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ILC E-Driven Positron Source

® 3 GeV electron beam hits WRe

alloy target generating positron MT{M}% ECS

beam. Expected yield is 1.2

Ne+/Ne'. driverlinacg accelerator structure
——
® The beams (e- and e+) are A chicane
handled as a multi-bunch format i AMD e

with a gap. It corresponds to a
part of positron bunch pattern in

DR. 197ns 197ns
® To start the detail engineering |||||| || |||||| "

design, we have to integrate the 33 bunches | } | | +—| |33 bunches
R&D works as an consistent
design. The aim of this
presentation is to fix the
accelerator specification ;e-driver,
target, and e+ accelerators.
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3m S-band TW accelerator

Accelerator for the 3 GeV electron driver

® Parameters are based on
3m TW ATF accelerator.

® Shunt impedance and
length are scaled as

Tsh2600
= TopaseV (2600/2856)

L2600 — L28562856/26OO

® Normal section :
accelerating voltage per
tube is 31.9 + 0.4 MV with
P=36 MW and I;=0.65 A.

® Pre-injector : accelerating
voltage per tube is 43.5 +
0.6 MV with P=72 MW and
I.=0.65 A.

e e
R (T VR

0.2 0.4 0.6 0.8
Beam loading current
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Beam Loading Compensation for TW structure

® We consider the beam loading compensation for TW
structure with amplitude modulation (AM) as
(u(t) is a step function.)

P = o=z [EBu(®) + Eu(c - 1) e
® Accelerator voltage _ 't’rtéliie Cawty voltage
( g _EOeL_ZT (1-e) o0<t< tr
V(t) =< E,L + - _EleL—zf (1 _ e‘ﬁ(t‘tf)) Beam loading voltagé
u 2(1r0_L£lizr) _%e_zr(t —t)+1- e_%(t_tf)] tr < t <2t

® E, and E, is determined as

_ L
Cre(1—e?7)

Py |E§ + E%]

Tolp
Ei=— o t1|  giving v(tf) = V(tp +t,)
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2m L-band TW Accelerator

Accelerator for Positron booster

® Shunt impedance and

length are scaled with the Shunt impedance 48.0 MQ/m
same mannetr. Length 2.00m

® Accelerating voltage per © (attenuation) 0.261
tube is 16.5 £ 0.1 MV with 128 us
2o 1

22.5 MW input.

RF voltage .-~

Pulse
train

Cavity voltag

Beam loading voltage

: 1 04 1 1 1 DE 1 1 1 DB 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 I‘ 1 1 3
Beam loading current micro sec
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2m S-band TW Accelerator

Accelerator for Positron booster

® Shunt impedance and
length are scaled with the Shunt impedance 55.1 MOQ/m

Same manner. Length 1.96m

Accelerating voltage per 1 (attenuation) 0.333
tube is 29.2 + 0.6 MV with 0.55 us
36 MW input.

RF voltage

Cavity voltage

Beam loading voltage

1 | 1 1 1 | 1 1 1 1 1 1 1 1 1 C L1 L1 Lo 1
0.2 0.4 0.6 . . . 0.6

Beam loading current
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S-band Klystron

Klystron module (KEK-ATF)

® E3712 (Toshiba -> Canon)
klystron

® VT168915 pulse trans

® Should be scaled 2856 -
>2600.

typical max.

Peak RF output power 80
Beam voltage

Beam current

Efficiency

Gain

Microperviance
Pulse width (beam)
Pulse width (RF)
Drive power

Pulse repetition rate
Frequency

Specifications of E3712 S-band Klystron

picture of ATF klystron
(E3712 + VT-68915 +

pulse trans)

klystron !
(E3712)

1.9m l

focus coill
(VT-68915) |

pulse tran

heater
power supply

pulse trans focus coll
core-bias power supply
power supply
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KEK CONCEPT DESIGN 80MW S-band
RF & Solid State Modulator PARAMETERS

Main Parameters Value Unit
RF Frequency 2600 MHz
RF Peak Power 80 MW
RF Average Power 0.2 (12)1 kW
Mod. Peak Power 143 MW
Mod. Average Power 1.4 (86)1 kW
Klystron Voltage 382 kV
Klystron Current 375 A
i RF Pulse width (top) 0.5 MS
Fig: K400-platform

Pulse Repetition Rate 5 (300) Hz

OPTIONS: Integration of ... Pulse-to-Pulse stability <15 ppm

.Solenoid Power Supply i i

.Ion Pump Power Supply 1 Corresponding to 300Hz operation

.RF Drive amplifier
.Cooling of Klystron (Collector, Body), Solenoid
[All diagnostics and interlocks



KEK CONCEPT DESIGN 50MW L-band
RF & Solid State Modulator PARAMETERS

Main Parameters Value
RF Frequency 1300
RF Peak Power 50
RF Average Power 0.125 (7.5)t
Mod. Peak Power VAS
Mod. Average Power 0.7 (42)1
Klystron Voltage 271.7
Klystron Current 282
Fig: K300-platform RF Pulse width (top) 0.5
OPTIONS: Integration of ... Pulse Repetition Rate 5 (300)
S SNl [FEEr SUER Pulse-to-Pulse stability <20

Jon Pump Power Supply
.RF Drive amplifier

.Cooling of Klystron (Collector, Body), Solenoid 1 Corresponding to 300Hz operation
[All diagnostics and interlocks

Unit
MHz
MW
kW
MW
kW
kV

MS
Hz

PPM



Phase and Amplitude modulation

« Phase and Amplitude Modulations (PM and AM)
have a crucial role in the beam loading

compensation.

« For precise control of phase and amplitude, RF
power from two klystrons are combined.

« By controlling only phases of these RF signals,

PM and AM can be made.

L-band
SO0MW

L-band
S0MW

Before : cos wt+cos wt = 2 cos wt

Same sign : Phase modulation

cos(wt + @) +cos(wt + @) = 2 cos(wt + @)
Anti sign : Amplitude modulation

cos(wt + ¢)+cos(wt — @) = 2 cos ¢ cos(wt)




Electron Driver

3 GeV electron driver

3GeV electron linac
® Based on S-band NC RF.

® Electron gun: S-band Photo-cathode RF Gun. BNL
Gun IV (2856 MHz) should be scaled to 2600 MHz.

® Cathode can be Cs,Te or CsK,Sb. CsK,Sb is better.

® Accelerator : S-band 3m TW structure designed for
ATF linac with the frequency scaling (2856 -> 2600
MHz).

® \/oltage per tube is 31.9 + 0.38 MV.
® 100 +2 tubes for 3.3 GeV (10% margin).

1
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Electron Driver: Injector(1)

combined P=10MW
RF gun unit

RF unit #0

chicanel(B1,B2)
chicane2(B3,B4)

S%QM

100 100

J

&

600 |

A
v

400

100 150 290907.93 345.915 2997.93

S-band 3m Acc
LO

220

S-band 3m Acc
L1



Electron Driver: Injector (2)

itor Q-scan

LL < Q) > LL
|_
53 000Om O
QO mf LLﬁD>\ =
=ObOb 2
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7 7 7 7
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S-band 3m Acc S-band 3m Acc
L1 L2
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Electron Driver: Injector RF unit #1

T-Ta L X 2N L= 20
§ O_,w %) O § O,m 0 O" % O O
75 71 75 7 75 7
. 2997.93 o0 g 108 | 2997.93 g0 heo | 2997.93 |40 o hoo |, 2997.93

26A _ 2075.49 _ 2075.49

. N ) 2075.49
S-band 3m Acc 18 A S-band 3m Acc | 18\ S-band 3m Acc 18 )\ S-band 3m Acc
L2 L3 L4 L5

18218.19 >

A




Electron Driver: Injector RF unit #2

e 575 100 2997.93 . ) 2997.93 - 2997.93 N < 2997.93 .
2075 49 345.915 2075 49 345 915

S-band 3m Acc S-band 3m Acc 18 A S-band 3m Acc S-band 3m Acc

16834.53

A



Electron Driver: Injector RF unit #3

BPM
QF
STx

75
10
633.66

650

) 2997.93 . « 2997.93 , |eso  63366| 2997.93 >

< »

. 299793 |

1383 66 345.915 1383 66 345.915

+—>
12 A S-band 3m Acc 3 A S-band 3m Acc 12 A S-band 3m Acc 3A S-band 3m Acc
L10 L11 L12 L13

15450.87

A



Electron Driver: Linac RF unit #4 -8

L]
BPM
QF or QD
STx or STy

*

625

150

608.66

1383.66
«—>

12 A

2997.93

S-band 3m Acc
L14

S-band 3m Acc
L30

R 2997.93 |
S-band 3m Acc
L15
345.915 . 3
<“—> u
3A -

S-band 3m Acc
L31

«—>

2997.93

2997.93

P

<&
<

915
A

S-band 3m Acc
L16

S-band 3m Acc
L32

<

S-band 3m Acc
L17

15 .

S-band 3m Acc
L33

A

14413.125x 5 = 72065.625

A




Electron Driver: Linac Middle Beam Diagnostic Section

A 0 a a) a) a) a) -

— — = > = > _ > — > — > an) 2 =
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BPM

Electron Driver: Linac RF unit #9~25

QF or QD

STx or STy

458.66

1383.66
>

12 A

2997.93

2997.93

2997.93

2997.93

y
I...I

S-band 3m Acc
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»
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Electron Driver: Linac Chicane section

BPM
BPM

BPM
BPM

300

L

K10[0
500 500 S10[0

7956.045 (691



Electron Driver: Linac RF unit #26~40

Reserved space for luminosity upgrade

[ |
[ |
[ | [ |
3 3A
S-band 3m Acc S-band 3m Acc S-band 3m Acc S-band 3m Acc
L109 L110 L111 L112

A

Q
@
® | . 299793 . 299793 . 299793 . 299793
26 A 26 A b 20 A : b 6 /) .
S-band 3m Acc S-band 3m Acc S-band 3m Acc S-band 3m Acc
625 458.66 L69 L70 L71 L72
1383.66 345.915 - 345915 . 3@915 -
12 A 3A . A "

6341.775 + 14413.125 x 15 = 222538.65
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Electron

Driver: Linac End Beam Diagnostic Section
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Electron Driver: Linac End Beam Diagnostic Section

QM
STy
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Electron Driver: Target Injection Line

BPM
QM
STy

QM
STx

3150

R
STy

g < |
w

QM
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Target Section

» For the radiation shield,
the target is surrounded
by 2m thick boronized
concrete blocks.

» Used targets are stored in
a cavern.

» The target module
consists of target, FC,
collimator, and the first RF
cavity. The module is
mounted on a wagon with
shield.




Target Module

~ Unit (mm)

» The module is mounted
on a wagon with shield. Tirs
After the operation, the view
radiation dose in front of
the module is 50uSv/h.

» Connectors (RF,
electronics, power, water)
are mounted on the front
of the module, where is -

ideg
workable. Vie

Rail on Floor

2
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Capture Linac

The capture linac is composed
from 36 of 1.3 m L-band APS

(Alternate Periodic Structure)

cavity.

The whole linac is surrounded
by 0.5 T soleonoid.

The deceleration capture is
employed.

Average energy at the end of
the capture linac is 250 MeV.

The beam loading
compensation is made by PM.
The detail is presented by S.
Konno.
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Capture Linac unit

=
o
o0

] . ] L-band 1.27m APS

. 1500.00 . 1500.00 . 1500.00 , | |.  1500.00
A 173.1 115.4 173.1
230.8 3/41 A/2 3/4 A

S 6692.4




Booster

® Positron booster linac is
initially designed by Y.
Seimiya.

® The booster is composed
from L-band and S-band
2m TW RF.

® Density of Qs is high and
low in the lower and higher
energy region, respectively.

® Between the capture linac
and booster, a chicane was
placed to remove electrons.

® Bunching is a side effect.

® The chicane will be re-
designed.




Booster Energy Estimation

® Booster linac is composed from L-band TW RF and S-
band TW RF of the first and second halves,

respectively, for the better transimission.

® Accelerator energy is estimated by assuming the

beam loading compensation with AM.

® Number of unit for each lattice section is adjusted to

obtain similar energy defined in Ref*.

# of
tubes

Acc.
Energy
250
3 198
15 990
18 1188
25 2860

# of unit

Capture linac

Lattice

*Y. Seimiya, et al., PTEP, 103G01 (2015) b
DOI: 10.1093/ptep/ptv136
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The whole system

RFgun

electron Linac 1/2
e Rl e e W= T

Injector

electron Linac 2/2

beam diagnostics (emit, Energy)

z - - —— ]

el

beam diagnostics (energy)

e e

- -]

-0 -

————— T s

ey el
~- s g

e r— e e 73

Space for electron Linac energy upgrade to 4.8GeV

_ electron tune—up dump

11 units

A
e e

\ positron capture Linac
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Chicane (positron selection)

e R ....,.’—«(-Iﬂk—“r—m—“‘_"w" =

L-band positron Linac 1/4 beam diagnostics

beam diagnostics (emit) (energy)

10 units

— B
e = A R — e T ausE—

L-band positron Linac 2/4

beam diagnostics
(energy)

e R SR
'hwﬂ—w—w—’lm'—w

10 units

s e N — it s BB s R g

8 units
T I — R T
o O e e R e RS beam diagnostics L-band positron Linac 4/4

L-band positron Linac 3/4 (energy)

e 1 ——— 3
,wr—w—,_.-.r—uo—w,w—«-rv-..-._—w————uwc—«-l-, e L s e o o S

L—band positron Linac 4/4 (conti.)

beam diagnostics ( S—band positron Linac 1/3)
(emit, energy)
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10 units

7 units
i > s B O PR IR e R e e RN
T St ta S-band positron Linac 2/3
i i —band positron Linac
S-band positron Linac 1/3 beam diagnostics
(energy)

10 units

panppm———— e

s ey ey ey G
e AR

e s Qe - S B — P
beam diagnostics S-band positron Linac 3/3

(energy)

=
e e e e

S-band positron Linac 2/3 conti.

beam diagnostics positron tune—up dump

(emit, energy) __/,.xr/

—————
ISR —— T ¥ ¥ S W

S—band positron Linac 3/3 conti. ECS Chicane part ECS RF part

e R
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Summary

® ILC E-Driven Positron source system is integrated based on
the latest R&D effort.

® Number of RF units is adjusted for the acceleration voltage
with the beam loading compensation.

® The SAD deck should be corrected to the latest design.

® Engineering design will be made in pre-lab.
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