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(1) Injector Upgade Overview




SuperKEKB Injector Linac Parameters

beam energy

stored current

beam lifetime

bunch charge

# of bunches

beam emittance (ye)(1o]
energy spread o/E

bunch length g,

SuperKEKB (e+/e-)
required

3.5GeV /8.0 GeV 4.0 GeV /7.0 GeV

1600 mA /1200 mA 3600 mA /2620 mA

150 min / 200 min 10 min / 10 min
primary €~ e* e- primary €~ e* e-
1.0nC/1.0nC 4.0nC/50nC
2/ 2 2/ 2
2100 pm / 300 um 10 wm / 20 pm
0.125 %/ 0.05 % 0.07 %/ 0.08 %
2.6 mm/1.3mm 0.5*mMmm /1.3 mm

*(assuming bunch compression after DR)



Injector Upgrade Strategy
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e High intensity Photo-cathode
e Low emittance RF gun
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¢ High intensity # L- band capture section
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KEKB Injector
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SuperKEKB Injector

new RF gun
for low emittance for PE
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(2) Positron Source Upgade




Positron capture section upgrade

accelerating structures Im X 2+ 2m X 2 (=6m) 2m X 2 + 2m X 4 (=12m)
RF frequency 2856 MHz (»=10.5cm) 1298 MHz (»=23.1cm)
aperture of the structures 20 mm in diameter in diameter
accel. field gradient 14.0 ~ 13.2 MV/m 10.0 MV/m

accel. phase -30 deg -30 deg

solenoid field (strong) 2.0 T x 45 mm QWT 6.0 T x 220 mm AMD
solenoid field (weak) 0.4Tx79m 0.4Tx13.1m

energy after capt. sec. ~ 80 MeV ~ 120 MeV

Increase e+ capture efficiency by enlarging these acceptances !
® |longitudinal acceptance by longer wave length of L-band RF
o by of L-band structure
® energy acceptance by adiabatic matching device

=> Flux concentrator or SuperConducting solenoid

— prelim. simulation result by N. lida
Qe+ =1nC E> 4nC suggests Q..~8nC @DR



flux concentrator (FLC) R&D 9

\GA LIPS : > V% XX,
® R&D in collaboration with BINP 122 \ Lﬁ/
e prototype magnet, vacuum J¢ Fy |

chamber & power supply
fabricated at BINP

® operation test at BINP
15x10° pulses ~ 1 week
No mechanical failure !!




FLC operation test at KEK

® prototype magnet, vacuum
chamber & power supply
are sent to KEK in Apr. 2010

e stand-alone operation test &
field distribution measurement
at KEKB linac klystron gallery
iIn May-June 2010

e installation of FLC magnet
Into KEKB linac e+ source
iIn Aug. 2010

® operation test
from Sep. 2010 to Mar. 2011

mechanical stability will be tested and

e* yield performance will be studied
with real KEKB linac 10 nC e~ beam




Superconducting (SC) solenoid R&D

@ SC solenoid can yield high
magnetic field as 6 Tesla.

® Superconducting state can be
maintained only if J, B, T are
below quench limit curve.

e Can SC solenoid survive under
heating by intense radiation
from e* production target ?

® |Is SC solenoid sensitive to
Instantaneous heating by
pulsed linac beam ? (10 ps/20 ms)

e \Which kind of SC wires to be
used ?
= NbTi, Nb,Sn
= high Tc material ? (Bi, YBCO)

pegp *rtrialdesig»nﬂ'”‘
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SC solenoid beam irradiation test

e a sample SC solenoid is
irradiated by shower from
tungsuten radiator at KEKB
linac test-beam line.

® guench limit property is studied.

SC solenoid
inside Lig. He @&

Py —— tungusten

cryostat 1 . TN = /radiator =




SC solenoid beam test result

10
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Nb entica e survived points [degK]
st e quenched points [degK]
m 9.3 K m critical temperature [degK]
9
® ° ° ° = lead Omm thick
_ observed quench limit seems to be
= ® consistent with ordinary critical limit.
]
v 7
% no sensitivity to pulsed heating !!
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More detailed beam studies are necessary with more practical prototype
solenoid and with more practical beam line configuration. They will be
performed in 2010, 2011. 2"d beam test is planned in 2010 March.



Comparison of matching devices

(merits & demerits)

_ air-core coll flux concentrat. | SC solenoid

field strength
field length
field shape

aperture diameter

power supply

vibration

transvers field

target in mag. field
component in vacuum
guenching

top merit

top demerit

2.3 T
45 mm

difficult to make
long slope

22 mm

high-power pulse
modulator

large

small

out of field peak
none

none

working now

low & short field

6~10T
90 mm

defined by
conductor shape

8 mm

high power pulse
modulator

large

large

out of field peak
magnet & cooling
none

high field strength

e+ bypass line

> 220 mm

flexible in design

> 30 mm

low-power DC
power supply

none
small

at field peak
none
possible
adiabatic field

guenching



L-band capture section layout

present layout around e* target

target Each block is an accelerator module.

.

®e* bypass line, separation pulse bend,
e*/e” merging DC bend are necessary pr

_-j—Q|-5|.| 1-6 |— 1-7 | 1-8 l-\ S-band modules Z
[ 1-4 | 1 21— 22 1~ 2-3 o 2-4 o 2-6 o 2-7 o 2-8
or

layout with L-band capt. section (SCS case) ®target moved for DR inj. energy margin
®e- bypass through target hole

DR
[ 1-4 1-5H 1-6 1-7 ++ 1-8 b=~ 2-1 o 2-2 o 2-3 o 2-4 o 2-6 o 2-7 o 2-8




L-band component R&D

f g = 2856 [MHZ] X (5/11) = 1298 [MHZ]

® klystron

= developping klystron (30 MW in operation), width
m 1stklystron will be completed in May 2010 and tested in a test-stand

® pulse modulator

= with suitable design of the klystron, S-band modulator can be used
for L-band without modification

® accelerating structure

m breakdown issue

» spiralling field emission in solenoidal field
» shower particle bombardment

= travelling wave or standing wave structure ?
shorter RF pulse width higher accelerating field

m 1St TW structure ( : acc. field) will be completed in
Feb. 2011 and tested in a test-stand



L-band teststand

1) klystron + accel. structure
high power test yetron

I
»

2) operation with DC solenoid
field to study breakdowns
by spiralling field-emission

3) operation with target &
matching device to study
breakdowns by radiation

frOm target temporary § accel. structures
e- beam target

| >0

1st stage high power test temporary

will begin in Apr. 2011. matching

device

in Linac tunnel
@1-5 unit

DC solenoid



(3) Injector Upgade Schedule




Injector upgrade schedule

FY2009 FY2010 FY2011 FY2012 FY2013 FY2014
Mai n R| N g KEKB HER, LER SuperKEKB
b | _commissioning
) | |
Dam ping DR component
i fabrication
Ri ng DRt | — Install-
unnel construction ti
DR building DR
- construction __commissioning
LI nac Linac-DR Linac-DR
~connect .connect
e+ matching device e+ matching device & capture T ——_—
v E&D,AI. ) section ggnst.r_uc}i,gn;74 - ) -
L-band R&D with prototypes L-band accl. module
at test-stand : construction

I
RF-gun & laser system | laser commissioning | RF gun com-
sign study . attest-stand | missioning

RFgun
move

e- beam commissioninﬁ

PF, AR injection
with Al gun

AR injection PF, AR injection
with 3'I'I gun \ivith 3T gun




