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1. LCLS Project Overview
2. Injector Commissioning
—  Laser, Gun, Cathode, ...
—  Electron Beam Measurements

—  Some interesting beam physics ...

3.  Comparison with simulations
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PART 1:
LCLS Project
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Linac Coherent Light Source at SLAC
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3" vs 4 Generation Light Sources

e

o 7 O i P
APS,USA  ESRF, Europe Spring8,Japan + newer SLS, SPEAR3,SOLEIL...

~ 15 years old

JGLS > 4t GLS L

Peak Brilliance 5.10% 1033

Coherent flux 109 /s /0.01% 10" /s/0.01%

Pulse Length c ~ 10ps c ~100fs (*)

(*) or less with less flux under =
construction O , : % ”ﬁi
X-FEL,Germany SCSS, Japan LCLS, USA
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4t Generation Light Sources

Peak Brilliance 10 orders of magnitude > that of 3" GLS

2 from s bunch length (10ps = 100fs)
2 from s in horizontal emittance (3nm-> 0.03nm)
1 from smaller divergence (SASE)

2 from longer undulator (~ 100m)
3 from FEL gain (SASE)

But: 34 GLS
High repetition rate & High average brilliance
Stability decoupled from that of injector
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Nominal LCLS Parameters

Fundamental FEL Radiation Wavelength 1.5 15 A
Electron Beam Energy 14.3 4.5 GeV
Normalized RMS Slice Emittance 1.2 1.2 mm-mrad
Peak Current 3.4 3.4 kA
Bunch/Pulse Length (FWHM) 230 230 fs
Relative Slice Energy Spread <0.01 0.025 %
Saturation Length 87 25 m
FEL Fundamental Saturation Power 8 17 GW
FEL Photons per Pulse 1.1 29 1012
Peak Brightness @ Undulator Exit 0.8 0.06 10%3*
Transverse Coherence Full Full

RMS Slice X-Ray Bandwidth 0.06 0.24 %
RMS Projected X-Ray Bandwidth 0.13 0.47 %

* photons/sec/mm?2/mrad?/ 0.1%-BW
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LCLS e-beam requirements

e e = 1.2 mm-rac
1010_ 1:§mm-mrag l - > P= PO
8- 1.8 mm-mrad SN = 20 mm-l’ad
A P = Py/100
~ 109
104
0 20 40 60 80 100 120
courtesy S. Reiche [m]
» Slice emittance Exyn < 1.2 mm-mrad
» Slice energy spread G5 < 104
 High Peak Current 34KkA (o,~150fs)
o Stability dQ/Q <2% rms (P~ 30

%)

SUAC LCLS =7
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Nominal LCLS Parameters

Single bunch, 1-nC charge, 1.2-um slice emittance, 120-Hz repetition rate...

6 MeV 135 MeV 250 MeV 4.30 GeV i 13.6 GeV
GZzO.83 mm crzz0.83 mm GZzO.19 mm GZzO.OZO mm IGZzO.OZO mm
05~ 0.05 % 05~ 0.10 % 05~ 1.6 % 05~ 0.71 % | 05~ 0.01 %

. Linac-X |

A tnaco | LEEY :
rf o |
gun : |
Linac-1 Linac-2 Linac-3 |
L=9m L =330 m L=550m
§0rfz _250 ) §0rfz _410 qprfz Oo i
...existing 21-3b 25-1a i undulator
linac 24-6d BC2 30-8¢ i L=130m
L=22m |
L=12m Rse= —39 mm Rse= —25 mm | DL2
SLAC linfpc tunnel | research yard
Installation
Commissioning
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PART 2:

LCLS Injector Commissioning
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Injector and 1%t Bunch Compressor commissioning

6 MeV

e OTR screens (7)

@ YAG screens (7)

m Wire scanners (7)

l Dipole magnets (8)

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

Emittance _ Emittance
Screens/Wires Screen/Wires

Deflector

2-km point in 3-km SLAC linacd -~
Spectrometer acc. section stopper
135 MeV 250 MeV

(not to scale)
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First Photo-Electrons, April 5, 2007

w [FPiel

Frofile Monitor AG S IN20:211 05 Apr-2007 180545

100

First Photo-Electrons!!! Photo-Electrons: o
After adjusting laser-gun phase

PRofile Mlonitor 50 5 IN20:211 05— Apr-2007 13:25:46

e Dark Current
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Commissioning Milestones

 Spring 2006: Civil construction of buildings/shielding completed
«  Summer 2006: Drive Laser Installed

» Fall 2006: Drive laser commissioned & Gun1 high power conditioning in Klystron
Lab

« Spring 2007: Injector & BC1 beamline installed

« March 16, 2007: RF gun installed & RF processing started
 April 5, 2007: First Photo-electrons

« April 9, 2007: E-beam to 135 MeV

« April 16, 2007: E-beam to 250 MeV & compressed in BC1
« June 24, 2007: E-Beam to 15 GeV (200pC)

« July 24,2007: E-Beam studies at 1 nC

« July 26, 2007: E-Beam at 1nC to 15 GeV

* August 8, 2007: Compressed 1 nC e-beam to 15 GeV

* August 2007: Injector Meets LCLS Requirements
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Thales Drive Laser System

Measuring 150-200fs o 1.0mx1.5m breadboard
phase stability from osc.
prmmmmzzeeeeeeooooooeeeeeeeocod 119MHZ >300ps
! 11 >600mW 5nm
Femtolasers Synergy | . | Stretcher | DAZZLER
Oscillator i *
4W } i
? | Regen Amp |« |
Spectra Physics ! >1.5mJ, 120H 11250m|:|JZ i ‘
.| MILLENNIAVs | R ¢ i
“““““““““““““““““““““““ Pulse Picker 1 OOJE.[J)I;:) H
UV-diagnostics: ! mJ, 2
Streak camera , >1m., 120Hz * ! |
Spectrometer Pre-Amp < |
Cross-correlator i 4-pass Bowtie |  75mJ !
TG-Frog... i >22mJ, 120Hz i 120 Hz |
~12m to cathode P I______:::::::::::::::::::::::::::::::::::::::::::::::_ _________________________________________,:
UV Transport | Amolifi
: mplifier . JEDI #2
toCathode | i | THG [« Compressor [~ , sass Bowtie |~ s/ | | 100 mJ,120 Hz
| >30mJ >40mJd 120 Hz |

I 1.0mx1.5m breadboard
y) : : ,
%0 nm Slide compliments Ph. Hering

LeLs =~
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Drive Laser Performances

*Laser reliability is very good: Up-time > 90%
*Excellent support from Thales & Femtolasers

* E ~400 uJ to cathode (250 ud spec)

Shaping needs work, but still producing good

emittances

*Excellent energy stability (1.1%)

*Position stability on cathode, ~10-20 um

H-Cor Scan - [XCorScan--2007-08-21-13172 mat]
T T T T T

AVERHGE £ 1ZE5E40D

e - oo Laser stability vs. time

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

BOMS :IMN20 :221 : TMIT

I I
0 10 20 30 40 50
TIME
STEF VARTIHKELE = TIME STEFE=E00 DELAY=. 10000

S-AUZ-0T 22:33:36

aoof ”'HH
ro” : ?ngsps .i t ‘

700k - H ) 1”'” .{ ‘Htu iLH

600} K ‘ 1“ lH .
£ so0f ‘! | W‘i E,
g 400k }}H ’”[

it
I X-Correlator Iy/easurement of L# er Pulse |
T v
0 A ' = . | . . A ]..huﬂ»m .
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RF Gun: 1.6 cell S-Band

Modified from BNL/UCLA/SLAC design
 Z-coupling:

—  reduces pulsed heating

— increases vacuum pumping
 Racetrack to minimize quadrupole fields

Deformation tuning to eliminate field emission from
tuners

 Increased 0-t mode separation to 15MHz
* Iris reshaped, reduces field 10% below cathode

RF Parameters

f, (GHz) 2.855987
Qo0 13960

B 2.1
Mode Sep. Af (MHz) 15
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RF Gun: Processing and Operation

+  Conditioning

- 60Hz, 120 MV/m

— 120Hz , 107 MV/m due to heating of probes
«  QOperation

— 30 Hz, 110MV/m, 1 us klystron pulse

—~ 3.108 pulses LCLS RF Gun: Cathode Side

(from April to Aug 07)

dual rf power feed
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Cathode Non-Uniformity

June 6, 2007

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

Profile Monitor YAGS:IN20:241 02-Jun-2007 18:43:45

- 380

- 160

Emission is very non-uniform on the 10-um scale
Perform ~weekly inspection of the cathode surface

courtesy D.Dowell
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Laser Cleaning: QE from 2.10° to 4.10°

0.000040

auuuo35{ = ) - -
& 0.000030 | - - - . . 'i".
& 0.000025 1 '_ -: -"- ..ill 11‘:l-.lll"g,.
£ 0.000020 - . R L " : .
2 0.000015 { L li'l‘bh-'\ 3 Passive cleaning;
Z 0.000010 ‘ J""-'-f - =
000005 | - N iy g n
et m . 2mm down to 1.5 mm

06-07-07 06-14-07 06-21-07 06-28-07 07-05-07 07-12-07 07-19-07 07-26-07 08-02-07 08-09-07 08-16-07

12 j QEScan-WPLT_LR20_111_LSR_ANGLE-2007-07-21-143505.n \ .
Active cleaning:
1L
RF on 1MV and at 30 °
0.8
N Laser 360 uJ per mm?
0.4,
M Operation in Space Charge
o ... Limited regime
0 50 100 150 200 250 300 350
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Projected Emittances at 1nC

Emittance Scan on OTRS:IM20:571 16-2ug-2007 17:40:26RM = cut area Phaze Space
) . E = 0135 Gev = —— T N
On-line analysis tools by H. Loos 1501 G= 0997+ 001 nC ' = AN
- e, = 1.14%0.0001.00) pm 40t
§ b= 119£001 (112m = ol /
5 100f - -oprrome-ogi - 1 &
& £, 21,002 0.00 ( 100) o 7|
E g, = 7172ET pm E‘ -20b 0
m SOr o, = B0.53£0.16 prad : _ant \
"
L MDF = 1564 _solk L .:-/;/_.4-
|:| ! ! ! ! ! F 'II
-5 -4 -3 50 o 50
GUAD:IN20:525B0ES (kG Pasitian (pm)
Emittance Scan on OTRS:IM20:571 16-2ug-2007 17:40:26RM = cut area Phaze Space
150F : : : . ——= —
E = 0135 Gev - CTsmea |
Q= 0997 0.0 nC - Ny
- . ®,= 1.0620.01( 180 um 40t - \\
§ qont b= U700 7 o) / 14
" \\‘ o, = ~023t 91 (-0.14) s/ L2
i = LOBE0.00(1.00) U | /
&zl = 6357027 um E‘ -z0} |..
& = 5099+ 0.40 prad _aob '-\ _
e
MOF = 830 ]
-E0F i N
N N N N N S ) al. —
-5 -4 -3 50 o a0
GUAD:IN20:525B0ES (kG Pasitian (pm)

2-km point in 3-km SLAC linac T

Projected Emittance (rms) at 1nC
(95% of the beam):
g, = 1.14 mm-mrad
g, = 1.06 mm-mrad
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Slice Emittances at 1nC

Slice Emittance on OTRZ3:IM20:571 16—Aug—2007 15:37:26RME cut area
1.8 . .

' 7 —— Emittance
L f —— Current
Lé BLAG
| i
i . Poattion
On-line analysis tools by H. Loos 1.4+ . i
Bt |
:Ei_ 1 2 B | // ]
e /
O | _
O L L i
§ | . T /
= e
= L ' 4
& (0 | )
g 06F - Z T .
=
04k -
02k P -
/ 1
[]l' =+ g 1 ' 1 1 L
2 4 & 8 10 12

Slice Mumber

Deflector

Slice Emittance, Current & Matching

2-km point in 3-km SLAC linac T

Slices 3 to 7 (tail) are all below 1 mm-mrad
Head slices (8-10) are > 1 mm-mrad
Peak Current is 100 A
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Transverse Cavity (RF-Deflector)
Measurements of Bunch Length

Deflector ON
Deflector OFF Deflector ON in Dispersion Region

RF
Deflector

2-km point in 3-km SLAC linac T

s
X-band RF BC1

acc. section
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Bunch Compression

fropt AE/E bi?k AE/E ,’é E/E
0] 1
bunch | bunch Over- .Ml Under-

|<7 20-2044 compression ‘\‘ B compression

1 =1 . :

—>
V = V,sin(@7)
Az = R, AE/E

= =

RF Accelerating t Path Length-Energy
Voltage == | Dependent Beamline




Linearization of Longitudinal Phase Space Measured
Using RF Deflector & OTR Screen in Center of BC1

X-band OFF X-band ON

S
X-band RF BC1
acc. section
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Beam Size (pixel)

Current (4

Bunch Length Measurements at 135MeV & 15GeV

Bunch Lergth PAHM=1033G ps  1.095:0.M2mm 375620041 deg  r35=0.202£0.124 Bunch Length  FyWHM=1 696 p= 04670007 mm 057140024 deg  r35=-005520.029
TCAVD S0deyS -SOdegs 1.0 Megaoks TCAYZ -13degrees 167 degees 581 %
Sverage TORD TMIT: 6100306776 Nel fersge TORO TMIT: B095853854 el Bunch Length  FYAHM=0 895 ps 005840008 mm 01970029 deg  r35=-0.0040.040
OTRZ  0.282:0.001 mmidey  Calibeation Time: 09-09-2007 21:3323 PR_TCAWE [ AT040 012 mimidesy  Calibration Time: DA-09—2007 152505 TCAYS —13degress 167 degess 591 %
Messurement Time: 03-09-2007 21 35:44  Image Pracessing Agarithm: RMS focr Menmrament Tima. (500 S S 06 e Pron Ayerage TORO TMIT: 5123128550 Hel

100 u : . . . Imege Processing Algorittm: RMS floor PR-TCAY3  0.379:0.012 mmideg  Calibration Time: 03-09-2007 19.25:03
. T T T T T Measuremert Time: 08-09-2007 20:14:25  Imeage Processing Algonthm: RMS Ao
= 7412124 piel o qt=35.4611.14pixel = . : r T :

e Gp= 3762 004 degree : = 057+ 002 degree b = 34.74£0.83 pheel o
anl | ol ] "“"-—-__,___7__7__?7: 0.20+ 0.03 degree 7___7_{__{___7__7__*
o eam Energy 135 Me 1 <l B B ela)m l.:'neggy 15 Ge\{ SR Beam Energy 15 GeV |
o 1.10 mm rms 1 esign Lompression Max Compression
S0 i 40 \\\“'---.,_ o P 4 250 il
of { i« 0.167 mm rms bunch length | := 058 mm rms bunch length
L | L1S phase = 25 degS 15 L1S phase = 25 degs 1
" 20F L1Xphase = '20 degX q L1Xphase = _30 degx

L J , - 1ok J
ol | ol Klystron drive at 60%. | Jd Klystron drive at 60%. |

=]

Beam Size (pixel)
Beam Size (pixel)

0 1 1 1 1 1
-1 -05 0s 1 0 L L 1 L

a
TC A amplitude (nam ) -1 -0s i} 0s 1
TC AV amplitude (nonm )

0 ! ! L L !
: [ 05 1
TC&Y amplitude (nom )

B G e Ol o Tempord Profle -12.9 degrees 08-09-2007 20:0806
FiHi=10.335 3654 pe Ge0.85ENC | <97 475 A, -12, -09- ;
pe gamsEs ™ FWWAN=1 696 ps =055 ps Q=0967nC |, 523815 A

—_|:; T T . _ o ot
97 A T S20A— W, ] e s gt 7 4
F B ‘9 itlzb T T
an0- 50 4
L i 450 i
500
L | 4001 -
700
350 -
600
T 300 i _
I 10.3 ps K= 1% 1.7 ps 2 s
8 250+ - E
- - o
400
200 b
B b 300
150 e
F 1 200
100 o
L 4 | | 100 G
135 MeV o 15 GeV 15GeV
5 10 15 . 2 ' 85 1 15 2 25 5 35 4 45 5 os ! e ip) : 8
time (ps) time (ps)

>

LQLS <7
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BLEM:LIZ1:380:BL12C_S_SUM Sum for display ()

Strong Optical Microbunching with BC1
Set to Maximum Compression

*Generation of COTR in the Visible indicates Microbunching
*COTR Interferes with OTR Profiles for Emittance Measurements.

Comparison of Bunch Length Monitor OTR Images Fluctuate from Shot-to-Shot
& OTR Signals & can produce “Ring-Like” Shapes!

« BLENLIZ1 280BL1 25 5 SUM
= OTRSLI2Z1:231:TMIT I
OTRS.LIZ1:293
. 15000 s00
Bunch Length Monitors . . .
10% 0
300 GHz - *
- = = < 10000
. E - X E & g
i " % -500
k3 —
x I - 3
100 GHz + * @ sooof
10k . f = -1000
*
-z =1500 =1000 =500 u]
3 x %
0 e
- E £ * X 3
% ®E E = " - -
OTR Optical Signal
10° 1 1 1 1 1 1 | | | | | |
-0 o 1o a a0 o0 =0 Bl _SD—D2DDEID -1500 =1000 _—_SDD u] 200 1000
RF Phase of L1S, relative to crest (degS) Pastion ()
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Coherent Optical Transition Radiation after DL1 Bend
Even With No BC1 Compression

10

Evidence of Optical Microbunching T

-1

Optical Signal from OTR screen
with BC1 OFF depends on bend
quad. Signal largest when quad
at nominal (closing dispersion)

OTRS:LI21:291: TMIT charge estimate (Mel)
@

10"

o
T

y= Sexpiix- BRCY2 +D
&= 6.51e+06+-1.13e+05
B = 108+-000174

C = 0.0923+-0.0M97

D = 2 26e+06+-4 1 5a+04
+PDF = 2 82+ 10

|| spread and eliminates microbunching

OTR Optical Signal

#  OTRIZLIZT291:TMIT ‘

Behavior disappears when upstream
OTR foil (1micron thick) is inserted:
This scrambles the correlated energy

Deflector

2-km point in 3-km SLAC linac T

X-band Rf
L1S & L1X ON CREST 2¢e;sgetion  OFF

°°1  No Bunching in BC1!

Sept. 241 07, LAL Talk

limborg@slac.stanford.edu




BC1 Chicane Emittance Growth

BPM

poor bend field quality correctn, Zbest emittance transfer

293 14-Aug—2007 22:23:28Gaussian Phase Space
1 . ' ' ' L_ 7
d eor E = 0250 GeV ' 1 o0 |
oquads . ___ -~ AR AT S \ o]
\A ~~~~ B,= 087+002(0.95) m A
E Off /7 o = —037+0.01(-0.00) I
g k- / g = 1.08+0.01(1.00) 40 ‘w‘
= / c G, = 54.29+0.79 um i
5 . / .9 100l c’zx = 66.52+ 0.85 ura . \“\
s / = . s - 0502 _ = wire |\
n = E !
5 3k ,', 8. 8 = ol ! ///
- ! 0 £ % scanner /iy
) — 3 <
E 4L Fi @© @ i e —20 /
m 4 g ol |
_5 | (@) - —40
< after BC1.
Blue (CQ11=-0.578 kG, CQ12=-0.573 kG), Red (CQ11=CQ12=0) oo
200 210 220 230 240 250 78 =].6 .u,m
BC1 X-Mover Position (mm) _80 AV [ -
. . o . . / . L
read BPMs while scanning BC1 mover LI =0

Best ye, after BC1 with nom. (& more) compression is 1.6 m (& larger)
Poor bend field quality (grad. + sext.) — AE/E scan shows 15t & 2"-order 1
Screen image biased by COTR - wires vibrate — variable results (& in y)

Bends will be upgraded in fall ‘07 + proper chirp set (now >2% — 1.6%)
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PART 3:
Simulations:
- effects of tails truncation in emittance computation

- comparison of emittance data along solenoid scan
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Initial Distribution

Spatial distribution based on laser profile (transverse

and longitudinal)

Quiet start routine based on Halton sequences

y [mm]

1

0.9+
0.8

= 0.7F

= 0.6k

[
e]
a

— 05r

R
=
2 0.4
on

g
S03F

0.2r

g1 s

0
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Norm. Emitance (pm)

o
)

“Thermal” Emittance

Based on Measurements

Slica Emitanca on OTRSE:IN20:571 19-May—2007 22:19:39RMS cut area Slica Emittanca on O TRS:INEG:E7T 03-Jul-2007 16:04 4TRMS cut area

141

-
T

o
=)
T

0.4

0.2

. . . . il 1 1 1 1 1 L
0 1 L L L Q 2 4 & ] 10 12 14 16 18 20
a 2 4 & 8 10 12 Slioa Numbar

At 30 pC ,May 19t 30pC, July 314, after “cleaning”

Simulations used 0.6mm-mrad per mm
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Beamline Matched

Simulations try to represent at best experimental conditions

¢y ]

[mm-mrad], ¢
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Transverse Talls

0 : - 08 -06 -04 02 0 02
x[mm] x[mm]

x[mm]

e ‘ IMPACT simulations (4 Million particles) ‘

‘ OTR2 image: resolution of 12 um ‘

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

mm
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Emittance for various cut levels

€. [mm-mrad]

0.5
0

5 10 15
level of truncation [1n%] (total area cut )

Measurements give ~ 1-1.5 mm-mrad using 5 % area cut on beam size (highl
reproducible result at 1nC)

Simulations predict similar result at 7.5% cut level
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Emission distribution used in simulations

laser profile

Emission at Cathode

y [mm]
y [mm]

X [mm]

Emission distribution needed for accurate distribution
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Longitudinal profile [a.u]

0.5k

Measured at laser cross-correlator
:

Longitudinal Profile

\

i

\

5s | Sclhottky Sclan for ELaqPr 2553m S 259 i
Aug10th 2007 |
— FWHM = 6ps i ' IIIII |
S) 1.5+ e = &
NS S
$o - -
3 e
O 1r ; - s
'II Foperation - T
0.5l S = j|
6 8 16_ 12 0 T i i i I i i e
-20 0 20 40 60 80 100 120

Phase [. s-band]

140
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[mm-mrad]

¥

e
X

Solenoid Scan

3 !
: : + 8x,measv,red rms cut area (5%)
+

8y,measured rms cut area (5%)

2.5 _ ............ _—t stmulaﬁons 5% areacut  |rrreehereeereeeieneinn,

—_— 5 . 3
y,simulations 5% area cut

S .
% simulations 7.5% area cut

74 S U e s R—

=)
£
g
£
E
T
¥
1 bes e sommerssns harasnnsessssnnsess hnsesssonamararsneat onn B S, -
t Ey',measumad rms
; : : - stimulations 0% area cut : :
0.5 _ ,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,, ,,,,,, g . (L5 et o
: ; y,simulations 0% area cut
T Ex,siml,llations 2.5% area cut
| ; T 8y,sin'w,len:ions 2.5% area cut 0 | i i i i
0442 0444 0446 0448 0.438 0.4 0.442 0.444 0.446 0.448
’ . ’ ’ Solenoid [kG-m]

0 0.438 0.44
Solenoid [kG-m]
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Bunch length

Charge scan , Eth =0.6 mm-mrad

T

Laser Profile was 5ps FWHM

06 ..................... ..................... —.—Slmulatlons ............... =]
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%, (um) & Charge (nC)

Emittance measurements

220 pC, projected emittance , in early commissioning

Vg Norm X Emntance vs Tune (area cut method)

<¥E>= 1.466 +0.006 pum
RMS variation= 0.070 um
0.8} IN=1.959

0 1 2 3 4 5 6 7
time (hours)

May 20t 2007 , from LCLS commissioning team
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Comparison of Required and Demonstrated Beam Properties

Parameter Sym | dsgn meas. unit
Final e energy ymc? 15 15 GeV
Bunch charge Q 1000 1000 pC
Init. bunch length (fwhm) At 10 10 ps
Fin. bunch length (fwhm) At, 2.3 1.5 ps
Initial peak current kao 100 100 A
Projected norm emittance YEyy 1.2 1.1to0 1.3 um
Slice norm. emittance Yy 1.0 0.8,0.9 Hm
Single bunch rep. rate f 120 10-30 Hz
RF gun field at cathode E_ . iode 120 115 MV/m
Laser energy on cathode U, 250 450 uJ
Laser wavelength A 255 255 nm
Laser diameter on cathode 2R 1.5 1.3 mm
Cathode material - Cu Cu

Cathode quantum eff. QE 6 3 10°
Commissioning duration - 8 5 mo
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The LCLS Injector Commissioning Team:

R. Akre
J. Castro
Special Thanks Y. Ding
who aflc;xeedngléfJ'gﬁgcsth?'r)‘Tesults. D. Dowell And Our Visitors:
P. Emma DESY
J. Frisch L. Froelich
S. Gilevich T. Limberg
G. Hays E. Prat
Ph. Hering M. Roehrs
Z. Huang
R. Iverson Trieste
C. Limborg-Deprey P. Craevich
H. Loos G. Penco
A. Miahnahri W Trovo
J. Schmerge BESSY
J. Turner T. Kamps
J. Welch
W. White
J. Wu
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* Merci pour votre attention
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