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Flux Concentrator (FC)

& NED—RI1ILICIN)LRAERZ T
L TCEARAICHEFEERCRESED

& BR(Alux)HVF

(concentrate)csgW\W\W L /A K

SR E#E

mi”w_tﬁ? % 5 o
FC parameters
length 100 mm
outer diameter 100 mm
inner diameter 7 mm
(min.)
inner diameter 52 mm
(max.)
peak current 12 kKA
pulse width 6 us (half-sine)
‘peakfield 35T |
inductance 1.0 uH

T.Kamitani

1ikKFKK

Injector Linac Progress towards SuperKEKB

K.Furukawa, KEK, Oct.2014.



10

& REITR

® Y VI RT Y EFDRREEHIPA

ITiES

%%?E&%E@ T.K;mltanl

D7 257 14 mm

KH(B -

= (=4.0X,) |

) ’0’
v C
A K
- .
Nwse
\s i g O
N e
o
LN N &
>
. ‘,, Q (\\ ) OXOXO O
=4 F
\ A - -
| H—
— !
—_— E= =

beam hole 5 ?) FEH/JW G) / \E

Injector Linac Progress towards SuperKEKB

K.Furukawa, KEK, Oct.2014.



A e
*%E’\Jﬁﬁig%-u:% Beam spoiler T.Kamitani

3m distance
m target_E CMbeam spot size% < “target

o, 0,> 0.7 mm (CHi(F Cpeak energy & scatterer e+

BREET. WEEH< = e

injection |hole hole 7
_ e- beam \
+ Al B1EL1R (0.25 mm thick)

B E = 0.05 X
m spoiler £(CH beam hole D

s >
primary e-
M

Injector Linac Progress towards SuperKEKB K.Furukawa, KEK, Oct.2014.



(g) K;. Rk =
fZEF &SR (e+ capture section) ™™

SLED SLED
FC:
FL_15_T :
BC:
FC_15_T
gy 0 BN N, e e
it .o ..e. r.l.é : *.".S.”.‘;a e 1:i. Widda T e ey
LAS 10 MV/m [SLED off] _ LAS 12 MV/m [SLED on] .
\[fHcapture & N0 R

RFLL*EZ U w > &IDRNMAB(CIES

LAS : Large Aperturg%""" |
S-band JIRE

Injector Linac Progress towards SuperKEKB K. Furukawa KEK, Oct.2014.



‘\'31;1. ’
VKR -

e

BFEFHER@Linack> )L T

HE—LADAVDHE L.
5A&LDBEFOIZIVIYI=VY
4 ZRws U7,

Injector Linac Progress towards SuperKEKB

K.Furukawa, KEK, Oct.2014.



© —Eis-
BIBBTCL/L—5

bendmg > 77—‘ < .i. 180 Jr 125 | 180 |50,
magnet\\—‘ T
+ L > ‘JJ%EE? ‘—A* L2 >
! Q 7 - | [ \\’ - | v _— NS S
orwioo 1| | — ot ] 8T | ASHEFE—A 1y
Jr \_| Ny iR 6o | B | i
_3 W :g ‘ il I}

B FCOEWPOETIVRDIESH
WEIOLEOFXT, BEFLRFETEFEE
D REFHP>TLB _—
" E-AEBESS-0ESHETLRET =M
TREI>TUEWEULWBEHRNE SR o
B ZREFEITAVPORNYITOV I
IE®, BEFDHET,
B ASNSFE—AIFEAPZED

Injector Linac Progress towards SuperKEKB

K.Furukawa, KEK, Oct.2014.



Super
VOKEKE -

Qv Ry MRER et

> o

‘md)ﬁ:“ﬁiﬁilibfc =TC-

=
7
Al"_} ;

IEREDLA PO ZEEBEL
2 QVIRY bEBR LT
e OIS Y RZER LTS,

-
R e

Injector Linac Progress towards SuperKEKB K.Furukawa, KEK, Oct.2014.



i Q_v

GBS ﬂb@@@f@%%?ﬁd
*—REFEENICHITIE - AEZOREE
OE5IC, RAHDE - INE - Y1 VT DEE

®6 A58
¢6H 68

D TDREFDIES=ER
CFEUC SY2DE—ALT VT THSR

OEBFIVIAL—YaVEFRPBULLBVWGHETF
O—REFE1TEB. - S— .

RAShREBIRIC K z B e
REXF 2.5 & L. i

201 5‘1 6 'IEE‘(-EQD-l-
BZENT DFE

Sig lfro+rn Signal from positron
wd primary e?ectron with opposite polarity

Injector Linac Progress towards SuperKEKB K.Furukawa, KEK, Oct.2014. 16



VKFKR -

%%%?ﬁ%%%ﬁammwrm%%?ﬁw

¢ Generated positron ~0.1nC was tz:s:;a:o‘iﬁo%s'
:

ad‘mstall

transferred to the entrance of
damping ring .
€ With higher magnetic and electric !5',4',.
field, 4-nC positron will be R
generated

‘ Ta rg et Shie|d Fle BPM - Update , SREuRDN ERT 2
Wm 400 m 201406730 13:17:08
(40cm x 6m long) - Beam position | -

5 - —— Iy A \ / {
= 04 — R WA \ = g S O

g
U, %
7

(Y qo Sy

will be finalized - Ema—=

¢ Alignmentwillbe | . .. . . . ..
improved TE Vertical = ' : "'0 1 nC .

e T

3mm > 0.1mm EEe———— b
"1 Beam charge Primary Electron @ Positron S
e Q(2nd):| 0,097 nC

QLo cas RN @

0 1', '0 '0 "\ T T b JE6. Vo (o KIS, Fe. N
U Il.t\ 'UJ ._)) 1 » IUJ 1 ll.l L) I‘L '\'J' 5 ' J 1 1 1 | 1 |
) kS, R D - « f [ O )
@am:;:_.udplms\w & 'on'g ' .
L I“ Ia I“ I“ ~ l‘ l5 | U | 1 1 | U J J

Injector Linac Progress towards SuperKEKB K.Furukawa, KEK, Oct.2014. 17



(1) FC Current T.Kamitani

Positron Yield vs. Flux Concentrator current
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Positron Yield vs. Bridge Coil current
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Instrumentation
€ RF stability is crucial for the beam
“LLRF monitor is being developed

60 high-power klystrons and 10 middle-power systems

<80Hz synchronized data acquisition with event (beam-
mode) recognition .

“0.1% amplitude and
0.1degree phase resolution

¢ BPM precision improvement
C100um->80um-><10um
“*Event recognition
“*Mass production is underway

® Other beam monitors
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Linac Schedule Overview

RF-Gun e- beam e- commiss. e+ commiss.
commissioning at A,B,J,C,1 at 1,2 Qe+ = 0.5nC (FC, DCS, Qe- 50%)
at A,B-sector Qe-=5nC e- commiss.
Qe-=5nC at1,2,3,4,5 Qe-=5nC
2014 2615 2016 2017
€567 891001121 234567890m12 1234567809100 2 NSNS0 1 2345678 9100112
low intensity e+ non-damped e+ damped e+ with QCS with VXD
?:;slt.lsﬁt?.ge I.Ig:lnlqlislt.alglell(el:{?:l' 3:Ir.dl.s|!?. .e..II.I.....l.l'....l.....'l.l 4-!.hI;s.tI? ?.......l 5‘:t-r"..s.t.a..g.e s-tt.h.ls.!.a .e..lll'...I.
A1-RFgun: bl[f A 1 | (1
AB-sec P P f | |
J-arc LI TR E E g E é
C1-sec A £ | | &
target+FC i | 1R
12-sec 1HE :
SY2 10 | |
DR 10k § | |8
345-sec v e :
HER LR L L R R R R g |:l 1 nC
LER i
3T/32gun
PF
PFAR
. Blactran . hon damped e+ commiss. damped e+ commiss. PF-AR e-
- .Elec.:tron  at1,2, sectors ""at1—>5 Qe+ =1~4nC commiss.
M : Positron e- commiss. at A—5 sectors e- commiss.
B : Low current electron atA—5Qe-=1~5nC
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2014 2015 2016 2017
JFY2014 (H26) JFY2015 (H27) JFY2016 (H28) JFY2017 (H29)
1/12/13]415/16i71819:10111112|112(3]4/5(6:7(8(9:10(11/12|/11/1213]415/6:71819:10/11/12{1/2[(3]4(5(6:7/8/9:10/111/12] 1
Original Schedule
Ph 1 Phase 2
SuperKEKB/Belle II N aggs w/ QCS Summer Phase 3
(overall) N° Solaniold w/ Solenoid iShutdown Physics Run
o Solenoi w/o VXD

Main Ring . : (add RF stations)

IR IR for phase 1 IR for phase 2 : .

Belle II Beast phase 1 Beast phase 2 {UXBIRSEI Partial TOP ORI .| Belle

Damping Ring

(MR high power startup)

(Phase 1 to Phase 2)

RF conditioning

Maﬁnet power on

Plan C2

SuperKEKB/Belle II
(overall)

Main Ring

IR

Belle II
Damping Ring

(MR high power startup)

(Phase 1 to Phase 2)

Plan C2

operation budget

cutin JFY2014

Startup
power

ing

with high |

condition |

IR disassembly

Belle II roll in

QCS install

] -
QCS field measurement

|

RF conditioning
Magnet power on

Beast phase 1

IR for pha§e 1

DR

isassembly
ja———=1 X

Belle II roll in
_— i
QCS install
] .

B
.

(Full TOP)

w/o VXD

IR for phase 2

IR assembly
Phase 1 (option) | Phase 1 (option)
. Ph 1 Phase 2
Summer NoaéeCS w/ QCS Summer :Phase 3
Shutdown : w/ Solenoid iShutdown :Physics Run
No Solenoid

Beast phase 2 |NXBNRSEE Full Belle :II

Physics Run with full TOP
starts in 2017 autumn.
Belle Il roll in only once.
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Linac Schedule Overview

RF-Gun e- beam e- commiss. e+ commiss.
commissioning atA,B,J,C,1 at 1,2 Qe+ =0.5nC (FC, DCS, Qe- 50%)
at A,B-sector Qe-=5nC e- commiss.
Qe-=5nC at1,2,3,4,5 Qe-=5nC
2014 2015 2016 2017
} 46 6 7 8 012 1 2345678910112

456789101112'123426789101112&23456789101112

low intensity e+ non-damped e+ damped e+ with QCS with VXD
3500 Zndstage eer) e TrAStGe | At Sthstage  Gth ste
A1-RFgun; i
AB-sec R 1HE : : :
C1-sec
target+FC
12-sec
345-sec ". i1 :
LER ) _
l I BAN | l | B
PF
PFAR
€ . — - > € -y 1o AR:-........c
B : Electron - 2::\ gampedsi-l; ::oor:\mlss :ta?_p)gdcgl; comr:rl'sg. PF-AR :s.
M : Positron e- commiss. at A—5 sectors e- commiss.
B : Low current electron atA—5Qe-=1~5nC

Injector Linac Progress towards SuperKEKB K.Furukawa, KEK, Oct.2014. 35



Summary

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

¢ Will balance between final beam quality and
stable/staged operation

@® Will select optimized route depending on available
resources
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Emittance Preservation

¢ Offset injection may solve the issue
€ Orbit have to be maintained precisely

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

90 - T T T T T T 1000 ¢ Sl — —
. atxAZ+b T _ : W/O Offset Inj.
HE80 e = -~ W/ OffsetInj. e
2 s
%60 | - g 100 ¢ :
=50 1 3
o —
© 40 . ©
< 8 10F 5
530 E % 2 :
L =]
p 20 3 E
& Z
2010_ P R i 1 P P ey P e | Foty sy gyl L4

0 IS 100 S«amples 1 10 100 1000
0 0. 05 0101502025 0303504 Nomm. Projected H. Emittance [micio m]
Misalignment [mm)] Sugimoto et al.
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Energy profiles and beam properties

A 10 nC x 2 (for LER)

B 5nC x 2 (for HER) ® e-/e+ beams are delivered to 4-rings with
4.[.................].[........ ] 0.3nC x 1 (for AR) different current & energy.
0.3 nC x 1 (for PF) ® Beam acceleration modes must be switched by
L7 Clrills £1res 1.1 GeV 50 Hz pulse-by-pulse for top-up injection
1 Ge Sy - :
1.5 GeV e- RMF e
DR
C 1 2 3 4 5
(senssssssd—taeeme oo __—o) ) Zooooos LS Sooo Lsooosos
e+ target e-:Chicane HER: 7 GeV e-
R e ] [ R S G O S . S ) e e o
7000¢ = —3 5nCx2
6000F- 4.919 GeV g o - AR: 6.5 GeV e-
5000F OV cumiatil
%4000L same energy e- J O — Decelerate i 2e8) (6 2
= : — LER: 2. Vv
= 000k _|_/ 5GeV e+
: 4 nCx2
2000f oo 1.1 GeV -
10 *_"’ e+ target e+ PF: 2.5 GeV e-
05 N 0.3 nCx1
0 300

1.5 Gevmqnqﬂt,c:. _,‘__iunn llll nm!nH

Beam optics should satisfy the fast beam-mode switching.
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Pulse-to-pulse modulation | Eventbased

Control System

€ Four PPM virtual accelerators Every
for SuperKEKB project 20 ms(
F.B
may be with ( - e- Gun F.B
additional PPM VAs ARG [PF Injoction N
for stealth beam e (2.5GeV, 0.2nC)

measurements
( FB }\‘
Dampingsring
-G
based on ARG [ KE;B TERI ) FB
Dual-tier controls with uper - il v/ \
e- (3.5GeV, 10nC N\ ‘

EPICS and event-system ;
e* Target e* (4GeV, 4nC)

e~ Gun

<F.B

N ARC |SuperKEKB-HER Injection| e F.B \

loc
[ EVG } EVR EVR EVR ( F.B | e (7GeV, 5nC)

e Gun
F.B
FPGM ARC |PF-AR Injection \

e~ (6.5GeV, 5nC)
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