Lecture 12:
Architecture of An Injector for
4" Generation Light Sources

D. H. Dowell, SLAC

. The objective of this lecture Is to describe the
components and their functions of a high-brightness
Injector for SASE light source.

. The student will learn what is required to meet the
stringent beam requirements for 4™ generation light
sources operating in the x-ray region. The LCLS
facility is used as the archetypal light source.
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LCLS Design Parameters

Fundamental FEL Wavelength 1.5 15 A
Electron Beam Energy 13.6 4.3 GeV
Normalized Slice Emittance (rms) 1.2 1.2 mm-mrad
Peak Current 3.4 3.4 kA
Energy Spread (slice rms) 0.01 0.03 %
Bunch/Pulse Length (FWHM) < 200 < 200 fs
Saturation Length 87 25 m

FEL Fundamental Power @ Saturation 8 17 GW

FEL Photons per Pulse 1 29 1072

Peak Brightness @ Undulator Exit 0.8 0.06 1033 *

* photons/sec/mm?/mrad?/ 0.1%-BW
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LCLS Accelerator Schematic

Commission Mar-Aug 2007 ) Commission Jan-Sep 2008
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SLAC linac tunnel

research yard
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X-rays in spring 2009
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LCLS Injector Layout

® OTR screens (7)

® YAG screens (7)
m Wire scanners (7)

B Dipole magnets (8)
[] Beam stoppers (2)
B S-band RF acc. sections (5)

2-km pointin 3-km SLAC IinaCT

135-MeV ' X-band RF TD11
Spectrometer acc. section stopper
(not to scale) 135 MeV 250 MeV
o,~1mm o, ~ 0.2 mm
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Gun-To-Linac (GTL) Section
-

Main
solenoid

Bucking _ gt
solenoid NN L

= UV Drive

Laser
YAG screens




Laser Room and Injector Vault

Laser room Linac gallery
(recent construction)

Linac enclosure

BEAM DIRLECTION
SEPT. 01, 2006

S cables run down through
penetration enclosed by RF Hut

BEAM DIRECTION

ctor véult/
e‘l»
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Thales Drive Laser System

Measuring 150-200fs ] 1.0mx1.5m breadboard
phase stability from osc. |
—————————————————————————————————— i 119MHz >300ps i
1 >600mW 5nm :

Femtolasers Synergy "2 0Ll o etcher ————| DAZZLER i
Oscillator ; | :

T4W Regen Amp |¢———
. | Spectra Physics | 1 1 5mJ. 120Hz 120mHZ i
| MILLENNIA Vs ¥ ' ’ 1 |

e : Pulse Picker | JEDI #1

>1mJ, 120Hz §

| 100 mJ,120 Hz

Pre-Amp |
| 4-pass Bowtie | 75mJ |
| >22mJ, 120Hzl 120 Hz;
~12m to cathode o m e mm e e mmm—m - LTI ZZZZZZZZZZZZZZZZZZZZZI
uv i — i
! Amplifier ! JEDI #2
Transport [« THG ¢ mpr r|< [ ;
P i G Compresso 2-pass Bowtie | 80mJ !| 100 mJ,120 Hz
to Cathode | >30mJ >40mJ 120 Hz'
>0.4mJ. 120Hz etz 120Hz . A20Mz . :
' ’ 1.0mx1.5m breadboard
255 nm

Updated figure compliments Ph. Hering
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RF Photo-Cathode Gun

1.6-cell S-band (2856 MHz - BNL/SLAC/UCLA)
Copper cathode

120-Hz repetition rate
140-MV/m cathode field (max)
Axially symmetric RF fields
Dual RF-feed
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—e—cylindrical cavity

—a—racetrack cavity with
4=0.124"

—a—racetrack cavity with
d=0.14"

——Tracetrack cavity with
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Laser stability vs. time

Drive Laser

1.1% charge stability at 1nC, 2% is spec

Performance * LT
E | *’* k2 + * **** *_
b * *i* +* ** :* *** **** *
o - agn - . _fi 0. g _*9; + . *%#*** - # x * . & |
Laser reliability is very good: Up-time > 90% R PO A s o aR g }‘*
-Excellent support from Thales & Femtolasers = PRI it A Y s 20 1
" - " " Y CA : :— * ﬂ"_”; - 3 *****i *x : *i* t-_
Delivering > 400 microJoules to cathode (250 is spec) 5~} B % T Tl dan s o
*Shaping needs work, but still producing good A S-S L
emittances 17 s ’ -
° HH (1) . *
Excc::'l_lent enef'g_]y stability (1.1%) . e T T T L T
*Position stability on cathode, ~10-20 microns. TIME

CTEF VARTAELE = TIME <CSTEPS=500 DELAY=.10000
X-Correlator Measurement of Laser Pulse O-RUG-0T 22:33:36

H-Corr Scan - [KCorScan--2007-05-21-131722.mat]
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RF Phase & Amplitude Stabillity

Gun:
rms amplitude error = 0.018%
rms phase error = 0.032 deg$S

Linac:
rms amplitude error = 0.056%
rms phase error = 0.108 deg$S

GLUMN AMPLITUDE, Mean value =5 3939, Relative error=0.018 %.

L15 AMPLITUDE, Mean value = 133.15. Relative emor = 0.056 .
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Viewing the Cathode and Laser Mirror
Surfaces

Diffuse white light source
vA¢
<}Q<\'>

Incoupling Mirror

»
»

Outcoupling Mirror

Cathode Surface Zoom Lens & Camera

*Changing the zoom allows imaging of the mirrors and cathode surfaces
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Imaging Cathode Emission on YAG at 5-10 pC

solenoid: L, K

L1 { \ \ L3
cathode |‘ X"Z
v
1,0 0)c > sc 21,0 0fga, O % Y1 o0 o0
K K OSIn¢eXit 1 0 O
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" Tlo 0 1L -§* . SClo 0 1 L 0 0 1 Olo 0 1 L
3] —SC c = ? E, sindg,, '
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41 image of cathode N
yx-magnification, R;, Pts
See: D. H. Dowell, E. Jongewaard, C. ) 4 |
Limborg-Deprey, J. Schmerge and A. 7
Viieks, “Measurement and Analysis of P v
Field Emission Electrons in the LCLS 0 _\ ,,,,,,, e
Gun,” Proceedings of PAC2007. =
.-’ l l
Rt o7 | \ |
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Cathode Uniformity:
Comparison of White Light & Electron Emission Images

June 6, 2007

White light cathode image June 2, 2007
Electron beam image of cathode @ ~9pC

Grain boundaries Profile Moritor ¥AGS:1M20:24 02-Jun-2007 15:43:45

a0

120

100

160

40

Feature produced by high-power
conditioning in Klystron Lab

¥ [mim)

*Emission is very non-uniform on the 10-micron scale
*Perform ~weekly inspection of the cathode surface
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reaun 20 LCLS RF Systems R. Akre, SLAC

6 MV, 115 MV/m

R P |
Laser 30° from zero-crossing 1k

LOA (20-7)
57 MV, 19 MV/m
on crest

LOB (20-8)
72 MV, 24 MV/m
3° off crest

L1S (21-1) L1X (21-2)
147 MV, 20 MV/m X-band
25° nominal chirp 20 MV, 33 MV/m
SLED 160° nominal
50% i 25% i 25%

T-Cavity (20-5) Bunch /
1.4 MV, ~4 MV/m Compressor #1 PHO02
A 8@5htiansvetise Injectors for Lecture 12 Beam phase
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Bunch Length Measured
with Transverse RF Deflectors:
One at 135 MeV & Another at 14 GeV

RE off-axis screen
‘streak’ \

=
-
-
—
-
-

single-shot, absolute bunch
length measurement

Deflector used to measure:

1. absolute bunch length,
2. time-sliced x-emittance, and
3. time-sliced energy spread
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Transverse RF Deflector in Injector (135 MeV)
(55 cm long, ~1 MV)
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BC1 Chicane in Linac Enclosure
Chicane length 6.3 m, 250 MeV, 5° bends
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Coherent Edge Radiation used for
L1s-linac RF phase: COMpPressor Diagnostics

Detector D | Coherent
Imaging —— edge

V| e

/ wmiror | detector after
BC1

BC1
BMLNLRIZ5

used to drive bunch length feedback
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Find the X-band RF Structure in the Linac

Length 60 cm, 20 MV, -160°

L= -

Compliments
P. Emma
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BC1 Chicane Emittance Growth

quads

93 14-Aug—2007 22:23:28Gaussian Phase Space

poor bend field quality correctn, . Dbestemittance transfer

1 ' 150} B0 [
d T B vsgrEponG ! R —
O*q Ua S _________ | ¥e, = 1566+0.02(1.00) um 3
FT T T B, = 087+002(095) m 80
/g Off \/ o = —0.37+0.01 (—0.00)
B / g = 1.08+001(100) -
I ’I = GZ( = 5429+ 0.79 um
< S ok \ o -
= ! 2 : = wire
. I le) == g
o -3+ l' o g = sl ;
g ,: X - % scanner /7
= / © @ = L y
i N £ \ -
E \‘ 50|
50 o Y —40
[ ®
BlueI (CQ1 1:-0.578 kG, CQ1 2|: -0.573 kG ; Red (CQ1 1|:CQ1 2=0) _sol
200 210 220 230 240 250 i A
BC1 X-Mover Position (mm) _sol S/ |
- - 0 - - - - . L L -

read BPMs while scanning BC1 mover I — e

B Best y¢ after BC1 with nom. (& more) compression is 1.6 um (& larger)
B Poor bend field quality (grad. + sext.) — AE/E scan shows 15t & 2"9-order n
B Screen image biased by COTR — wires vibrate — variable results (& iny)
B Bends will be upgraded in fall ‘07 + proper chirp set (now >2% — 1.6%)
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Transverse Cavity (RF-Deflector)
Measurements of Bunch Length

Deflector ON
Deflector OFF Deflector ON in Dispersion Region

Gu
Spectrom

~
X-band RF BC1

acce. section
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Linearization of Longitudinal Phase Space
Measured Using the RF Deflector
& OTR Screen in Center of BC1

X-band OFF X-band ON

Gu
Spectroir

-
BC1

X-band RF
acc. section

y TaT;
” ] High Brightness Electron Injectors for Lecture 12
’ Light Sources - January 14-18 2007 D.H. Dowell, S. Lidia, J.F. Schmerge
IRt



Bunch Length Measurements
at 135 MeV & 15 GeV

Bunch Length HMHM;&% 338 pgo dgﬂsgsiﬂ-gﬁ ;ngg ?Esnﬁ:goaifn geg r35=0.202+0.124 Bunch Length  FivHi=1 596 ps 01670007 mm  0.571:0.024 deg  r35=-005520.029
i - TCAY3 —13degrees 167 degrees 551 %
Average TORO TMIT: 610AI0677A Nel Bunchlength FWHM=0835ps D058:0008mm 01970029 deg  r35=-0.004£0.040
oTR2 u_.zsz:u.uﬁar?;meg_ Cairation Time: ua-'_gug-zcu?_ 21:3323 PR-TCAY3 U_SVSQEBB?%emTﬁ,E%TM&lﬁaﬁgﬁsﬁtf‘%_og_mm 192503 e enat TC " 13 tdetrees 1.rgr7ndeg'ees+ e :
o0 Measursment Time: 08-09-2007 21:35:44  Imags Processing Agoithm: RMS floor Measurement Time: 05-09-2007 20:08:06  Image Processing Algorithm: RMS focr PrTeava O afg.i\éeﬁgzengEggTM&ﬁﬁg%ﬁﬁiﬂ%_ﬂg_mw 19250
' ' - ' ' ‘ T T T ‘ Measuremert Time: 03-09-2007 2014:25  Image Processing Algorithm: RMS flacr
| q, = 7412124 pixel _ ] 0 1 = 35462 1.14 pixel 9 T T T T T
o : = 376+ 004 degree t,= 0.57+ 002 degres ol o, = 34.74£ 083 phel |
ank i ol . . | ‘k““-*-&__i_ o= 0.204 0.03 degree —
: g 35k e — E
I ] eam Energy 15 GeV
™ Beam Energy 135 Me sof BC1 Desi ng f 1, Beam Energy 15 Ge
Z ol 1 - esign Compression [ . i
3w 1.10 mm rms 5 9 P 5 Max Compression
| | Bl 1 Bt 1
B 8 — . 0.058 mm rms bunch length
2 A
£ ol e 0.167 mm rms bunch length 2 L1X at -30 deg -
| L1S phase = 25 degS I = ]
ol | i phase eg
. ot L1X phase =-20 degX . . L1X phase = -30 degX
L J . > L _ ]
Klystron drive at 60%. Klystron drive at 60%.
1aF 1 10k g s J
r o iy 0 25 ] o | . | | . 1 1 0z 5 s 1
TCAY amplitude (namm ) -1 -05 0 05 1 - B TC Ay ampitude (rom ) -
TCAY amplitude (nomn )
FV\HTJT%D_?;I.BP,ZQﬁI%:ggD_s?SﬁgSS T e e Tempord Profle -12.9 decress 05-09-2007 20,0805
P FitHM=1 £98ps =0858ps Q=0.967nC | ~S23519 4
'9 / A —_—> T T YT y : y y Tempord Profle -12.9 degrees 08-09-2007 20:14:25
— > FHM=0.596ps =0192ps Q=0981NC | <851.135 &
ank 4 soor 220 A 1 —9—5-0 i - u .
Ll
800+ A -
aol 1 a0
a0 .
ol | e
oo —
350
B0- 4
- 600 E
T z am
2.0 ] =
B o 103 ps K— B £ ]
E: 5= z
40 ] “ 400 g
200
ok 1 0 1
150
20 1 200 4
100
10F - 100 -
a0
135 MeV 15 GeV :
1 " L L L 1
. 5 i _ 5 2 25 05 1 15 2 25 3 35 4 45 5 s o) 28
time (p=) time (ps)
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High
Light

Design and Demonstrated Parameters

Parameter sym | dsgn | meas. unit
Final injector ¢~ energy mnc? 14 16 GeV
Bunch charge O 1 1 nC
Init. bunch length (fwhm) | Af 9 11 ps
Fin. bunch length (fwhm) | A#, 23 | 04-10 ps
Initial peak current Lowo 100 100 A
Projected norm emittance | &, 1.2 1.2 {m
Slice norm. emittance 7€y | 1.0 0.9 Hm
Slice energy spread (rms) | y&', | <5 <6 keV
Single bunch rep. rate f 120 | 10-30 Hz
RF gun field at cathode E, 120 110 | MV/m
Laser energy on cathode U 250 300 ul
Laser wavelength A 255 255 nm
Laser diameter on cath. 2R 1.5 1.7 mm
Cathode material - Cu Cu

Cathode quantum eff. QOF 6 2 107>
Commissioning duration - 8 5 mo
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