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P Caa \ Linac Upgrade Overview Supy

iSSion of e'ectronlpOSitron |nje(:tor in SuperKEKB

€ 40-times higher Luminosity
“Twice larger storage beam - Higher beam current at Linac

++20-times higher collision rate with nano-beam scheme
1 - Low-emittance even at first turn - Low-emittance beam from Linac
I = Shorter storage lifetime -> Higher Linac beam current

¢ Linac challenges 0%

. Luminosity
+*Low emittance e-
= with high-charge RF-gun
‘+*Low emittance e+

LER
4 GeVl/c

2 Belle Il Linac provides:
PE: 2.5 GeV e-
PF-AR: 6.5 GeV e-

SuperKEKB: 7 GeV e-

SuperKEKB \

= with damping ring | 4 GeV e+

o LI PF-AR -

“*Higher e+ beam current SaEed) e T
= with new capture section e

/ \ Injector Linacu‘f:';;

“*Emittance preservation

: : 2x beam @& o
H with precise beam control . curren‘t.i | @ Damping|Low emittance
<+ 4+1 ring simultaneous injection Ring Lo
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Linac Upgrade Progress towards SuperKEKB (1)
¢ High-charge low-emittance RF gun development
<+ QTWSC cavity and Ir5Ce -'QQ‘LZ;Z?‘JS\';“?JJ..& i
photo cathode works well g N

“Good agreement with
the simulation results

) .-V
1‘0 ’: &
z“': ®-end
{ ! “-——-&——w—wﬂm
L4l ¥
.

g o Slghal frz Signal from positron
__primary Iectron WIhoppOS|te polarity ‘

@ Precise alignment for emlttance preservatlon
“*Recovering after earthquake iy 4o g
“*Reaching specification of 0.3mm “ : H ’

€ Utility upgrade during summer 2014
 for electricity (+1.5MW) and cooling water (+1400L/min)
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‘(E) Linac Upgrade Overview .
Linac Upgrade Progress towards SuperKEKB (2) ’

€ High power modulator upgrades

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

€ 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)

€ Event timing control system
< Combination of MRF and SINAP module
< Essential for PPM operation
<+ Precise timing & synchronized controls | o G e
< Bucket selection at DR and MR —_ ;.;::::,,,,., sana YRt
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Alignment
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{, , Alignment

Alignment

€ High-precision alignment was not necessary in PF and KEKB
injections, and it was much damaged by earthquake in 2011.

¢ Instead of flexible-structure girder before earthquake, rigid-
structure was adopted with jack-volts and fixed supports.

€ Reflector pedestals are developed and mounted onto quad
magnets and accelerating cavities for laser-tracker measurement.

¢ Iterative measurement and adjustment with 500-m straight laser
and position sensors should enable 0.3-mm global alignment.

€ Laser tracker should enable 0.1-mm measurement within 10-m
girder unit.

€ Displacement gauges, hydrostatic leveling, inclinometer are also
employed.

¥ Remote measurement system and girder mover system will be
necessary for longer term, and are under development.
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Alignment

Emittance Preservation and Alignment

@ If Device is off center of the beam

“*Focusing magnet (quad) kicks the beam bunch
“*Accelerating structure (cavity) excites wakefield, to bend the tail

@ Distorted bunch in banana shape

< Emittance dilution or blow-up, even 100 times larger
Depending on the beam optics and the beam charge

€ Alignment and orbit correction is crucial to preserve the

KK mm

emittance Sugimoto et al.
?;:;,;:
1.75
. 1.50

()&) ) % g 1.25 2,

) 100 ¥
B \ 2 0.75
eam 0.50
Focusing Accelerating . " o

Magnet Structure S i

Transverse beam distribution in time direction
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Alignment

Emittance Preservation

¥ Offset injection may solve the issue
€ Orbit have to be maintained precisely
€ Mis-alignment should be <0.1mm locally, <0.3mm globally

Mis-alignment leads to Emittance blow-up Orbit manipulation compensates it
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g Alignment ,

Alignment progress in 2014

@ For the first time after earthquake at downstream sectors
€ Several measurements during summer

¥ Measurement reproducibility was confirmed up to ~0.2 mm

€ While there existed PD 527 —% (HORIZONTAL)
several conflicting
measurements,

consistent scheme
has been established

¢ Movement of tunnel
by several 10’s of
micrometer was
observed (— mover)

€ Further work necessary

in 2015, for alignment
and girder replacement

Higo et al.

—=7/11
~8-7/31

8/25
~>¢=9/18

=5#=9/25(2sec)
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Alignment

Recent 500-m alignment over C- 5

after completion of initial alignment in late Jan. 2015

| | |

|

Girder misalignment measured by Laser PD
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Hardware alignment on girders in sectors 3~5
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'(E) : Alignment £ ;t,m_
Floor vertical movement

in a half year from summer to winter Higo et al.
2 I i T N | I T
Floor vertical movement measured by Laser PD
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'(ﬁ) . . Alignment 7 ;t(kk—
Estimation of floor movement
some typical observed values

Daily 0.1 0.1

Week 0.1 0.1

Half a year 0.5 2
Speed 0.01mm/hour 0.01mm/hour

We should study/develop the linac system
with these values in mind.

Precise beam orbit control is necessary
to preserve emittance
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RF gun
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{, RF gun for low-emittance electron

RF-Gun development strategy for SuperKEKB

¢ Cavity : Strong electric field focusing structure
+Disk And Washer (DAW) => 3-2, A-1(test)
“*Quasi Traveling Wave Side Couple => A-1
=> Reduce beam divergence and projected emittance dilution

€ Cathode : Long term stable cathode
<*Middle QE (QE=10-4~10-3@266nm)
“Solid material (no thin film) => Metal composite cathode
=> Started from LaBg (short life time)

=> |r,Ce has very long life time and QE>10* @266nm
& Laser : Stable laser with temporal manipulation
LD pumped laser medium => Nd/Yb doped

“*Temporal manipulation => Yb doped
=> Minimum energy spread

Linac Upgrade Progress towards SuperKEKB K.Furukawa, KEK, Jun.2015.



RF gun for low-emittance electron

“© Photo cathode RF gun development

Yb Fiber 0sullat0:

Super
(o 3 KEKR wm

\ &t

&
Ut Y Synchronization -
Yh-doped fiber l Grating pair { system
- Single-mode fibler 2856 MHz trigger
| E From Accelerator

Q—E“.—WQ 1035nm
Vb Fiber Main-Amplifier Yb Fiber Pre-Amplifier 22
s

Stretcher

m PM Yb-doped fibe Q @ /
=

A2
| -
1740 gooves/mm
Transmission grating

Q [I[I b . e Pulse

1] I Picker

Yb fiber and Yb:YAG think disk laser

L

40 pm Photomic crystal fibe

%
]

Regenerative Amplifier

i & R £
Yb:YAG 5 : NG ; - I F5C6

= Pockels
| 7| Cel

Multi-pass Amplifier .‘ \ “’ | 2 4
Q>>D € 5.6 nC/bunch was confirmed
BBO. Si7ita BEO . 238 € Next step: 50-Hz beam generation &

{3 L > RFGUN

l\> [ (3
Frequency doubling Ir5Ce photo cathode Radiation control
K.Furukawa, KEK, Jun.2015. 27
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* These few months: Schedule

Yoshida et al.
— Reconfigure thermal gun for positron generation
— Step by step RF-Gun RF ageing. Following the RF-Gun
— New laser system in ground laser room. reviewer’s comments

* Increase pulse energy from fiber laser
* Simplify the laser system (new multi-pass amplifier)

e This comming summer: (Rostponed the pulse shaping until Phase-lll )

— Third RF-Gun (nomal laser injection / cavity modification / cathode change)

— Simple Nd amplifier forPhase-l & |l stable injection

10 ps gaussian is enough for Phase-l (TrnC) & Il (2\<C\), postponed the/:ulse shaping until Phase-lll
FY2011 2012|FY2012 2013|FY2013 2014 014 015|FY2015 2 16|FY2016 2017|FY2017 2018|FY2018 2019
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RF-Gun
Beamline
Cathode
Laser
Comissioning

GR.32

[~ [ |

RF-Gun
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Laser Yb Laserl
Comissioning

N~ [ ! [ |
SC-QTW2 SC-Q

Chica

GRA1

Nd Amplifie Nd Amplifie Yb Laser3((

SuperK

Phase-1
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EKB
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n

. Design
Development

Installation

Operation



Beam line will be upgrade on up and down.

Thermionic DC gun will be installed to upper beam line.

70 MeV

Yoshida et al.

10 nC
for positron primary

prebuncher

SHB2

SHB1 |7

Acc.tube [€—1 RF gun

5nC

\q’} Acc.tube buncher
,&Q
Energy slope
Chicane [€
30 MeV
20 Bunch
PSEC 20 psec

compression

Low emittance

Thermionic
DC gun




Second Side coupled Quasi-travelling wave RF-Gun

Second RF-Gun under brazing

Conditioning progress was too slow.
Frequent break down is the issue to be cured.
Cathode rod contact?
Cathode material fixation?
Cathode material sputtering due to laser?
We have to analyze break-down issues.
1. Cavity conditioning, used dummy cathode rod
without cathode material (all Cu).
2. Replace new cathode rod with material (new
fixation is shrinkage fit).
3. For reduce multipactoring effect, another cathode
cell design is required.

Present cathode New cathode
= A
- j shrinkage fit




Short term plan for laser development

Following recommendations at review meetings
Undeground Yb-Fiber + Yb:YAG (Existing)
— Downgrade to 25Hz 2-loop amplifier(Done) => Fix configuration
— Increase monitor points / quadrant detector etc..
— Improve stability.
Underground Yb-Fiber + Nd:YAG (Yb-Fiber small upgrade)
— 1064nm(Nd:YAG wavelength) is converted by existing Yb oscillator.
— Stretcher for 10 ps is similar to existing one.
— Existing fiber amplifier (Thorlabs) is best fit to amplify 1064nm.
— Preliminary test using existing Nd:YAG DPSS Module (10Hz).

Ground Yb-Fiber(Commercial) + Cryogenic Yb:YAG
=> Postponed the operation until Phase-lIl.

Ground Yb-Fiber(Commercial) + Nd:YAG(Commercial)

— MENLO Orange oscillator wavelength must be shifted.
or use Nd:YLF (1047nm).

— Yb-Fiber commercial amplifier can be used for 1064nm.
— Nd:YAG 50Hz DPSS commercial module
— Vacuum duct / Room environment / Virtual cathode.



New high gain multi-pass amplifier(10-15 pass x 2 loop)
to simplify the laser

Diode

-
7/

| K 1naino




Simplify and stabilize our laser system without pulse shaping

Existing laser system

114.2 MHz
Yb-doped fiber @ 1030 nm

PCF Yb- Yb:YAG thin-disk
Menlo oscillator with —

orange | Transmission grating dOped.f.iber multipass amplifier
Femtosecond Fiber Laser am pl |ﬁ er

(25 Hz)
1040 nm & 520 nm @ 1064 nm

Simple Nd amplifier laser system without pulse shaping
according to RF-Gun reviewer’s comment

LIEKKI Yb- .
Commertial Nd:YAG rod
doped fiber ) Pulse

. picker multipass amplifier (10 Hz => 50 Hz)
amplifier

Optilab YDFA-r-40-S,
Output power of 20W

Grating pair

Fiber Amplifier
@1030 nm

Yb fiber
Oscillator

Fiber Amplifier
Spatially dispersed @1064 nm




Strecher for Yb:YAG & Nd:YAG

Center wavelength 1030 nm 1064 nm
Gain spectrum width ~2 nm ~0.5nm
Distance of the
1. x4
Stretcher to 30 ps > m 6m (x4)
Gain spectrum of Yb:YAG
Saw””ikWW Extt o Distance of

grating pair

388.40nW

77.68nW
/ div

30 ps

Grating pair




Nd:YAG DPSS module regenerative amplifier

(experimental)
Regenerative ampliﬁer

- S 3

Oscillator

ST
5 § ,’

-
''''''''''

Test at A-1 underground using existing Yb-Fiber oscillator.



Thermionic Gun
¢ yrKEH B

Thermionic gun
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Thermionic Gun

Preparation of Thermionic Gun
€ Under refurbishment
“*Raise by 76cm not to conflict with straight RF-gun

 As well as angled RF-gun

“~Jun.2015.
€ May serve primary electron for positron generation

Thermionic gun

A\ 4

750

RF gun

Linac Upgrade Progress towards SuperKEKB K.Furukawa, KEK, Jun.2015. 46
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Positron Enhancement Supes
¢ VKEKR .

Positron generator
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Positron Enhancement

Positron Generation

€ 4-times more positron is required at
SuperKEKB than KEKB

“Safety measure was taken after cable fire during the
test of Flux Concentrator (FC)

“*New components in
100-m capture section
were tested in steps

“*High voltage tests in
tunnel in April

+Beam tests with electron
in May

Super
VOKEKR -
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Positron Enhancement

) x»m« —

from New Positron Capture Secth"

¢ Generated positron ~0.inCwas  [ERa o-Tf" i
transferred to the entrance of : ﬂ i
damping ring ,/t;’h .

€ With higher magnetic and electric f;ém

/7’; i
field, 4-nC positron will be 7;.’ 2\

generated

‘ Ta rget Shie|d file BPM Update , zmwsrso 1.3:1?:.08 sz.4
éﬁiﬂ%ﬂr@!ﬁﬁm 400 m 201406730 13:17:08
(40cmx6mlong) - Beam position , -

= - . [ A \ / /
= 0= = —’ PN \ « - et

g '“L
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imprOVed " Vertical - ' ; -01 nC -
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Positron Enhancement y o
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Radliation Shield

\Rgdiation Shield Construction
#15 region e — - _\ - - v

Iron shield

'u..’ r

ot - T -

' -Ll‘ \ . ‘\‘\

‘IM‘ :
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'(E) . . Positron Enhancemen:- K'a'm'it‘:::‘i'
Positron Generation |

Installation of positron generator for SuperKEKB in April 2014
(Beamline construction since summer 2013)

(positron target, spoiler, Flux Concentrator, bridge coils, LAS structures [x6], DC solenoids [16+13],
et/e- separator, quads [>90])

2) Commissioning of positron beam, observation of the first positron after
reconstruction for SuperKEKB, further improvements expected

1)

FC 6.4kA, Solenoids 370A,

June 2014 0.12 ﬁ% LAS capture field 10 MV/m

Specification 1'0 OX1 7 5'0 x42 50% x2.5 FC 12kA, Solenoids 650A,
(at SY2) ' '

LAS capture field 14 MV/m
DR injection

o Energy spread acceptance
(20177) 4.0 40% 0.5%

3) Oct.~Dec.2014 : Linac commissioning
Jan.~Mar.2015 : Construction

Apr.2015~ : Linac commissioning
Feb.2016 : LER injection

Linac Upgrade Progress towards SuperKEKB K.Furukawa, KEK, Jun.2015.



Schedule

¢ VKEKR -

Schedule
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_(ﬁ) . . Schedule Qf’m-
Linac Schedule Overview

345.-sec Commiss.

RF-Gun e- beam e- commiss. e+ commiss.
commissioning at A,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
at1,2,3,4,5 sector
Time — 014 2015 2016 2017 2018
9101112123,.:"’456789101112123456789101112123456189101112123456789101112123456789101112
owintonsity @] | || | | | | | nonfamgeder | | | madbe=="rImmE g th VXD
. ow intensity e non-damped e amped e+ wi
Locat
OCT |on ..?.!]'d.'s.t'?ﬂe ‘Ie.!.elfli BEARRRRERRAN l03 ’;q sltla. 'll.l!.ll. LR AL L R R R R R R R R R R R R R R R Y ....4..t.tl"s.t.a..g.e........................ 5 th‘§.t.a.96
i : : Low - :
AB-sec : : . 'K :
: T Staged Emittance i g :
J-arc 1 Licenses Beams Injections |
Cl-sec : : : :
target+FC | : :
12sec | i : :
sy2 18 :
DR 1 DR :
1 ] 3

HER 1nC 4 nC
LER
3T/329un I LR R R R R R R R ) LELE R LR
PF
PFAR
S S S S S S —— > | ————
. o non damped e+ commiss. damped e+ commiss. Improved
el Elec.:tron """ at1,2, sectors "~ at1—5 Qe+ =1~4nC RF gun
M : Positron e- commiss. at A—5 sectors e- commiss.
B : Low current electron atA—5Qe-=1~5nC
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"‘E,‘ Schedule

Injector linac schedule

Time — 2014 2015 2016 2017
4::75_;-|;nz123456_7391011'2!23456769101112123456789101112123456789101112|

SY2
DR

HER .......................... g m

LER

® Feb.2016 —Jun.2016: Phase-1 commissioning

< Normal-emittance, 1nC/bunch electron/positron beams, without damping ring (DR)
= With combination of RF-gun and thermionic gun

I ex. Electron with 1nC RF-gun, Positron with ~6nC thermionic gun
(depends on downstream configuration after DR delay affecting PF/PF-AR injections)

€ Jan.2017 - May.2017, Damping ring commissioning

% 1nC - 2nC/bunch positron beam, to/from DR

€ Jun/Oct.2017 — Feb.2018, Phase-2 commissioning

< Low-emittance (20mm.mrad, 0.1%), 2nC electron/positron beams, with DR
1 Low-emittance electron beam with RF-gun, 2nC
7 Primary beam for positron with RF-gun or thermionic gun, 5nC

€ Oct.2018 - ..., Phase-3 commissioning

< Low-emittance (20mm.mrad, 0.1%), High charge electron/positron beams, with DR
1 Low-emittance electron beam with RF-gun, 4nC
7 Primary beam for positron with RF-gun or thermionic gun, 10nC

Linac Upgrade Progress towards SuperKEKB K.Furukawa, KEK, Jun.2015.
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"'"‘E,“ Schedule ay.

Radiation protection licenses

¢ Staged upgrade of beam limits

€ Final goal is 1250/625 nA before/after target
“Same as KEKB (with limited shields)

€ Applications
“Fall.2013. 10 nA at #28 dump, 1250 nA at #A2 dump
“+Spring.2014. New utility rooms, 560 nA at #61 straight dump
“+Feb.2015. 200 nA at #15 target
“Late 2015.(?) 800 nA at #15 target, 625 nA at #61
“Sometime 2016.(?) 1250 nA at #15 target

Linac Upgrade Progress towards SuperKEKB K.Furukawa, KEK, Jun.2015. 64



Summary

Summary

& Steady progress towards first MR injection in 2015
® Finished earthquake disaster recovery in 2014
€ Will make staged improvements up to Phase-ll|

€ Alignment: almost confident on the required precision (0.1-mm
local, 0.3-mm global), need to maintain for longer term

€ RF gun: following recommendations at review meetings with
commercial devices and Nd-based lasers

€ Thermionic gun: waiting to be commissioned

€ Positron generator: waiting for license test

€ Will balance between final beam quality and staged operation
€ Will select optimized route depending on available resources
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Mt. Tsukuba '

Thank you.

SuperKEKB

‘lh}ector“:
Linac
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