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Electron Source

TEE
Electron Gun e
Cathode Extr_actlon Comments
Field
Pierce type . . .
(thermionic DC) Thermal Static Still conventional
Fliei@ Ceinoc: Photo-electron Static For special cathode
DC Gun
Photo-cathode Photo-electron RF Advanced
RF Gun
'I(;rlljirmlomc RF Thermal RF Advanced

» Thermionic DC gun is still conventional, but RF gun
becomes recently more popular.

» Photo-cathode DC gun is used for special case like Linear
Colliders, ERL, etc.
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,',IE Thermionic DC Gun Teo)

» Emission from a thermionic
cathode is purely continuous.

» For primary bunch forming, v |

— Grid control by triode
structure

— Pre-bunching by RF Wehnelt
cavity (Pre-Buncher )
cavity)

» Sub Harmonic Buncher
and/or Buncher are employed 38

to shorten the bunchlength
further. Cathode

Beam

» Any thermionic cathodes can
not generate polarized
electron.
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,',IE Thermionic Cathode ==—cc-

» According to Richardson-Dushman equation, material
with low work-function operated at high temperature is

favor to generate high density electron beam.

» Practical operation temperature is limited by the melting
ot point and vapor pressure. Te is temperature, where the
vapor pressure of the material is 1E-5 Torr and 10 atomic
layers are lost per second.

» Figure of merit of thermionic cathode is

n=-—- (3-1)

e
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,',IE Thermionic Cathode =cic-
Material 0 (ev) Te(K) 0/Te(x1E+3)
W 4.5 2860 1.57
Ta 4.1 2680 1.53
Mo 4.2 2230 1.88
ectre Cs 1.9 320 5.94
Th-W 2.6 1800 1.44
BaO 1.0 1400 0.71
CeBs 2.5 1400 1.79
LaBe 2.5 1400 1.79

» ¢/Te<2.0 is practically used as thermionic cathode.

» Impregnated type BaO cathode is widely used for
conventional accelerator.

» CeBs and LaBs have advantage for high-brightness beam
generation.
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. IP Thermionic Gun: @W 7><%;>
J 7 A typical configuration (1)

» The beam emission is controlled
by grid bias. The primary

bunching and bunch repetition is wehnelt
determined by the grid pulse
duration and repetition.

=CHo » The bunch length by the grid s/8m
switching is limited down to 1ns. =
For further bunching, SHB (Sub Cathode —s——— Beam

Harmonic Buncher) and |

HY o
Buncher are employed. =
Cathode
SHB cavity Drift space Accelerator
-I - — — T &5 - =
Grid \ Anode
Electron Source 7-18 September 2009, Huairou, Beijing, China 6
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.'IP Thermionic Gun: @W e «-;
o A typical configuration (2)

» Electron beam is extracted from thermionic gun continuously.

» RF cavity (Pre-Buncher) modulates the velocity of the electron
beam.

» After some drift, the beam is bunched by the velocity
G modulation. The bunch repetition is determined by Pre-
Buncher frequency.

» Further bunching is made by SHB and Buncher.

Cathode
PB SHB Accelerator
I Drift space Drift space
e Sl A A - - » » » Se——
Anode
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"ll‘: Photo-Cathode RF Gun (1) B

cecton | B> Short bunch electron beam is
=mission generated by ps laser.

relasted | P> Typical field: several 10MV/m ~
Physics 150 MV/m, which is impossible

in DC gun_ Electric field
S O . o \/
» The beam is accelerated up to gl‘/euectron beam L
e- Source for several MeVs immediately. The 3 ~ —
LCs beam bunch length is short; No .
bunching.
Laser
» GaAs cathode has never been
. } A } o) i
used in any RF guns.
Summary
&< .
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Electron Source

Photo-cathode RF Gun (2) @W cLice

» Quantum efficiency, n and temporal response are
important property of Photo-cathode.

— Quantum efficiency determines required laser
pulse energy.

— Temporal response should be even fast to form a
short electron bunch, several 10s ps.

» Metal cathode (Cu, Mg) has low n and fast response.
— n is typically 10%~10-°, response is fast (~fs?)

» Alkali cathode (CsTe, CsKSb) high n and medium
response.

— n is typically 10'~102, response is ps
» NEA GaAs cathode has high n and slow response.
— n is typically 10'~102, response is 10s ps

7-18 September 2009, Huairou, Beijing, China 9
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'-"IE Photo-cathode RF Gun (3) @W ’?Zf@

» CsTe cathode is made on Mo base plug by evaporation in
a vacuum chamber.

» Load-lock transfer system in vacuum.
» 1% QE is kept for a long period.

Solenoid RpE gun cavity

C O
\ — IP 400 I/s

Sample Mo#0, Eva. 2003-OCT-20 m O
Beam Operation 2003-OCT-20 to 2003-DEC-22 GV
e St e e S e
: 10/20 ] it ’ |||JJJ
127 5.6 ] _ ION source for cleanin
} B Week ]
- f.:. 2am Weeks : i U= ) y il
' ] = GV GV
= 8 .':. | : O
= = )
m N
© & . IP400 /s
Measutement Error ~ 0.05% N \
¢ - _ Evaporation chamber
1 75% 1110 1117 101 12/08 1H15 ] _
% & .. 019596 0% 0906 119 -1 1222 @
""" -....,_._-.-.. 1.1 %{,
g B W OGN | O W Multibunch Laser transport movers
0 0 20 30 40 50 60 70
Days
N. Terunuma
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ip e
(JLF Photo-cathode RF Gun (4) (

Electron Pockels cell Fast Pockels cell
Emission KD*P crystal 3.4kV maximum
7kV maximum Rise time : < 1nsec
Rise&Fall time <3nsec Double Pockels Cell
S| Nd:yvo,
357MHz mode-locked, _
1064nm, 410mW(CW), UV light:
cCla 7.2ps(FWHM
PS(FHM) SHG FHG 12ps(FWHM)
e- Source for CASIX, B-BBO CASIX,5-BBO  10ud/pulse
6x6x6Mmm 6x6x6mm
LCs
f300 SHG FHG A~
Laser . ] é—.—l !/ -,
@ l . '
Summary Amplifier T Amplifier
Pockels cell <\\>§ <//> [ it
Mode-locked laser
Q é 0 l Polarizing []
o < T N Pockels cell Beamsp| |tter
Amplifier
to RF gun
Electron Source 7-18 September 2009, Huairou, Beijing, China 11
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lHUL RF Gun: A Typical Conflguratloncjﬁﬂ e

Laser

FCr5creen mover

| G-magnets

Aralyzer

dm accelerating tube BPM Scraen Sorepn MAgnet Wire
cCUC manitor manitor sLanner
ATMW
B2 MW
-6dB coupler 4—' Klystron
. 1.2
» Multi-bunch laser: 1-20, 2.8ns |
spacing 08
» Bunch charge : 1-3nC/bunch i
> Enxy - 5Hm i
0 el it Lit S L R
> Energy :80£0.8~2.4 MeV Mmmwmw I
R 6 16 2:0 36 4I0 5I0 60
time [ngec]
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,',IE Photo-Cathode DC Gun (1) ( : ;5“59

» Electron beam is generated

by Photo-emission with laser.

» Beam extraction by a static
electric field (100 — 300 kV).

» GaAs for polarized electron
beam, can be used. It is the
candidate for ILC and CLIC.

Electric field

apouy

» The bunch structure
(repetition and duration) is

Electrons

determined by the laser.

Laser Photons

Electron Source 7-18 September 2009, Huairou, Beijing, China 13
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,',IE Photo-Cathode DC Gun (2) ( - ;C“CQ

» The bunch structure (repetition and duration) is determined
by the laser.

» Because the velocity at the gun exit is slow, the first cavity
IS “low B cavity”, which synchronizes with the low speed
beam.

— Time duration, in which the bunch travels cell length, L, has to be
synchronize to the phase advance per cell.

L 20 b (3-2)
———7pC 3-2
cell 2 Tl'f
Laser
low B cavity Accelerator
I s - as— @

Cathode Anode

Electron Source 7-18 September 2009, Huairou, Beijing, China 14
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i Photo-Cathode DC Gun (3) =

oo

o

» In some case, very short bunch is required. SHB is placed

for that purpose.

» For extremely short bunch, e.g. 100 fs or less, it is better to
shorten after acceleration, because space charge effect is
ectre suppressed.

Laser

SHB  pyift space low [3 cavity Accelerator

o O @ L

Cathode Anode

Electron Source 7-18 September 2009, Huairou, Beijing, China 15
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Summary

Electron Source

Damping Ring

2x5 MW
(141 spare)

ILC Electron Source =tiew

» DC photo cathode gun with GaAs cathode.

» Buncher for short bunch length.

» NC upto 76 MeV followed by SC up to 5 GeV.
» Spin rotator and energy compressor.

Energy Compression

\ Spin Rotation Faraday Cup

NC tune-up dump (113 kW) and Mott Polarimeter
(13.5W)

SCe" LINAC (5.0 GeV)

DC Guin (2x)

SC tune-up dump (311 KW) ¥ £
= =
8x10MW Energy Collimation oMW TOMW 10 MW S
(Mertical Chicane) SPARE L l
L-band (B = 0.75) TW Bunching SHB Drive
and Pre-Acceleration Laser
(above
Ground)
L 3.2nC v anC |
I\ 76 MeV - 5.0 GeV I\ 140 keV - 76 MeV ‘
7-18 September 2009, Huairou, Beijing, China 17

Masao Kuriki (Hiroshima/KEK) 4th International Accelerator School for Linear Colliders



| _/»(R%/
l'l'E ILC Requirements T

Parameters

Pulse length 0.9ms
Pulse reputation SHz

ource fa # of micro bunches in a pulse 2625 (5120)
Bunch separation 369(189)ns
Bunch charge 3.2(1.6)nC
Micro bunch length at source 1ns
Peak current 3.2(1.6)A
Electron Polarization 80%

Electron Source 7-18 September 2009, Huairou, Beijing, China 18
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l'lll‘: Pulse structure i

Electron
Emission
— | Macro Pulse 0.9ms
Related
Physics »

8400nC

Electron Gun

Laser MicrO Pulse

369ns ns 11005 rore

Summary

[ LITLELLLS

Electron Source 7-18 September 2009, Huairou, Beijing, China 19
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,',IE Basic Concept (T

» Circularly polarized photons
are injected to NEA GaAS
cathode; polarized electrons

are generated.

» Beam extraction by a static
OUTEE if2 electric field, 120-200kV.

» The extraction current is
limited up to 3.1A by space
charge, 1.1ns for 3.2nC.

Electric field

apouy

Electrons

Laser Photons

Electron Source 7-18 September 2009, Huairou, Beijing, China 20
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,',IE Surface Charge Limit (1)@%‘"‘ o)

10 .

» For Linear colliders, multi- —e—Buncht @)

—o— Bunch?2

bunch electron beam should

be generated.
» Anomalous charge limit

Charge (nC/bunch)

phenomena is observed
(Surface Charge Limit) for . l
- Source fo high intensity beam o s 0 B 2

Laser Energy (uJ/bunch)

generation. -
— The emission current is limited e o oo | ©)
with high-intensity laser. _
. . < A
— This suppression is more z i
serious on multi-bunch s Y

generation, because this effect
looks “additive”.

0 10 20 30 40 50

Time (ns)
K. Togawa, NIM A 414 (1998) 431-445 GaAs with a Be-dope 5E+18cm?
Electron Source 7-18 September 2009, Huairou, Beijing, China 21
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,',IE Surface Charge Limit (2)@W o)

» The surface charge limit is
caused by Photo-voltage
effects;
— Some part of emitted
electron, Jsurace Is captured Excted '\ Jesoape
at BBR(Band Bending Conducton ¥ © —— ~[\"eo
Region). o J,f\\'ﬁ T
' — Due to the potential by the =~ | Jrecom a.
captured electron, the Jrunnel
effective vacuum level is 0 e
Increased. e
» Emission probability, Jescape/Jtotal Photocathode Vacuum

Is proportional to size of EA;
Photo-voltage effects decrease
size of EA and limit the current.

K. Togawa, NIM A 414 (1998) 431-445

Electron Source 7-18 September 2009, Huairou, Beijing, China 22
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,',IE Surface Charge Limit (3)@W e

» SCL can be compensated by @
enhancement of the recombination T |
between the captured electron and 2f 1
hole in VB. ni |
» It is realized by increasing the positive _, —\
carrier density in VB with high p- s
doping density. s "
e- Source for c 4L i
— P-doped (Be) GaAs demonstrates s
that SCL is overcome. 2l AR
> Finally, 5.0A/cm? is achieved. It is : —
more than the requirement of ILC gun.  §, o 0 a0

(a) sample 1b(Na=0.5), af :
(b) sample 2a(Na=1.0), and :
(c) sample 3(Na=2.0). The laser 2 :

intensity is 1 to 150 W/cm2.

0 50 100 150
Time (ns)

G.A. Mulhollan, Phy. Lett. A 282 (2001)

Electron Source 7-18 September 2009, Huairou, Beijing, China 23
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l'IIE Surface Charge Limit (4)@W e

» Super-lattice Cathode has an
advantage against SCL.

— Jescape IS proportional to the
size of NEA.

— The effective size of NEA in
Super-lattice cathode is Barier  Barrer  Barrier

ource fa larger than that of bulk- Well Wl

GaAS . Conduction

— The escape probability, e
Jesacape/JtotaI IS Iarger for

4

Vacuum Level

Super-lattice cathode. SCL
current should be higher for

Super-lattice cathode.

Electron Source 7-18 September 2009, Huairou, Beijing, China 24
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,',IE Super-Lattice Cathode for ILC ( : w«-;

» GaAs/GaAsP super lattice cathode for high
polarization (90%) and high QE (0.5%).

» Heavy P (Zn) -doped GaAs surface layer to
suppress SCL.

» Cathode is operated in Space charge limit regime.

GahAs
or  AlGaAs Heavy p-doped GaAs  Spm
InGaAs i
Conduction
mini-band -
AE
96nm
‘ {12 pairs)
GaAs,P, . 4nm
En GaAs nm
Heavy hole GaAsumBuffer 2 LTy
mini-band
ﬁ #
mini-band
GaAs Substrate 350 um
Electron Source 7-18 September 2009, Huairou, Beijing, China 25
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i:'E Bunching(1) T

» According Child-Langmuir law, peak current of ILC
Electron gun (120kV, d~5cm, and 1cm diameter) is ~3A.

» To generate ILC bunch (3.2nC), 1.1ns is necessary.
» It is significantly longer than RF acceleration and should

be shorten down to 10ps.

» A special section for this purpose is placed at
AlIES 12 downstream of Electron gun: Bunching section

— SHB : 216.7 MHz + 433 Mhz.
— Buncher : 1.3 G Hz NC tube.

Electron Source 7-18 September 2009, Huairou, Beijing, China 26
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f:’E Bunching (2) T

» Bunch length is 1ns at the exit of Electron gun.
» Velocity bunching to shorten the bunch length for RF

acceleration.
» Acceleration by high gradient RF cavity for the whole

bunch, compensates the velocity modulation and the
beam becomes rigid.

Egun RF cavity Drift space RF cavity

Electron S(_)u_rce _ _ 7-18 September 2009, Huairou, Beijing, China 27
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'.II E Energy Compression (1) Qﬂ»cm«)

» According to a simulation, the energy spread is 2%,

Cocron which is larger than DR acceptance, 1%.
e » Energy compressor by de/acceleration at the dispersive
Physics area is added before the DR.

» After the energy compression, the energy spread is

Electron Gun 0.5%, which is in tolerance.

C O Cc 10
5100
5100 , E— :
Laser AE D0/ & : AE Y, W = s W4 LTS (P Lo
soso|_Lf 5050 E
Summary S s 5
1))
S
< 5000 % 5000
& o
[4}]
g [ =
L L
4950 4950
4900 i i 4900 i E
50 30 10 50 B488 8480 8400 8491  B492 8493
z(cm) z(cm)
Electron Source 7-18 September 2009, Huairou, Beijing, China 28
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l.ll E Energy Compression (2) ( cuc«;

Energy compression is almost a reverse process of the
bunch compression. Dispersive section rotates the bunch

by angle determined by Rss. Energy modulation by RF is
characterized with Res. Total transfer matrix is

z(s,) :- 1 OHI Ry -Z<So>
5(S2) :R65 1 0 1 __5<S0) B(AE/E)A
0 N — 1 R56 Z(S0> (4_1)
_R65 1+R56R65_ 6 (s)
Matching condition for energy
compression is
1+ R, R=0 (4—-2)
The final energy spread is
5(s,)=z(sy)Rss  (4-3)
Electron Source 7-18 September 2009, Huairou, Beijing, China 29
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i’IE HYV Operation (1) @ﬂﬂ gy

» Instead of the energy compressor, shorter bunch length
In accelerator make the energy spread after acceleration

smaller.
» Since the bunch length at the gun exit is determined by

the space charge limit, higher voltage operation makes a
higher peak current and bunch length can be shorter.

» Short bunch length has merits
— Simpler bunching section

— Energy spread after acceleration is smaller and
possibly omitting the energy compressor section.

» For higher voltage operation, dark current by field
emission from electrode surface should be suppressed.

Electron Source 7-18 September 2009, Huairou, Beijing, China 30
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';,IE HYV Operation (2) @m o

M. Yamamoto on behalf of F. Furuta

Nagoya & KEK

gap separation=0.5mm

Clean-7Z (Re-Melted SUS316L)

Electro-buff polishing

E— 1200
|_
] ) - , (;Dpper (OFHC) -
- - m precision diamond machining
o ( no polishing )
-
&
>
o
<
0
50 100 Pure Mo (poly-crystal 5N)
FIELD GRADIENT [MV/m] Only diamond buff polishing
A point to note ...
Only 7mm? area exposed maximum field gradient.
ILCWS2005, Snowmass
Electron Source 7-18 September 2009, Huairou, Beijing, China 31
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i HV Operation (3)
(JLF

Electron ngh field DC Polarized

Ermission Electron Gun@Nagoya

Related
Physics

Electron Gun

:

Laser
8.2nC/bunch
_ (FWHM~1.6ns) >4
Summary s I A
& 4
= £ 4 MR S SN S W S— —
200kV @ | W -
o | ~ 1.4nC/uJ
POWET = s QE~22x10°
supply
— Laser Energy(uJ)
Electron Source 7-18 September 2009, Huairou, Beijing, China 32
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Voltage (-kV)

Electron Source

Masao Kuriki (Hiroshima/KEK)

200KV gun Mo-Ti Electrode conditiogrmg

230

220

210

200

190

180

170

7-18 September 2009, Huairou, Beijing, China
4th International Accelerator School for Linear Colliders

120

[ i
® < Ilmin 1
" <10min | 1
¢ < Tlhour ‘
: f-
e .
.
R i
D we | o
*
Operation voltage ¢ Onm £
P 9 " o* —— o A Fa
° o "D | V
o, ®weo ® . 3
‘a & _ | >500h operation
¢ om >300h operation w/o w/o pre-breakdown.
% breakdown, buta pre-
\ * breakdwon ocuured
- for each ~100h operation.
= ‘
> >
Ist Conditioning | 2nd Conditioning
20 40 60 80 100
# of breakdown

e

= N

CLIC *

» Electrode conditioning
was done in UHV
condition.

» 215kVconditioning:
No breakdowns
occurred for >300 hrs,
but pre-breakdown
gives a crucial
damage on cathode.

» 225kV conditioning:
No pre-breakdown
occurred > 500 hrs.
Stable operation.

ILCO8, M. Yamamoto
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-'IP HYV Operation (4) @ﬂ%ﬁg
L

Currently developing a 200kV gun (J-Lab)

clecron Joint with ILC (CEBAF synergy)
Inverted ceramic insulator
§§3‘§§2 medical x-ray technology, no exposed HV, no SF6,

field emission not likely to accumulate on insulator

Electron Gun
Inverted

Ceramic

C O c 10
Laser
Summary
A. Brachmann
Electron Source 7-18 September 2009, Huairou, Beijing, China 34
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The full CLIC scheme

326 klystrons 326 klystrons
33MW , 139 us
comber rngs drive beam accekrabr

33MW ,139us
drive beam accekrabr C ot Brences
238GeV,10GHz deby bop 724m [ | 238GeV,10GHz
CR11448m | ‘Z
1 km CR2434.3m 1 km
deby delay
bop bop
CR]

o decekrabr, 24 Secbrs of876m

e*man lnac

48 3 km

CLIC 3TeV oockr e,
9GeV

e’ hechbr,
24GeV

e ngchor
24GeV

Not to scale!

G. Geschonke , EPACO0S8
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,'. ,IE The CLIC Two Beam Scheme ===z, <)

Eectron | | Two Beam Scheme:
Emission _ _
Drive Beam supplies RF power

Related
Physics

12 GHz bunch structure
=lecton Gunt e Jow energy (2.4 GeV - 240 MeV)

o hi Drive beam — 100 A, 240 ns
- Source fo high current (100A) from 2.4 GeV to 240 MeV
Quadrupole Power Extraction
~ Quadrupole transfer Structure
Laser . (PETS)
Summary x 12 GHz — 68MW
Accelerating
Structures
BPM
We need two beams! |
Main beam — 1.2 A, 156 ns
from 9 GeV to 1.5 TeV
G. Geschonke , EPACO08
Electron Source 7-18 September 2009, Huairou, Beijing, China 36
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Drive Beam for CLIC @ﬂ%ﬁg

Electron Drive B
: : T1ve bcam
Emission decelerator, 24//sectors of 876 m
—> /4
Related A Igﬁ |> s |>/4 |>
Physics :
y < I ﬁ — /fé ﬁ d
Main Beam 7 I
Electron Gun
2904 bunches Time structure of Drive Beam
a- Source fo 83 ps (12 GHz)
s \@II PSR 1115 T N 11 Y [ I 1111
4 —r 4—> 4—> 4 —>
240 ns
5.8s
Summary ) .
139us, 24 trains

Bunch charge: 8.4 nC, Current in train: 100 A

Electron Source
Masao Kuriki (Hiroshima/KEK)

G. Geschonke , EPACO0S8

7-18 September 2009, Huairou, Beijing, China 37
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.-h, Drive Beam generation: @m:f“i
1o Delay Loop o

Electron Principle: A long high intensity bunch train (1.4 Uis) is accelerated with 3 GHz
Emission Bunch manipulations increase bunch repetition frequency
and increase peak current
Related
Physics
“Phase-coding” of bunches bunch interleaving with Delay Loop
Electron Gun Acceleration Delay Loop
3 GHz

o- Source f ANANARNRN
JVVV VYV VA

even
buckets

180° phase switch in
Deflection ¢ — SHB
Laser 1.5 GHz
TANIVAN . NNy Rk
(o uckets
\'/ \./ RF deflector
Summary 15 GHz
140 ns 20 140 ns 10 cm
sub-pulse length odd bu\Ckeg\fen buckets befwcemen pulse length 1|40 ns o%ﬂ;sgsn between
{ ) \ / bunches <_><_pu)se gap / bunches
L PP ‘ LA [ [
1.6 s train length - 3.5 A current 1.6 s train length - 7 A peak current
G. Geschonke , EPACO0S8
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1. Drive Beam generation: T =)

U Combiner Ring

successive injection of 4 bunch trains into Combiner Ring

injection line 2nd

1% turn 0. septum . turn
e
2 deflector —_- .
- g—o -o—B-o0------ -0------- E—eo
local e PP e -
inner orbits
A
RF deflector /o\ /O\ ° /O\ / /.\. /
A A A
O 0 e 10
3t turn RN . 4t turn
"~~\\ ‘~‘~\~
_— —_—e
*0—fe----0----- s ceofe--0--0--0--0Heoceo
0. ___ o----""" T T el PRI -
AN
/ J /
A4
140 ns 10 cm
pulse length 140 ns between 140 ns 2 cm
«—> pulse gap bunches between
|||||]|||||||||||||||||| bunches
HHRIAESTAIT [ [T -
< > 1 train - 35 A
5 trains - 1.6 ps train length - 7 A peak current frain - 35 A peak current
G. Geschonke , EPACO0S8
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1. Drive Beam generation: T =)

o Injector complex

Delay loop « 2

Drive Beam Accelerator gap creation, pulse

efficient accelzration in fully loaded linac

b —

compression & frequency
multiplication

B Transverse RF

Deflectors ; ;
Combiner ring x 3
pulse compression &
Combiner n'ng e frequency multiplication
C 0 e 10 :
pulse compression & s O
fraguency multiplication
Drive Beam Decelerator Sector (24 in tofal)
'I_ Fower Extraction ?
Drive beam time structure - initial Drive beam time structure - final
il 240 ns
> 5.8 s
LLCCLE L T T L L] * : > >
0 ws total length - 24 =24 sub-pulses- 4.2 A - A NG
4G B0 om hetwean hunches 24 pulses — 100 A - 25 cm between bunches
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Electron Source

CLIC requirements =

Drive Beam Parameters (at gun)

Pulse length 140 us
Pulse reputation S50Hz
# of micro bunches in a pulse 2904x24
Bunch separation 2.00ns
Bunch charge 8.6nC
Beam current 4.2A
Mini-train length 240ns
# of mini-train 24
# of micro bunches in a mini-train 2904
Bunch separation 83ps
Bunch charge 8.6nC
Beam current 100 A
7-18 September 2009, Huairou, Beijing, China 41
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,',IE CLIC Drive Beam Sourcé=——cix~

» Two options for CLIC drive beam source
— Thermionic gun.

— PC RF gun.

» CTF2 (CLIC Test Facility 2) employ a PC RF gun.
» CTF3 (CLIC Test Facility 3) employ a thermionic gun.
» For real CLIC, both options are in consideration.
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1 CERN-CTF2 -

» Photo-cathode RF gun for drive and probe beams.

Electron
Srmission » High repetition (333ps spacing) bunch train for drive beam
Related by train generator.
PhySICS G66 ps cells 333 ps cells
high reflectivity mirror ]f S" O
Electron Gun ;1332 pscell f — 00
r I F— 00
input path ]|[ - ﬁ
C O e 10 LR N
50% reflectivity mirror § output paths
30 GHz
Laser high-cfzarge drive beam % 48 bunches power extraction g

3GHz 3.008 GHz 2.992 GHz Idler bunch

B E e N s U I.ﬁ TN -

q=1-14 nC structures

e = e S 2
P=45-32 MeV

Summary RF gun TWS TWS cavity COMPressor : o.=0.6 mm
low-charge probe beam .
~ - vy ¥y vy v
=¥ L Ry ats wis afatoats g
3GHz + 3 GHz ) I bunch 30 Glz >
RF gun ', TWS~travelling wave structure ' q,=0.6 nC accelerating
* ' 45 MeV structures
_ -v--l- -------- 4 o,~0.9 mm
ASCT train gencrator
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'.’I E CLIC requirements T

Pulse length 156ns
Pulse reputation 50Hz
# of micro bunches in a pulse 312
Bunch separation 500ps
LCs Bunch charge 0.9nC
Polarization 80%
Bunch length at gun 100ps
Peak current 9A

» A similar system to ILC based on Polarized electron
source with GaAs cathode is assumed.

» Less bunch charge, but high repetition rate and high
average current in a pulse is surely challenging.
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"b ( CLIC )

Electron
Emission

Related
Physics

Electron Gun

e- Source for L.aser for Photo-cathode

LCs

Summary
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ip )
o Laser for Photo-Cathode

» Laser is one of the most important element of the photo-
cathode gun, especially, the LC electron gun.

» Beam performance is mostly determined by the laser.
— Temporal structure : 1ns bunch length, 3MHz

repetition, 0.9 ms macro pulse.

— Beam emittance : 10 prad.

— Polarization :circular polarization and wave length
optimization around 700nm.

» A laser system, which meets fully LC requirements, is not
available commercially.

» Several candidates for ILC.

— Ti:Al20s : baseline
— Yb fiber laser : possible alternative
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l;IIE Ti:ALOs I iy

» Spontaneous mode-locking by Carr effect, bunch length >
17fs

» Wide band width for lasing (700-1100nm), wave length tune-
ability by filtering.

» Require 488nm light for pumping; SH of Nd:YAG/YLF is
employed limiting the efficiency from the pumping power to

the laser light.

» Luminescence time is 3.2 ms, which is not suitable to form a
long macro pulse.
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e Yb fiber laser (1) 0 v
JIF

» Double clad-core optical fiber.
» Light from InGaAs LD (940nm) is introduce to 1% clad for

pumping. Direct pumping by LD is very efficient and stable.

» Signal propagates in the inner core, where Yb ion is doped,
and is amplified by stimulated emission.

» Due to the long structure, power density can be low and
large limit on the high power operation.

1st clad

17 Pumping light
LD
Inner clad Yh ion laser sighal .
J. Limpert
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Yb fiber laser (2)

» The gain per length is low,

but the propagation is
quite efficient and the total
gain can be quite high.

J. Limpert, T. Schreiber, and A. TUnnermann,
“Fiber based high power laser systems"

. . 2000 4 2000 W =
» High efficiency, low-loss, 1800 -
hiah-power. verv stable 2 1600 1530 W
e Yo N e e
- . . = ] "
» 2kW CW amplificationis & 120 200w
achieved g 1000 tooowW
. -g 300: .BUOW
= 600 sesw w600W
© 400 270 W* 4 400 W
1 170W g
202- 5W. 92W 30.W mgw 150, qaszsx?w
1992 . 19I94 ' 19I96 ’ 1E;QB ' ZI}IDD ' 20I02 ' 2lJIEl4 . 2006
Year

Fig. 4: Power evolution of cw double-clad fiber lasers with diffraction-limited
beam quality over the last decade
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';,IE Laser Medium Summary S oy

SCwUCINNT aser Crystal Ti:Al203
mmssen | e length (nm) 700-1100

EECCENE VW ave length tune-

Physics | BNty Yes No
Luminescence time 3 us 1000
slectron Gur Pump light (nm) 488 940
e- Source for Marginal Excellent
LCs
: Excellent
Wa;/uﬂggfgeth 15 stability by LD
INELE PUIIpIng,
High power
Summary
Feasible, but 0
. ’ Feasible if the
SENEr can be tunable.
an issue.
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il 1L.C Baseline Design e

o

» Ti:Al20s mode lock + 3MHz pulse picker by Pockels cell
makes a pulse train.

» Macro-pulse amplification by Ti:Alz20s regenerative amplifier
pumped by SH of Nd:YAG.

» \Wave length is tunable. It is an extension of the existing
technology, but the stability is a challenging issue.

Output
Faraday Isolator Pulse
Input streacther

f- l
Pockels Cell HR

Cryogenic cooling bath Ti:Al203 ML
oscillator
A \ . y
Ti:Al203 Pumping light
A S Nd:YAG + SHG 7
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Pulse from Model-lock laser

Electron )

cmission | (200fs) is stretched to 1ns
for ILC Bunch. o StmPoition : HBee

Related B s S B

Physics

Electron Gun

2200 g/mm, BW 5 nm bW, OPD 516ps
OPTICAL SYSTEM LAYOUT
e- Source for
LCs .
2072 art- 33.628 ne Stop= 34,2698 ns
coasejirigger [Display lWfm Save{Delte
Summary
Retro reflector
A. Brachmann
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'.,IE Regenerative Amplifier oo 70

Cryogenic Cell

Electron
Emission ROC=15cm /

Related
Physics v

Electron Gun

TFP
e- Source for HR /2
LCs
Faraday Isolator
ase stretched Seed 3 MHz
N
7 / _ Pockel's Cell
and Driver
Summary
%
Output
A. Brachmann
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1L Yb:YAG fiber laser + OPA
» Yb:YAG mode lock and Pockels cell Pulse Picker generate
3MHz pulse train.

» Yb: fiber laser amplifiers the pulse train.
» NOPA (Non-collinear Optical Parametric Amplification)

realize the wavelength tune-ability around 700nm.
» It could be LD pumped-full solid super stable laser.

Yh:YAG ML Yhb fiber laser
oscillator icker

Photonic

Crystal

White Seed
Signal 780 nm

Idler 1500 nm Beam SHG
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in Nonlinear Optics (1) O A
JLE
By intense laser field, non-linear polarization is induced in a
material. In usual linear regime, the electric polarization is
P=¢,XE (5—1)
Non-linear polarization (up to second order) is
P:EOX(I)EJI—EO[XQ)(2w:w+w)+X(2)(O:w—w)]E2 (5-2)
Sum frequency 0 frequency
By the non-linear effect, second harmonics (2w) and 0 frequency
mode are induced. That can be understood that the square of
the fundamental mode is separated to be 2w mode and 0 mode.
P(z)occosz(wt)Z%Cos(2wt)—|—% (5-3)
SH 0
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in Nonlinear Optics (2) EEE e
"oy
The phase velocity of polarization and SH is
~ 2k, n, s 4 _k, n,
iso oo 574 Vimo o= (579)

ki and k2 are wave number, n1and nz are refractive index for each
modes. The phase velocity should be same for efficient SH
generation, because the growth is expressed as

. 2| Akz
SIn | ———
2 wﬁ (2w))2 2
A |E2| - 2 2 2|P | 7 z (5_6>
4601120 Akz
2

which is maximized by Ak=2k1-k2=0, when the phase velocity is
same for both modes. Usually, material shows normal
dispersion, that n1>n2z for w1 > w2 and the condition is never
satisfied. It is satisfied only with birefringence material.
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'.II E SHG: Second Harmonic Generatigi;ﬂ’ CLIC

» By focusing laser light in birefringence material, second

Electron . .

Emission harmonics is generated.

Related + ., = _
Physics W T, =W, (5-7)

» The phase matching condition should be satisfied for an

Electron Gun . . .
efficient conversion.

e- Source for nlwl_l_nlwl:nzwz (5—8>

LCs
W 2W
Summary
NL Crystal
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o OPA (1)

As reverse process of harmonic generation, high energy photon
can be split into two low energy photons,

(0, =W, T W, (5-9)

When intense w1 laser is given, w2 and ws light are amplified.
This is Optical Parametric Amplifier (OPA). The phase

matching condition is
Ny =N,0W,+N;W, (5—10)

w1 IS called as “driver’ in OPA. When w2 is what we want
(signal), ws is called as “idler”.

Electron Source 7-18 September 2009, Huairou, Beijing, China o8
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it OPA (2) T

» YDb fiber amplifier generate powerful pulse train in 1030nm.
» The fundamental mode is converted to SH, 515nm by SHG.

» The 515nm is driver in OPA. It can be converted to 800nm
signal and 1500nm Idler.

» The phase matching condition can be modified by changing

the angle between crystal axis and light direction. Wavelength
tune-ability is achieved.

» OPA make the wave length tune-ability possible with the
powerful Yb fiber laser system.

idler

white seed
— - sionl

driver Crystal
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i Summary (-
o

» Fundamentals of electro-emission and electron gun are
explained.

» Polarized electron is generated by photo-emission from NEA
GaAs cathode with circularly polarized laser.

» ILC and CLIC electron sources are DC bias gun with NEA
GaAs.

» Surface charge and space charge limitation should be
solved by cathode R&D and HV operation.

» Drive laser for LC is a challenging task.
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