 MHz Nb Single-cell HOM-damped Cavity, 4.4 K Operation 7:.:»- i{ W ——— EJLL ST—— g
® 8 SCC Modules in HER (electron ring) & One Spare Module RESE S5 \lax. Beam Current [A] oy
® Reused from KEKB (including Cryogenic system) ,on,;ﬁBps‘de LB i onoums RF Voltage [MV/cav.] 1.5
® Beam power and cavity voltage are kept as those of KEKB by l | External Q SE+4

sharing with ARES (normal conducting) cavities. Unloaded Q at 2MV 1E+9
® Main Issues in SuperKEKB for SCC Beam Loading [kW/cav.] 400

> Large HOM power is expected due to twice high beam current and shorter bunch length. _ HOM Loading [kW/cav.] 37

# Additional SiC HOM damper —Okada-san’s Poster: MOPMB068 ([l B s
» Degradation of RF performance of Qo =l ]/ v’ . el P\

€ Horizontal High-Pressure Rinse

Usual Operation of Cavity
® Warming up to room temperature twice a year
« Safety inspection of cryogenics; pressure gauge, safety
valve, etc
« Cavity free from frequency tuner during warming up and
cooling down
« Coupler conditioning with bias voltage before cooling
® Regular maintenance day of every 2 or 3 weeks
« \Visual inspections
« Cavity conditioning

" SCC Modules in uperKEKB Tunne| ™
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High Power Input Coupler —— " Fva =

® Coaxial antenna-type input coupler
® Qoi=5 x 10/
® P, ....= 400 kW at 1.4 A (achieved)

SuperKEKB : Design current 2.6 A ']’
No change of Q. to avoid contamination of cavity
Beam power delivered by SCC can be kept by sharing

with ARES cavities by giving the phase-offset.

o
~
400 R ATEREE 400 i
: KEKB HER  SuperKEKB
350 ¢ 350 A i
: —— DI10A SCCs
300 | ¥ = 300 { — D10B
g Input quer é " x —— D10C
&, 230 T 5 25071 p1op |
- i "’:l
g 200 : ﬁ‘ 2 2001~ Dl1A —
3 : L g — D118
o, 150 ¢ - £ 150 4 — D11C Y
1~ : ! © —— D11D ]
100 7 . 5 100 - 1
| ]
50 1 ] e Reiﬂectedi POWCI: ..................... _ 50 - n et
0 ! s ey .. .;isi i‘ *I"H# = 0 : T T T T T T
0 02 04 06 08 1 12 14 0 200 400 600 800 1000 1200 1400
Beam current of HER (A) Beam Current [mA]
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|_a rge H O I\/I PO\/\/@ (S —Qkada-san’s Poster: MOPMBO068

« HOMs can propagate toward beam pipes due to large aperture size.

* A Pair of Ferrite HOM dampers for each SC module
»SBP damper : $220 x t4 x L120

»LBP damper : $300 x t4 x L150
>Max. absorbed power in KEKB : 16 kW/cavity (1.4A, c=6mm, 10nC/bunch)

Doorknob

Input coupler / &I’ite HOM Damper

SBP N S L BP " ‘Stainless Steel Flange

HOM damper / HOM damper Copper

Gate valve E f FL j Gate valve Pipe for
IR ' //

Cooling
= C

' Tlowen]
. 2wl -
= @ o i =TT T ' e
T Lot '_} o :
' ' ’ ‘ ’ ] /1

/-

TGO O

SBP side LBP side |
lon pump lon pump

e L L L HIPped Ferrite (thickness: 4mm)
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|_a rge H O I\/I PO\/\/@ (S —Qkada-san’s Poster: MOPMBO068 O

« HOMs can propagate toward beam pipes due to large aperture size.

* A Pair of Ferrite HOM dampers for each SC module
»SBP damper : $220 x t4 x L120

»LBP damper : $300 x t4 x L150
>Max. absorbed power in KEKB : 16 kW/cavity (1.4A, c=6mm, 10nC/bunch)

SuperKEKB - Bt &_rrite HOM Damper :
. ‘ % [Stainless Steel Flange
Twice High Current and Shorter Bunch Length g?ppepforr W JStainless Steel Flang
> 30 kW in design current (2.6A) cpoine

higher than allowable level of ferrite damper

To reduce the load of ferrite dampers, two set of SiC
dampers have been installed. The effect of SiC damper
have been confirmed in the beam operation.

More additional SiC dampers are required.

(thickness: 4mm)

HIPped Ferrite
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Degradation of Cavity Performance

RF performance of SCCs are degraded in the long-term operation.

> Qg of several cavities were significantly degraded at ~2MV with Field Emission (FE).

> Degradation might be due to particle contamination during
 repair of vacuum leak.

 replacement of input coupler gaskets to change Q.

> Degradation increases a load on the refrigerator and makes beam operation difficult.

3100 IISIORYLORQ 108108 ) history of @_060308
B IR LR Y Al | R R | R SR S (B B 2 | EREEEE 310 E————————. S
i : ; slow Gooldown ] ' ] : ! !  slow cooldown * |
2510° ... 5 i i : i 0510 Fi , D1iC(IeaktrouhIe) i _‘—"'PL
[ —a— Loy | . ch gasket.(mumnm,e,c,m ' IBENNE o e R gasked (D10D;D114,8,C.D)
> 210° B | T8 (Caoemn Lzl D104 leaked & fix o1 I : | HER-A | Dm“ leake}t & fixed
s Fi | ——Lo-coemy) : ; : § sl B " e e T S frneneee]
N r : ! i : ; : : ]
5 19 10° £ L ‘. Rl CPL gasket (DAIABC). .. N ' * : : : ; ]
g E E : : \ : ""“' ) ¥ iy B e oo ) . .: Lot ...E. ....... _:
o B = a = F : ‘ i e
& 110 N g """ | ; w g : g e} 110° r H : U i LN HRE i E
510° [ E ; ] i | —s— Ra-Q0(MY) ; ! : ]
SIERREEE RS T R e 2 mer X - s [ —=—RrB-aomy) | Y : : ; ]
- ! | Ty 510° | RG-a0(amM - e & | T Furuva
o B R e F{ ——rD-qoimy | oy ] . V%
([ [ — ]
e 2002D ;.?.UES 200: s 1999 2000 2001 2002 2003 2004 2005 2006
T T offset (5 -->8) a2 offset (5 -->8)
L=1E+34
D11B (Vc test) L=1E+34

D11B (Vc test)

Performance recovery is desirable for stable long-term operation of SuperKEKB.
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Horizontal High-Pressure Rinse (HHPR) system
® New High-Pressure Rinse (HPR) with ultrapure water system was developed.
® \We can apply HPR to the cavity in the cryomodule.
® The system is equipped with automatic nozzle driving system in horizontal and rotational.
® [nput coupler and both end groups, including ferrite HOM damper, taper chamber, bellows chamber,
ion pump, vacuum gauges and GV, are removed before HHPR in a clean booth.
® \Water in the cell is pumped up by aspiration system during rinsing.
® Only cell and iris area are rinsed. Water Pressure 7 MPa
o e e mm : Nozzle $0.54mm x 6
i B Couprer. POt CryomOdUIe: Driving speed 1 mm/sec.
- : 5 5 o i Rotation speed 6 deg./sec.
I Dm:,iivs‘:em . m — i ) ﬂzzle i Rinsing time 15 min.
' 8 .| : :
| Pickuppw S
High pressure pump_ _ __ - ____________ '
Cavity
Aspirator
O 0 Filter
N From ultrapure water system
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HHPR -Rotating Water Jets- ’
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® \We have already applied HHPR to three cryomodules degraded by strong FE.
® HHPRed modules were tested with high power at 4K.
® Before cooling, baking were not performed.
® Cavity performances were successfully recovered.
® All three cavities have been installed and operated stably in SuperKEKB.
101 _ _ 1010 : : 1010 :
Aftbr Aging | after HHPR | § after HHPR
after HHPR S EE | 20140227 | . 20180125 e
(o] 9 T .. ‘ o 9 - ® (&) 9 o
' = Before ] f ] :
Degraded Degradation : Desraded : ; Degraded m
20110310 200pHIs | oio0eo] m | | 20160616
8 lCABO3 | 108 | CA-BO4 108 LCA-BO2 m
0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 2.5 0 05 1 1.5 2 25
Ve [MV] Ve [MV] Ve [MV]

We are planning to perform the HHPR in the accelerator tunnel. There are many difficulties such as
maintaining cleanliness, working in narrow spaces, and supplying ultrapure water. However, it has the great
advantage that no extensive work is required to move the cavity out of the tunnel. We will continue R&D.
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Operation Statistics of SRF System ’

> Beam Aborts caused by SRF system is not often.

e Collect signals of RF, beam, LM, etc to find the last message from the beam and to know the
true cause of each beam abort

excludln due to LLRF and HPRF
® Multipacting breakdown of Cavity Beam Aborts Recovery 2019 2021 2022
. . caused by time

® Electric breakdown of Piezo actuator for freq.

MP in Cavity 2-3 min. 2 2 12 7
tuner Pi breakd 1h 6 5 1 0
€20 breakaown < our
e Due to Insulation failure because of humidity
: : : _ Chiller failure < 1 hour 1 1 3 0
« Cavity can be operated without piezo by changing
tuner control settings. Recovered in 30 min. Others 0 0 2 2
 Fixed by dehumidification using desiccant (silica gel) Total 9 8 18 9
® Failure of Chiller for HOM dampers Trip Rate [/day/8 cavities] 0.06 0.04 0.09 0.07
Operation days 149 180 196 121

« Due to aging degradation. Replacement is on going.
All aborts (>50mA, including LER single)

« By bypass piping to the spare and the next chillers. *except injection tuning - ~650*  ~1100  ~730
Recovered in 30 min. . .
SRF system is stable even at 1-A beam operation.
€ Recent failures affected beam operation
> Cavity Leak : In Oct. 2020, during cooling. The start of HER beam operation was delayed one day.

e The cavity was detuned in the 2-months beam operation and replaced with the spare cavity in the winter shutdown.
> Failure of Tuner : Beam operation was suspended for 3 hours to replace the tuner.
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Summary

® SuperKEKB is steadily increasing the beam current and continues to
update own luminosity record.

® SRF system is operating stably with low trip rate at large beam currents
of 1.14 A for HER so far.

® Maximum beam power delivered by SCC was 400 kW in KEKB operation.
The power can be kept by sharing with ARES cavities by giving the
phase-offset.

® Large HOM power which is higher than allowable level of ferrite
dampers is predicted. More additional SiC dampers are required to
reduce the load of ferrite dampers.

® o realize stable long-term beam operation, HHPR has been
established to recover the performance of the cavity.
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Thank you for your attention.
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