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Introduction

¥ Layout of the Linac Coherent Light Source

¥ Special diagnostic needs for the LCLS
mBeam position monitors
mBeam size monitors and emittance measurement
mBunch length measurements

B Time-resolved measurement of slice emittance and
energy spread

mStability characterization

mElectro-optic clocking of electron pulses with an
ultrafast laser
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RF G _| -Sa las | i < .
- T1:5a laser RF Photolnjector 135 Ne\ I

—) - E—
Lo gy = 1mm mrad, g=1 nC |
Upstream linac ™ _ ! ¥ G, = 3ps, oz~ 0.05 %

Y

X-band harmonic cavity

Linacl e 4 : iy y
g < BC1 chicane 250 Me\
"y 0,=0.63ps

BC2 4.5 GeV S

Linac2 >4 .0, =007 ps
1 km =

'[Trans*\‘crsc deflecting cavity

LTU 14.1 GeV

o, = 0.07 ps, g5~ 0.01 %

1/3"4 of SLAC S-Band linac
120 Hz single bunches
14.35 GeV. 1 nC

Linac3

e 1.2 umrad. n . X-ravs
i 5.y H Undulator S 15 3&
200 femtosecond bunch length 7. =130 m oy
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Diagnostic Challenges

¥ Very low emittance beams yg, . I um rad
m Trajectory resolution as low as 1 'p.m in the undulator
m Beam size resolution 7 pum

¥ Very short bunches

¥ Measure longitudinal profile
mFrom 10 ps down to a few fs

F Measure time-resolved properties of a single bunch

W Slice emittance and energy spread — Key parameter for FEL
¥ All measurements are single-shot

W Synchronous at 120 Hz

F Femtosecond arrival time stamping against laser pulses

June 25-29 S~ Patrick Krejcik
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Commissioning Schedule

¥ First photo electrons from the RF gun April 2007

¥ Followed by beam to BC1, first bunch
compressor soon after

P 14 GeV electrons to end of linac last week

I Second installation phase begins September
2007

¥ Second commissioning phase December 2007
First FEL light expected 2009

June 25-29 S~ Patrick Krejcik
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LCLS Injector and First Bunch
Compressor Instrumentation

2-km point in 3-km SLAC linac T

-
o X-band RF BC1
Spectrometer acc. section

See TUPMSO04 P. Emma et al.

June 25-29 e e Patrick Krejcik
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LCLS Injector and First Bunch
Compressor Instrumentation

Laser di agnostics

B Image screens

Stanford Linear Accelerator CP.P'.IrPf

B Streak camera
B Auto-correlator

B Power meter

2-km point in 3-km SLAC linac T

-
o X-band RF BC1
Spectrometer acc. section

See TUPMSO04 P. Emma et al.
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LCLS Injector and First Bunch

Pressor Instrumentation
Laser diagnostics I 23 Beam Position Monitors

B Image screens 5

Stanford Linear Accelerator CP.P'.IrPf

7 YAG+ 7 OTR profile

L} Streak calmera &
monitor screens

B Auto-correlator
7 wire scanners

1 beam phase monitor cavity
I RF deflector cavity

2 Faraday cups & 4 Toroids

B Power meter

2-km point in 3-km SLAC linac T

-
o X-band RF BC1
Spectrometer acc. section

See TUPMSO04 P. Emma et al.
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Some Photos
Of The Injector Vault

June 25-29 S e Patrick Krejcik
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LLaser Systems
Image Acquisition and Steering Feedback

Al INz0 LI21 Llzz Ll2z3 Ll2z4 Ll2s Li2ze Li27 Liz8 Llz8 LI30 BSY1 LTU1 UND1 DMP1

All Please do NOT touch this screen unless you know what are doing!!! M6
BPM/Toro/FC/BLen [
Feedback Laser Scope... | Diag_Camera Diag Mirror v Transp ort
LERICS e Tube
Profile Monitor Laser Room
Tunnel IN20 |
Wire chnner Fit? Fiti LC2 FdBk Loop1
Collimator/hotion
i i = J*OO@
. L
Event c::::.
+ FIt1
Network e | <=
. Flt2
Watr/PwriGas/Smok VCC
Vacuum - Y
Temperaque FdBk Loop2 |
MPS Laser Power M2 #
PPS -
BCS To The Cathode

'PRODUCTION 04/13/2007 17:56:14

Patrick Krejcik

June 25-29
pkr@slac.stanford.edu
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LLaser Systems
Image Acquisition and Steering Feedback

Al INzo Llz1  Lizz LIz3 Llz4 Llzs Llze Li27 Ll28 Lleg LI30 BSY1 LTU1 UND1 DMP1

! Dlanca sa MAT tasich this screen unless you know what are doing!!!

M6

Vecal Mmltr Beam Code

Sk I . Tlloa— re vt s

1.972 mm 40000

Expected (S

peEe || 20000 M Camera Diag Mirror

1000 f : -'\. 9 Laser WP Tl'al'lsport
Ditference 0 I L | I"I R B LA LR Ii R TR S5 L B I e | Tube
0 100 200 300 400 500

ior CAMRIN20:186 07 -Apr-2011 22:31714

Profila Moni

| Lock

FdBk LoopT |

Fitz FIit1 LC2
wm| | €2 = O O @ M5
Maise Ratio LC1
1 M3 Fit1

7 D

L

June 25-29
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FdBk Loop2
C1
*s

3.016 mm '
40000 Expected
30000
20000
1mg Difference
0 00 200 300 400 500 GO0 700 lasr_in20_main.ed| 04/13/2007 17:58:14
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LLaser Systems
Image Acquisition and Steering Feedback

All | INz20| Llz1 = LI2z2 Li23 Li24 Li2s Li2e  Li27 @ LIg|

s rg;: e waET aea e MOT tauch this screen unless you kr o .
y CAMR:IN20: 186 preveery || remerrey | 57 71 e gy .
Current
1,972 mm _ ‘F%bltf64ﬂx480 .
- N T - - b s )
SEeses _amera Diag Mirror [
Difference : T
0 100 200 300 400 500
Profile Monitor CANMRIN20186 07 -Aps-2011 22-3114 | Lack
w (=]~ {y 1y 7
Maise Ratio L6 LC1
N =,
— P
FdBk Loop2 | '
L
3.016 mm ' C1
40000 Expected .,
30000
10000 | i Difference
5 i
0 100 200 300 400 500 60O 700 lasr_in20_main.ed| 04/13/2007 17:58:14
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Laser Temporal Profile
8 ps fwhm — see TUPMSO054 H.Loos ef al.

Cross correlator Streak camera

X-Com Scan - []

= oD@ —

10 12 14 16 18 20 22 24 26 28 30 32 M % ¥
Location [ps]
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Beam Position Monitors

¥ Striplines F Cavities
B 144 1n the linac and beam lines m Between undulator modules
m Filter and digitize the baseband m X-band TM,, mode
signal B Downmix signal and digitize
m Calibration scheme feeds test the IF
signal on adjacent strip
‘ Waveguide

June 25-29 . N Patrick Krejcik

PAC 2007, Albuquerque NM s Tl pkr@slac.stanford.edu
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~ ..-—x{‘ Calibr atlon response
&

P | /A0S

;I R A / \
_ U oo oy \Beam response
+—A/4— §. % \
- : :‘ L \ »
Stripline ko f
i 700 MHz
',"ﬁ“\\ //‘%/_/ 140 MHz D|g|ta| Control
- s e ——— »{ %’ ADC *| processing [system.
y RFE in % o y
& }U > b
110 MHz
BP filter 119 MHz

Clock
241" harmonid
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1g1tal BPM signal processing

ke ..-—\{‘\Cahl:»l atlon response

\

;I R \'I. / \
B i R A YRR g \Beam response
+—A/4— § B \
S | ro— L ¢ \ .
Stripline Lo
¥ | 700 MHz .
',"ﬁ“\\ //‘%/_/ 140 MHz D|g|ta| Control
- N — a{ %ﬁ ADC [—| processing |system
= REin | X | x4 : |
& }U > E b
110 MHz prozems ’
BP filter | 119 MHz
: Clock
: 241" harmonic
C-band ' F
cavity .
i ~5 GHz Mixer IF
Dipole
mode 1
coupler LO

sync'ed to RF
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1g1tal BPM signal processing

ke ..-—x{‘ Calibr atlon response
&

;rl' \\ i !Ir \"I. / \
____________________________ YRR YN \Beam response
+—A/4— §. 2 \
- : :‘ L \ »
Stripline ko f
i 700 MHz
'."ﬁ“\\ % 140 MHz D|g|ta| Control
. R — »{ %ro ADC *| processing [system
y RF in % | il y
& ?,_, > E b
110 MHz P '
BP filter | 119 MHz

Clock

241" harmonid

C-band ' F * hoise (resolution) minimized
Cavey | by removing analog devices in
~5 GHz Niar Fo| front of /_%DC that cause
] _ | attenuation
Dipole . * drift minimized by removing
mode : ; :
e v active devices in front of ADC

sync'ed to RF

June 25-29 Sy Patrick Krejcik
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Beam Position Monitors

LCLS Subsystems and Areas: gadc in20 | Help...| | Home Screen..| | Exit |

L1300 LTUT UND

Schematic

FCoi
IMOD1

2

GUN } BPM3 |

Feo I TE] 0051 nc |

BFM13|

CRAT-INZ0-BPO1
CRAT-IN20-BPD2

CRAT-IN20-IMO1 | | ACSwW-IN2D-IM01 | | Dark Current |
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Beam Position Monitors

LCLS Subsystems and Areas: gadc in20

BPM/Toro/F C/BLen

Schematic

CRAT-INZ0-BPO1
CRAT-IN20-BPD2

CRAT-IN20-IMO1 | | ACSW-IN20-1MO1 |

June 25-29
PAC 2007, Albuquerque NM

BPMS:IN20:221
alias BPM2

Satus

2 Position, ¥

FPosition, ¥
TMIT

Status Summary

Stripline BPM Diagnostics

\ Conitrof
U Offset

W Offset
Scale
Rotation
Axes Ang.
TMIT Scale
ATT1

ATT 2

Detected

Amplitude

IHnme Screen.,,l [ Exit |

Calitration
Gain Ratio U

Gain Ratio ¥V

Gain Ratio L/

ATT [dB] b_=

Patrick Krejcik

pkr@slac.stanford.edu
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Synchronous Acquisition to measure Resolution

BPM 20525 Y vs. Pradiction
500 T

5&]_

S. Smith et al.

A i | H H | i 1
* i H H H i H i
50K p H H : ' H _ :
B L e e e,
' ' H \ | '

1 |
g E?ﬂ 50 2l 550 %60 510 580

June 25-29

PAC 2007, Albuquerque NM

L

P Simultaneous

measurement of all
BPMs

F Fitted beam position
versus measured
yields resolution

P 2 microns
F at 400 pC

Patrick Krejcik
pkr@slac.stanford.edu
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Cavity BPM with TM,, mode Selective Coupler

X-Band F Dipole mode:

signal

‘ﬁ* m TM,, at 11.424 GHz

F Magnetic coupling to
waveguide:

B Horizontal couples to vertical
port

F Waveguide does not couple
-, . to fundamental TM;, mode

/ _ - - | . agmm
sional - Sensitivity
/ :"ﬂ”n (ff-,. I) - \/C_IJZ“

m 1.6 mMV/nC/mm

ﬁ w[lkfn\'yxz
I+5 0

Inner volume of
cavity and coupler
Zenghai Li

June 25-29 - Patrick Krejcik

PAC 2007, Albuquerque NM s Tl pkr@slac.stanford.edu
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TM,, Selective Coupling Scheme
waveguide
- |
7'4_:_' : ‘

Courtesy Zenghai Li

Beam pipe  “M”
coupling

P First beam tests have
begun at ANL (R. Lill})

June 25-29 - Patrick Krejcik

PAC 2007, Albuquerque NM T 1 pkr@slac.stanford.edu
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ANL Undulator Cavity BPM

Cavity BPM

Miteq X-Band Low Noise Receiver

s ~

IN-TUNNEL
ELECTRONICS

June 25-29 o TR Patrick Krejcik ij::ff:d
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Profile monitor

LCLS Subsystems and Areas: prof in20 = ol = _)_(_I
LCLS Subsystems and Areas: prof in20 [ rop_| [ tiamo servon || | et
Al IN2O | LIZ1 | Lizz | Liz3 | Liz4, Lize

S L e L e et sevee | - control and diagnostics through

EDM screens
OTRSSGE 3T 'l
. —M" . .
L7 i, 1
ruz |.'w,|- s ﬁiﬁl
m (ool |7 Faz Tl
_____ Tl [l |5 oemt [ = -
| S| o [

| Com| G702 | Tol [ouie

Profila Monitor YAGS: IN20:841 123-Apr-2007 12:36:53

100 pm thick YAG:Ce Crystal

y (Pixel)

Gun spectrometer
YAG Profile Monitor Screen

200 400 800 200 1000 1200

June 25-29 . Patrick Krejcik [y \
PAC 2007, Albugquerque NM P 1 e

pkr@slac.stanford.edu
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LCLS Subsystems and Areas: prof in20 " ___[_“I;IJESJ
LCLS Subsystems and Areas: prof in20 [ Hatp__| [ Homs Sereon =

Al {INzo| LiZ) | Li2z Liz3 Llz4 | LI2s LIZ6  LI27  Li28 | LI28  L130 BSY1 | LTU1 UND1 OMP)

= UnigVision UNI@
W' 12 bit, 1.4 MP

Lame Conbrol

15 fps
Cameralink

Frl1 oo
Tot [cure
Comn| QTRGE]
===

FRZ ] ‘

Profila Monitor YAGS: IN20:841 123-Apr-2007 12:36:53

100 pm thick YAG:Ce Crystal

RCX Camera link
extender over
fiber optic

y (Pixel)

1200

" -'- " : . £ e Stanfor
June 25-29 — Patrick Krejcik ity \
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Proile monitors

' Poster
L 3 |
FRPMS071 R Patrick Krejcik
i H LOOS : pkr@slac.stanford.edu




|

Stanford Linear Accelerator Center

Stanford Synchrotron Radiation Laboratory

Profile monitors
iBeam line assembly | B t|cal as

semb

L 11}

el

FRPIVISO71
y H. Loos L




N
[ /] L:'—

AN ——

Stanford Linear Accelerator Center

Stanford Synchrotron Radiation Laboratory

3-screen OTR Emittance Measurement
135 MeV. 200 pC

Emittance Scan on OTRHS:IN20:541 OTRSIN20:621 14-May-2007 23:458:51

Phase Space

T T T T T T ¥l L T
2001 ve, = 1.54* 0.05( 1.00) [ By
B,= 1.02+0.05( 1.11) m 80 . X =
180F . o« = 0.02+0.03 (0.06)
F,x = 1.00+ 0.00(1.00) 6o | -
180 -
40 F
140 4
i 20 -
§ 120} Il 5
2 =
@ I | - - .
e 100 ?
5 <
_2D - -
80 i ST dift ]
sopcreen Screen Screen| —40
1 2 3
40[ (waist) . -60 | 2
20 B 20} o =
0 1 1 1 | 1 1 e P .l- 1
-2 -1 0 1 2 —-100 -50 O 50 100

Position (mj)

Position (um)

June 25-29
PAC 2007, Albuquerque NM
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BC Chicane OTR Screen

=Energy spread in BC1
= at -40° off crest

*(4.1 mm)/(230 mm) = 1.8% rms.

Profile Monitor OTRS:LI21 237 13-May-2007 181152

1 pm thick Al foil

y (Pixel

200 400 600

800 1000 1200
x (Pixel)

June 25-29 P Patrick Krejcik
PAC 2007, Albuquerque NM — ;

pkr@slac.stanford.edu



y (Pixel)
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Stanford Linear Accelerator Center

"BC Chicane O

=Energy spread in BC1
= at -40° off crest

*(4.1 mm)/(230 mm) = 1.8% rms.

Profile Monitor OTRS:LI21 237 13-May-2007 181152

1 pm thick Al foil

600
x (Pixel)

June 25-29
PAC 2007, Albuquerque NM

800

is and Areas: mc li21

Beam Ling Motion and Collimator Control

BC1
BMLN-LL21255

Bunch Compressor 1

-::En...].

Firee Control

Chicane
Mode

(Y
260.0000 mm
1 -
[28608 mm

Y Saatln
~5.0000 mm Hddbace
swagnt @ EIN
Mode

Patrick Krejcik
pkr@slac.stanford.edu
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TR Screen

(v | [romsenen | [

|

Requesten:

[ZZ9006C wm

Currenfly:

L
pol;

Magnets

BX11.BACT

BX1ZBACT

BX¥13BACT

Bx14 BACT




Direction of
motion

¥ Updated EPICS controls
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X m" Wirescan on WIRE:L121 293 08-Jun-2007 19:56:29 B Elsed on GXIStlng
° ' ' b o ! SLAC mechanical
.| xmean = 0.77 mm E | . )
515 ymean = 0,00 mm design (E. Bong)
5 4L xrms = 401um Il
] .
= yrms= 0 pum " 5
Jgsl jitt ecli d
205 o jitter correction \\
R il | | i
-1000 -500 0 500 1000 1500 2000
WIRE Li21:293 Posilion (um)
¥ 104 Wirescan on WIRE: LI21-293 08-Jun-2007 19:56:29
o= 2 | I | T T
E xmean = 0.79 mm s e
2 151 ymean = 0.00 mm * i
5 1| urms = 411um il
i yrms= 0 um .
S 05k “+ Charge correction § |
s M---'
E 0 TP T | 2 " : : . ) L
-1000 =500 0 500 1000 1500 2000
WIRE LI21:293 Posifion (um)
w10 Wirescan on WIRE 1121293 08-Jun-2007 19:56:29
2 | | | ]
exl xmean = 0.79 mm o | interface

ymean = 0.00 mm
xrms = 403um
yrms= Q0 um

~ =" Charge and jitter correction

PMT: Li21:301 Sigral ()
T

0 1 1
-1000 =500 0 500 1000 1500 2000
WIRE LI21-293 Posiion {um)

June 25-29

PAC 2007, Albuquerque NM

P Pulse-by-pulse
compensation of bunch
charge and trajectory
Jitter

Patrick Krejcik
pkr@slac.stanford.edu
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Two types of beam size measurement

¥ Profile monitor screens gives complete
transverse profile of beam on a single shot

mBut inserting it in the beam is disruptive to FEL

¥ Wire scanner gives projected X, Y, and U
profiles over several consecutive shots
mBut is minimally invasive

F Redundant measurements are good for
commissioning

June 25-29 S~ Patrick Krejcik

PAC 2007, Albuquerque NM e pkr@slac.stanford.edu
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RF Transverse Deflecting Cavity

. 24m 30MW g =
51 & | NCEEERREGI0D — A e

An S-band DLW structure with a

TM,, transverse deflecting mode
at 2856 MHz

0o TN TN
o W

N
Bunch length

Bunch Length  0901t0035mm  3.080+0119dey r35=-0.052+0033
TCAVD -112deqS 68 cegS S0000ab
OTR2  0.277£0.010 mmideg
5-17-2007 1911250

Absolute calibration

T-Cav. T-Cav. / | e '
w T-Cav. o-2mtondge .
_ \ Off On - /
Centroid
Y-position
i Cy
20 ’/,
i T-Cav.
_ of
RF Phase (- : ! 1

June 25-29

PAC 2007, Albuquerque NM

TCAV amplifude (nom.)
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Slice up

g Slice Emittance on OTRS:IN20:571 19-Jun-2007 13:33:00RMS cut area
Image = 2.5'" - B T T T 1 T T 0
: : ——— Emittance
Current
EMAG
2._ —
se &0 Emitlance Scan on OTRSIN20ST 18-May-2007 1014 44RMS ¢t area Phase Space 5_ 1.5+ 1
mer = 115£003( 1 j.f:;m 40 &, -' E ® rll
B = 722¢030(5280) M = |
u = -100t 00667 F1) ‘E '
& =304 15:15'.j 1.00) i w J'
200 g, =177.21£ 6.2 E e ; l!_
o @, = 3468407 o 3 & |
Xslice r _ ,J e
- 10 1 |
§ o g Reassemble , 1\ !
g 5 ; 4| : a8l
$° slices | | R
E * :f : ; \ {
100k 10 | : i /
f T
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T-Cav Slice Energy Spread Measurement

Screen at high

dISpifEQslofftﬁn Slice Energy Spread
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Transverse Detlecting Cavity Installation
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Transverse Detlecting Cavity Installation

¥ Injector uses a short.
40 cm S-band
traveling wave
structure

F Asecond 2.4 m

structure 1s located
downstream of BC2

A
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T-Cav Measurement of LLRF phase jitter

Measure transverse position, shot by shot downstream of deflecting cavity

Stanford Synchrotron Radiation Laboratory
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Coherent radiation bunch length monitor

« Radiation monitoring port at exit of bunch compressor chicane
« Preliminary results show good correlation between pyro-electric
detector and the bunch length

Filters & Detectors

collecting
mirror

Coh. Diffraction Radiation
+ Coh. Synchrotron Radiation

-+ Cotl Edgz radiztior

Compressor chicane

See H. Loos et al.
FRPMSO0O71
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First bunch length monitor data

B Wavelength range to determine
bunch length: 0.3 — 1 mm

P Radiation form factor depends on
rms bunch length

Linac L1 Phase (degree)

¥ Bunch length after BC1: 60 — 200 F Measure integrated coherent power
Hm and use frequency filters |
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Electro-Optic-Meas'd Timing Jit

Mumber of pulses

Timing Jitter
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— A. Cavalieri et al.
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Summary

¥ Challenging to provide single shot
measurements with high precision

¥ Implementation of new techniques for bunch
length and time-resolved measurements

¥ Room for new techniques to be developed!

F Still to come

mPhoton diagnostics in the FEL
mOptimization of SASE operation
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