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'(E) Linac Overview / i:thﬁ—
Mission of electron/positron Injector in SuperKEKB

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

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

¢ Linac challenges 0%

“*Low emittance e- i
= with high-charge RF-gun

“*Low emittance e+
 with damping ring

“*Higher e+ beam current
. with new capture section

“*Emittance preservation
 with precise beam control

< 4+1 ring simultaneous injection
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Linac provides:

PE: 2.5GeV e-

PF-AR: 6.5 GeV e-

SuperKEKB: 7 GeV e-
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_@) - — Linac Overview .\[ \; F:EK'R |
BEFE—LINDOXS
.~ superKekB KEkB

TXRILF— (GeV) 4 3.5
LERSBEERIE (A) 3.6 1.6
LERE—AFa (min.) 6 133
RAE—LIEDERU (H2) 50 50
SN\ FE (rf)VULREBZD) 2 2
TIwvH YR (mm-mrad) 100/20 (Hor./Ver.) 2100
I\ FE@EZE (nC) 4 1
TRILF—LEHD (%) 0.1 0.125
J\YF KR oz (mm) 0.7 2.6
FSoEVOUVD O n/a
R~ YT P v T ASY 4 rings (SuperKEKB | 3rings (KEKB e-/e+, PF)
e-le+, PF, PF-AR)
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Linac Schedule Overview (entative A)

RF-Gun e- beam e- commiss. e+ commiss.

commissioning atA,B,J,C,1 at 1,2 sector (FC, DCS, Qe- 50%) Phasel: 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 [ [ | Tots 2016 2017
45 87 B 9Nl 345 87 80N iB eI T8 N
- ———— aaay ——————
Location 1.st stage low intensity e+ non-damped e+ damped e+ with QCS with VXD
el | | L ASSSR G -"-'“ta 8 R 0 8 =07 B >ihstage | 6ithstage

A1-RFgun; {
AB-sec : : :
C1-sec :
target+FC : . /A
12-sec .
DR : ' 10k s
345-sec 5 : : ‘ ‘
HER T —— 1nC 2nC _
LER Phasel Phasez _
3T/32gun i i
PF i |
PFAR

1T N\ o o e T dempedercommies FraRe

B : Positron
B : Low current electron

e- commiss. at A—5 sectors

e- commiss.
at A—5 Qe-=1~5nC
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.@ - : Schedule \:\; F:EKB—
Linac Schedule Overview (entative B)

RF-Gun e- beam e- commiss. e+ commiss. : :
commissioning atA,B,J,C,1 at 1,2 sector (FC, DCS, Qe- 50%) Phasel: 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 — 2014 2Ei15 2016 2017
45 678 9101121 23 4 i 6§ 7 8 9101 nzi;:-z 304567 8 000 12 0 N5 S TN 2 1 23 45678910112
‘l—-—'——l’ = — e = — = .

- low intensity e+ damped e+ with QCS
l&ﬂ?@t“jn 1-st5tagE!“b uTﬂy}E'"d EHEIEIEJE*1 4_“15taga EJTIEtEQE

'I.lllllil!ll

-

A1-RFgun:
AB-sec :
J-arc

I

C1-sec
target+FC
12-sec
SY2

DR
345-sec
HER

LER
3T/32gun
PF
PFAR

e R e

< r——— = .d — a —> £ - —
. “.._  non damped e+ commiss. amped e+ commiss.
| Elec;tron " at1,2, sectors at 15 Qe+ =1~4nC °
M : Positron e- commiss. at A—5 sectors e- commiss.
B : Low current electron at A—5 Qe-=1~5nC
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'({) Operation (7N Sue:
Operation Status

®FEY2014 DEEx

< 1BERFR]: 3900 hours (FY2013 -27%)
PF/PF-AR Injection (and Commissioning for SuperKEKB)
Apr.11 - Apr.25
May.7 — Jul.1
Sep.24 — Dec.26
5 days in Jan, Feb
+#fE (FY2013 0.43%)
REAEHSG I 1 ILFEE (May)
N1 O 0RIVLRAERT RINA H—FHEh (May)
22y O3ty sL—5ERAIT—TILFESR (Dec)
YA O0ORINIVRAEIR K S Y AR FE (Dec)
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VKEKR -

Utility

Facility for Electric Power and Cooling Water =~
€ Linac needs electricity and cooling water extensions, especially for
positron generator upgrade

€ Separate building construction in FY2013 not to impact PF/PF-AR
& Facility extensions performed during summer 2014

i
i "b—\,_

<pE===s===4y—(==3

) 7
low emittance

50 Hz (e+ or e-)
; E 1.1 GeV pulze-by-purl]se
/ { Damping Rin mode switching
RF gun jg; ok J girc. %36gm 9 PE R
1% b S 25GeVe- .
Bunch 1 e 0.1nC x D&
3.5 GeV Compressor_} [-4Energy-spread |l ER
10nC x 2 (prlm e-) S-band £ . 3CompreSS|on System 4.0 GeV e+
' i 4nC X 2
pEm=———— == ] ) ————— @
+ s HER
ﬁ EAtSacr:%%ttlfLre section R ﬁ 7.0 GeV e-
S5nC x 2
[1] Sector 1,2 [2] Sector 2,3 [3] Sector 5
Electricity and cooling Electricity addition for Electricity and cooling water
water addition for new new damping ring addition for energy compression,
positron generator beam diag., injection beamlines
+920 kVA, +900 L/min +310 kVA
Linac Upgrade Status towards SuperKEKB

+300 kVA, +460L/min
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_(t) Alignment (TSN Smer
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.

¢ lterative 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 pra M,KH_
Alignment progress in 2014

& For the first time at 3-5 sectors

€ Horizontal axis: sensor number from sector C, 1-4, to sector 5
(~80 m/sector)

® Vertical axis: voltage (~displacement at 0.25~0.5mm/mV)
€ Some girders were not yet upgraded
€ Moved up to 3 mm not to break vaccuum

e AR -

10
Displacement / mV
-15
-20
0 40 60 80 100 120
25

20
~HOR__140731

-=-VER_140731 {

30 .Sector C Sector 5
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'(t) Alignment 7S mﬁ i
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 MIET —% (HORZONTAL)
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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_@ Positron Enhancement Ef'm-
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 (F@)

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

“High voltage tests in
tunnel in April

+Beam tests with electron
in May

Linac Upgrade Status towards SuperKEKB K.Furukawa, KEK, Jan.2015. 13



'@ Positron Enhancement ) ;E,m_
Positron generation for SuperKEKB

10 nC DC QM
primary e- ()

Rl
— e+
_____ -
I| bearh| 5 Nn[C injection e-
: hole

. Flux
pu Ised ST Concentrgtor

LAS Accel.
structure

Bridge
Coils

New positron capture section after target with

Flux concentrator (FC) and large-aperture S-band structure (LAS)
Satellite bunch (beam loss) elimination with velocity bunching
Pinhole (2mm) for electrons beside target (3.5mm)
Beam spoiler for target protection
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@) Positron Enhancement ;E,m_
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Positron Enhancement

@) (=
Positron from New Positron Capture Section

ure‘

€ Generated positron ~0.1nC was tf;‘,fgfeaspoe,%oa ol ad,nta..

transferred to the entrance of lag :ﬂ

damping ring
#® With higher magnetic and electric §

field, 4-nC positron will be 1R

generated

‘Targ@t Shi@'d | Fila B Ky 40017 zm_wsrams:w:ns w24
% | 2014630 13:17:08
(40cm x 6m long)  { seampositon , -+ .

e ® x‘E’ 2‘: (N e W '_"“_*\? g Pad | IJI" — — .__.__“_%_._.;'H‘.c.\ ‘,-./'x_-
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® ® -1—:
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) 4] Vertical '- — VI
improved inc,,
o | teet iy an A A ODX[ . ::::
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Positron Enhancement
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.@ Positron Enhancement \‘I e
o o T.Kamitani
Positron Generation
1) 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],
e+/e- separator, quads [>90])

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

FC 6.4KA, Solenoids 370A,

June 2014 0.12 20% LAS capture field 10 MV/m
Specification %OX{M .5 0 x42 5'OCV X2.5 FC 12KA, Solenoids 650A,
(at SY2) - 0 LAS capture field 14 MV/m
DR injection Energy spread acceptance
(20177) A0 40% 0.5%

3) Oct.~Dec.2014 : Linac commissioning
Jan.~Mar.2015 : Construction Apr.~Jun. : Linac commissioning
Jul.~Sep.2015 : Construction Oct (?) : LER injection

Linac Upgrade Status towards SuperKEKB K.Furukawa, KEK, Jan.2015.



_(E') ‘ : Positron Enhancement _. e

158 FY—T vk TROIRE LEICHZEZERE UV —ILRZRET B.
RN D 2K S. Matsumoto

1185 | 1185 | 1185 | 1185 | 1185

| 1185 | 1185 | 885 | 1360 |

B1: -k Oo2&EE OFkKE OF O @F. AERIIREBNFEE( REN)
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Positron Enhancement

ElX : mRAMNSRIEN. ~YRIL1S BE
H—4T vy KD60cmLIERHS 6 mDEEHICHRE. SEE(L.
BEREERDE M (F200mm (P DR+ REER) .
200mmAEE 6 ANIRGEI FE—ASA YV ELDICKRES
N3, BHh—T7TV%EKRET D E. BIEDIBHIRIE TS
1400mm. 3 AKX TICEK.
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RF gun for low-emittance electron .~ Suer

O Bhoto cathode RF gun

Yb Fiber Oscillator

*_E"_'{T
& ﬁ FJ'_-:!'I' . Sl;r!.dlmﬂlul.hn ‘
L e e Ciating pair { system
0 K

= Singhe-macade fibder 2856 MHZ trigger
-m From Accelerator
| mudmi
Lo EI LRRERTTEN
¥b Fiber Main-Amplifier ¥b Fiber Pre-Amplifier M2
Streteher

[ &
1]}
Yb fiber and Yb:YAG think disk laser m
LLLLLLLL 1 | gl

fl

4

Regenerative Amplifier

eyl [ B

A
e

Multi-pass Amplifier

s
4
dl— VWAL

BBO 517nm  BBO 258nm

s [—Ss— RFGUN
Frequency doubling Ir5Ce photo cathode

uasi travelipg wave sidecouple//?/
¢ - "\
. 4 ‘X ‘ = T

g1 ] 1K"EK’R-

development

= z & 4 Lr N o
- § . ': - A ’ { 4
a4 -‘= i IV ’4’ el
- ¥
[

e —— -

ity

- 5
‘v X » v
58 Y W . { r
o LR 4 & ¢ P '.‘ \ »

56 nC/ bu@h ws confirmed

€ Next step: 50-Hz beam generation &
Radiation control
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_( RF gun for low-emittance electron

RF-Gun development strategy for SuperKEKl

Super
VKEKR -

€ 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=104~10-° @266nm)

< Solid material (no thin film) => Metal composite cathode

=> Started from LaB; (short life time)
=> IrCe 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 Status towards SuperKEKB K.Furukawa, KEK, Jan.2015.



_@ RF gun for low-emittance electron TS\ Ser
Design of a quasi traveling wave side couple RF gun

M. Yoshida et al

Normal side couple Quasi traveling wave sidecouple
structure

I M@ @fﬁ@

0 05 1 1.5 2 25 3 3.5 4 0 4
2/

E-Field
o
@
E-Field

Quasi traveling wave side couple has stronger focusing field

Linac Upgrade Status towards SuperKEKB K.Furukawa, KEK, Jan.2015.



RF gun for low-emittance electron

Super

©

i ] .kfk"ﬁ-

Beam tra@kin simulation result
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@ RF gun for low-emittance electron !, Ef‘xﬁ'
®
RE-GuUn comparison
. - - . | M. Yoshida

Quasi traveling wave side couple RF gun
~ (100 MV/m, 6mm-mrad, 13.5 MeV)

71 L l 1 , DAW-type RF gun

) b Lgd Ughi lNaghd] (90 MV/m, 5 mm-mrad, 3.2 MeV)

[ L.
= - BNL-type RF gun
| — 1 (120 MV/m, 11.0 mm-mrad, 5.5 MeV)

DAW ———

. ! eam Slge . — Quasi traveling wavesside couple /?/lty
S (R SN R ol \, YIS ,

size [mm]
n
1

0 | i | I 1
0 50 100 150 200 250
z [mm]
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RF gun for low-emittance electron

Super

IrsCe Cathode

i ] 1kfk"ﬁ-

2700 |
= : 200 | o / Carbon LaBg
Quantum efficiency improvement 200 | f % M. Yoshida
o Locar o al ¥ SEM-EDX,
y Laser cieaning 8 12 ] 5 g Oxigen
Qe .
10'4f o é
e ®
i- ------------------------ ‘- -l 001 0.51 1.01 1.51 201 2.51 301 351 401 451
ses® | LOWerenergy density : 12000
1 11000 | ©
. {isenough to activate Ir,Cq | ] SEM-ED> e
1 @ LaB6@266nm . % ] ] Ca rbon
5 6000 — g - ly- )
® LaB6@532nm Sxwoq g No oxidization
@ Ir5Ce@266nm o0 | 5 5 s . 3
o - IS observed
10-6 S L L L L L OO;)O 050 100 150 200 2;0 3.OIO 3.5I0 4.0|O 4.5IO 500
0 1000 2000 3000 4000 5000 kev
Energy density of cleaning laser(iJ/mm?)
== QE Enhancement of IrCe cathode
QE lifetime <0t QE=270x10% O RCe e
Qe - ®
®irCe ’
e®0 o o .'E.: : x 15 .
: . 00eq0 000.0.000..... é 15 = 8
'L} ET) =
e, £ QE=910x10"] QE=1.00x10
. ., " é 10 ..‘-.:.'.:.'... .................
¢ ® ) l
l%> 5 10 15 P\ 25 £ £\ 40 45 20 1 . IrSCe
Lifetime (hour) 0 Cathode
CalhodeTcmpcralurc('(.,)
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_@ RF gun for low-emittance electron TS\ Ser
Energy spread reduction using temporal manipulation

M. Yoshida
Energy spread of 0.1% is required for SuperKEKB
synchrotron injection.
I\
3 \\ \ J \ / 16nC
20nC
- ; on On
\\ \ Gaus&W
2 X
E 1.5 m /// A
1
L
anC
0.5 — Square 10nC
—— - 15nC
: 20nC
0 . , l . 2
0 5 105nC electbon 295nC 25 30
FWHM (ps) Primary beam for positron production
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RF gun for low-emittance electron Super

Pf@@@rties ©f |aser m@dium Nd laser system for 3-2 RF-Gun

e

Nd-doped T ~200us, 40% 7 R ﬁ
© 4-state laser is easy to operate. Q o 0L "'
o High power pump LD is available. LD Pum Nd:YVO4 ?Egggégmg ;'80//2 e Wil 2%
o Large crystal is available (808nm) Nd:YAG # 5HG(213nm) 3% L
x Pulse width is determined by SESAM. 808nm
(Gaussian) 1064nm
Yb-doped
© Wide bandwidth => pulse shaping T~900us, 40%

© Long fluorescent time => High power I T TR T

o Fiber laser oscillator => Stable LD Pum Yb—glassgq SHG(520nm) 40%
i . FHG(260nm) 209 .
, il state difference oav976nmy | JDYAG | ) & » Best for Linac RF-Gun
x Absorption 941/976nM-—"="""2 1040nm
. T=200 s, 40° T~3us, 40%
Ti-doped Pump = 4/6% SHG(400nm) 40%

PUMP _ ’ ) . THG(266nm) 20%
(808nm)H8 [T ) src [m) Tisapphirel) £icEoo o
M 1064nm 532nm 800nIT

© Very wide bandwidth

o High breakdown threshold} . . .
% Loy TS SEETer TW laser is based on Ti-Sapphire

x Short fluorescent time => Q-switched laser is required for pumping

Material NdYAG YhYAG Ti:Sapphire
o Wavelength 1064nm 1030nm  660- 1100nm
Q
§ Fluorescent time 230%s 960"s 3.2%s
0
% Spectral width 0.67nm 9.5nm 440nm
= Fourier minimum
_ Pulse width 2.48ps 165fs 2.59fs
.S Wavelength 807.5nm 941nm 488nm
o
g Spectral width 1.5nm 21nm 200nm
<T Quantum efficiency 76% 91% 55%
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Super

'(f-) = o

A-1 RF gun results

5.6 nC bunch charge
was observed.

WE Al M

k.G
s

[Chicana 5C| [SC A1 2] [SPALZ]
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[GFATIZ]| [EBXAL ]
|

[SPAIM]

[ |
[GD_AT_21|[BYAIZT]

QD_A1_23 QhAI13

- S0_A1CS Salenoid Goil FG
Al sector at KEK linac | | | [©
MNormalized emittance: 32.7 (+/-3.0) [mm-mead] at 25 MeV Normalized emittance: 10.7 (+/-1.4) [mm-mead] at 25 MeV
5 T 25 T T T v T
Measured « _ Measured -
45 F Calculated 7 Calculaled
at - 2t
asf ¢ ; :
g ap ¥ A 15 ¢
" iy -
E 25} ' i
....... Fleer. " i
% L e = 2 i K & > ] : | 1 i
S 15 Vi N T
! 1} T = i 1 05 = :
e .".-I:'.-: os b . 1 | +1. ;r+rf1
i = 4 a N N . . . i o i i . ; . i .
] i o 0.5 1 1.5 2 25 a 35 2 25 3 a5 4 45 5 5.5 [}
ek L QF_A1_23[Tim] OF_A1_23[Tim]
1,18 i
H

beam size measurement for Q-scan Q-scan emittance measurement

32.7 £3.1 mm-mrad 10.7 1.4 mm-mrad
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RF gun for low-emittance electron 7 Super

¥b Fiber Oscillator

% =

“©Bhoto @ath@de RF gun development

Yidoped Bixy

2856 MMHE trigger
From Accelerator

Siretcher
f.-l":M -n._ "
M ca Pulse
i = ﬁnmf
Yb fiber and Yb:YAG think disk laser )

i

Regenerative Amplifier

¥
4
| —
_-—'----'--'--'-_
Whe YA
(11
. Multi-pass Amplifier
=

WY AL

BBO 517nm  BBO T58nim
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-@ RF gun for low-emittance electron P ‘.\; : &% L
GU_A1 Laser Configuration as of Nov.2014
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'(E) RF gun for low-emittance electron O EE%-
GU_A1 Laser Configuration as of Dec.2014
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_(t) RF gun for low-emittance electron TS\ Ser
Photo cathode RF gun improvement

@ Crucial for high-current low-emmittance beam

€ New Ir5Ce cathode and new cavity QTWSC were
successful

&® Basic features were confirmed at2~5 Hz

€ Expect beam parameter and stability performance
at 50 Hz, with multi-pass amplifiers and cooling
system

€ Resolved the issue of oscillator synchronization

& Staged laser system improvements with beam
measurement system
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.(t) Electron gun rearrangement .~ sue _
Staged Radiation Control License towards SuperKEKB

€ Two licenses were approved in June 2014

€ [1] Beam diagnostic station at #A2 just after gun
“*for 1250nCl/s at 50Hz 2bunches

€ [2] Beam dump at #28 just before damping ring
“*for 10nC/s with positrons

€ Radiation measurements especially at positron
generator
“*Indispensable to estimate radiation at >100 times higher beam

€ Both approved
€ Soon apply for the next license at ~May.2015
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Electron gun rearrangement S, Super
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Electron gun rearrangement .~ Sy
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© e
Summary

& Steady progress towards first MR injection in 2015
€ Finishing earthquake disaster recovery in 2014
¢ Will make staged improvements before 2017

& Will balance between final beam quality and
staged operation

& Will select optimized route depending on available
resources

“*Incorporate thermionic gun as well as RF gun
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© (-
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

emittance Sugimoto et al.
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Mis-alignment leads to Emittance blow-up
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€ Orbit have to be maintained precisely
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Pulse-to-pulse modulation | Eventbasec
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