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Introduction of SuperKEKB

KEKB Upgrade
(1999 - 2010) — SuperKEKB (2016 -)

e-/e+ Collider Target peak Luminosity: 8x10%> cm~s?

E.\w=10.58 GeV : Y(4S) resonance \ 40 x L (KEKB)
KEKB tunnel is reused.
 KEKB components are reused as much as possible for SuperKEKB.

e

-+ Belle 117 : f b @

LER (Low Energy Ring for e+)
3.5GeV, 1.6A

SuperKEK
Circumference : ~3 km [T} A~ GeV, 3- A
Ring for e—) : -, - -:‘.»_ . _‘7,; : jv. \g ‘ y

8GeV, 1.2A
World record e+ Damping Ring ¥
.. Vots® . : & ahr e LE newly constructed 3%
Peak Luminosity ~ - S g : = A —

2.1x103%* cm 2!

May/5/2015 IPAC2015 Takako Miura



Peak Luminosity History of e-/e+ c
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103[]

Reaction rate = L (luminosity) x o (cross section)

] I | | 35 -2 -1
KB SuperKEKB 8x10°> cms
-2.1x10%3% cm2s? -
SuperKEKB KEKB 40
- 8x103° cm2s? X
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* Introduction of SuperKEKB

 Strategy of Upgrade

e Upgrade status of Main Rings

e Upgrade of Injector LINAC & beam commissioning
* Damping Ring Construction Status

* Schedule
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_ _ ] Super
How to Increase Luminosity by 40 times @g,,

Lorentz factor Beam current

\ %
o Sy
L = Y+ 1+ y RL

2e/'re o R

Beam-Beam parameter

*

re Niﬁx’y

2y, a;y(az + a;) :

X,y

y Geometrical reduction factors
(crossing angle, hourglass effect)

Classical el di : ' [ '
assical electron radius Vertical beta function at Interaction Point (|P)

KEKB SuperKEKB
Achieved Nano-beam
LER HER LER HER
By" [mm] 5.9 5.9 0.27 0.30 |4== x1/20
I [A] 1.6 1.2 3.6 2.6 = )
Ey 0.129 0.090 0.088 0.081 |4=m 1
LFCTT:QOj;V 2.1x10% 8.0 x 10% 4= 40 times higher



Collision Scheme

SZ

Super
KEKB
> uest for BSM
B *

KEKB Supel'KEKB P. Raimondi

head-on (w/ crab) Nano-beam scheme

At interaction point(IP), 5,* > overlap region
by “hourglass effect”.

B(s) =B +

G; 100-150 pm 5-6 mm 10-12 um
y 4 2 ¢ = 83mrad
—7 (7*
O, 6-7 mm d=—=

¢ @ : Half crossing angle

Overlap region = bunch length

Hourglass Condition

,B;ZO'Z ~6mm

Overlap region = d

Hourglass Condition

. O
p,=—= ~0.3mm

Need small horizontal beam size at IP.
- low emittance, small 3, at IP.
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Challenge to ,’<1 mm @_’ff":ﬂ

F. Zimmermann

%k
B* [m] year
1
1980 1990 2000 2010 2020 2030
SPEAR
0.1 EP BEPC, LEP
PETRA TRISTAN
CESR-c, PEP-Il |BEPC-II
0.01
0.001 [ )
FCC-ee
‘ 1 mm
S— SuperKEKB

May/5/2015 IPAC2015 Takako Miura



] Super
Other Design Concept @LKB

Changing beam energy

KEKB SuperKEKB
> LER (e+) : 3.5 GeV — 4.0 GeV

- Longer Touschek lifetime
- Mitigation of emittance growth due to the intra-beam scattering

> HER (e-) : 8.0 GeV — 7.0 GeV

- Lower emittance
- Lower synchrotron radiation power
=) Despite of doubling beam current,
KEKB beam chambers can be re-used.



Machine Design Parameters

Super
KEKB
> uest for BSM

oarameters KEKB SuperKEKB Unite
LER HER LER HER
Beam energy Eb 3.5 8 4 7.007 GeV
Half crossing angle 1 11 41.5 mrad
# of Bunches N 1584 2500
Horizontal emittance Ex 18 24 3.2 4.6 nm
Emittance ratio K 0.88 0.66 0.27 0.25 %
Beta functions at IP | Bx'/By’ 1200/5.9 32/0.27 | 25/0.30 § mm
Beam currents o 1.64 1.19 3.6 2.6 A
beam-beam param. &y 0.129 0.090 0.088 0.081
Bunch Length G: 6.0 6.0 6.0 5.0 mm
Horizontal Beam Size Ox. 150 150 10 11 um
Vertical Beam Size oy 0.94 um
Luminosity L 2.1x103% cm2s1
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Major Upgrades toward SuperKEKB

X Redesign the lattice
-y T

to reduce the /
emittance |

Colliding bunches

N uperconductig | / KEKB tO SuperKEKB \e 2.6A

final focus system et 3.6A

€ Nano-Beam scheme
extremely small 8"
low emittance

€ Doubling beam current

, = = »
Y+ O* I:E-'_- R o= ]
L= |1+ |20 Add / modify RF systems for

2er, Oy [J’y, Ry
Se higher beam current

40 times higher luminosity
2.1x1034 --> 8x103° cm2s?

AN

——S

/scf
e+ capture sectlon Or( )
ib,-muf . n.

e+ Damping 000
Ring .4
Low emittance 7

e~ gun

TiN-coated beam pipes with
antechambers
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* Introduction of SuperKEKB
 Strategy of Upgrade
e Upgrade status of Main Rings
— Final Focusing Magnets
— Interaction Region
— Magnet System
— Vacuum System
e Upgrade of Injector LINAC & beam commissioning
* e+ Damping Ring Construction Status
e Schedule
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Final Focusing Magnets

“QC” : Final focus superconducting(S.C.) magnet HER(e- beam)

Belle Il Detector

Design Constraint:

Quadrupoles need to be located as close to Interaction Point (IP)
as possible. (LER L*=0.76 m, HER: L*=1.22 m)

mp Quadrupoles are located inside of the Belle Il solenoid fields (1.5T).

Oy (mm)

SuperKEKB HER Vertical Beam Size

Super
KEKB
> uest for BSM

N. Ohuchi

LER(e+ beam)

Gy*ﬂ'\48 rym@LER

G,*='62 Nm@HER

A IULUD\‘.H\‘V‘IULUb\

e e

QC2L

QC1L QC1IR QC2R



Final Focusing S.C. Magnets

Super
KEKB

uest for BSM

QCS-L Cryostat

\%

Helium Vessel

e+ QC2LH ESL solenoid
4 corrgctors ——————— |
(a1,b1,9 = QC1LP
4 correctors
(a1,b1,a2, b4)
Qc2te T qQcite T T ]
4 correctors 4 correctors

(al,b1,02 b4)

eak fie

cancel ¢
(b3,b4,b5 4

(al,b1,02,b4)

Helium Vessel

(43 corrector coils)

N. Ohuchi

QCS-R Cryostat
Helium Vessel Helium Vessel
ESR2
ESR1 Solenoid
QC1RE = er v
4 correctors
Id (o1,b1,a2,03) b3 corrector
Loils
b6) f
QC2RE
4 correctors 83 mrad
———————————————— — ottt od-—— - .
Large Crossing Angle
ors b3 corrector \
,43,b4) [~
QC2RP \
4 correctors T
(a1,b1,a2,03) \ LER
N ESR3

IPAC2015 Takako Miura
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Final Focusing S.C. Magnets

N. Ohuchi

QCS-L Cryostat QCS-R Cryostat
Helium Vessel Helium Vessel
Helium Vessel e
ESR1 Solenoid ESR2
-l e+ QC2LHA ESL solenoid QC1RE / er -
4 correctors E— 4 correctors
(01,61, = QCILP d1g (e1blaza3) b3 corrector
4 correctors i
(a,b1,82,b4) " " ;‘;;'5 /
QC2RE
4 correctors 83 mrad
———————————————— < B 1o —————————— | {tetttaes—— 1§

Large Crossing Angle

b3 corrector

QcCiLE —
4 correctors 4 correctors
(a1,b1,a2,b4) (a1,b1,a2,b4) eak field
cancel cp
(b3,b4,b5.4

EClors

,43,b4) [~
QC2RP \

HER 4
ER| ? {afjlr‘ ;g;t; rs EEE-
e ESR3 .
Helium Vessel (43 corrector coils)
ES mag. X4

ES(L/R): Compensation solenoids
to cancel the Belle Il solenoid field

May/5/2015 IPAC2015 Takako Miura
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Final Focusing S.C. Magnets

with corrector coils : nomal&skew
dipole, skew quad, sextupole,
skew sextupole, octupole

QCS-L Cryostat QCS-R Cryostat
Helium Vessel Helium Vessel
Helium Vessel e
ESR1 Solenoid ESR2
-l e+ QC2LHA ESL solenoid QC1RE / er -
4 correctors E— a
correctors
(01,61, = QCILP d1g (e1blaza3) b3 corrector
4 correctors ils
Gl COI
(a1,b1,a2,b4) W /
QC2RE
< 4 correctors 83 mrad
———————————————————————— t—ppa————————— ——— | tutbta o — — - .
acare qcie a Large Crossing Angle
{ fﬂri‘:‘grs 4 correctors )
alblas, (a1,b1,02,b4) eak fie
cancel cp Lclors b3 corrector \
(b3,b4,65 4] 3 54) ~
QC2RP \
HE/R‘ ? 4 correctors T
(a1,b1,a2,03) \ LER
. e —— ESR3 .
Helium Vessel / (43 corrector coils)
ES mag. X4

ES(L/R): Compensation solenoids
to cancel the Belle Il solenoid field

May/5/2015 IPAC2015 Takako Miura



Super
KEKB

uest for BSM

Final Focusing S.C. Magnets
QC1,QC2: Final Focus Doublet QC1LP, QC1RP : no magnetic shield (return yoke). N. Ohuchi
Leakage fields affect HER beam line. ' uchi

with corrector coils : nomal&skew Cancel coils for QC1LP, QC1RP leakage fields

dipole, skew quad, sextupole, 2 .
skew sextupole, octupole 1 QcsL
0: .
( E: F QC2LE QC2LPQCI1LE\Q
QCS-L Cryostat [ QPR st ides SR S N Aot
2" ESsolenoid: ON l Bz (Belle ONLY), T
Helium Vessel 3t Bz, T :
BT g 2 3 4
-4 e+ QC2LHA ESL solenoid QC1RE
::fg:;zc;::rs =QC1LlP 1. i ooy~ b3comector QC1LP,QC1RP locate in strong solenoid field.
4 ct )
(o112
QC2RE
¥ >‘ < . 4 correctors 83 mrad
—————————————————————— - T¥pa——————————— {1 —4- .
acare qCiLe e Large Crossing Angle

4 correctors 4 correctors

(a1,b1,a2,b4) (a1,b1,a2,b4) eak fie
cancel cpils
(b3,b4,b5 1

betors b3 corrector \
,43,b4) [~
QC2RP hﬁk\h‘“‘*~uh
HE/R‘ ? 4 correctors T
(a1,b1,a2,03) \ LER
——— ESR3 .
Helium Vessel (43 corrector coils)
ES mag. X 4

ES(L/R): Compensation solenoids
to cancel the Belle Il solenoid field

May/5/2015 IPAC2015 Takako Miura



Super

Final Focusing S.C. Magnets KEKE

QC1,QC2: Final Focus Doublet QC1LP, QC1RP : no magnetic shield (return yoke). N. Ohuchi
Leakage fields affect HER beam line. '

with corrector coils : nomal&skew Cancel coils for QC1LP, QC1RP leakage fields
dipole, skew quad, sextupole,

2
C T T T T | T T T T I T T T T T T T T T T T T I T T T T ‘ T T T T | T T T :
skew sextupole, octupole 1= QCSL TN TN\ QCSR -
= o: ~ lactre  /N\LQCRE -
~— E ( | ] C1RE QC2RP T 1
QCS-L Cryostat Ql oy ?_‘??LF___“’C"';LPQC“EK‘?TL B Y At E
2" ESsolenoid: ON /v\j I \/ Bz (Belle ONLY), T
. r ! ' Bz, T 1
He“um Vesse' —3 : 1 | 1 1 | 1 1 1 1 1 1 1 L 1 1 1 1 I wwwwwwwwwwwwww 1
-4 e+ Qc2Le ESL solenoid b RE 4 -3 2 1 0zm 1 2 3 4
4 corrpctors | . . .
(a1,61,d2,b4) —=QCILP orroos” b3 corrector QC1LP,QCIRP locate in strong solenoid field.
4 correcto ‘
(al,bla2 bd

QC2RE
4 correctors 83 mrad

______________ A<y {emmesr— - Large Crossing Angle

QcZte — T T QCI1LE

4 correctors 4 correctors

(a1,b1,02,4) (a1b1,02.b4) eak fie
cancel cpils
(b3,b4,b5 1

betors b3 corrector \
,43,b4) ]
QC2RP \
HE& ? 4 correctors T
(a1,b1,02,03) \ LER
ESR3 .
Helium Vessel (43 corrector coils)
ES mag. X 4 . : | : : . .
Minimization of higher multipole fields is crucial for

ES(L/R): Compensation solenoids wide dynamic aperture.
to cancel the Belle Il solenoid field m) Final focus magnets were carefully designed.
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Final Focusing S.C. Magnets (Construction S

ESRadd

i 1 M QC2RE ~

C1RE -

il ‘L
m
(72]
e

7T
| —
|

QC1LE jH 4 QCZRP

Left side S.C. magnets

\‘ oW L

N QC2LP o
wN 5,

}Jagnenc

].—AF

— N ™
T ; = .l'
,

Assemblies of all quadruple magnets
were completed.

4 corrector
(0, b,, a, by)

4K cold test of left-side magnets was performed.
Sufficient performance for beam operation was confirmed.
Left-side cryostat will be completed soon. (Right-side: end of 2015)

N. Ohuchi




Nx, Ny (mm)

] ] Super
Interaction Region (IR) @L"B

Natural Chromaticity

| KEKB | SuperKEKB Y. Ohnishi, A. Morita

LER HER LER HER
Horizontal -72 -70 -105 -171
Vertical -123 -124 -776 -1081

~80% in vertical chromaticity
is induced by “Final Focus”.

70 S
c60F M HER |
5505_ E
o 4 = —
— > E ]
=30 F =
w200

:

| Ver./Hori. LCC are adopted

1 to correct large chromaticity
1 near final focus in the both

| rings.




Construction Progress in Interaction R

Large crossing angle & Local chromaticity correction

W 320 m beam lines around interaction region were entirely reconstructed.

wElL ! March,2013 -
. —Dismantling

L

J4

(e
£ *\.b

Al {/M P 4

M. Masuzawa

& Left side
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Magnet System (Wiggler Magnets)

Wiggler magnets have been installed in the both rings for
* Shortening of radiation damping time

* Reduction of Emittance

LER : Shortening wiggler cycles

KEKB LER Lattice |  SuperKEKB LER Lattice
blgpérglén'n?’lbﬂ%ﬁ; ------- :‘I: 'Srhéllér'd'lspe'rs'ldn' N ‘n'<'5r'nr'n'f§

Nys Ty (Mm)




Super
Magnet System (LER Dipoles in arc) @ﬂw

LER dipole magnets in arc are replaced with longer ones for low g,.

LER bend in arc

Lgeng: 0.89m — 4 m

KEKB -

Super

.
s HHpHHEEHHE

M. Masuzawa

Progress of magnet system

€y X

2102 f H(s) ds Most of magnets have been already installed.

H(S) = y,n2 + 2an,n5 + BynZ Integrated testing with power supplies is in progress.

p :curvature of dipole magnets ) )
o, B,y : twiss parameters 2nd alignment will be started soon.

n :dispersion
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Vacuum System

Effects of the electron cloud in LER (e+) are more serious than KEKB.
Various countermeasures to prevent emittance growth due to head-tail
instability are necessary.

Drift section Antechamber(Al) +TiN Coating + Solenoid (50G)

Q and Sx mag. Antechamber(Al) +TiN Coating '\ /

Bend section Antechamber(Al) +Groove+ TiN Coating 51 Channel

Wiggler section Antechamber(Cu) +Clearing electrode NEG ,{‘;\\\
<Suppression rate> Antechamber:1/5, Solenoid:1/50, Groove:1/4, Electrode:1/100 A

Sheath Heater.

TiN: 3/5 (Cu), 1/50 (Al)

Groove
(SuperKEKB

Clearing Electrode
(+500V)

Almost all beam pipes in LER have been already replaced with new ones. Y. Suetsugu




_ ] Super
Beam Lifetime @ﬂ

Y. Funakoshi
- KEKB (design) KEKB (operation) SuperKEKB Design
LER HER LER HER LER HER
Radiative ), 5y 9.0h 6.6h 4.5h 28min.  20min.
Bhabha
Beam-gas 45ha) 45ha) 24.5min.®)  46min.?
Touschek 10h - 10min. 10min.
Total 5.9h 7.4h ~2.2h ~3.3h 6min. ¢ 6min. ©
Beam 2.6A 1.1A 1.6A 1.1A 3.6A 2.6A
current
Loss Rate  0.12mA/s 0.04mA/s 0.23mA/s 0.11mA/s 10mA/s 7.2mA/s
a) Bremsstrahlung Revolution freq~100kHz
b) Coulomb scattering, sensitive to collimator setting For compensation of the particle loss
c) w/o beam-beam effect AnC@25Hz 2.9nC@25Hz
Low emittance and high current injection beams are necessary. injection rate are required.

. LINAC is a key component of SuperKEKB.
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Contents KEKB
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* Introduction of SuperKEKB

 Strategy of Upgrade

e Upgrade status of Main Rings

* Upgrade of Injector LINAC & beam commissioning
— Low emittance e- Gun System
— Positron Capture Section

* e+ Damping Ring Construction Status

* Schedule

May/5/2015 IPAC2015 Takako Miura



Super
LINAC Beam Parameters @ﬂ

Energy 3.5 GeV 8.0 GeV 4.0 GeV 7.0 GeV
Primary e-10nC Primary e-10nC
Bunch charge —-1nC 1nC -4 nC 5nC
Num. of Bunch / Pulse 2 2 2 2
Norm.Emittance (yBe) 2100 100 100/20 (Hor./Ver.) 50/20 (Hor./Ver.)
(mm-mrad) (mm-mrad) (mm-mrad) (mm-mrad)
Energy spread 0.125% 0.125% 0.1% 0.1%
Repetition rate 50 Hz 50 Hz
40x
Luminosity T
\7GeVIc : :
Belle ll SuperKEKD I;:.::lc provnd:.ss: eV 0.3nC x1
PF-AR:  6.5GeVe- | >nCx1
6.5 GeVlc SuperKEKB: zg:\‘; < 2:2::
o o _ Beam modes are switched in pulse to pulse
N\ e g; for 5-rings including Damping Ring (DR).
4 Gevie ’6\ )
i &
Ao Damping Ring
May/5/2015

IPAC2015 Takako Miura
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Major Upgrades of Injector LINAC

Photo-cathode RF gun system Positron Damping Ring (DR)
< e- beam>

Low emittance (ye <20 mm-mrad)
high bunch charge ( >5nC)

Low emittance e+ beam

o(local)=0.1mm
1 GeV e+ ] G(global)=0.3mm |
amping Ring ow emittance preservation
irc. 136 m

{-lﬂlﬂﬂ-]-@TRF gun
hermionic gun

(10nC primary e- -
3.5 GeV cs i
QS GeV x

10nC x 2 (prim. e-)
5nC x 2 (inj. e-) fom

_________ chicane

e+ Downstream of DR HER LER
target < >
® RF phases are switched for each beam energy
Positron Capture Section ® Pulsed Quads & Pulsed Steering Magnets are
- Flux concentrator (FC) installed for switching the optics for each mode

- Large aperture S-band accel.
Structures (LAS)
4 times higher e+ yield

Event Timing System and Pulsed Modules
® Synchronization for 5-rings including DR.




Super
Layout of Electron Guns @ﬂ

» Thermionic electron gun are located upstairs to produce ~10 nC primary
electrons for positron production.

» Photocathode RF gun for low emittance e- production is located on the
straight line.

Thermionic gun
(primary e- 10nC)

e
4l | | L

Photocathode RF gun

Merger line

‘1!
\
|




E-Flalzl

Super
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Quasi Traveling Wave Side Couple RF

Quasi travelmg wave (QTW) side coule RF gun

Strong focusing force using 2

v

accelerating field ‘ \f" 25 77 R
SR 2 90 deg Hybrid g7
(RN J/ f Accelerating ¢ (- > 4

QE=1X10* @266nm
Long lifetime

Incident angle: 60deg to
the cathode surface.

7 cell, 13.5 MeV@design
Norm. €: 5.5 mm-mrad @5 nC (by simulation)
This RF gun can generate e- up to 10 nC

QTW type is adopted to
make drift space short.

Drift space = no focus field

| i
i R i !
ok Ly pl ;

QTW is made by two standing
waves with 90deg phase difference.

coupling cavities

T.Natsui, M.Yoshida







Yb:YAG Laser System for RF-Gun

Super
KEKB

uest for BSM

Yb:YAG (1025-1070 nm) broad band —Pulse shape manipulation is possible.

Yb Stretcher Yb PCF Yb:YAG thin-disk SHG
Oscilattor Amplifier Amplifier
100 fs 30 ps /—l
0.2nJ @ 1025-1070 nm @1064 nm
T issi TTohTTTmTTTm !
Yb-doped fiber =) Yb-doped fiber = ragsm.ISSIon -, Yb-doped !
oscillator e rating ---=57 . :
pre amplifier . fiber !
Stretcher ! o '
51.9 MHz — . amplifier
ﬁ 30 ps ll @1035nm "7 o
EO Pulse PCF Ybdoped | | NaaG soiid. | 2.Punch, 25 Hz achieved
e -dope | : Ia- .
Synchronizatio ok <& fib IF:" ! i (limited by thermal effect)
A ST picker iber amplifier : state |
25Hz u PCF: Photonic-crystal fiber L__?_W_F?l_ifi_e_f_'““i @
ﬁ Doyble bunch M VbvaG th Yb:YAG thi | goal
: n- : In- Final goal is 50 Hz.
2856 MHz trigger P,CF Yb'do!"?d ==)| disk multi-pass =) disk multi-pass
fiber amplifier g e
From Accelerator amplifier amplifier

~0.8 mJ @ 258 nm

X. Zhou, M. Yoshida, T. Natsui

RFGUN ¢mm | SHG

~5

—

o 1

SHG

BBO

SHG: Second harmonic generator



Beam Commissioning of RF Gun

Operation Condition

Laser: 2bunch, 25 Hz
RF gun acc. voltage: limited to 6.5 MV by
breakdown (13.5 MV@design)

Super
KEKB

uest for BSM

Target : 5nC

vBe,=50 mm-mrad, yBe,=20 mm-mrad @ LINAC end
YPe, , YBe, = 10 mm-mrad @ Gun

Bunch charge just after RF GUN (a1_cs)

6 . T

Bunch charge (nC)

~ ;00 F »
‘ " Sort for 3h

1 2 3 4
Bunch charge (nC)

Archived 1/10s

Bunch charge stability depends on the laser

stability.

Yb:YAG Thin-disk cooling by soldering Cu plate

was Improved.

R. Zhang, TUPWAOQ71

Laser power increased and stability was also improving.

5

Emittance measurement by Quad-scan
0 2 4 6 8 (m)
RF GU I
Screen monitor (t=30um)

Bunch charge: 3nC@Screen

Beam size was measured shot by shot.
=> Position jitter is not included
vPe,=49.2 mm-mrad=10%  YPE,=26.2 mm-mradzio%

-5 T T T T -€ T T T T T T

107° e i1 x107° 5E§ 1
S |
0.8F /]

i

y,
E o.6F A

0,2 [m]
VN
T
1

o /
o 0.4 2/ =
0.2F L e = &

Y +

~——
B 1 1 1 1 1

e ’ ikSI[ [1/n] at QOAI23

» Measured emittances were higher than target values.

» Higher horizontal emittance is due to laser incident
angle.

(i 1 L 1 1 [

2.5 3 3.5 4
|Ky| [1/m] at QDA123

Need high acc. voltage of RF gun for small emittance
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Positron Capture Section

0.5T DC solenoids : 15 m

D . 2

rmr= T =T A r I rerT= T T A r" 1 reT= T T 1 r-1r-rTTTT T
d

= = _
bedadalad Lad L_.L_-L_.L‘\L-J ftedcdaldldiadlblacdbodll

LAS : Large aperture S-band
FC : Flux concentrator el SEES

Large energy acceptance Aperture ¢20mm — ¢ 30mm
Large transverse acceptance

Solenoid field at e+ production target
= 3.5T(FC)+1T(Bridge coil) =4.5T

FC viewed from downstream

primary
e- beam

3.5T@12kA, Bus (half sine)

Tungsten target
® 4.0 mm, L=12mm

Bridge /
Coils : - e+ beam

$2.0 mm Target
Hole on-axis off-axis



Positron beam commissioning @June
[ Design | 62014

Super
KEKB

uest for BSM

T. Kamitani
Flux Concentrator 12 kA 6.4 kA
Bridge Coil 600 A 600 A [ R
A= Ye+>40% is
DC Solenoids 650 A 370 A - — — e Samen o %
C 1 2 necessary at DR
Acc Field 14, 12MV/m | 10, 12MV/m /! .
! ! entrance.
= Linac PF-Al e- Study Orbit AnalyzerLine / ! =2
File BPHM Update // 20 44'1]5/3!] 131708 v2.4
Linac PF-A1 e- Study Orbit AnalyzerLine I/' 2014106130 13:17:08

orbit-X [mm]
2] -‘W‘j/\/\’/\//\ at capture sectlon end :

JGne 2014
”\/\

Q(e+) =0.18 nC

Commissioning with

] orbit-Y [mm]

| 4T = Primary e-

intensity at target | ;

‘ design parameters
will be started
from Oct. 2015.

/
e Q(E') =0.60 nC ‘__ - *’ — SP 26 4
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e+ yield (Ye+)

by simulation

= e+ charge (Qe+) / primary e- charge (Qe-)

Ye+@Jun.2014 = 30 % at capture section end, 20% at the end of Sector2
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Positron Damping Ring

Energy

No. of bunches
Circumference
damping time
Store time

Ext. emittance (H/V)
(vBey / vBey)

RF voltage

Bunch length

Bend field

Bend angle ratio B2/B1

1.1 GeV
4
135.5m
10.87 ms
40 ms

42.5/3.15 nm
(91.3/6.8 um)

1.4 MV
6.6 mm
1.37T
-0.35

T T T TTT \d

Mar. 2013
<

N | ﬁ!l;l : \

: \ :
2\
e =

uluulx.u.n.x,nu
10 20

ine building
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Reverse-bend FODO lattice M. Kikuchi
® shorter damping time (10.8 ms)

® large momentum aperture (1.5%)

® easy to get low momentum compaction (0.0144)

Emittance is damped from 1400 nm to 43 nm in 40 ms.

Normal cell

e+ beam

| Power supply building ‘
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Construction Status of Damping Rin

Installation of magnets will start in June of 2015.

- N LTR(LINAC to DR)
| Injection line | , ' o 1 RTL(DR to LINAC)
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SuperKEKB Schedule

SuperKEKB commissioning is divided into three stages. (phasel, phase2, phase3)

Calendar 2015 2016 2017 2018
Power restriction Power restriction Power restriction Power restriction
in summer in summer in summer in summer
/
Current plan on going Phase 1 Phase 2 Phase 3
w/oQcs QCS, Belle Il install w/ QCS VXD install w/ full Belle Il
w/o Belle Il w/ Belle Il (no VXD)
i Add more RF
Vacuum Scrubbing L= 1x1034cm2s1 L= 8x103°cm2s!
Basic machine tuning (KEKB design)
Current=1A Full Current
Injection Beam
low emittance low emittance
1 nC/bunch 2 nC/bunch 4~5 nC/bunch
w/o DR DR commissioning __\f'{ L D5
no Top-up inj. Top-up injection J[op—up injecti
\ \ \

\ \ 2
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Main Ring

WEYB3 Interplay of Beam-Beam, Lattice Nonlinearity, and Space Charge, D. Zhou
Invited Talk

MOPHAO56 LLRF Control System, T.Kobayashi
MOPHAO54 Interaction Point Orbit Feedback, Y.Funakoshi

MOPHAOS55 Timing System, H.Kaji

Injector LINAC
MOPHAO59 Control System, M.Satoh

TUPTY008 Commissioning, M.Satoh
TUPJEOO3 Quasi-Traveling Wave RF Gun, T. Natsui
TUPWAO71 Laser System, R. Zhang

MOPWAO53 Emittance Preservation, S. Kazama
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Super
Why need longitudinal pulse-shape manipulatio KEKB

Energy spread of 0.1% is required for SuperKEKB synchrotron injection.

3 m— A 15nC
20nC
' t
J -\ )
Gaussian
2 X
g \ \U ///
m ~
v =
S S 15 A
> b
e
c m //
o 1 ;
/ >
5nC
05 < Squarg/'/ 10nC
15nC
5nC electron " bonC
Requitement oo o e e N LIS N i crmvn
0 .
0 5 10 15 20 25 30

FWHM (ps) )
Pulse !er?éth . Yoshida
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LINAC Beam Acceleration Scheme

a H 1 GeV e-/e+ beam with different
Low emittance 7, e on fDamqlz?bg Ring | bunch charge and energy are
4....."".]_@ RF gun 7 /?Z circ m accelerated by 50 Hz repetition
s rate.

3.5 GeV BCS_§
.5 GeV 10nC x 2 (prim. e-) %
5nc X 2 (inj- ell‘)- _____________________ % W ey

5 nCx2

7000 T | 1 HER: 7GeV e-
6000 ] PF-AR: 6.5GeV e-
;5009— : 5nCx1
g 4000 1 LER: 4GeV e+
= 3000E ] 4 nCx2
UJ F E
2{){}[}/ 1 PF: 2.5 GeV e-
yﬂ:_ 0.1nCx1
.DE 1 1 1 1 | 1 1 1 1 : 1 1 | 1 1 1 1 | 1
0 100 o 200 300 400
1.5 GeV - o

e-/e+ compatible optics  Optics is changed for each pulse by using
pulsed quads (Doublet) & steering magnets
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J-ARC
ok
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O
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a*xA2+b

G < 0.1 mm: Bye 20 mm-mrad is almost
satisfied.

AN I3 0
o O O
T T T

1 1

c > 0.1 mm: emittance preservation is
1 required by some methods.

w
(=)
T

v
(=}
T

Norm. projected rms emittance (mm-mrad)
- . -
(=]

| _ Requirement

10} ] Local 6 <0.1mm

00 0050101502 02503035 04 Global o0 <0.3mm
Misalignment 6 (mm)

H. Sugimoto
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Hard ware alighment on a girders in sector 3 -

0.4

T T T

- KEFADIL Horizonta

= BEDXL . »
03 7 Vertical
0.2

NV ‘ ﬁ- %

0.1 I
AC383UHTS—ERE
H0.2158/N &Y,
-0.2
30.0 35.0 40.0 45.0 50.0 55.0 60.0
| m kEHFEDLL mEEDXL
80 T 35 T TTTTTTTT
g TR so ot h UL
Horizontal o 0 25 sigma0.047 Vertical
— 20 _
6_34Hm 40 G—47Mm
30 15
20 10
10 5
ok
0
28T T2 aTEE Ne TR NS o H
$95583°3353333% 832238883 T. Higo
Horizontal [mm] 1 [mm]
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Floor Movement in a Half Year

straight laser of 500m + Position Detector (PD)

T. Suwada

FIG. 5. Intensity profiles of the laser beam at (a) z = 0 m and (b) z = 500 m. Scale bars are 5 mm.

4-segmented silicon
PD (dia.=10mm)
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uest for BSM

T. Higo

Deviation [mm]

8 I T 1 I T I 1
Floor horizontal movement measured by Laser PD
6 —;—HOR_IA(;BZS [mm] w.lr.t. 140731 |
—#—-HOR_140918-0925 [mm)] w.r.t. 140731
~#—HOR_141128 [mm] w.r.t. 140731
4 - —=—HOR_150119 [mm] w.r.t. 140731

—+—Junction

250 300 350 400 450 500
Position [m]

Deviation [mm]

8

I I [ I [ I

Floor vertical movement measured by Laser PD
;O—VER_146825 [mm] w;r.t. 140731 ‘
~#-VER_140918-0925 [mm] w.r.t. 140731
~#—VER_141128 [mm] w.r.t. 140731
—<—VER_150119 [mm] w.r.t. 140731

—+—Junction
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