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Injector Linac Mission Super

ission of Electron/positron Injector in SuperKEK
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< For 40-times higher luminosity in SuperKEKB collider
< Low emittance & low energy spread injection beam with 4-5 times more beam current

New high-current photo-cathode RF gun

New positron capture section

Damping ring construction

Optimized beam optics and correction

Precise beam orbit control with long-baseline alignment
Simultaneous top-up injection to DR/HER/LER/PF/PFAR

< Balanced injection for the both photon science and
elementary particle physics experiments
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Required injector beam parameters

eam e+ e- [er e e | e [enlel

Energy 35GeV 80Gev 40GeV 77.0GeV 40GeV 7.0GeV 4.0GeV 7.0 GeV
Life time (min.) 150
Bunch charge (nC) -1
No(r;?s'g)E m'riﬁ?ce 1400 1000 (I-Izc?roll\éllgr) (ch?roll\}eSr) (Hg(r)ﬁ?er)
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 SCUICENY
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_(E) - . Schedule 7aN Qfxﬂ-
Linac Schedule Overview asofiun.2017

€ Long (5-month) shutdown for the first time in SuperKEKB project

% 9-month shutdown in 1997 during KEKB % Installation of many important components
> DR construction, resource availability, etc during this shutdown
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@) Photo-cathode RF Gun O \ ;-fg’k”-g-
Progress of Photo-cathode RF Gun

Yoshida et a/

® Succeeded in injection during SuperKEKB Phase-1 commussuomng for 11 days
€ Employs Yb-doped-fiber and Nd/Yb:YAG ";:#w"-; .

P

laser, Ir6Ce or Ir2Ce cathode, QTWSC or
cutdisk structures

€ Secondary RF gun was constructed for
availability with Ir2Ce and cutdisk

QTW RF gun
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. - - Beam orbit measurement -
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Photo-cathode RF gun: Laser
®Yb:Fiber + Nd:YAG multl-pass ampllf" er

Nd.YAG ®2mm  Nd.YAG ®4mm

o 20170419-LIiIBM:5P A1 G 1: ISNGL SFE. data 00319973532234
1.57 +/-O 032 nC
Xpass x8pass ~30 | |
Pockels Cell Nd.YAG 04mm
4pass ~700 uJ
"I SHG FHG o B
NdYAG 2 mJ 10 mJ o 40 145 150 1.55 1.60 1.65 1.70
(])4mm LiBM:SP_Al G_1:ISNGL:SFE
Beam charge stability
- Stable laser system for Phase-lI|.

2 nC, 2 bunch stable operation will be expected.
(2-bunch operation was already demonstrated.)

- Two oscilllator (one will be commercial oscillator)
- Two amplifier lines.

- Spatial filter for one amplifier line
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Super

O —Removal of temporary pre-injector S

(3T/32RFgun -
# KEK e+/e- linac has been divided intotwo w\all o] ] —_—
regions by a wall at 3T. 31- prejnject ——
€ 3T/32 pre-injector has been used for PF, e 32yr'é mj g_t
AR injection during upgrade construction — e 0 el < %

and initial beam commissioning in linac
upstream region.

€ 3T/32 pre-injector is removed in May 2017
for DR commissioning.

€ aregular accelerator module (3-2) is
installed in this region for injection beam

After the wall and |

energy marg.m. ] /[P 3T/32 pre-injector
€ AT/A1 pre-injector is used for all the = .y moval, |maciunn

storage rings (HER, LER, PF, AR) after P egisunitad) v

autumn 2017. They share the same fate in " N R

case of linac troubles.
€ PF, AR beam operation from October.
¢ DR commissioning from December 2017.
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Positron Source status

€ Breakdown problem in Flux Concentrator I t/
during 2017 April operation after beamline | / / ux
installation “res VY Centgatol

I

ey |

(Though we had no problem during test- \ ;%t‘:'er n \
stand operation at full-spec current.) DS NN

€ No e+ beam operation during April-May run. \“\ % 2 QLL@?
'Q--- ‘
€ Inspection of damaged FC § . ;
<+ cooling down of residual-radiation since May 15 N\ 31;’) 7 ; burary (64)
<» removal of FC base part from e+ station in June T ¢ sk ($2)
% visual search for damaged part
% detailed inspection in August
“ recovery trial
€ Re-installation or replacement to spare FC
in August for 2017 autumn run & Phase-2 run
(During these period, operation current will

be around half of the spec.)

€ Manufacturing of next FC assembly on-going
for stand-alone test and investigation of the

breakdown issue for Phase-3 operation.
Injector Linac Progress July.2017.
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€ For pulse-by-pulse beam-mode switching and
independent optics/orbit tuning,
pulse magnet system is introduced.

€ All the quads in Sector-3, 4, 5§ are replaced by pulse-Qs
and pulse-steerings are introduced.

¢

AT/A1 pre-injector merger line bends are replaced from
DC to pulse magnets.

Pulse magnets installation completed.
Pulse power supply setting-up on-going.
Test operation of pulse magnet system in September.

® 6 6 O

Beam commissioning with pulse magnet system start in
October 2017.

Pulse current driver
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© Event timing controls e

for pulsed quad & steering magnet controls

A= S5l recA Am EEENT N

—

- MRF PXI-EVR-230 was added
Control software is based on:
Windows 8.1 Professional
EPICS base R3.14.12.6 for EVR

1 control

Satoh, Enomoto et al.

Micro-Research

.......
.......

0000000

i Device driver for cPCI-EVR-
"""" . 300 (Swiss FEL) was modified
..... e , \ for our card
Br e Ay L \  Fundamental functions can
- - b already work well.

B © Data buffer functionality is
. now under implementation.

.......
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DAC (PXI-6733)
ADC (PXle-6356)

PXI-EVR-230
€ 13 racks are newly installed

¢ Small form-factor (4U) power supplies are
tested more than 2 months at 50Hz

“

2 Interlock signal processing
‘ (CompactRIO based system)
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Development of 5671.2MHz Master phase shifter

JEl R LE D7 S0 B BTN 1 « All linac clocks are generated from 571.2 MHz
>10 MHz 571.200 MHz master oscillator
@ RZH—A LB g Cloc?k is adjusted every minutes to compensate the
10 MHz 5.G. ring circumferences, and the phase should be
MO for KEKB :
571.2 MHZE TS 21— )L adjusted to meet.the lengths of beam transports of
electron and positron.
1142 MHz | 1/5 la « Stabilities of 0.1%rms in amplitude and 0.02 degree
Event System Y ¢1

?. Orier rms in phase

% qf ? Orer - Oner : LER
0 : HER/PF/AR

HERFARFHE F &k
L,_qjs_tz_—,j_\ ¢2 changed at 50 Hz
L
' o & U 1% 25 |
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ﬁlﬁﬁ{%%& 114.24 571.2 2856 3’4’5—12 7R —
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571.2MHz Phase shifter
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O L DS KL DN, KL 32 Installation

s W

. Va
Thermionic gun / Y 1.1 GeV

+RF bunching / } Damping Ring
ME' g+ PR/ circ. 136 m

1 2.5 GeV e-

Bunc 1, M E 0.inC x 1
. System A Gnmpressiun System LER
10nC x 2_(|:gr|m. e-) 4.0 GeV e+
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p———— - W ey [ pop— | L

5 HER
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fe+ target& 2 _

LAS capture section

Voltage required [MV] 41

# 2m accelerator

structure 2 t
Accelerator field
[MV/m] 10.2 10.75
Operation power
[MW] 29.0 19.0
Pulse width [us] 0.8 0.8
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Bucket selection in Phase-2 with DR
€ Without DR, simply wait up to 5120 x 96 ns ~ 490 us

< 96 ns : highest common frequency between linac - ring

e  Gun

KEKB

e* BT (3.5GeV, 0.6nC)

e* Target

‘l’ Kaji et al
€ With DR, in order to select arbitrary bucket in MR, have to wait up
to ~4.5 ms, even if a bucket in DR was carefully selected

< Power supply can wait only 2 ms, one of only 2798 buckets in 5120 buckets can be
selected, may have to change LLRF condition at latter half of linac every pulse

®
S
>100ns e ¢*DR(1.1GeV, 4nC)

ns SuperKEKB

e* BT (KEKB: 4GeV, 4nC)

e* Target

< Can be a big challenge in LLRF precision
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'(E) Linac Upgrade Overview O ;*f'xs-
Many other Linac Upgrade Progress

€ High-power microwave modulator upgrades

€ Low-level RF controls/monitor upgrades
% Pulse-to-pulse modulation (PPM) between 4+1 rings
< More spaces for increasing number of devices

€4 Beam instrumentation
< Large/small aperture beam position monitors (BPM)
% Precisel/fast and synchronized BPM readout system
% Wire scanners and beam loss monitors
* Streak cameras
% (Deflectors, etc.)

€ Alignment to preserve beam emittance

< Measurement precision reaching 0.1 ~0.3mm
< Mover and orbit control development

€ Event-based control and timing upgrade
< Essential for pulse-to-pulse modulation

5 Pulse magnet tests ® h."

TwiA N\

<+ Precise timing & synchronized controls — e [ G

0, H : A et ) :

< Bucket selection at DR and MR e AR, “.-‘*“ ’jé@ |
SINAP event modules - Beath wm\e spanné“ F 2‘3// . -
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_(E) - . New Schedule 7aN &,KB_
Linac Schedule Overview asofiun.2017

RF-Gun e- beam e- commiss. e+ commiss. . .
commissioning  atA,B,J,C,1 at 1,2 sector (FC, DCS, Qe- 50%) Phase1: high emittance beam for vacuum scrub
at A,B-sector e- commiss. Phase2,3: low emittance beam for collision
at 1,1,—3:4757sectur
Time — 2014 2015 2016 2017 2018 2019
123.‘3""455339101112123455?5‘3101112 1 2 3 4 & 6 7 8 91001z 1 23 456 78 8101121234
< I T <t d d | " - d ith VXD
. oW Intensity e+ non-damped e+ damped e+ wi
LoottON angstageleder BSRIE ms———— astage Shstage
A1-RFITgun 10K 5 \ ]
: : eam '
AB-sec ] ' : i
P Licenses Emittance Sl
J-arc A ) ! Injections
C1-sec : | in steps Beams ;
target+FC : 10l
12-sec N
SY2 P
DR ; P DR
345-sec | : Commiss.
T _no
LER Phase1 :

3T/32gun
PF
PFAR

- Electron non damped e+ commiss. damped e+ commiss. Improved
. Positron at1,2, sectors at1—5Qe+=1~4nC RF gun

) e- commiss. at A—5 sectors e- commiss.

: Low current electron at A—5 Qe-= 1~5nC
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'(E) Summary 7 Eﬂcﬁ-
Summary

€ We learned a lot during KEKB operation

€ Phase-2 injection into SuperKEKB is another challenge with higher
beam current and lower transverse and longitudinal emittance

€ Steady progress towards designed injection beam in steps

< Alignment: almost confident on the measurement precision (0.1-mm local, 0.3-mm
global), may need mover to maintain it for longer term

% Positron generator: need discharge analysis

< Thermionic gun: stably operated for primary electron for positron generation
< RF gun: following recommendations at review meetings

< Pulsed devices: global and synchronized operation

“* New modulators for energy and bunch compressors on DR beamlines

€ Will balance between final beam quality and progressive operation

€ Will select optimized route depending on available resources

< Balance with injection operation for light sources, commissioing and development
in parallel
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Injection Energy Margin Recovery
(even while dropping Energy 8 GeV - 7 GeV)

€ No backup/stand-by before J-Arc in KEKB operation

€ Optimized for SuperKEKB ring injection reliability with larger beam
currents and smaller emittance

Kamitani et al

¢ Temporary removal of units for construction
< Should be recovered before phase-3

€ A unit was removed to make a room for DR BT
€ Positron deceleration capturing

€ Lower acceleration in large aperture structures in the positron capture
section

€ An unit before J-Arc was converted into a stand-by for availability

€ C-band structures were converted into S-band to help emittance
preservation

€ Degraded accelerating structures after 35 years of operation
< Should be refurbished in the long run

€ Larger beam current with larger beam loading
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