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SuperKEKB in 2015

| joined KEK electron positron injector group in 2015.

KEKB ended in 2010 and SuperKEKB will start
commissioning around 2016.

Upgrade project was in the final phase.
Sever al components wer e
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Accelerators In KEK Tsukuba
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Accelerators In KEK Tsukuba

A 4rings and 1 linac
2x beam +  Two light source rings
Suren A PF, PF-AR
+ Two collider rings

A SuperKEKB LER,
HER

A Parallel configuration
+  No booster ring

A All storage rings
+  Full energy injection
+ Top-up injection

A Positron injection to LER

Damping

Low emittance
RF-gun
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Injector Linac
600 m

High efficiency
e+ generalor

Beam from Injector and Storage Current
SuperKEKB: 7 Gel e- 2600 mA
4 GeV e+ 3600 mA
PF: 2.5GeVe- 450mA
PF-AR: 6.5GelVe- 60mA
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1 Small dynamic aperture

Requirements and progress on pulse-to-pulse operation

Slow switch operation (-2009)

20 min. 10 min. 7.5 hours 20 min. 10 min. 7.5 hours
3 ring injection with DC magnets (2010)
1 PF pulsed bending magnet (switching magnet) was installed at the end of the linac.

10 min. 7.8 hours 10 min. 7.8 hours
Toward SuperKEKB (2018-)

1 Very short beam life time in the SuperKEKB rings (360 sec.).
A 10 min. Interruption is not acceptable.

~
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A Low emittance beam is required for injection.

RF gun and positron dumping ring were installed.

For emittance preservation, optimization of the optics for each ring is required.

always

>

| PF pulsed bendlng magnet




Beam energy
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Beam energy and structure of our linac

124.8 m
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Sector C Sector 1 Sector 2 ) Sector 3 Sector 4

Sector 5

488.3 m

Electron-Positron

: Replace with pulsed magnet
common optics

e —

'HER (7 GeV)

LER (4 GeV)
.-~ dashed line
shows positron
PF (2.5 GeV)
A | B | C|1]2]3 |4 5

sector

A 600 m long, 8 sectors

A Maximize common energy section
to use DC magnets as much as
possible

A Install pulsed magnets mainly in

sector 3 to sector 5

26 quads and 26 steerings @ sector 3-5

10 steerings @ sector 1,2
2 quads @ positron production target




Replacement of magnets

p, - type L@1 kHz R max current magnetic field gap Installed Num.
ol G R g PX 165 24mH  7lmohm 40 A 1040 AT 72mm 1
& . : o PY 16 5 24mH 71 mohm 40 A 1040 AT 72 mm 1
7 PX 172 2.6mH 127 mohm 40 A 1440 AT 39 mm 4
———— 4:\ PY_17_2 2.6mH 126 mohm 40 A 1440 AT 39 mm 4
Al - PX 324 29mH 115 mohm 40 A 1440 AT 20 mm 13
PX 324 29mH 115 mohm 40 A 1440 AT 20 mm 13
PM 32 4 1.0mH 8 mohm 330 A 60 T/m ¢ 20 mm 28
Maximum design current of steering magnets are 40 A but operated at 10 A
A 64 magnets were installed in 2017.
1 Several types of steering magnets
1 One type of quad magnet
A 52 magnets of them were installed as a common unit.

1 2 X quad magnets.

horizontal and vertical steering magnets
1 BPM

Movable support
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Replacement continues and finally more than 100 pulsed
magnets were installed




System configuration of the pulsed power supplies

Standard power supply unit (4 x quad + 4 x steering) CSS archiver NAS operater’s machin
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Positron source in KEK

KEK has been
developing and
operating

positron sources
si nce 19¢




Required injector beam parameters

seam e+ e e+ | e | e+ | e [etllel

Energy 3 5GeV 8.0GeV 40 G x2 25 GeV 4.0GeV 7.0GeV 4.0GeV 7.0 GeV

Stored current

Life time (min.)

primary e- 10 1/25
Bunch charge (nC) -1
Norm. Emittance 1400 1000 200/40 100/15
(vPe) (urad) (Hor./Ver.) (Hor./Ver.) (Hor Ner)

Bunch / Pulse 2

2 2 2 2 2 2 2

4+1rings (LER, HER,
DR, PF, PF-AR)

Simultaneous top- 3 rings

up injection (PPM)  (LER, HER, PF) No top-up Eventually

Injector Linac Progress K.F, KEK, Jun.2017. 8
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Positron source setup 1

from DAMPNG  to DAMPING
R Sector B Sector Gum RING RING
\ I PF-BT/AR-BT
1 B-As-Gun 2 1o Frine
I = to PF-AR-Ring
2 SeoTor—==S2010r_ 2 ceotor 4 Sector 5 Secor 3 Switch Yard to KBS




Positron source setup 2

BC (bridge coil)

target

LAS (large aperture S-band)

FC(flux concentrator) head

® - —-—.
y P A —
_ 0t

solenoid

I/ |

(C)
¥
®

12



Positron source setup 3

W target

u2 mm hol e ff

Temp sensor

Cooling water pipe










After | arge di schar
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Slit gap got narrow.
Not possible to apply
high voltage unless
the gap will be
expanded.




Electrical Conductivity, %IACS
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Cu alloys

i -
Conventional high Cu-Zr

Ideal alloys (future)

conductivity alloy
systems, Cu-Mg-P, . Cu-Cr

Cu-Fe-P-Zn Cu-Be Cu-Ni-Si

NC50  ['NG alloys were tested

Improved phosphor
Bronze alloy systems,
Cu—Ni-Sn—P, Cu-Fe—P-Sn

NC25

| | | Cu-Ti, Cu-Ni

systems

200 400 600 800
Yield Strength, MPa

Positions of various copper alloy systems in conductivity—strength map .



NC50

NC50 after aging
(precipitation hardening)

C1020

NC50 after brazing

C1020 after brazing
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