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CLIC

CLIC (“Compact” Linear Collider): is a study for a future electron-positron collider

goal: electron-positron collision with nominal center-of-mass energy of 3 TeV + “compact”
machine

high gradient - 100 MV/m Conventional high frequency RF sources

high frequency (12 GHz)

Klystron =
low frequency low power emitters

Two-beam acceleration concept:



Klystron sources
accelerate the
“drive beam”
(low frequency

e-bunch
distribution)

Two-beam acceleration concept:

A dedicate machine for
frequency multiplication yields :
bucket with High frequency
(12GHz) substructure

Special power
extraction
structure: PETS
decelerate the
buckets—>
RF @ HIGH
freq. and power

Extracted power
Used to
accelerate the
so called:
“main beam”




SPECIAL THANKS to Alexandra Andersson who produce the wonderful animation...
THANKS
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33 MW, 138 us _ _ 33 MW, 138 us
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Special power
extraction 12GHz
structure: PETS ||||||||||||
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A dedicate machine for
frequency multiplication yields :

bucket with High frequency
medium-side (12GHz) substructure

decelerate the
buckets—> bunches
RF @ HIGH

freq. and power

RF at 12GHz, high power




CTF3:

CTF3 (CLIC test facility 379 ) small version of CLIC power source

e e e | AR | Delay Loop:2 |
| Drive Beam Injector ' . . . . . __ . — =y I

B thermionic gun _!I Drive Beam Accelerator! 1 / L L
F/ | | | /
ﬁ | ] | 1 v




Drive Beam Injector |
thermionic gun

|.
el

Drive Beam Accelerator |

2 beams test area 100 MV/m
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Photoinjectors

Since 1985 when the photoinjectors concept has been introduced their used
grown exponentially!

They offer a good handle of the initial condition i.e. transverse and longitudinal
distribution of the electron bunches.

Initial condition is controlled by the laser properties i.e. pulse length ,spot size
energy
Principles:
laser pulses illuminate
a photocathode generating e-bunches by photoelectric process
The cathode is placed into an
accelerating structure to properly extract the electron bunches i.e
Multi-cell rf gun cavity with high peak electric field to reduce space charge effect

cathode Booster Linac

lag
er
/ Pujse,




Choice of photoinjector elements




Photoemission

Photoemission process plays an important role in photoinjectors: the physics of
Metal and Semiconductor puts constraints on the choice of the cathode to be used

!

Absorption of photon
Photoemission process: — Motion of “e” to vacuum interface

Surface barrier

If hv > E, the photon can be
absorbed and converted in
free electron; to escape into
vacuum e-energy > E,

(electron affinity) EGI I

Idealized energy model for semiconductor

Vacuum level
_oslL
Bottom of conduction band

Fermi level

Tot required energy: E; + E,.




Photoemission differences:

Metal Semiconductor
Mg, Copper.... GaAs,Cs,Te (cesiumtelluride)
Low efficiency ~10 High efficiency ~102
Fast response time | Slower time response ~1012,
Summary ~1015, sensitivity to contamination,
Resistant to Response to visible and IR
contamination laser
PHIN
number of bunches 1908
macro bunch beam current 3.5 Semiconductor cathode
Al Cs,T
bunch spacing [ps] 666.7 (1.5GHz) %21€

charge per bunch [nC] 2.3




Cern hosts a photoemission laboratory which is a
dedicated facility to study different cathodes

— Photocathode — |- DC - ———— Beam diagnostic line

preparation gun
chamber

Luminescent screen control

|

fr—

-S-—h.‘_—-_/..- \ Faraday cup e DC gun (SMV/m)

‘.\i" mt:;? uv mirro / — ?\) 4 )‘)‘:‘-

eElectrode gap:1cm

4 |]"' video camera

=4

¢1x101<p<1x101° mbar

4 mm laser spot

Transfer arm

/

Figure I: The DC test bench



In the precedent years different cathodes have been tested:
metal cathode =2 rejected (low efficiency)

Alkali photocathode (semiconductor) has been studied in more details:

Table 4: Alkali photocathodes : QE = {(4)

A (nm) 193 213 266 3ss 532 Ea+Eg
E (eV) 6.42 5.82 4.66 3.49 2.33 eV
Cs,Sb 3.5%10-2  2.0x10~? 1.8x10-%  3.8x10~3 2.0
K4Shb 1.4x10-?  1.6x10-%  7.6x10-* 2.3x10™* 2.3
Na,KSb 7.7x10-2 6.1x10~2 3.5x10°1 2.0x10~* 2.0
Csl 9.6x10-2 6.8x10~2 7.1%10°% 1.9%10~° 6.4
Csl + Ge 7.3%10~? 1.3x10°? 2.0x10-° 5.0
Cs,Te 6.0x10-2  57x10-% 2.0x10™* 4.5

m===)> Ce2Te is so far the most useful cathode:
1) high quantum efficiency

2) acceptable life time: longer than the time
needed to produce and make available 4
new cathodes = less than 4days

Tests in Rf gun at 100MV/m; pressure2x10-°<P<7x10° mbar, showed that after full 12
working hours per day after 4 days (~50h)2>QE~ 3% within specification and it keeps
this value over more than 100h. QE=3% reference value in project specification



The photoemission laboratory has been equipped for
the production of Ce2Te:

‘ UV laser beam

E
:x o \ Te thickness
measurement

5 — oven

‘ Photocathode |
plug |

' 4
>

Cs thickness // y D e b L & F :
measurement B4 Lrasy FEEAY " Electron collect.
WV QT .. \ e 4 \ . - »

| : ' . electrode



Photocathode conclusion

e Ce,Te semiconductor cathode has been selected for the
commissioning of CTF3 photoinjectors due to its acceptable
life time and high quantum efficiency

* A good vacuum condition ~101°® mbar is required to preserve
the cathode performance

e Atransport carrier under vacuum (down to ~10** mbar) need
to be used to transport the new cathode from the
photoemission laboratory to the PHIN gun installation
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From laser to electron:

In photoinjectors the laser time structure is transferred into the electron time
structure

I wsx//// I/ é/;;///

macro bunch\ ~
|®|M4 £ ICathode

5Hz ~666ps

PHIN
number of bunches 1908
repetition rate [Hz] 5
bunch spacing [ps] ~666

(1.5GHz)

bunch length FWHM [ps] <10
charge per bunch [nC] 2.3 =k Cathode QE (3%)==380nJ UV energy




Phase coding:

Being the laser time
structure transferred
into the electron time

structure

The laser time distribution
must have this profile

_____________ ek o Rl i Delay
;14:} hs; 3.?:&‘2 140 ns Iinzp N
I / " : 11 i
O (IR

1BE!/deg

phase shift

~333ps
<>
Laser
T =
<~
~999ps

An optical device “Phase Coding” has to be implemented in the laser chain !!

Device is not installed:

Losses too high = need a second booster amplifier.

Feasibility study of the Phase Coding on the final laser must be performed

(It has been studied on a 100MHz laser Nd:Yag laser)



|_aser chailn overview

400us amplification window

Imm

Micro pulses at 1.5 GHz
~666ps ~8ps

111111

1.27 ps 1.27 us
— <>

I I LTI
< <
IR

Green

Drive Beam (PHIN)



AMP head | cylindrical lens |

Diodes

»

A
e
H'\-\.
d Vertical stack \
-’”f «802 nm+/- 2nme°

*36 bars/stack

*7mm diameter 8 cm long

N\
Nd:YLF rod [ Glass tube ]
1% doping level

AMP1 pumping diode:

3KW peak power each (square pulse window
400us long)

- 15 KW total power

Pipes
for water
cooling

—Rod : 8cm long; 7mm diameter

AMP2 pumping diode:

3.6 KW peak power each (square pulse window
250us long)

- 18 KW total power

\"‘;'gl'féRod 12 cm long; 1 cm diameter




F1=+1146mm
Preamp. beam

3 Sle\gﬁ\""'b‘i2
U o N2 2 I{\_/I_B

‘5cm

15t pass
2"d pass

File  Wertical Timebase Trigoer Display Cursors Measure Math  Analvsis  Utilties

eMacro pulse energy ~1.1
21 micro pulse energy







From AMP1

< 75cm > < 8ocm > 2 I

e [ Waiirrod |- SAi- I

2"d pass 1 i
P M1 f1=+458mm M3 :

st
v — | T

f1=4206 mm f2=-206mm

— —>

285 mm 400 mm

eMacro pulse energy ~1.7)
e~61) micro pulse energy







Optical gating system

Pockels cell 2 down to 150ns
(4ns rise & fall time)

Pockels
cell

Harmonics
+ plisc
icker

Pulse picker:

From 140 ns to <1ns for just
one micro pulse selection




HARMONIC CONVERSION TABLE

-




HARMONIC CONVERSION

Ce-Te cathode required laser wavelength A ~262 nm

Nd:YIf : A~1047nm need to be converted in a two stages non linear
process by crystals

KTP (KTiOPO,)

IR 1047nm et ) ()

| | BBO (BaB204)

| |
f=50 mm f=60 mm

[—N.

O




AV

crystal

4w

IR1047nM um = e crystal

GREEN uv
micro pulse energy micro pulse energy

->330nJ in a micro pulse
Ampl + Amp2 1.3 W ~24%conversion

@ full power ~29% conversion ~243nJ on cathode due to
transport line

~370nJ on specs

With this beam the commissioning of both “PHIN” and “CALIFES”
photoinjector has started and already showing satisfactory performance



Laser: Conclusion& Future

eA stable beam has been produced and it is being used in the two
CTF3 photoinjectors. Nevertheless the UV laser energy has to
be improved to reach the project specification:
PHIN=> ~370n) on cathode (~250n)J now); CALIFES—>600n)
(~290nJ now)

eModifications of the second amplifier & harmonic conversion
scheme are under development

oA feedback system needs to be studied and implemented to
increase the intensity stability <1% for UV (~2% now!)

eThe phase coding = fiber based interferometer device to obtain the
proper drive beam time structure is not yet installed; it
requires detailed studies about how to it performs on our
laser and how to be properly implemented in the system

eLaser to RF synchronization: jitter measured ~630fs-> satisfactory!

(specs <1ps)
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PHIN

photoinjector —
RF frequency [GHZz] 2.9985
RF power [MW] 30
beam energy [MeV] 5-6
beam current [A] 3.5
number of bunches 1908
bunch spacing [ps] 666.7
charge per bunch [nC] 2.3
repetition rate [Hz] 5
bunch length FWHM [ps] <10
rms. energy spread [%] <2
n. emittance [x mm mrad] <25
vacuum pressure [mbar] <2x1010




P H I N Incident, Reflected l~:GDSic(:'g;nos‘rics

Power

E. AE

| L
Cathode WCM Emittance ‘

loading X D:D. - FC
- .

[ BPR
. ) RF GUN VPI  Spectrometer
Solenoid Coils: 0.3 T Corrector | angth ~ 1 m

»
»

Rf wave gui



Cathode loader

Important to install
the Ce-Te cathode
which require high
vacuum to preserve
its performance

» Propagation direction

\

Beam diagnostic are:

charge; emittance;
profile; energy



PHIN preliminary
results

28 MW «—
s Schottky effect

_| /

0.25
2
g 1.75
S 15
il ]
£ 125
£
> 1
(1]
§ 0.75 /
= /
05 h
| il Phase scan
Eile Help §:49 P

Control  Setup  Measure  Analyze  Utilities
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BEEEES

!li 200 ne/div

CEEEN = | Markers || Scales
current T a
Vominl(f1) -9.5092 ,IJ_".":E: -9.36160 I W Vs -10.0786 I Vs -8.0947 IIJ_".":E:

min max E




PHIN preliminary
results

Envelope scan : Beam size vs Solenoid current

q
e

Beam Sxe X [mm)
(4] L=y

=Y
L]

(]
/3;—1

......................................................................

A

2
190 200 210 220 230 240
SHJ0130 cumrent [A)

250

260

Beam Size Y mm)

— ] — P L Y on
L1 L1 L3 T L1

(=]
=

= L="-] Lr=]
1] L]

L=r
]

i i j i 3 i

200 210 220 230 290 250 260
SNJD130 curent [4)

Charge: 1.5nC
Laser Spot Size: 2mm(FWHM)



PHIN preliminary
results

Envelope scan : Beam size vs Solenoid current

e Pamnels Sirulation for solemoid scan 10309 DAT Asolscan12
: T T

T T T T I
: i : ;| —— sirnulation

|~ maminee | | Charge: 1.086nC
| Energy: 5.67 MeV
Laser Spot Size:

1 2mm(FWHM)

% : : o

E ................ t‘ ........................................................... a

2 :

B i e B i A T i g

i i | i i i i
1an 190 2010 210 220 230 240 250 260
S, focusing magnet current [&)



Emittance measurements & definition

Emittance : quality factor for electron beam
= transverse size x momentum angular divergence
It says how much the beam is collimated

P

Emittance
dominated beamlets

Space-charge
dominated beam

-

!‘
l"i -

------------

multi-shit mask

Tungsten slit mask:
2 mm thick

0.1 mm slit width
0.8 mm distance

25 slits




PHIN preliminary
results

Scan Emittance vs Solenoid

Pammela Simulation for solenoid scan 170309 DAT Aerittance 02
23 T T T T T

BT

T I
| —— sirmulation
1 —=— meazured emittance

el P O A .............. R R e o gl R .............. _
F I T STERES  Sp R s .............. i s R -

DD s e : s pop i) S .............. ............ .............. ............. i

rms normalized transverse emittance (mm mra
=
T
i

22 PO N s o s s AT NP e R _
1 RS
: : : : .. : :

170 130 190 200 210 220 Charge 1 28nc
SNJ, focusing magnet current (A T
Energy: 5.512 MeV
Laser Spot Size: 4mm(4sigma)




An Example of Emittance Measurement Analysis

intenaity [a.u.]

#p [rad]

&C=2 The tranverse nornalized mns emittance is: 14,6277 mm mrad)

urits

rad

mxm .

g Spread for. each beamlet..............ﬁ _______
spfrad] f.... R SO S o S 1
gl ; ....... _....5 ............ UURUUEURURE SRR ISR ........ i
al .............................................. ....... i
al..T...... .................................................... ........ 4
P SUTUN SRS SOPOPRPUORY ERRPIPIOUE S s T,
4l TOUNO SR SRPUPOE NPT ST
wlo | e, STTOTRU SO ST
; i L i . X [mm]
3 2 1 0 i 2

Intsnaity [a.0]

#p [rad)

win? Bearnlets with Gaussian Fit Curves

=0 reconstructed phase space




PHIN preliminary
results

Beam loading effect

Tek HIsR 100M5/s 129 Acqgs

I
L

Tek EILH 100M5/s 10 Acqs
H T.

i

I
Save i ——

: : : : ; T . : : : 1| waveform Save
T T | 1 '. : : : : : - : - - : {| waveform

: ; ; ; ; T ; ; ; ; : : : : . : - : : : : :

SR EERERY (TR S ™ Withbeam = ol
............................. {1 . j j j : T j j j : 1 To Refl
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To Ref2

empty empty

To Ref3 To Ref3
0 Re

empty

empty

""" M s00ns ERT | ToRefd

I : _ ; ; 1 empty Ch17 100mve 100mv$: M 500ns C

__..;....;....;....;....".Am.ogsavé.
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Tto Ref chi Refs S'"%IEFSEQ
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To Refd

| | utilities ||Recall wfm Delete | UIOSAVE
to Ref ch2 Refs %FF q

empty

File
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PHIN photoinjector: Conclusion& Future

PHIN design February

2009
RF frequency [GHZz] 2.9985 2.9985
beam energy [MeV] 5-6 5.3
beam current [A] 3.5 ~3.4 _— For 500ns macro bunch

~2  ——, For 1270ns macro bunch

number of bunches 1908 >1908

For 500ns macro
charge per bunch [nC] 2.3 2.3 — punch : constant
repetition rate [Hz] 5 0.8 ~1.5nC
n. emittance [xt mm L) ok
mrad]
cathode QE 3% 3%<QE< 4%

vacuum pressure [mbar] <2x1010 <4x107°



PHIN photoinjector: Conclusion& Future

Preliminary measurement obtained in a week.....!!!

eStudy of beam energy spread (improvement of diagnostic)

*Gas analysis

eNominal charge @ nominal macro bunch length (~1270ns)

e QE map studies over many hour of working time

eEmittance measurement @ full current (2.3 nC for 1908 micro bunches)
ePhase coded beam



CALIFES RF Gun

Measures of beam current, size, position, energy as function of
phase, focusing coils field, laser spot position on photocathode...

gun output charge Bs funcion of phase
25— ——— e kircth e

L i | I
!‘|IIII 120 140 160 1B0 200 21 280
LLRF pharsg

o Laser pulses 7 ns (10 micro bunches)
 QE =0.5%, 0.2 nC/bunch specs requires 0.6 nc
o UV Laser energy/bunch: 0.20 uJ (nominal 600nJ)

#10-CTF3 Committee — Wilfrid Farabolini



CALIFES beam reached for the first
time the en

=CAS MITWIESD Image

=
il |

.il,"

d of the TBTS line

1 ot L acgquesitinns

Cyele NOME

SC MEke 1816

Imane

0

-2l

1

¥ [mm)

<M

=200

Amplitude [

Date; 2009 04/00 1812:07.951450 ||
Harlzonial projectian—

Weary = 137,05 mel |
| g2 immE

D TR mpitste = 12000 laad | |

4nn e -'.
J00
2an
LIl ]

o

T T T T
0 30 100 L300 200 250 300 350

X Jmm |

Vertical prajemion

Amplrbude ||

1200 {Wean = -1Le0% Tmm; [T |
Sigma — 510 fmm] hiediie
Amplfiusie = 1B0F.27 [aidl i

10+ |

0 1
L | | T
TR P T
[
200 Ao | {
a

T T T
-250 -208 -130 -100 -30
¥ [mm|



Special thanks to:

Steffen Doebert, Oznur Mete, Eric Chevallay
Anne Dabrowski, Thibaut Lefevre and al the diagnostic group

Alessandro Masi, Christophe Claude Mitifiot and all the electronics
group

W. Farabolini, Guy Cheymol, R. Roux and al the CEA/LAL group
Louis. Rinolfi, Jonathan Sladen, Konrad Elsener

Marta Divall, Simone Cialdi (Univ. of Milan)

Valentine Fedosseev (STI/LPsection leader), Roberto Losito (EN/STI
group leader)

...... and all the people involved that | might not directly know but
that made all this possible... THANK YOU









Photoemission ©

ifferences:

Metal Semiconductor
Mg, Copper.... GaAs,Cs2Te (cesiumtelluride)
Conversion High optical High efficiency for photon
photon—>“e” reflectivity = Low with energy > gap energy E.
efficiency (to obtain a free electron)

Motion through
solid

Surface barrier

o _n o n_ 7

e”’-"e"” scattering
- low efficiency

Determined by “work
function” 2 >2eV

Loss for phonon scattering
are low 2> High efficiency

Determined by “e-affinity”

Summary

Low efficiency
Fast time response,

Resistant to
contamination

High efficiency

Slower time response,
sensitivity to contamination,

Response to visible and IR
laser




Principle of operation:
An electro optical modulator produce 140ns macro pulse every 140ns.
A fiber based interferometer splits the beam and recombine it so that every 140 ns
the gap between 2 successive beam is reduced by T/2 (being T the micro pulse
period)

ARRARRRRRARIR N AR >

in - out
EO :
\ 4 > Wm‘—@L Modulator @ﬁ» interferometer |—{f) Mg
nn —{1— JUL
RF

EFEIEETEEFEFETITTT < v




Synchronization:

Lecroy SDA (16GHz, 60GS/s+ NewFocus Photodetector25GHz)
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POCKELS CELL (PC)

ISOGYRE
pattern generated
By scattered light
Going trough the
2 Brewster plate
and the pc.
It shows the pc alignment

Beam propagation

Beam propagation
direction (output)

direction (output)

BUT beam H

PC gate on
PC gate off

BUT no beam

Vv

Beam propagation
direction (input)




Temporal Profile after Gating system

Macro pulse window selection by Pockels Cell
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Analysis of beamlets from the slit mask
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CLIC 3 TeV parameters

Center-of-mass energy

3 TeV

Peak Luminosity

5910 s

Peak luminosity (in 1% of energy)

2:10%* cm=2 s

Repetition rate 8 =7
Loaded accelerating gradient 100 MV/m
Main linac RF frequency 12 GHz
Overall two-linac length 41.7 km
Bunch charge S 210
Bunch separation 0.5 ns
Beam pulse duration 156 ns
Beam power/beam 14 MW
Hor./vert. normalized emittance 660 / 20 nm rad
Hor./vert. IP beam size bef. pinch 40 / 1 nm
Total site length 48 km
Total power consumption 389 MW




Comparison CLIC CTF3

CTF3 is scaled down from CLIC and uses existing infrastructure:
Main goals:

- Demonstrate CLIC drive beam generation

- Demonstrate 12 GHz rf structure with two beam acceleration

- Demonstrate stable and efficient deceleration with test beam line

CLIC CTF3
Drive Beam energy 2.4 GeV 150 MeV
compression / 24 8
frequency (Delay Loop + 2 Combiner (Delay Loop + 1 Combiner
multiplication Rings) Ring)
Drive Beam current 42 A*24 2101 A 35 A*8> 28 A
RF Frequency 1 GHz 3 GHz
train length in linac 139 ps 1.5 pus
energy extraction 90 % ~ 50 %




CTF3 collaboration

CTF3 — Collaborations INFN-LNF CIEMAT
BINP LURE CERN

NWU LAPP Uppsala

INFN-LNF
CERN

INFN-LNF
CERN — N
RRCAT
TSL

CERN NWU CERN

PSI Uppsala

\\\ CEA-DAPNIA
CERN LAL \ CERN

SLAC Uppsala WAL
CERN

CIEMAT
UPC IFIC
CERN

R.Corsini
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