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« Redesign the lattice to squeeze the
~ emittance (replace short dipoles with
longer ones, increase wiggler cycles)
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Injector Linac upgradef
® RF electron gun
/7/80; improve e+ source A
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Replace beam pipes with

TiN-coated antechamber-
type ones

Reinforce F systems for
higher beam currents



wrra SuperKEKB

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

Luminosity gain Beam current (LER/HER): Beam-beam parameter:
28 | 1.64/1.19 A (KEKB) 0.129/0.090 (KEKB) 1{E
- (SuperKEKB) — 0.088/0.081 (SuperKEKB)
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Lorentz factor
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Geometrical reduction factors due to
Classical electron radius Beam size ratio \ crossing angle and hour-glass effect
Luminosity: Vertical 3 at the IP:
A0FZ | 2.11 X103* cm2s1 (KEKB) 5.9/5.9 mm (KEKB) 204z
— 80 X 10%* cm™?s! (SuperKEKB) — 0.27/0.3 mm (SuperKEKB)

Challenging
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Beam Commissioning

Beam commissioning is being performed in three phases.

~5 months
Feb. - June 2016

successfully finished

Phase 1
w/o QCS and Belle Il

Basic machine tunin
Vacuum scrubbing

Low emittance tuning

-’ w/o Vertex detector ‘

g
A

~5 months

Phase 2
w/QCS and Belle Il

Luminosity tuning
Target luminosity:
1x 103 cm2 st

background study

Here we are.

QCS: final-focus superconducting magnet system

Phase 3
Physics Run

Luminosity tuning
Target luminosity:
8 x 103> cm=? st

Y. Funakoshi et al.
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LER /HER
B (mm) 1200/ 1200
B,” (mm) 5.9/5.9
& (nm) 18 / 24
g, (pm), coupling =~ 1498 / 1598
£, 0.129 / 0.090
G, (um) 0.94/0.94
leor (A) 1.64/1.19
Ny unches 1584
Luminosity 51

(103 cm2 s1)

Parameter

Phase 1

/
/

2.0/4.6

~10/ -

1.01/0.87

1576

Phase 2 4x8

128 /100
2.16 /2.4

2.1/4.6

29.4 /64.4, 1.4%
(105 / 230, 5.0%)

0.0484 / 0.0500
(0.0257 / 0.0265)

0.25/0.39
(0.48 /0.74)

1.0/0.8

1576

2 (1)

Phase 3

32 /25
0.27 /0.30

3.2/4.6

8.64/12.9
(0.27% / 0.28%)

0.088/0.081

0.048/0.062

3.6/2.6

2500

80
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Nano-beam Scheme

Phase 2 “4x8” Phase 3
By* =128 mm, B * =2.16 mm By* =32 mm, B,* =0.27 mm
g, =29.4 pm (coupling 1.4%) g, = 8.64 pm (coupling 0.27%)

o SuperKEKB -
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ke Phase-1 Commissioning

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

Tasks during phase 1 operation
@® Basic machine tuning

@® Vacuum scrubbing

® Low emittance tuning

® Feb. 26: beam storage in HER ® Machine studies on electron cloud Achieved beam current
effect, beam background, etc. 870 mA (HER)
Peak Luminosity 000[mb/sec] @03/01 11:00 1010 mA (LER)
Integrated Lummomty .00 [/pb] 2/ 1/2016 0:00 - 7/1/2016 0:00 JST
F T T LS R LRI U RPN A - T 3
- g ees o) | 405
0'8: -HER red: beam cUrreE_Ié })urple vacuum preﬂre - " xT800 | = 10
o : | - —
. . |th lt =tp’ . : i - (-D
_ ©.6f ¥ ‘%} I',., f AT -.&.-1 I::+4600 5 106
< | 0.4 :' AR TR e 12400 |
. Rl TR 3 : FE, (U 1* - — | -7
5| o (N
) . =3
: . E 8
= 0 10
S| 1 400, 2 | 105
®
% 08 300| &
M| 0.6 At S r1w0®
B dpi 200 | ©
0.4 s 43 "'_IU
_10_7
0.2 100 |2,
0.af 0.01 l1p°
2/1/2016 3/1 4/1 7/1

K. Akai
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Vacuum Scrubbing

s 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]

1x1 0_4 NEG 2/25 3/10 3/25(T)  4/7(W) 5M1(TW)  5/M19(TW) 6/2 6/16(TW)
e ! M |
3 Wiggle (Study)}
HER] €| #  Hwdoed Yool ¥
-5 ( 2 . e °
X104 -‘~'-BQ<-Wh<;|e ring : ni) - i IR : 'f.[eai*!l', s
s 8
L [J H .‘
1x10° / (Staidy) ‘ . T : 1 4
i ¥
1x107 ... Sthe _ SETENGSEEEEERY . + (RIAR RS | 1 1500
1x10° 1000
/1
|_Arc sections Beam current 2 1500
16/2/1 16/3/1 16/4/1 16/5/1 16/6/1 16/7/1
Date
1x1 0-4 NEG 2/15 2/25 310 3/30 4/21 51 519 6/16
H T
LERI§ ¥ Pulbelons W
5 (Wiggle : ( ¥
P07 e TR H i i,
1x10° ... N SRt ol 1.
1x107 L N W 11500
1x10°® 1 1000
....... e | 500
: = : . % | o
16/2/1 16/3/1 16/4/1 16/5/1 16/6/1 16/7/1
Date

[yw] ualiny weag

[Yw] jualing weag

[HER]

- Base pressure: ~3x10¢ Pa
 Max. beam current: 870 mA

* Int. beam current; 660 Ah

« Avg. Pressure: ~2x107 Pa

(arc sections) ~ 6x102 Pa

 Lifetime ~ 400 min.

[LER]

- Base pressure: ~5x10 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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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.

o More calibration of XRM and larger By at RXM in Phase-2.
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LER

skew-Q corrector coil
on sextupole

I
Beam-size measurement

by X-ray monitor

—100

—80

60

Date

0’2 ]
| Ey = v —40
- Phasel By :
—Target:10-[pm 20
g
— —+—0 permanent skew-Q
E_ *———J—__, ! ! ! 35 to correct error field
E \ EI of Lambertson
F \ iy ; 3
E_ additional skew-Q coils permanent s
E @Focusing Sextupoles skew-Q magnet _3,,
= . 1 @Lambertson 3 s
== : e A 1 i 7
E start optics I e S Y EN
2 correcltlon | | 1 S
oMomos 4/1 5/1 6/1 7/1
3/1/2016

Y. Ohnishi, H. Sugimoto et al.




@ Renovation works for phase 20_) =
Con'? fc / QCS an :eleted work ;,_

colliding bunches

—_

Change injection part for
injection from DR

Injector Linac upgrade

® RF electron gun
® improve e+ source
® pulse magnets for

injection /

New e+ Damping Ring

‘ DR arc sectlon

RH 2017E7H11 HBZ774 bY—ftE#HERE
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BB | qcs-Lcryostat

QCS system

QCS-R Cryostat | AAEH

=QC1LP Leakfidlg (@lbLa2.a3) b3 corrector
4 correctors
(a1,b1,a2,b4)

QCI1LE - ~
4 correctors 4 correctors
(a1,b1,a2,b4) (a1,b1,a2,b4) eak fie
cancel cpi 5 cor
(b3,b4,b5, Er

[——]

Helium Vessel Helium Vessel
Helium Vessel —— o, SC correctors: al, b1, a2, a3, b3, b4
SR1 Solenoid .
~ acalf EsL solenoid QCiRe = . SC leak field cancel magnets: b3, b4, b5, b6
:Llc;)lr Ziz)) - T 4 correctors i

cancel
(b3,b4b5 /

QC2RE

4 correctors
o> - —————— — | tutptazmsy —— -

83 mrad SRETCERAY D2iB@EEDMILDHIGEE
TEAHBRY/NIKTSH1=8HIZQct,Qc2(z4+

~
\ 7t“/"€'—iifb\éo
~

QCI1R
ors b3 corrector

(a1,b1,82,43,b4)
QC2RP

HEﬁ 4 correctors ~—
(a1,b1,a2,a3) LER
ESR3
Helium Vessel g = . = m
Orbit in the vicinity of IP
leakage field
—)> LER «—positron ~ HER  glectron—— _romien
Be”e yb/’rpmtﬁ T T T T T T T -~ T L T T T T
Ef - o A GCLE QC1L\E\/ / ]
S?: TS - = H of ~ — : E
<— . aq@eaae  acReacRe 4 b e ]
| A A N A A obE ' | ' "QCIRE QC2RE
Bz IE75[F (1 i N N . 4 g, ]
Bz 5100 S\ G N | S/ B 8\ =
B 54l QC2LP DY= +1.5 mm QC2LE DX= +0.7 mm KFE@
QC1LP DY= +1.5 mm QC1LE DX= +0.7 mm
QC1RP DY= +1.0 mm QC1RE DX=-0.7 mm
QC2RP DY= +1.0 mm QC2RE DX=-0.7 mm
(+y means downward) (+x means outer of the ring)

N. Ohuchi, Y. Ohnishi et

al.

QCS offset is adopted to reduce the field of dipole correctors.
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Positron Damping Ring

+1.5%

A—

LTR after ECS

1]

0
-003-002-001 0 00100200

B Ap/p0
Reverse bend FODO
for short damping times |
11.5/11.7/5.8 ms Energy
Positron Target COmPreSSiOn
. R N R B

Sector-2

L-band @JENDSEC2, 9276
o +50 8192

1500

1000

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

Counts

0
-0.2 -0.15 -01 -005 0 0.05

M. Kikuchi et al. Ap/p0
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) )<exe Positron Damping Ring
DREESR - 315 LIFA%

Beam pipes (ring) and vacuum pumps (i1 ZH 4 E 0) t_-biﬁlﬁ:é

Magnets alignment (coarse) Eiiﬁﬁyﬁ (2 rE'_.l (j- —C"LEEEJ (Z
EATS,

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 RF system tuning with cavities started in Feb. 1.

Arc cells of DR

 —————

M. Kikuchi, K. Akai et al.
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| Collimator system in Phase-I| |

New

° LER/-\E-J'SIB Vg /_k ﬁr‘@ E&L Eévé DO1 \ /LER D02
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52,
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»
Calendar year 2016 2017 2018 2019
—
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
T T T T T T
Summer shutdown| Summer shutdown Power saving Summer shutdown|
(power saving) (power saving) after mid July 20[18 (power saving)

/ w/o QCS

phase 1 w/o Belle Il

MR renovation for phase 2, including
MR startup installation of QCS and Belle
]

DR installation & startup

(mid Feb. — mid Jul. 2018)

phase 2 (MR),

w/QCs |
w/ Belle li (no VXD)

HER start

1
DR commissionin'g

1

|

|

1

! ]
\ER etart 1 VXD installation
)

1
1w/ full Belle Il

\ phase 3

phase 3 operation
9 months / year

I

T . :

K. Akai T

We are here.
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« QCSHIE., BERIIESESOBHEAAA, I EITHRES
« phase 2RHDMEHR> — I FIEE
— 2018&2 A #4): MR phase 2 commissioning start
- KU DIEMAIREDIRETZ. XS &LBelle IZIV—TT
AL TEDHTIS,

« IRES+H. MROBEREICH VT, Phase 2[CmIT =K iEX
B, SEORIERICH T /-#esDE - AEZZIEHIIC
HEDHTINVS,

- 12A4HDRE— AGREEERRIG, 2018F2A FAMR

Phase 25E4RBIIAICIH (3T, BATEHEICHEA t D THbimdietal
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H. Sugimoto et al.
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BiEFHEZE/E 1 = 1x10/-5Pa
LEE KD RiEY TlE2nC/bunch (2bunch, 2pulse) T4 BIEE MM B,

ISR RAAYT)5 ) BIEE = 10%
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H. Sugimoto et al.




Machine Parameters of Positron Damping Ring

Energy
Circumference
# of bunch
# of bunch / train
Max. stored current

Energy loss per turn

Damping time (z,/ 7,/ 7,)

Emittance (¢, /¢,/ ¢,)
£,/ &

v,/ v,
Energy spread
Bunch length

Mom. Comp. factor
# of cells
Total RF voltage

RF frequency

1.1
135.498295
2
2
70.8
0.0847
11.5/11.7/5.8
41.5/2.1/3600
5
8.240 / 7.265
0.055
6.5
0.0141
32
1.44

509

GeV

mA
MV
msec

nm

%

%

mm

MV

MHz

8nC/bunch
spdr 0019.sad
08/31/2017



