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Belle Il Superconducting Solenoid
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<Exe SuperKEKB

Beam energy (LER/HER) : 3.5/8.0 GeV (KEKB) - 4.0/7.0 GeV (SuperKEKB)

Beam current (LER/HER): Beam-beam parameter:
1.64/1.19 A (KEKB) 0.129/0.090 (KEKB)
- (SuperKEKB) — 0.088/0.081 (SuperKEKB)
Lorentz factor K /
Y+ Oy |1.8+y (R L
L="*|1+—2 |22
Geometrical reduction factors due to
Classical electron radius Beam size ratio \ crossing angle and hour-glass effect
Luminosity: Vertical 3 at the IP:
2.11 x103* cm2s1 (KEKB) 5.9/5.9 mm (KEKB)
- 80 x10%** cm2s™! (SuperKEKB) — 0.27/0.3 mm (SuperKEKB)

Challenging



Super
KeKkB

SuperKEKB

Nano-beam scheme
Short longitudinal size of overlap region

in order to squeeze B*y avoiding the hourglass effect.

Small ¢p;,,

KEKB: ~ 1
(6,=11 mrad)

Large ¢piy,

SuperKEKB : ~ 20
(6,=41.5 mrad)

d~o,/20

Piwinski Angle
b = 0.0,
Pi *

w O_ .

Longitudinal overlap region

®
g=2x_
Hx ¢Piw

6,.:half crossing angle

Proposed by P. Raimondi
together with Crab Waist.



<Exa SuperKEKB

Beam commissioning will be performed in three phases.

> 4

~5 months
Feb. - June 2016
finished ~5 months
Phase 1 Phase 2 Phase 3
w/o QCS and Belle Il w/QCS and Belle Il Physics Run
» w/o Vertex detector »
basic machine tuning o _
vacuum scrubbing 4 Luminosity tuning Luminosity tuning
Target luminosity: Target luminosity:
1x103* cm2st? 8x 1035 cm2 st

background study

Here we are.

QCS: final-focus superconducting magnet system Y. Funakoshi et al.




Super

Phase 1 milestones: Feb. to June, 2016
® Feb. 1: BT tuning started

® Feb. 8: LER injection tuning started
® Feb. 10: beam storage in LER

® Feb. 22: HER injection tuning started
® Feb. 26: beam storage in HER

Tasks during phase 1 operation
® Basic machine tuning

® Vacuum scrubbing

® Low emittance tuning

® Machine studies on electron cloud

effect, beam background, etc.

<Eks Phase-1 Commissioning

Achieved beam current
870 mA (HER)
1010 mA (LER)

2/1/2016 0:00 - 7/1/2016 0:00 JST

Peak Luminosity 000[mb/sec] @03/01 11:00
Integrated h1m1n0s1ty 00 [/pb]
L] L] 1 Il II- I"_' Tl :‘!.' L] JII I
©.8 HER red: beam cUrre *})urple vacuum pre%re
0.6 ] '
< | 0.4
—
c| 0.2
z
=
ST
£ 0.8
S
m| ©.6
0.4
0.2
0.0f
2/1/2016 3/1

w400

£ o 3200

<7800

* 400

600

200

10

=300

[eg] ainssarg [Uru] sawmajry

100

0.01
7/1

" 10-5
- 10_6
- 10’7

L 10_8
- 10'5

- 10'6
- 10‘7

L 10'8

K. Akai




Super
KekKB

Vacuum Scrubbing

m The vacuum system worked well with newly introduced components.
Integrated beam currents satisfied requirement for Belle Il roll-in.

Average pressure [Pa]

Average pressure [Pa]
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[HER]

- Base pressure: ~3x108 Pa
* Max. beam current: 870 mA

* Int. beam current: 660 Ah

« Avg. Pressure: ~2x107 Pa

(arc sections) ~ 6x10% Pa

 Lifetime ~ 400 min.

[LER]

- Base pressure: ~5x108 Pa
* Max. beam current: 1010 mA

Int. beam current: 780 Ah

* Avg. Pressure: ~ 1x10° Pa
* Lifetime: ~ 70 min.

(with Emittance control Knob ON)

Y. Suetsugu et al.
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Vacuum Scrubbing

m Vacuum Scrubbing was performed smoothly.

dPidi[Pa A°']

e Photon-stimulated desorption coefficient

decreased to ~5x10°

molecules photon in LER and to less than 1x107 in HER because
>80% of HER chambers were reused (Memory effect).

1%X107 g
1x10° |
1x10° -
1%10° -
1%10° -
1x10°7 i
1%10° -

1X10-g : -3 -2 -1 0 1 2 3
1x10° 1x107 1x107 1x10° 1x10" 1x107 1x10° 1x10

Photon dose [photons m™']
1x10" 1x10%° 1x10?" 1x10% 1x10%° 1x10%* 1x10%°

L

'[LER]

Arc sections

b

-uml =TT

Whole ring (incl. wiggler)

Goal 17 =1x10°

Beam dose [Ah]

1

1

1

1

1

1x10°

X107

x10~

x10™

x10°°

x10°

7

13(10'8

suoljoas ode ul [, uojoyd sajnosjow] i«

dPidi[Pa A°']

Photon dose [photons m™']
1x10"? 1x10%" 1x10?" 1x10%% 1x10%° 1x10** 1x10%°

1x10™

[HER]

1%10°7°
1x10° |

1x10° [

e

1x10°® _ Arc sections

[ D D

Whole ring (incl. wiggler) _| 1x107®

-
>
-
o
5

1x10°

1x107 [

1x10° [

Goal 17 =1x10°

1107

suonoas oJe ul [, uojoyd sanosjow] &

- 1x10°®

| | | |

1x10° L | |

1x107 1x107 1x10" 1x10° 1x10' 1x10* 1x10° 1x10*

Beam dose [Ah]

Y. Suetsugu et al.




prnd Electron Cloud Effect

O

m Electron cloud instability can be a serious problem for LER (e*).
e Blowup of vertical beam size deteriorates the luminosity.

m For the SuperKEKB, the threshold of electron density to excite
the head-tail instability n,is estimated to be 2-3 x10'! e m™.

m Various mitigation techniques were adopted in the SuperKEKB.

e Antechambers e Solenoid field e Clearing e Grooved

ting electrode (w) surface (B)

ras  Electrode par

Y. Suetsugu et al.
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))<Es Electron Cloud Effect

m Countermeasures in SuperKEKB LER (Final configuration*)

Total 3016 100
Drift space (arc) 1629 m 54
Steering mag. 316 m 10
Bending mag. 519 m 17
Wiggler mag. 154 m 3}
Q & SX mag. 254 m 9
RF section 124 m 4
IR section 20m 0.7

*Solenoid coils are not yet installed.

With above countermeasures,

n,~2x101%e m?3
is expected.

Without solenoids,
n, ~6x10t e m3

TiN coating + Solenoid
TiN coating + Solenoid

TiN coating + Grooved surface

n[em'3

Clearing Electrode

TiN coating

(TiN coating +) Solenoid
(TiN coating +) Solenoid

1014

1013

1012

Al (arc)

Al
Al
Cu

Al (arc)

Cu
Cu

/A

Electron den5|ty anng the rlng

[

w4~%(cwcw
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N

J H ||

L L
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Y. Suetsugu et al.
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3x10”

(A)

Electron current

2x10° |

1x10°®

Electron Cloud Effect

m Electron density was measured by electron current monitors in
a drift space with and w/o TiN coating.

s Antechamber and TiN coating are well functioning.

m Electron current at aluminum with TiN coating is much lower
than that W|thout it.

Bunch spacmg 3 06 RF bucket
Number of bunches: 1500 - 1576
[ Repeller voltage: -30 V

v Location: Arc section

[ (Photon density (photons s m” mA™))

T T T T T T

KEKB KEKB
[Cu_Cir] [Cu_Cir+TiN].
(7x10™) (7x10™%)
[Al_Ante]
(9x10™) | [AL_Ante+TiN]
(1x10™)
0 02 04 06 0.8 1.0 1.2

Beam current (A)

Y. Suetsugu et al, J. Vac. Sci. Technol. A 35, 03E103

.....

Antechamber

Beam channel

Collector é Retarding grid
+100V Grid bias

Y. Suetsugu et al.
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Electron Cloud Effect

Al bellows in tunnel

Electron cloud effect was firstly observed at ~ 0.6 A.

Nonlinear pressure rise and vertical beam size blowup,

etc.

Caused by the electrons in Al-alloy bellows chambers
without TiN coating. Total length was 5% of the ring (0.2
m x ~830), but the electron density was very high there.

Permanent magnets making axial magnetic field (~100 G)
were attached to all of Al bellows.

Vertical beam size blowup

| |
1/1576/6n

ECK on

Without permanent magnets

With permanent magnets

|

Average pressure [Pa]

|
0 0.2 04

0.6

Beam current [A]

0.8

1x10°

8x107 |

ex107 |

4x107 |

2x107

0

Nonlinear pressure rise

Nonlinear pressure rise and beam size blowup relaxed.
However they are still observed at higher current.

1/1576/6n

Without permanent magnets

N

AN

With permanent magnets

"(arc)

0.2 04 0.6
Beam current [A]

0.8 1.0

Y. Suetsugu et al.

:
2 N

;- X
Permanent magnets fttached
to bellows chamber




Super

KeKB

&

Electron Cloud Effect

m Threshold current of beam size blowup is almost proportional to the

linear current density (bunch current / bunch spacing in RF bucket).
e The beam size blowup occurs at almost same point in the linear current

density.

e The same behavior was observed at KEKB (Cu circular chamber without
coating). Without axial magnetic fields, the threshold was 0.04 mA/bucket.

200

1502

10045,

vertical size(um)

eos e
.

S50 .
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0. o
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H. Fukuma et al.
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vertical size(pm)

o)

spacing)

Electron Cloud Effect

m Threshold of the beam size blowup increased from 0.10-0.12 to

0.18-0.20 mA/bucket after installation of the permanent magnets.
o Our targetis 0.72 mA/bucket. (3600 mA/2500 bunches/2 buckets

200 —— ,
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sofiF. - 4/150/3

wop, 41504

50

v 4/150/6

o .
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§00 005 010 015 020 025 030 035 040
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' 4/150/3 '
& 4/150/6
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H. Fukuma et al.
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Electron Cloud Effect

m Electron density in a drift space was estimated from
measured by the electron current monitors.
m The electron density in the region w/o coating is higher

by one order of magnitude.

m  Around the blowup threshold, measured electron
densities are not so different from simulation.

1.5x10% I 110 e
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L |
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Collector
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Grid bias

Retarding grid

4/150/2

11 A
threshold
electron
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simulation " {'
0 2 e ] | 1 |
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0.35

H. Fukuma et al.
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= 3
Vertical sideband spectrum changed before and after the installation of permanent

magnets, from drift mode to solenoid mode.

The drift mode still appeared at high current after the installation in the case of 2
bucket spacing. This suggests that the electron clouds still remain in drift spaces.

The blowup and the nonlinear pressure rise were still observed at higher current in
the fill pattern 1/1576/3.06 for vacuum scrubbing.

Pressure relaxed by attaching permanent magnets in drift spaces.
Permanent magnets will be attached to drift spaces all over the
ring before Phase-2.

2x10° permanent magnets in drift spaces
= H T T T T T T T T
Vertical sideband spectrum |, 1/1576/3.06 / e
L*® EcKon . . e |
2 bucket spacing, 300mA 4 bucket spacing, 350mA T 150107 b Vertical beam size
- s s
BefOre |-ttt | e before ‘§ r
E 0’| Y : ]
| 2 s
drift mode ‘\ | 3 g
,,,,, | i ‘ é 5)(101 : . |
ﬂﬂﬂﬂﬂﬂ N
nnnnnn | -
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s B s My o e R ox16” | | | |
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o 02 o4 o5 o5 1 H. Fukuma, Y. Suetsugu et al.
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<EE Electron Cloud Effect
SEY

m The electron cloud was formed in the drift space with antechambers and TiN coating.

m The simulation of ECE indicates that the maximum SEY should be larger than an average of
approximately 1.3 in the ring to excite the ECE in the present condition of LER.

m  Onthe other hand, the maximum SEY measured in the laboratory was 0.9-1.2 at the
estimated electron dose of 5 x 10* C mm2, where the incident electrons was 250 eV.

m  Thereason of the difference has not been clarified.
Change of measured SEY

) epes against electron dose
Possibilities: - g
= The dose of electrons with sufficient energies is : : A1 Aluminum alloy 4063

Stl“ IOW. 5 [ Degreased

m The pressure is still high in the beam pipe. In an "

experiment, the maximum SEY is high if the
samples are not baked and the pressure in the
test chamber is high.

m There is a place where the electron density is
high. Al-alloy beam pipes without coating still _
remain in the straight section. o L - - - .

. . . . 1x10 110 1x10 1x10 1x10

Further investigation in Phase-2.

Electron dose (C mm™)

15 L [Al+200n TiN]

|
|
&
1L i
L [Al +100 n TiN]

SEY at 250 eV

|
[ |
05 | I
|
1

Y. Suetsugu et al, J. Vac. Sci. Technol. A 35, 03E103

Y. Suetsugu et al.




@_C:B Electron Cloud Effect

* Antechamber and TiN coating are working well.

Reduction of secondary electron by TiN coating is clearly
observed.

* The electron clouds are still formed in drift spaces with
antechambers and TiN coating.

 Permanent magnets will be attached to drift spaces all
over the ring before Phase-2.

* More simulations on effect of installing permanent
magnets are going on.

* Further studies on SEY will be performed in Phase-2.
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Low Emittance Tuning

&

Optics corrections have been worked successfully in both rings.

m Tentative target of vertical emittance has been achieved in LER.
= Measurements with X-ray monitor (XRM) give larger ¢ in HER.

Vertical
Emittance (gy) [pm]

Vertical Dispersion

e More calibration of XRM and larger Py at RXM in Phase-2.

rms(Any) [mm]
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C | I e
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C p Y .
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] ] H 10 permanent skew-Q
= -————'E, ' I l 335 to correct error field
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= iy 1 —?5
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3 Correcition 1 | | "r—t_%ﬂ_g':‘

T ohgtos 4/1 5/ T6/1 2!

3/1/2016

Y. Ohnishi et al.
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<EKE Low Emittance Tuning

P 4

m Skew Q-like corrector windings on sextupoles are newly introduced at
SuperKEKB to correct x-y couplings and vertical dispersion almost

independently.
e Vertical orbit bumps at sextupoles were used at KEKB.

Symmetrlc exata’uon Iocallzes dlsper5|on Asymmetric excitation Iocallzes x y coupllngs
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0 —— f f f f i f
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4001
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£
L
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e 0F
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0,
7 3
-0.06F
008
: | physical vertical
3.t dispersion
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Y. Sugimoto et al.
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EKE Low Emittance Tuning

T T T T T
0.2 e

0

x-y coupling correction in LER 1 , | , l :

0.2F E

0

m  Observables are vertical orbits excited 0.2} :

by horizontal steering magnets. °'§NWMWWJ\E

m The vertical orbits were successfully o | ;

corrected by skew-Q windings. MNWW\N\[\AM/\M/\MMV\/\MMM\/\N\(\AMMV\ANM

m Localized coupling source was also , -

0.2

corrected by additional skew-Q °

0.2F

correctors. 0.2F ; :
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H. Sugimoto et al.
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m Optics correction of HER and LER is in the same level. The
vertical emittance in HER is also expected to be ~10 pm.

Results of optics correction in Phase-1
Items Symbol LER HER

Coupling strength | C~ | (x1077) 1.2 2.0
X-Y coupling® rms(Ay)/rms(Ax) 09 % 0.6 %

Hor. dispersion rms(An,) Smm 11 mm
Ver. dispersion rms(Any) 2mm 2 mm
Hor. 8 function rms(A ,BA./ Bx) 3 % 3 %
Ver. B function rms(ABy/By) 3 % 3 %
Hor. tune Av, (X107™%) 2 5
Ver. tune Avy (x107%) 5 |

Y. Ohnishi et al, TUT3BH, eeFACT16

Y. Ohnishi et al.




@::B IR status for Phase-2 commissioning

Overview of the horizontal cross section of the SuperKEKB IR

HER(e- bepm) _ LER(e+ b
Belle-ll Detector o (e+ beam)

55isuperconducting magnets are -
assembled innthe two cryostats,
QCSL and QCSR.

v
L
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QCS-L Cryostat

QC2LE

4 corr
(a1,b1,0

4 correctors
(a1,b1,a2,b4)

Helium Vessel

4 SC main quadrupole magnets: 1 collared magnet, 3 yoked magnets

16 SC correctors: al, bl, a2, b4

Helium Vessel

ESL solenoid

ectors

=QC1LP

4 correctors
(a1,b1,02,b4)

4 correctors

(a1,b1,a2,b4) eak fiel

cancel c
(b3,b4,b5,5

IR status for Phase-2 commissioning

QCS-R Cryostat

Helium Vessel

Helium Vessel

iald (a1,b1,02,a3)

4 SC leak field cancel magnets: b3, b4, b5, b6

1 compensation solenoid

ESR1 Solenoid

QC1RE

4 correctors
b3 corrector

| coils

b6)

ors b3 corrector
3,b4)
QC2RP

4 correctors
(a1,b1,02,a3)

ESR2

=

——

QC2RE

4 correctors
tutbta2,o3) —

~

\

4 SC main quadrupole magnets: 1 collared magnet, 3 yoked magnets
19 SC correctors: al, b1, a2, a3, b3, b4
4 SC leak field cancel magnets: b3, b4, b5, b6
3 compensation solenoid

N. Ohuchi




Main quadrupole magnets have the
different cross section design along the
beam line.

R4
Collar outer radius

(Yoke inner radius)
i QciP 4
Collar outer radus >

i
Beam pipe
inner radius

y R24.5 FENIE
uter radus NS ]
of collectors AR UGBS

0 colector ‘ »  Magnetic yoke: Permendur

Helium vessel of collectors

outer radus mﬁ;a 3%55501 fgdscollecfor . ;S ezsgse[ He!i_ Z?S_Se’ = . .
odler rackss rer rods Yokes are cut for the interference with
. the LER beam line.

R 39
Beam pipe
outer radus

Beam pe QC1P: The quadrupole is placed at the closest position to
o IP for LER. Non-magnetic yoke magnet, G=69 T/m.

! i QC1E:The quadrupole is placed at the closest position to
Rl e IP for HER. Yoked magnet (Permendur), G=72 T/m.
e QC2P: The quadrupole for LER. Yoked magnet (Permendur),
SC coil thickness=5.4 mm (R_.,=53.7mm), G=28 T/m.

68
Collar outer radius
(Yoke inner radius)
g 5

24
Collar inner radius

a 3.6
Outer radus
of collectors

R 48
Helium vessel
outer radius

o7 coil™
%%3233; N~ QC2E:The quadrupole for HER. Yoked magnet (Permendur),
o er ks ‘ o SC coil thickness=5.4 mm (R,,;=59.2mm), G=32 T/m.

All quadrupole magnets have the multi-layer corrector magnets.

R 59 SC collector
Outer radus coils
of collectors

A 54
Helium vessel

outer radus Helium vessel

inner radius

N. Ohuchi
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Construction of superconducting corrector magnets

* The corrector magnets were constructed by BNL under the research
collaboration

— BNL special technique: direct winding method

— The SC coils were wound directly on the helium inner vessel, and they are multi-layered.
— Types of corrector magnets:

. Normal and skew dipoles: correction of the quadrupole center magnetically

. Skew quadrupole: correction of the quadrupole mid-plane angle

. Normal and skew sextupoles: cancelling the sextupole fields induced by the assembly errors of the quadrupoles
. Normal octupole: tuning the dynamic apertures

. QC1P leak field cancel magnets (sextupole, octupole, decapole, dodecapole): cancelling the leak field from

QC1P to HER beam line. QC1P is the magnet without magnetic yokes.

QC1P octupole leak field cancel magnet

N. Ohuchi
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Construction of QCS superconducting magnets

* SC quadrupole magnets and corrector magnets

— Three quadrupole magnets (QC1LP, QC1LE, QC2LP) and the corrector magnets were
assembled in the support block to keep the precise position between magnets.

T\

D
="

b,a ,: rector

Iron block Stainless steel block

QC1LP &
_ay, b,a,b,

g corrector @l
magnets

The magnets are covered with the
stainless steel block and the iron

block.

N. Ohuchi
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Compensation solenoids [ESL, ESR1, ESR2 and ESR3]

— Cancelling the integral solenoid field by the Belle-1l solenoid on each side of IP

—  Making the optimized solenoid field profile in the area close to IP

v

<<= |R status for Phase-2 commissioning
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In the left cryostat, one solenoid (12 small solenoids) is overlaid on QC1LP and QCI1LE.
In the right cryostat, the 15t solenoid (15 small solenoids) is overlaid on QC1RP, QC1RE and QC2RP.

— The 2" and 3" solenoids on the each beam line in the QC2RE vessel.

N. Ohuchi
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Cons’guction of QCS su‘pmerconducting magnets

ESL consists of 12 coils:

Magnet length=914 mm
Maximum field at 403 A=3.53T
Stored Energy= 118 kJ

ESR1 consists of 15 coils:
Magnet length= 1575 mm

| Maximum field at 450 A=3.19 T
Stored Energy= 244 kJ

~ Cold diode guench protection system

N. Ohuchi
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Assembly of ESR2, QC2RE and corrector magnets

Complex magnets
From inner magnet bore:
* Four-layered correctors

ESR2 compensation solenoid

* Collared QC2RE

* ESR2 compensation
solenoid

* Iron magnetic yokes

Hel vessel

Yokeouier radius OC2RE inner radius

4 layer-corrector magnets

N. Ohuchi
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4 3

Important components for beam operation: radiation shield
— Radiation shield of W-alloy is cooled to 4 K with SC magnets

e / <

\/

Assembled cold mass of Assembling the = .7_,___.\ _——
quadrupoles and correctors ; radiation shield ‘
for QCSL s of W alloy on

s
Covering the cold mass
ESL | r

with the helium vessel
and welding the vessels

Combination of the
cold mass and the
ESL solenoid

N. Ohuchi




QCS-L magnet-
cryostat

N. Ohuchi




Super

<<= |R status for Phase-2 commissioning

Constructlon of QCS system in SuperKEKB IR

25t Dec. 2015: The QCS-L cryostat was delivered to KEK

* Feb. 2016 ~ Jul. 2016: Cold tests of the QCS-L cryostat in the Experimental
Laboratory

e 15t August 2016: The QCS-L cryostat was installed on the beam lines.

e 1stSept. 2016 ~ 20t Oct. 2016: Construction work of the QCS-L cryogenic
system

e 7% Nov. 2016 ~ 22" Dec. 2016: Cold tests of the QCS-L system

e 13t Feb.2017: QCS-R cryostat was delivered to KEK, and the cryostat was
installed on the beam lines.

e March 2017: The QCS-R system has been integrated with the cryogenic
system and the power supplies.

* May - August 2017: Commissioning and field measurements of the QCS-L
and QCS-R systems with exciting Belle-ll solenoid

N. Ohuchi
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Two magnet cryostats were integrated on the SuperKEKB beam Ilnes in March 2017
N. Ohuchi
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SO

The Belle-ll particle detector was
rolled in the SuperKEKB Interaction
Region on April 11th, 2017.

e VoRR, £ g e

QCS-L magnet cryostat

N. Ohuchi
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QCS-L and QCS-R were placed in the —
normal positions in Belle Il on May 8. —
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- QCS-R magnet cryost

QCS-L magnet cryostat

N. Ohuchi, M. masuzawa et al.
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* The construction of the QCS cryostats was completed,

and two cryostats and the cryogenic systems were
integrated in the SuperKEKB IR in March 2017.

The Belle Il detector was rolled in on 11t April, 2017.

Commissioning and field measurements of the QCS-L
and QCS-R systems with the Belle solenoid field are
scheduled from May to August, 2017, and the field
parameters of the magnets for the beam operation will
be measured.
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Injector Complex

Thermionic gun

{-iﬂlﬂﬂ-]-@m': bunching
Photo-cathode

1.1 GeV
Damping Ring
£ circ.136 m

RF gun PF
2.5 GeV e-
Bunch - o4 1
3.3 GeV Compre ‘; ~4Energy-spread LER

Compression System

10nC x 2 (prim. e-) A
5nC x 2 (inj. er)___________S__lqgn_o_l "" el

_________________________

e+ target &
LAS capture section

Major upgrades of injector LINAC

Low emittance e- beam from Photo-cathode RF-gun

High current e- beam from thermionic e-gun to generate e+
Low emittance e+ beam with new Damping Ring

Higher intensity of e+ beam by upgrading of e+ generator

® Flux Concentrator, Large Aperture Structure, Solenoid Section,
~100 Quads

Fast switching of beam optics/orbit by introducing ~70 pulsed
magnets

Higher resolution of Beam Position Monitors
Higher accuracy of Beam line alignment

primary

K. Furukawa et al.
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Positron Damping Ring

+1.5%

A—

LTR after ECS
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for short damping time
il Energy
Positron Target compress ion
FCTOPP PO T OO RO TOOE PO
0 S0

Sector-1 Sector-2

L-band @JENDSEC2, 9276
T Ty Gog S10

1500

1000

Collimators in the arc
20% is cut at the tail 500

Counts

0
-02 -0.15 -01 -005 0 0.5

M. Kikuchi et al. Apl/p0
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Table 3: Parameters of the Damping Ring

Energy 1.1 GeV
Number of bunch trains 2

Number of bunches / train 2

Circumference 135.498295

Maximum stored current 70.8 mA
Energy loss per turn 0.0847 MV
Horizontal damping time 11.57 ms
Injected-beam emittance 1400 nm
Equilibrium emittance (h/v) 41.5/2.08 nm
Coupling 5 Y0
Emittance at extraction (h/v) 429/ 3.61 nm
Cavity voltage 0.5 1.0 1.4 MV
Bucket height 0.81 1.24 1.5 %0
Energy spread 5.5x10~4

Synchrotron tune 0.0152 0.0217  0.0257
Equilibrium bunch-length 11.07 7.79 6.58 mm
Phase advance/cell (h/v) 64.39/ 64.64 deg
Momentum compaction factor 0.0142

Bend-angle ratio 0.35

Bend radius 2.7 m
Number of normal-cells 40

RF frequency 509 MHz
Chamber size(normal cell) 347 % 24V w/ antechamber mm

M. Kikuchi et al.
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(o)

2012 Dec. Tunnel construction done
completed.
2013 Nov. Power supply building done
construction completed.
2014 Mar. Facility building done
construction completed.
2014 May —Dec. 15t period of installation Power cables, a part of BT magnets done
2015 May—Dec. 2" period of installation Mangets, Power supplies for magnets, done
High power RF system, BPM cables, etc.
2016 Jan. ~ 3" period of installation Beam pipes, RF cavities, cooling done
channels, etc.
2017 Jan. ~ 4t period of installation ECS, BCS, Septums, Kickers, Monitors, ongoing
etc.

2017 Nov./Dec. Beam commissioning starts

~

M. Kikuchi, K. Akai et al.




Installation RF cavities to
the DR Tunnel

(November, 2016)

U

Downstream Cavity

Downstream
End Beam Pipe
with HOM absorbers

Dummy Duct Upstream Cavity

(to be replaced by a

Downstream 3" cavity if necessary) Upstream Upstream
Middle Beam Pipe Middle Beam Pipe End Beam Pipe
with HOM absorbers with HOM absorbers with HOM absorbers

T. Abe et al.
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Now waiting for high-power RF
DR operation

conditioning”

* High-power RF conditioning was completed
at a test stand for each cavity.
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Beam pipes (ring) and vacuum pumps

Magnets alignment (coarse)

Cooling channels for magnets

Beam pipes at BT and Linac side

Installation of ECS and BCS cavities and waveguides
Installation of septums and kickers

Magnets alignment (fine)

Adjustment of power supplies

High power RF cavity conditioning

High power conditioning of ECS and BCS accelerating units

Evacuation of beam pipes

Arc cells of DR

- ————

M. Kikuchi, K. Akai et al.
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Calendar year 2016 2017 2018 2019
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown| Summer shutdown| Power saving Summer shutdown|
(power saving) (power saving) after mid July 2018 (power saving)
: (mid Feb. —mid J:ul. 2018) :W/ full Belle 11
phase 1 wegaen | phase 2 (MR)! 'phase 3
1 : I - -
- w/QcCs I
MR renovation for phase 2, including | ER “;/ Bi"e I {no VXD) :
MR startup installation of QCS and Belle Il : LERZtZ;t 'VXD installation
[

DR installation & startup

. 0 .
DR commissioning

phase 3 operation
9 months / year

K. Akai

We are here.
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 The Phase-1 commissioning of SuperKEKB collider rings was
performed successfully.

— Integrated beam currents sufficient for Belle Il roll-in were achieved.

— Electron cloud effects are not so different from expectation.
Permanent magnets will be attached in drift spaces in LER.

 Renovation works for Phase-2 are steadily in progress.
— QCS and Belle Il are installed in the IR.

* The phase-2 commissioning will start:

— positron damping ring : late 2017
— collider rings with QCS and Belle-Il : mid. Feb. in 2018
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Thank you for your attention.



