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CLIC RF power production layout
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@ Beam with 140 us pulse length and 4.2 A current is accelerated up to
2.4 GeVin drive beam accelerator.

@ After delay loop and combiner rings initial pulse is divided 24 sub-pulses
with 100 A pulse current and 240 ns pulse length.
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Motivation

The study aims finding solutions for DB Linac Beam Parameters

beam transport through Drive
Beam Linac in required
tolerances...

@ the transverse parameters...

> small emittance growth

> small transverse jitter
amplification

> easy correctable lattice

@ the longitudinal parameters...

> stable beam phase
> stable bunch length
> small energy spread

@ stable bunch charge
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Initial Beam Energy(MeV) 50
Final Beam Energy(GeV) 2.4
Initial Energy Spread(%) 1
Final Energy Spread(%) <0.35
Pulse Current(A) 4.2
Bunch Charge(nC) 8.4
Initial Bunch Length(mm) 3
Final Bunch Lenght(mm) 1
Initial Emittance (mm.mrad) 50
Emittance Growth(%) <10
Pulse Length(u s) 140
Bunch separation(cm) 60
No of Bunch/Pulse 70128
Bunch length variatiton(%) <1

Bunch Phase variation(deg) <0.2

4
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Work flow
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Er=2.4 GeV

BC DB Linac-2

—929 _
Eﬁ;@ 33 Ef=2.4 GeV

BC DB Linac-2

E.,,,,=optimum

Rss=optimum Er=2.4GeV
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optimising lattice

» optimising structure

Finding compression
energy
optimising compressor

optimising lattice
again
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Sketch of Drive Beam Linac

Injector Linac 1 BC Linac 2 BC
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DBL-1 DBL-2
@ Beam Energy 50-300 MeV @ Beam Energy 0.3-2.4 GeV
@ No of Structure ~ 85 @ No of Structure 665
@ Rf Phase 20-27.5 deg @ Rf Phase 18 deg

PN
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CLIC Drive Beam Accelerating Structure

SICA (Slotted Iris-Constant Aperture) principle like

I__|9.999

189 96

CTF3

Pre = 15 MW
Cell number = 19 Cell

Total length = 2.4 m (including coupler &

connectors)

RBP =49 mm

Cell length = 99.979 mm
Gap length = 40-80 mm

Gradient = 3.4 MV/ per structure

Efficiency = > 95 %
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Wakes of the Structure

Short Range wakes (Karl Bane)
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Long Range wakes

HOM'’s of CTF3 given in design report
are scaled for 1 GHz structure
f:frequency of mode

K:kick factor of mode

Q:Damping term of mode
f’:f%,K’:K(%)a‘,Q’:Q

47
oo -1 oo fe) | (e g Kivpom,
Wi(s) = 145 8.1 24.48

n . =5 S_
15 20810, [1 _ <1 n SLSOJ) o V|| 173 71565 6.31
\ ‘
z l \ Z 10 /
\ 4

z(m)

A. Aksoy (Ankara U.)

Beam Physics in DB Accelerator

z(m)

IWLC 2010 8/22



Studied Lattices

AX x f ﬁ(s) ds = Minimum deflection of particles from their ideal path
requires small betatron oscillations

FODO DOUBLET TRIPLET

12

B-Functions (m)

Distance (m) Distance (m) Distance (m)
IQuadrupule IAcc. Structure ICorrec(or Pickup

FODO DOUBLET TRIPLET
Total length 6.2 m Total length 6.2 m Total length 6.74 m
Quad length 0.2 m Quad length 0.2 m Quad length 0.22;0.16 m

Quad strength 2.6 m—2 Quad strength 2.86 m~2 | Quad strength 2.86;-2.0m 2
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Long range wake effecs

FODO DOUBLET TRIPLET
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+:Analitic x, >:Analitic x', O:Placet x, 0:Placet x”
g, — X0 X Plots shows normalized amplitudes of point like bunches at the
X 7 DX oy end of the linac for an constant offset of incoming train.
a Ox,0 X;
X! AX o, At overlapping point on train triplet lattice is worst one.. FODO

lattice is agreeable
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Coherent Jitter

Coherent offset of all bunches of the incoming beam causes scattering of the trailing
bunches. It can be found with summing amplifications of all bunches in train.

Coherent jitter for FODO Coherent jitter for DOUBLET Coherent jitter for TRIPLET
3.0
2.5
@ 2.0f o
2 2
g &
S S
% 15 i
1.0,
. 0.5,
0.5 1.0 15 20 25 30 0.5 1.0 15 20 25 30 05 1.0 15 20 25 30
x W (CTF3) x W1, (CTF3) x Wx; (CTF3)

E 1 Z ‘ .|2 Computation was performed for point like bunches with constant
€= i ! charge and constant distance (train of 100 bunch) with scaling
kick factor and damping factor of HOMs of CTF3 structure.
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Short Range wake effects

FODO DOUBLET TRIPLET

1 2

-2 -1 1 2 -2 -1 1 2 -2 -1

o 0
X¢loxo Xy/oxo

w:First Bunch « Trailing Bunches

Plots show normalized amplification of a train with 50 bunches with constant
initial offset (red points first bunch, blue points trailing bunches)
The long range kicks are dumped due to energy spread within each individual

bunches

At FODO lattice amplification is acceptable. Triplet lattice is worse one
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Short and long Range wake effects

FODO DOUBLET TRIPLET
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Plots show normalized amplification of a train with 16 bunches with constant
initial offset

The long range kicks are dumped due to energy spread within each individual
bunches

At FODO lattice amplification is acceptable. Triplet lattice is worse one
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Emittance Growth
All elements are assumed to be scattered around perfectly aligned line with a normal
distribution of & = 200pm and ¢’ = 200urad

BPMs are placed in frond of each quadrupole for all lattice types.

14
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Plot shows the emittance growth along the beamline consisting of DBA1 and DBA2.
For bunch compressor section the beamline assumed to be perfect.

FODO and triplet lattice type emittance growth is quite small while for doublet it is

above 10
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Design of bunch compressor

If there is any variation on desired relative energy spread, the error will be
transferred to phase or length of outgoing bunch

d; = RsdE

AW AE
\Z_.Hl'_ 0 :
What can change relative energy spread ? fo;_fully IoaGded opr.

OE  20G

@ Current error of beam — changes wake field B X G
@ Incoming phase error of bunch or phase error RF (ISE_E X ‘;V_N
0 0

@ Gradient error of linac or energy error of incoming beam
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Studied bunch compressors
Four different bunch compressor has been taken into account

g

z
Re;=-0.10;-0.12; -0.14

@ Bunch compressor is located at 300 MeV for both type
@ For chicane phase of Rf of DBL1 = 23 ; 27.5 degree
@ For arc phase of Rf of DBL1 = — 7.5 degree

@ For all bunch compressors only single bunch case has been
computed
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Phase Spaces at the end of compressor and Linac-2

Long Phase space at end of Compressor R56=-0.1 Long Phase space at end of DBL2 R56=-0.1

Cume = 0345 (mm) Geme = 0.119 (mm)

Cyme = 0.987 (mm) Cyme = 0349 (mm)
1.00  (mm) Cume = 100 (mm)
49.0  (um.rad) em = 493  (um.rad)
504 (um.rad) &m = 503 (um.rad)

=259 (MeV.mm) em = 378 (MeV.mm)
298.7 (MeV) <E> = 2399. (MeV)
2,06 (%) AEE = 0313 (%)
450 (MeV) AE = 388 (MeV)
= 6.16 (MeV) <AE> = 750 (MeV)
Long Phase space at end of Compressor R56=+0.26 Long Phase space at end of DBL2 R56=+0.26

Cume = 0329 (mm) 0.118 (mm)
0.932 (mm) 0.345 (mm)
1.00  (mm) 1.00 (mm)

e = 49.0  (um.rad) 49.0  (um.rad)

&ume = 50.3 (um.rad) 502 (um.rad)

em = 2.68 (MeV.mm) 4.83  (MeV.mm)

<E> = 3293 (MeV) 2428. (MeV)

AEE = 142 (%) 0.374 (%)

AE = 218 (MeV) 485  (MeV)

<AE> = 467 (MeV) 9.09  (MeV)
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RF Gradient Tolerance
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The RF amplitude tolerance is limited by the phase error of the
bunches, the length variations are small

The amplitude tolerance of the effective gradient is 0.2%

@ for the accelerating power amplitude the tolerance is 0.1% — it will
be 0.2% for the klystron power

@ for beam current it is 0.2%
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RF Phase Tolerance

0.3 1.5
0.2] "‘Ar““ 1.0 m
= : Ra=—0.10
%@ 0.1 «1 0.5 ——
% 5
) S Rx=-0.10
= 00 L 00 =
b S Rs=-0.14
< —0.1 —0.5]
= —
_ ] _ \‘ih Ru=+0.26
02— = 1.0
—_
oaba s A
-04 -02 0.0 0.2 0.4 : -04 -0.2 0.0 0.2 0.4
I¢gr (deg) I¢ge (deg)

The phase tolerance is limited by the bunch length variation. Largest
tolerance is given with Rsg = —0.1
The phase tolerance for the effective gradient is 0.1deg

@ for klystron phase it is 0.05deg

@ for the beam phase it is 0.1deg
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Incoming bunch energy and phase tolerance
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incomin energy tolerance is limited by phase error,
incoming phase tolerance is limited by bunch length variation

The incoming energy tolerance is 1% Incoming phase tolerance is 0.1deg

Incoming energy 50 MeV — 0.5MeV = It is identical to the phase tolerance of
0.2% gradient tolerance over 85 structure the effective gradient
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Conclusion

@ Three type of lattices has been studied and FODO lattice yields best results.
Additionally it has

> low cost
> easy operation

@ In order to have weaker lattice one can use two accelerating structure per half
FODO cell after 1.5 GeV. That wouldn’t change wakefield effects much since
integration along beamline will not change much.

@ Computations on compressor sections were performed under linear
approximation and missalingments of the elements on this section were not
taken into account.

@ Although arc compressor is better about saving RF power (about 10 structure),
larger tolerances are achieved with chicane that has Rs¢ = —0.1m.

@ Computed longitudinal tolerances can be summarized as

%) 0.2
%) 0.2
deg) 0.05
deg) 0.1

RF power error (
Beam current error (
RF phase error (
Incoming beam phase error

@ Obviously these tolerances can be tighter for multibunch beam loading case
since there can exist bunch-to*bunch energy spread and phase shift.
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Thank you for your attention ...
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