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The CLIC Injector Complex
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We have designed and optimised the beam transport and acceleration from
the target to the pre-damping ring which has a limiting transverse and
longitudinal acceptance.

The goal of the study is to maximize the positron yield accepted by the pre-
damping ring.



The Pre-Injector Linac ;: Capture and Accelerating Sections

The positron yield: 8.0 e+/e-
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The yield is defined as the total number of positrons at the exit of the
B (Z) _ BO o = 55 m-1 amorphous target compared to the number of electrons impinging onto the
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The Pre-Injector Linac ;: Capture and Accelerating Sections

l 1.09 e+/e-

The total yield: 8.0 e+/e- 2.8 e+/e- Solenoid magnetic field of 1.5 m long 2rt/3 TW with a
{ 0.98 e+/e- (effective)

gradient of up to 15 MV/m
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* Both operation modes, accelerating and decelerating
* The effective yield is defined in a £20 degrees and +50 MeV energy window.
* The optimization of the decelerating mode



Accelerating mode

Optimization in the decelerating mode: PARMELA
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Optimization in the decelerating mode: PARMELA

The effective yield is defined in a +20 degrees and £50 MeV energy window.
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A high gradient of at least 12 MV/m is favoured for the decelerating mode
While the total yield is not affected dramatically, the higher gradient results in a narrower phase and energy spectrum.
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Energy (MeV)

Accelerating and optimized decelerating modes: PARMELA

The accelerating mode The optimised decelerating mode
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The optimised decelerating mode result in almost a factor two higher yield compared to the accelerating mode which has a yield of 0.5 e+/e.



Injector Linac: Design Strategy

To accelerate positrons from 200 MeV up to 2.86 GeV

To obtain a yield of 0.39 e™ /e~ for positrons to pre-damping ring acceptance of #1 % for the energy (CDR)
Total positron yield is around 0.70 e* /e~ in the end of injector linac (CDR)

To use accelerating structures at:

Frequency: 2 GHz

Length: 1.5 m

Gradient: 15 MV/m
Aperture: 20 mm



Injector Linac: Optical Design

Ox = \/Bx€xgeo »  €Exnorm= 0.0097 mrad, €ynorm = 0.0096 mrad

€Exnorm|[mrad]

= R, = 30, = 3 * \/ﬁx €xnorm/Y = 3 * \/,Bx[m] *0.511 * E [MeV]

Bmarlm]
Ein [MeV]

RiTiS [m] > 0.2106

Eip, =200 MeV,Riris =2 cm = 0.02m =D Lmax < 1.8m

* Quadrupoles are surround RF structures in the first and
second sections

*  Minimum aperture of quadrupole is around 10 cm.

* It gives a limit in energy.

* A phase advance of 90 degrees is chosen in FODO.




INJECTOR LINAC: FODO sections

Sections Qiength K Bmax Cell Eini Eout Qnumbers
(m) (m~%) (m) (m) (GeV) (GeV)
1 0.4 9.00 1.7160 1.10 0.2065 0.3865 33
2 0.4 3.95 3.3860 2.08 0.3865 0.7915 37
3 0.4 1.85 6.8252 4.10 0.7915 1.4215 29
4 0.4 1.02 12.1250 7.20 1.4215 2.0515 15
5 0.4 0.68 17.8860 10.60 2.0515 2.8615 13
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* To accelerate positrons from 200 MeV up to
2.86 GeV

* Quadrupoles are used as surrounding RF
structures in the first and second sections.

*  Minimum aperture of quadrupole is around 10
cm.

* Itgives alimitin energy.

* A phase advance of 90 degrees is chosen in
FODO.
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Injector Linac: MADX
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i ing section.



Emittance (107 mrad)

Positron distribution at the entrance of the Injector Linac

at the exit of the pre-injector linac
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* Asignificant emittance growth due to the very high energy spread of the positron beam, in particular at the beginning of the linagc, is visible.

* The energy spread is around 4 % at the entrance of the CLIC injector linac.



Emittance-x (1077 mrad)
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Injector Linac: Emittance Growth (PLACET)

A

Espread:1%
Espread:2%
Espread:3%
Espread:4%
Espread:5%
Espread:6%
Espread:7%
Espread:8%

I Hpe [oae . . . . . . |":"'1 "\: _/.- TN AT T e e e ]
n“ |||'J Lﬂ'ﬂhuhpr‘hhu I.-lﬁl_'“-"'"—' e e e . . !
| e -
J h_; |'.Jh|..-n..nhr~ur.'u"'u"_r~..r~—,_- S S e S e e e e eyl
I e e e e ———— m—— - -
I I I I |
0 50 100 150 200 230
z(m)

Ernittance-y (10™" mrad)

220000

200000

180000

160000

140000

120000

vhmnmﬂfk”ﬁnﬂ{“f’?‘J_

!

I ™S ™ —

}| r.M-'L:‘L.-u....._..._.-._A_—m,- B
|, .

W

100000 {

80000

I
Espread:1%
Espread:2% H
Espread:3%
Espread:4%
Espread:5%
Espread:6%
Espread:7% H
Espread:8%

N

0 a0 100 150

* Gaussian distribution generated in PLACET has been used with different energy spreads
* The different values of energy spreads result in increasing emittance growth
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Injector Linac: Emittance Correction

T PLACET A |-m¢_with correction

: Y with correction
o £ without correction

: +ey without correction

To improve the emittance growth, we have rematched the
strength and position of the quadrupoles in the first matching
section by using our positron distribution in PLACET.

We have considered the limitation of magnetic field in
quadrupoles and the magnetic field is lower than 1.2 T

The emittance growth can be mitigated by this optimisation

adapting mainly the quadrupole strength in the first matching
section
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Energy (MeV)

*CDR

*Positron yield (CDR): 0.70 et /e~
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Table 21 — Positron yield for different values of the
energy acceptance of the Pre-Damping Ring.

Energy Acceptance Yield
% (e'le)

1.2 0.453

2 0.561

3 0.619

http://cds.cern.ch/record/1277226/files/CERN-OPEN-2010-020.pdf

INj

ector Linac: Positron Yield

New Results
Positron yield, 0.97 e /e™, is increased by a factor 2.5.
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* |t was necessary to increase the aperture of the beam pipe in the quadrupoles to 4 cm
along the beam line.

* All positrons by 99 % are transported.
* All positrons are within 1% acceptance window of the pre-damping ring.
* The energy spread is around 0.3 % at the exit of the CLIC injector linac.

* An aperture of 2 cm all along the beam line would have resulted in a 10 % loss of positrons.
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CONCLUSION

CDR:
» The number of quadrupoles: 192

» Used long accelerating structures (4 or 5 meters
TW)

» Used the quadrupoles and TW structures
separately by increasing the average accelerating
gradient

» Used triplet structures along the injector linac

» Needed a bunch compressor

» Positron yield: 0.39 e-/e+ within 1% acceptance
window

» Assumed two targets in parallel for the first stage
of CLIC. Parallel station consisted of the hybrid
target and the pre-injector linac

NEW DESIGN:

v" The number of quadrupoles: 141 (Reduced by 26 %)

v’ Used technologically feasible accelerating structures
(1.5mTW)

v’ Used together quadrupoles and TW structures by using
thin length approximation

v Used FODO structures along the injector linac

v Do not need a bunch compressor

v’ Positron yield: 0.97 e-/e+ within 1% acceptance window
(increased by a factor 2.5)

v' Assumed a single target for the first stage of CLIC at 380

GeV. Parallel station is removed because of being
provided sufficient positron yield.



Americas Workshop on Linear Colliders 2017
(AWLC17) (ir:ﬁw

Thank you
for your attention

% ANKARA UNIVERSITY .



