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Damping Ring_

A Creating particles  Sources
I polarized elections/positrons
A High quality beams Damping ring

I Low emittance beams

A Small beam size (small beam spread)
A Parallel beam (small momentum spread)

A Beam transport RTML (bunch compressor)
A Acceleration Main linac
i superconducting radio frequency (SR v,,l“.ﬂ.d..‘.....‘.‘l
A Getting them collided Final focus eweevey '"
I nanometer beams
A Go toBeam dump
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The ILC is operated at a repetition rate of 5 Hz
A beam pulse comes every 200 milliseconds.
<« 200ms S

0.73 (0.96) ms

- Each beam pulse includes 1,312 bunch

1) A

Each bunch consists of 20 billion electrons 'R
GZ = 0'3mm = 1p$ Shin MICHIZONO, LCWS2019 3
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Generation of polarized electron
3 step model for electron emissiolfamamoteLCWws2014

_ Vacuum
Conduction ﬁ
ANC sessns
’ Electron Beam 1. At the Superlattlf:e (SL) Iayerg, electrons
A are pumped byCircularly polarized laser
Energy Gap : from the highest valence band to

conductionband.
2. Excited electrons are diffused to surface .
gal%me ' 3. Electrons are emitted through ti¢EA
(Negative Electron Affinity) surface

e

These processes contribute parameters such as
[> Polarization Quantum EfficiencyQE)
Energy Gapgstructure design) corresponds 40

ensqng

Electrons excited from the heavy hole and from the light hole have different spins.
When the degeneracy of these two levels is solved and electrons are excited
from one level, max. 100% spin polarization can be obtained.

dAe[ _Nng
Ae IS pauren
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A StrainCompensate®uperlattice | N.YamamotpLCWS2014
I Higher crystal quality
I Thickersuperlattice

GaAs-GaAsP Strain—Compensated .

Max. Pol. ( ~ 92%)
QE(~ 2.2%) were achieved

AObtained
APol. ~92%
AWith QE 2.2%

A~90% looks realistic

Polarization [%)]
Quantam Efficiency at 1MV/m [%)]

1 1 1 1 1 1 1 0
0 100 200 300 400 500 600 700 800
SL Thickness [nm]
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Facility

Bunch Charge

Average Beam curren 21
Beam current in pulse 5.8
Polarization 80
Quantum Efficiency 0.5
Drive Laser (in pulse) 1.8

42 1000
11.6 60
80 90
0.5 2.2
10 >10
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Positron Source (Undulator)

125 GeV electrons are injected to the helical undulator. The photons produced anthgatoris used for
the electron/positron pair creation at the rotating target. Polarized positrons can be ngenerated

ing Ring

Photon

- Ener
collimator Pre-accelerator SCRF booster o

(pol. upgrade) (125-400 MeV) (0.4-5 GeV) . comp. RF
ITa"Qe | - Spin rotation
solenoid
125GeV g L{M
electron
SC helical undulator pdhuor:\o;
Capture RF T
(125 MeV) o= dhemp
e
Positron source will be reported at Tuesday Accelerator Plenary
KYOkOMO(tNEEINB 2F GKS !OOSfS ' Ngm5 S a A
350 = i y
300 - 4‘1“1 ’..'.‘,0
as0 {4 * .0.0’
< R S LY
t 2004 ."‘ + ‘.vvv v{
g | LA S @
S 150 - ¢ ¢
: {° R test at Daresbury
é 1001+ * Magnet 2
—— Nominal Current
50 1
o T T T
4] 10 20 30 40

PHYSICAL REVIEW LETTERS 107 (2011) 174803
LT TTE————

Quench Number

Two undulators in one cryomoduleere tested.Both achieved nominal magnetic fields.
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Positron Source (Briven)

Extra 3GeVWnacis used for the positron generation. High energy electrons are not necessary. (Electror
independent commissioning is possible. However, polarization is not available.)

L-band SW NC
capture cavity Damping Ring
chicane
3GeV S-band NC —— 5GeV L+S band J_\./
drive linac N NC e+ linac
energy e+ dump
compressor
a‘%e‘ | vyand e dump
v AMD (FC) solenoid

200 ms (5 Hz)

Damping Ring

_ 63 ms (20 pulses)

‘ Total 20x5 beam pulses pdgr sec
3.‘319;(300Hz)

137 ms (rest) R
00O ¢ q L N N

tp=480 ns
4§B ns . T, = 6.15 n sec
33x2 bunches _ Positron Booster " "|||
9  Each beam pulse includes 33x2 bunches. LI ||H —
A pulse in drive- and booster-linacs 81.6ns 197 ns
) 80 ns .
) 197 ns 197 ns -
— —
81.6 ns
—
33 bunches 33 bunches

Tp_to_p=6-15 nsec Tp_to_p=6-15 nsec
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Positron rotating target

Aperture D=16 mm

Target disk _f_ Gap 5 mm
Central part of the target

Target
“““““ m Ferrofluid Seal Unit
chamb

]

_ EDriven undulator Existing Xray generator

Cooling/Seal water/magnetic  Radiation/ magnetic water/magnetic fluid
fluid levitation
radius 250 500 160
weight kg) 65* 50* 17
Tangential velocitym/s) 5 100 160
rotation (rpm) 200 2,000 10,000

Beam heat load(kW) 20 2 90
Vacuum pressurePa) 10°% 106 104

*The weight depends on the design of the disk part and the material

- Reliable rotating target
- Replacement of rotating target

11
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Demonstrated ILC parameters (e+ source)

Facilit

Bunch Charge

Undulator pitch 11.5 11.5
Positron Polarization (optional) 30 30
W-Re Target Heat Load (PEDD* for E 34
Driven)

Ti alloy Target Heat Load (PEDD for 61
Undulator)

Flux Concentrator Peak field-(Eiven) 5.0 5.0
QWT peak field (Undulator) 1.0 1.0

PEDD: peak energy deposition density
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2.5
80
70

160

10

2.3

mm
%
Jig

Jig

SLAC SLC-[pEven)
SLAC E166
SLAC E166
SLAC SLCG[Hven)

Estimated from
physics constant table

BINP

KEK
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10000.0 ¢ —
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ey - Plan MAXII PEPII
g_ 1000.0
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i PETRAIIl (3GeV)
g ALS-U . APS o NKA
g 1000 © ¢ ASTRID ‘s o
k=] F ® BAPS-U ALBA 4 ELETTRA
r CESRTA *
E 10.0 I o PEPX SLSIl_ NsLsi PETRAI p* BESSYII
e AE SPring-811 . Gs
F NLC LEILI &
ﬂ s ® ESRF 11 MAX ATF sdi{u_ + & SPEARII
£ [ el DIAMOND Il o e o "ESRETALS
FCC.ee (Z _ DIAMOND
.E 1.0 - o (Z]3¥ _FCC-ee (H) DIAMOND
2 sirijg C -
F CLIC DR
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ﬂ'l L T T T 1
0.001 0.01 0.1 1 10 100

Horizontal emittance [nm]

Horizontal emittance is smaller at MAX V.
Vertical emittance is smaller at Australian LS, SLS, DIAMOND.
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5.6ns

T T

Bunchspace at ATF exp. and IL

Bunch extraction test at ATF
Circulated beams in the DR

ATFexp. ILC
DR 5.60 ns 6.15 ns
extraction | 302-308ns| 554 ns

7

Fast Kicker waveform

-

e
™

=4
o

Kick angle (a.u.)

o
»

o
N
T

T.Naitoet al., NIMA 571 (2007)59

9
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Extracted beams in the Extraction line
308ns 308ns 302.4ns 308ns 308ns 302.4ns 308ns 308ns
-y o -alf o --f o -af - -y - -l oo Lo ] -

— — —_
o N A

Output Voltage(kV)

~ Extracted beam signa

N o N R O ®

9.

5 10

Time(us)

15

T.Naitoet al, PR SAB14(2011) 051002
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DemonstratedILCparameters(DampingRing)

S arametsr | Requrement | Desgn | Achieved | Facity | Commen

HorizontalEmittancef )

VerticalEmittance { )

NormalizedEmittance[( -7 - )

Fast lon instability

Electron Cloud Instability
KickerRiseTime
KickerVoltage

KickerVoltagestability

KickerFrequency

Fast Kickeextractiontest

n8tl i

¢chi

< 6.15ns

10kV
0.07%

1.8MHz

n8tl i

¢chi

< 3.07ns

10kV
0.07%

2.7MHz

Shin MICHIZONO

0.34nm

chi

2.2ns

pOkV
0.035%

3.25MHz

, LCWS2019

MAXIV

SLS, Australian LS,

Diamond LS

1gmM7eni it gmrenl it gmTpuoul IATF

SuperKEKB
SuperKEKEesrTA

ATF
ATF

ATF

ATF
ATF

Pedro F. Tavares, 2017
PhangaNorkshop

TDR

Y. Hondaet al., PRI92
(2004) 054802.

On going

On going

T. Naitoet al., NIMA 571
(2007) 599.

T. Naitoet al., PR SAB14
(2011) 051002.
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RTML (Bunch compressor)

RF cavity b I
R 2 ; |
Chicane, etc.
B
\ ) / n
\/ / Energy difference U Theoptical path differencean
in the bunch 4@ be made by the difference in
energy.

G. dzy OK O2 YLINB & 4 2 NE frodd Yinhs. 8 danbelfore leri<efing ehdzyfath K
linac(15GeV).

This final bunch length is one or more orders of magnitude longer than FEL etc., so it is |
difficult g SACLA; FWHM 3m").

If the phase of the RF cauvity is jittered, jitter occurs in the arrival time of the beam at the
collision point. Therefore, the phase jitter of the RF cavity of the ILC bunch compressor r
be kept within0.24  (0.15 mm). (but not difficult compared with the XFEL requirements «
~0.01 )
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S oaameter | Requrement | Desgn | Acheved | _Faciy | Conment

BC phase error 0.24
BC amplitude error 0.5%
Horizontalemittance I'
increasef(- ) Pl
Vertical emittance 15 nm

increase( - )

0.042
0.041%

RTMLK8 xi ),
BC@ ¢l ),
ML (8t 1l ),
total (ro ftl )
RTML (6.4nm) ,
ML (4.5nm),
total (10.9nm)
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KEKSTF M.Omet, Ph.D
KEKSTE thesis (2014)

In simulation TDR

In simulation TDR
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Beam Acceleration in Main Linac

DESY EurXFEL

g %’I‘I‘l*l' o
- ' .- . ” =l
000004+ Beam bunghs
~ 1 Accgleration gradient
RF pulse length
Interval of beam bunch v Beam bunch:

< " Accelerating field in cavity

Itis repeated in 5Hz Cryomodule: 8 cavities are included

T\ VN

@ @ @,



