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l;ll E Outlines e s

» Introduction.
» Fundamentals.
e > Effects on beam.
beam » ILC bunch compressor design.

ILCBC
design > Summary.

Introduction

Fundamen-
tals

Summary
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» In any accelerator with RF field, the beam
should be concentrated in a short period of

Introduction (1) B

Fundamen-

fals longitudinal space for small energy spread;
Effect

oo — E=Eocos(wt-ks)

teec ) Bunch compressor and buncher shorten the
- bunch length down to an adequate size for

acceleration. n st
E field

Summary

time
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,',IE Introduction (2) B

> Bunching after the source (See also Source part)
Introduction

— Particle source can generate only long bunch or

FU”f;':e”‘ continuous beam.
ctroct= on |® Bunching after the storage ring (Main issue in this
beam par'T)
Zt;g: — Long bunch length tend to reduce beam instabilities
in DR.
. — Thus, the bunch length is compressed after DR.

» There are two ways for bunch compression:

— Velocity Bunching (at the injector)
— Magnetic Bunching (at RTML)
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,',IE Velocity Bunching (1) T

mnroduction| > Bunch compression is performed by velocity
modulation within a bunch;

Fundamen-
tals

— Bunch head is decelerated.

Effects on o
beam — Bunch tail is accelerated.

ILC Bunch . . ] .

Compressor » Velocity is modulated by this energy modulation

according to

Summary
CE:CW/I—LZ
Y

» Velocity is saturated to ¢ at y>>1. Then, it works
only for low energy particle (p<1).

— Bunch compression at the injector.
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,;,IE Velocity Bunching (2) I

» RF cavity voltage varies as a
function of relative position
Mgl (1) in a bunch

tals

crrecison | P Generate energy modulation dE _—eV,

beam depends on 1t as E, E,

ILC Bunch
Compressor

Introduction

V=—V,sin(wt)

Summary

Accelerate Deccelerate | gngitudinal

position
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Introduction

Fundamen-
tals

Effects on
beam

ILC Bunch
Compressor

Summary

Bunch Compressor

e
Velocity Bunching (3) T
» Time to travel distance L is Tzﬁ
» Relative particle position in a
bunch to the bunch center is I JE
modulated as dt cy’p E
»If dr equals to -, all L eV,w
particles are gathered at the o cy’p E !
bunch center - bunched.
» The bunch compressor has a
sub effect, that the bunch t
< dt

timing is less sensitive to it

before the bunch compression, - @
because all electrons
concentrate at =0 position.
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,-’IE Magnetic Bunching (1) &=

mtroduction ® Bunch compression is performed by energy
el modulation with dispersive path length

tals difference.
Effects on

bearn — Chicane, Wiggler, Arc, eftc.
Jckch | A path length difference by a dispersive section,
ompressor

p Az is AE
Summary Az= UT

where n is (longitudinal) dispersion and AE/E is
relative energy deviation.

» It works well for any energy particle because
the measure is the relative energy deviation.
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'-"E Magnetic Bunching (2) ===

Introduction » Energy Modulation : RF cavity.

S — » Dispersive section : Chicane, Wiggler, Bend,..
fals — E.g. four bending magnets compose a chicane
R » Bunch head (tail) travels longer (shorter)
ILC Bunch path and bunch length becomes shorter.
ompressor
Summary
L N ¥ i
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Tail (T — lower energy trajectory
(advance)

Head (delay) center energy trajectory

higher energy trajectory By E.S. Kim
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h’f Magnetic Bunching (2) (T

» Energy modulation by

Introduction

—— RF (acc- qnd S(AE/E)
tals deceleration). N
e b Drift through a g 4
ILC Bunch dispersive section §
compresserl - potates the beam in @
Summary the phase space. gz
» By appropriate §
modulation and drift, ispersion '3
the bunch length is
compressed.
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,',IE Formalism : R Matrix (1) (TE e

Introduction

» In the linear dynamics regime, particle motion
in 6 dimensional phase space are expressed by

Fundamen-

tals R matrix
Effects on )?(S):R)?«))
beam
ILC Bunch x(s) Ry, Ry, Ry, Ry Ry Ris R x(0)
Compressor X '(S) R21 Rzz Rzz st R24 st R26 X '(O)
y(s) — Ry, Ry, Ry Ry Ry Ry Ryl »(0)
Summary y'(s) Ry Ry Ry Ry Ry Ry Ryl|ly '(0)
z(s) Ry, Rs; Rs; Rs3 Ry Rss Rsg z(0)
5<S> IR61 R, Ry Rg Rey Rgs R , 5(0) ,

» It is reduced if there is no mixing to other

DOF.
z(s) — Rss  Rs me
5(s)| |Res Ry ||6(0)
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,',IE Formalism : R Matrix (2) (TE e

Introduction

» Example of R-matrices

Fundamen- — Drift space
fais z(s)|_[1 0][z(0)
Effects on 5(s)| |0 1]5(0)
beam
ILC Bunch — Dispersive area
Compressor
Summary z(s) — I Ryl z(0)
5(s) |0 11 5(0)
— Energy modulation
2(s)]_[ 1 0][z(0)
6(s)] |Res 1][6(0)
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HTA Energy Modulation (T

CLIC<'=

Introduction Enerngy mOdUIGTiOn by

TS RF (acc- and S(AE/E) 4

tals .

deceleration)

Effects on

beam Z(Sl) _ 1 Z(O)
ILC Bunch 5(s,)| |Res 11[8(0)
Compressor
Summary .

If the beam is on zero-

Cross
o 1AE
Res=—=———
z Z
eV, w
E Bc
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,',IE Total Transfer T

— | » Total Transfer Matrix
Introduction of BC section.

Funsalmen— z(s,) |1 Ry 10 z(s,) 6(AE/E) A
ais 5(s,) [0 1 ][Res 1 _5(So>

Eﬁ;ec‘rs on _-1+R56 R, R56- z(s,)
cam | R 1|6(s,)

ILC Bunch '

Compressor| P Tf 1+R56R65:O, the phase

space distribution rotate >
Summary Z
1/2 and the bunch length
IS minimized.
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Phase Stability T

0 R
R, 1

z(5,)
5(S0)

tals » The phase in the linac,
Effectson | 2(S2), depends only on &(so):;
beam It is insensitive to the

iLceunch | phase fluctuation or drift in
Compressor DR.

summary | ® This is a good mechanism
to stabilize the bunch phase
prior to acceleration in Main
Linac.

Fundamen-
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iIn Final Bunch Length ===

7<><:<j;
LIC

o

Tntroduction] ™ Final bunch length after an optimized BC section
(1+R=cR¢5=0) is determined by the initial energy spread

Fundamen- .
tals as, RS
Z —
Effects on ’ 00
beam » It can be understood by considering the transport of
ILC Bunch a reference point.
Compressor
Summary
0 1[0 &y S(AE/E) A
_R6SZO R 110
. 0
Ry _| 0 Ryl[0 .
60 R65 1 50 R56
.
Z
Bunch Compressor 20-28 October 2008 16

Masao Kuriki (Hiroshima/KEK) 3rd International Accelerator School for Linear Colliders



,;,IE Effects on the beam  <=—cic—

» During the beam transport and bunch compression,

Introduction electrons emit photon by synchrotron radiation in
bending magnets.
Fundamen-
fals » SR causes effects on the electron beam
Effects on B Energy loss
the beam — Increment of energy spread
ILC Bunch — Increment of emittance
Compressor .
» During the beam transport, these effects should
Summary be in tolerance.
B Electron Synchrotron
® Bunch radiation

IIIIIIIIIIIIII’-

reference trajectory
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,"'IE Energy Loss TS

Introduction

» Energy loss can be recovered by additional
accelerating section, but lower energy enhances

Fundalmen- other beam effects.
tals

» Synchrotron Radiation power in bending magnets
the beam

(transverse acceleration) is

ILC Bunch 4 14 C AT
unc C —
Compressor Py(GeV/S)Z €ty P lj Y3 (mC2)3
™ p
Summary =8.86E-5 Gel ‘

Taking integral along the beam line gives
AE=| P dt=~2 g B
Ty _2nﬁ ’
ds
12:! e
p
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,'.,IE Energy Spread e

mniroductionl > Synchrotron radiation is a quantum and
statistical process.

Fundamen-
tals

» The energy spread is increased in unit of
Effects on

time as

ILC Bunch , 4 / 55 FHhc
2 2\2 o4 Y

c N € )=C, —r.c(mc — C, =

ompressor ph< > q 3 ( ) p3, q 32\/§ mcz

Summary C,=3.84E-13(m), r,=2.82E-15(m)

» By taking integral along the beam trajectory,
relative energy spread is

N (€ 4 ds
Ao’=| pgz dtZEquCB%ySIl I,=] =
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,'.,IE Transverse Emittance (1) I

mniroduction| P> Beam particle performs betatron motion
around the reference path.

Fundamen-
tals

- » Two particles with different energy follow
ects on . ) .
two different reference trajectories (n(s):

TLC Bunch dispersion, Eo: reference energy)
Compressor
E—F
Summary Ax=n(s) : -
o
E1
AX
reference trajectories =
Bunch Compressor 20-28 October 2008 20
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,'.,IE Transverse Emittance (2) I

Tntroduction] P Lf @ PClr'TiCIZ emits SR phOTon(E1'>E2), there is
no change on the position x and direction x'.

Fundamen-
tals

- > But, betatron motion is induced because of
ects on
the change of the reference path.

ILC Bunch
Compressor FEF —F
Ax=n(s)—7—
Summary 0

SR photon

reference
E2 trajectories particle

trajectory
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""IE Transverse Emittance (3) ===z

Introduction

» The change of the particle motion in the phase
space (betatron motion) is

Fundamen-
tals € €
Ax=n(s)—, Ax'=n'(s)—,
WESUS  » The change in the betatron action is
ILC Bunch
Compressor € 2 5 5
AJ=|—|H  H=yn+2ann'+pn’
Summary 0
» Integrating over the phase space and path
length, the emittance growth by SR is
Y B ' 2
Ae= N (e )Hds
2 ﬁcEzf €
:quVc[34y615, jszf%ds
3 o]
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l'lll‘: Beam Parameters =~ T"—c.c-)

Introduction Parameter Initial Value Final Value Unit
Energy 5.0 15.0 GeV
Fundamen-
tals Energy Spread 0.15 1.5 %
Emittance 8.0/ 20 <9.0/24 pm/nm
Effects on _ ~
b Horizontal beam jitter 1 0.1 o
eam

Bunch length 9.0 0.3
ILC Bunch

maldasill > Bunch length should be shorten down to 0.3 mm for
Summary acceleration in ML.

» Energy spread is increased in the process of the
bunch compression, but it should be within an
acceptable size.

» Emittance growth should be within a budget.
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ILC Bunch Compressor (1)@»’*&

CLIC *
niroduction] P ILC Bunch Compressor is placed before ML.
— » ILC Bunch Compressor is 2 stages based on wiggler
unhaamen-
tals — Gives a large flexibility on the tuning.
Efi@C‘fs on — Gives a large tolerance on system errors
eam
ILC Bunch Wiggler magnets
Compressor' Damping Ring
j\\/‘_/ﬂ\\.—/ COLL1
Summary (400m) —Il
Tuneup Dumps |
Turnamund_ {220 kW each) |
Z1em) \O / Return (13,600m) ! Z
Spin Rotator : {1‘{ | # *'. |||I Main Linac - E:;g:;:;" / [SEL;EI'I’V‘:; M Eglr-'lr’i:'
(with EIEBEi'H’";}at end) | II|II Ill'ullll [ L'“Té;’i:;nd‘ D?ﬁ%gﬁ:;h
EMIT2 || ulsed Dum
@m ~ | B2 BQEG i
o s |
Bunch Compressor
Masao Kuriki (Hiroshima/KEK)

B8747A9
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l'lll‘: ILC Bunch Compressor (3) (TE e

100 : : : : : : 0.5
Introduction — R,
— B,
Fundamen- M
tals |
Effects on | & | Wd i‘wd i‘
beam = = ! ' ! o E
ILC Bunch - )
C
ovress I | IR
kil RN _ LY
0 T ' ' T' ' .4 ~0.5
0 1‘ Z00 ‘ 400 50O | soo 1000 1z00 ‘ 1400
BC1 > Fosgie? RMA
N WiB9;|cg:|}er WiBg(g:JZIer
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",IE Wiggler Section B

Introduction

» 16 bendings and 2 quadrupoles compose a
wiggler section

Fundamen- .
» 6 periods (FODO cells) for each BC stages
tals
Effects on nf—_ﬂ]r__
o WiRdaESarsion 8FT TP 09/08/05 152734 g 55
beam E B B D ' ' ' ' [ E
== . : : : o4
ILC Bunch L oo
Compressor [ oss
-—0.30
Summary I
- 0.25
-—0.20
-—0_15
-—O_IO
-—0.05
;_ 0.0
3" poc = 0.
Table narme — TWISS
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,',IE ILC Bunch Compressor: BCF=———"o

» Almost zero cross (-100deg)
» large BC factor 9 (9mm to

Introduction

Fundamen-
s | lmm) f—
Effectson | P> Large energy spread (0.1% to -
bearn 2.5%). -

ILC Bunch

— 24x9 cell RF cavities
arranged in 3 cryomodules.

Compressor

RF voltage

Summary

— 6 Periods of wiggler
section, which is composed
from 16 bendings and 2 0 0" 100 1 o ls0 o0 a0 o
quadrupoles.
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,',IE ILC Bunch Compressor: BCE == o

» Simultaneous acceleration
(-27.6deg) to compensate the

Introduction

F””fjl’:e”‘ energy spread. .
crrocrs on | > Small BC factor 3.3 (Imm to -
beam 0. 3mm) —

iedii¥ » Energy spread is suppressed by
acceleration (2.5% to 1.5%).

Summary — 456 9 cell RF cavities
arranged in 57 cryomodules.

Compressor

RF voltage

I I N I I AN A AN NI A

— 6 Per'iods of W|99|er' SCCTion, -180 -160 -140 -120 -100 -80 -60 -40 -20 O
which is composed from 16
bendings and 2 quadrupoles.
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,',IE ILC Bunch Compressor (2) =<~

Parameter
Introduction Initial Energy
Initial Energy Spread
Fundamen- Initial Bunch Length
tals RF Voltage
Effects on sl IS
R56
beam

Final Energy

ILC Bunch Final Energy Spread

Compressor Final Bunch Length

Total Section Length

Summary

» BC1l: Almost zero cross, large BC factor,
relatively large energy spread.

» BC2: Small BC factor, simultaneous
acceleration to suppress the relative energy
spread.
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,',IE Summary e

mntroduction| P> There are two ways for bunch compression:

Fundamen- — Velocity bunching (for low energy beam)
- — Magnetic bunching (for high energy beam)

ILC Bunch
Compressor| B> Bunch compression after DR is for

preparation of accelerator in main linac based
on magnetic bunching.

Summar

» The final bunch length after the BC section
was determined by the initial energy spread
and Rse.

» ILC BC has been designed and satisfied basic
requirements.

Effects on
beam
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