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Linac Coherent Light Source (LCLS)
The LCLS ‘ new RF-gun at 2-km point I

(Linac Coherent Light Source)

4th-Generation X-ray SASE
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LCLS Linac Coherent Light Source o llkincar A O =
LCLS - Estimated Cost, Schedule

E $220M-$260M Total Estimated Cost range

E $265M-$315M Total Project Cost range
E FY2005 Long-lead purchases for injector, undulator
E FY2006 Construction begins
B FY2007 FEL Commissioning begins
E September 2008 Construction complete — operations begins
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LCLS — Current Layout and Future Expansion Capacity

NCUILTY &

: l'J:i
! il
GATE HOUSE
Eé E@TﬁON i

137E
SERL/LOS
i

B

Ly ¥
.
=l El%m s

o
£ i
v e T oty Sdn BRR Ry £

B Transport

B Undulator

B HallA

B Tunnel

B Hall B

B 3 Beams/mirror

5 J. Galayda




Atomic and
molecular

dynamics occur
at the fsec-scale

J. Hajdu




Exploit Position-Time Correlation on €~ bunch at Chicane Center

0.1 mm (300 fs) rms
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LCLS BC2 bunch compressor chicane
(similar in other machines)




Add thin slotted foil in center of chicane
\ Y
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coulomb
scattered e-
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scattered e-
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15-pm thick Be foil

P. Emma, M. Cornacchia, K. Bane, Z. Huang, H. Schlarb (DESY), G. Stupakov, D. Walz, PRL



Track 200k macro-particles through entire LCLS up to 14.3 GeV

Data from SDDS file lcls10jun03_spoiled.zdhis, table 1

< 200 fs ———>
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Power (GW) and Current (kA)




Micro-Bunching Instabilities

F FEL instability needs very “cold” € beams (small £and E-spread)
¥ Such a cold beam is subject to other “undesirable” instabilities in the
accelerator (CSR, Longitudinal Space-Charge=LSC, wakefields)
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Al% -_J@_O//O/\_JLJ\
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How cold is the photo-injector beam?
Parmela Simulation TTF measurement
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3 keV, accelerated to 14 GeV, and compressed x36 =
3/14x106x36 < 1x10-°

Too small to be useful in FEL (no effect on FEL gain when <1x10-%)



Laser Heater for Landau Damping

800 nm, 1.2 MW

_____ _0~5.7° 10 per. undulator S

\ 4

~120 cm

I Laser-electron interaction in undulator induces energy

modulation (at 800 nm) = 40 keV rms
I Inside weak chicane for laser access and time-coordinate

smearing (Emittance growth negligible)

Z. Huang, M. Borland (ANL), P. Emma, J. Wu, R. Carr, C. Limborg, G. Stupakov, J. Welch



laser spot much bigger than e~ spot laser spot similar to e~ spot
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The GOOD (W, = 350 um, P, = 1.2 MW),  the BAD (w, = 3 mm, P, = 37 MW),

Data fram SDOS file GoadHeoter! Sumi pe2m.zdhis, toble 1 Daota from SDDS file BadHealerSameRMS! Buml peZ2m. zdhis, table 1
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to be published in PRSTAB



Short Bunch Generation in the SLAC Linac

Damping Ring

(7e~30 um)
RTL— SLAC Linac
e /\ __FFTB
~ AN
1GevV  11mm I o, ~ 50 pm 30 GeV G~ 12 pm-
add 14-meter chicane compressor
In linac at 1/3-point (9 GeV)
6 (E)=1.51% (FWHM: 4.33%) (E)= 28.493 GeV,N_= 2.133x10"" ppb L.
! ‘ Existing bends compress to 40 fsec
. S B _H‘\O\y—o- -15A
30 } {/_\ cZ:D jso um (FWHM: 2I4.6 :;Tzigug; iio um)
80 fsec FWHM s> '« compression by factor of 500

P. Emmaetal., PAC’01
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Source comparisons

Peak Pulse length | Average flux | Photons per | Rep. Rate
brightness** (fsec) (photons/sec) pulse per (Hz)
0.1% BW

Table top 1x10° 500 1x1068 100 1x104
laser plasma
ALS* (streak 5x 1017 4x10% 2%108 2x104 1x104
camera)
ALS slicing 1x1017 100 1x10° 10 1x104
(undulator)

(6x10%9) (3x10%) (300)
ESRF 1x1024 8x104 3x1010 3x107 900
SPPS 11025 80 2x107 2x10° 10

J. Hastings

** photons/sec/mm?/mrad?/0.1%-bw
* streak camera resolution 1 psec, dge 0.01
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R&D at SPPS Towards LCLS

e Waketfields of micro-bunch in RF structures

e Develop bunch length diagnostics
¢ RF phase and voltage stability of linac

e Emittance growth in compressor chicane (CSR)



Wakefield

energy-loss used
to confirm bunch
length...

K. Bane et al., PAC’03
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Bunch length confirmed with strong wakefield-induced
energy loss of 1870-m of SLAC linac: o, .~ 50 zm.

V. =420MV, V. =42.0 MV, N=1.85x10"
RTLI | s1lm . | |
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S .
&2 E
50+ {150 —

0 1 1 1 1 1 ] 0
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pre—chicane rf phase, (¢ ) (degrees S—band)
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Far-Infrared Detection of Wakefields from Ultra-Short Bunches

Comparison of bunch length
minimized according to
wakefield loss and THz power

Wakefield diffraction radiation
wavelength comparable

500
400
a

z
g
=
&
&
;
&

to bunch length 7 200
100
Pvroelectrig
detector i i Gt et g, e
GADC— <—— Linac RF phase (chirp)——>

H. Schlarb (DESY), et al.



Bunch length is also measured with transverse deflecting rf : o, = 50 to 70 z#m

o, 50 um < | - RF off-axi screen

single-shot, absolute bunch
length measurement

= A 200
g . deflector

a v ; >
b5 ;

% 1 . OFF 100
05 N &
5 0
=

0

0 0.2 0.4
horizontal distance [mm]

R. Akre et al., EPAC’02

g :

E s ™ deflector Me
g ON |l
% 20
%0.5 K
g '

0 0.2 0.4
horizontal distance [mm]




Michelson Interferometer for CTR Bunch Length Measurement

Alignment Laser
1 ym Titanium Foll

-4
I Reference Pyro Detector

. \ |
Variable

r Position
Mirror

v

I Interferometer Pyro Detector

- Transition Radiation coherent for A>(2m)"20, 5,,ssian (CTR)

P. Muggli, M. Hogan




First Measurement of SLAC Ultra-short Bunch Length!

14
I a _
-1 o ]
) I S l <o
% 121 . (%Zi :
E oo FWHM
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E 06 fo oy o3 N o OO@E‘_
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0.4 Ly .4 . . . | ., 20b0cgRes
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Mirror Position (ym)

 Limited by long wavelength cut-off
* NDR compressor voltage: 42 MV/m, 2-6BNS phase -21°

P. Muggli, M. Hogan, 12/05/03

=2xFWH M/2.35/\/2324 UM (Preliminary value! Not optimized)




Linac Phase Stability Estimate Based on Energy Jitter in Chicane

BPM .
- 9 ./'\. SLAC Linac

—20 =10 O

e~ Energy (MeV)

(A@?)V? < 0.1 deg (100 fs)




Chicane Parameters

<143 m——

Table 1: Chicane and beam parameters [2]. "
parameter symbol | value unit
Bunch charge Ne 3.0-3.4 nC
e~ energy Ey 9.00 GeV
rms corr. energy spread oplEy 1.55 %
init. rms bunch length T, 1.15 mm
final rms bunch length Ts 50 pm
2 norm. emittance VeEqx 27-45 (m
momentum compaction Rsq —76 mm
bend angle per dipole 6| 97 mrad
bend magnet length Lp 1.80 m
drift from bend-1 to 2 AL 2.80 m
drift from bend-2 to 3 AL, 1.50 m
peak dispersion Npk 449 mm
initial 2 beta-func. o 56.3 m
initial 2 alpha-func. g 3.29

L. Bentson et al., PAC’01



14-m chicane In
sector-10 of
SLAC linac




Last Y-chamber was copper
coated to limit resistive-wake.

-
Small ‘tweaker’ quads included
to control residual x-dispersion.

Vacuum chamber too large
for CSR shielding...

(ro,RY2)2R ~ 8 mm <<r



Dispersion is measured by energy variations correlated with BPM readings

15-JAN-2003 17:40:31, 030115 02, (.&E!E —1.58%)
_ T | | | ! | : I | J _]
2 Mo~ ~1.74+0.07 mm | : Before 7-correction
Sl o~ 0.65+0.02 mrad | !}I\ 1
cfe  =1.081 x, i measured 7. i
x x0 o ., A : =
E -‘:’ I"’“‘ll \ r';t
E oz — )| .
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5 | x0 N
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seci( &

sec-10 chicane

it

SPPS Linac-10L8 with Chicane (O2-OCT 2007 )

Wirdows NT 4.0 version &2 346

sector-11 wire scanners

OAAOE02 [5 3800

60. ] T 8 T ™ I T T 1 1] ¢
S | 38°1 45 2sal
‘o = =g g
5! X

O fm)

Four wire-scanners
within 60 m of end
of chicane — used
to measure x-
emittance.

Emittance
measured with
precision of 2-4%,
over <1 hour.



Horizontal beta function through chicane effects
emittance growth... has been matched and verified:

px (M) a, Ox

Design: 47.2 -2.03 1.000

Measured: 50617 | -2.17x0.08 | 1.002 +0.003

1
(e = 5 (Boy — 2apa + voB) > 1
1—|—oa2

7= 3




Residual x-dispersion (and its angle) is precision
minimized using ‘tweaker' quads in the chicane

55

50} Ye, =363%0.5um
El
»%R 45
L.

40}

35

-1 —0 5 0.5 1
Linear comb. of tweaker qiads—> An (mrad)




CSR simulations with 1D model (unshielded)
(good agreement with 3D-model studied by F. Stulle - DESY)

34nC
~ 5 1 3 G /E=1.55% e e o JE=1.55%
§ / .
L-Eo 0 . EHO 0
3 3
5L -5 _
=2 0 2 0 0.5 1 1.5 —85 0 0.5 0 0.5 1 1.5
y S N /10 s /mm N0’
0. GS=1 .13 mm 10 0.02 CSR-induced Energy Gradient
g
= 0.2
<2
,_‘_':3-
FWHM/2.35
0

2 0 2 N35'um

s /mm




CSR simulations (1D) along chicane

0.03 .
(AEJE,)
S 0.02f |
- R S
5 -
0.01F ; |
SAEEY)
O | | | |
0 2 4 6 ] 10 12 14 16
S/m
34 .
CSR & ISR ~20%
321 |
E 10%
s 3 . 1
W™ ¢
= 78 __/ / ,z"CSR only

2 6 | | | | | | | |

0 2 4 6 8 10 12 14 16
ISR = Incoherent Synch. Rad.




All 4 individual beam sizes with asymmetric-gaussian fits

o, =263 — 335 pm; Asym. =29 — 30%

900+ o

800+ 5 ere'l

7.5 8 8.5 9 9.5 10 10.5 11 11.5
WIRE 344 x-pos (mm)

o =205 — 245 pm; Asym. =-5 — 9%

350F

300F

250F

200F

150+

100

50

WIRE 614 x-pos (mm)

o = 80 = 90 um; Asym. =7 —= 17%

600

500

400

300

200r

100+

chicane-OFF
chicane-ON

1 L
10 10.2 10.4
WIRE 444 x-pos (mm)

10.6 10.8

O:Y_] 13 = 142 pm; Asym. =-17 = 0%

wire-4

WIRE 644 x-pos (mm)




LI11 ¥-PLANE ELEC LI11 X-PLANE ELEC
2.759+- 0.058 { ) EMITTANCE (mE-5) 3.4244+- 0,073 | ) EMITTANCE (mE-5)
2.7654+4- 0.056 | ) BMAG*EMIT (mE-5) 3.445+- 0.070 | ) BMAG*EMIT (mE—-5)
1.0024- 0.003 | ) BMAG 1.006+- 0.004 { ) BMAG
0.067+- 0.033 | ) BMAG CO3 0.0674- 0.033 { ) BMAG COS
0.0034- 0.026 { ) BMAG SIN 0.087+- 0.027 { ) BMAG SIN
50.562+- 1.687 ( ) BETA (m) 50.7544- 1.721 | ) BETA (m)
-2.169+- 0.076 { ) ATPHA -2.093+- 0.07¢ { ) ATLPHA
282.3424- 5.¢47 | ) SIG( 344) (um) 307.978+4- 6.160 | ) SIG{ 344) (um)
89.2114- 1.784 { ) SIG ) {um) 96.366+- 1.927 | ) SIG{ ) (um)
214 .3404- 4.287 | ) SIG( 614) (um) 242 .2044- 4,844 | ) SIG{ 614) (um)
117.5174- 2.350 | ) SIGI ) {um) 139.5564- 2.791 | ) SIGY ) {um)
2.0794+- 0,022 INTENSITY 72.1834- 0.141 INTENSITY
5.472821 CHISQ/DOF .0184539 CHISQ/DOF
0.3734— 0.040 BSYM( 344) O 376+- 0.034 ASYM( Z244)
0.1454+4- 0.059 ASYM( ) 0.170+- 0.0326 ASYM(
-0.1114+- 0.045 ASYM( 614} -0.0594+— 0.039 ASYM{ 614)
~0.1984- 0.028 ASYM( ) -0.2914- 0.046 ASYM( )
2 | i
1 I:;;*'—’
Chicane ..
_l —
I I i I I
_2 1 0 -7 -1 0




Bend-Plane Emittance; Chicane ON and OFF

50r ]
/"
40} i
7 §
—_ T Sp——— 7 S— y.
E 3 0 B / tracking, 3.4 nC |
o 3.4 nC, ] 3 ]

g May 4 L) o 3.4 nC, May 4
20r ]
10r T T ]

chicane-ON chicane-OFF
00 2 4 6 3 10

Measurement Number (arbitrary)

P. Emmaetal., PAC’03

Bend-plane
emittance
data Is
consistent
with
calculations
and sets
upper limit
on CSR
effect



Concluding Remarks

Emittance growth consistent with
calculations, but no rad. measurements

SPPS will run until LCLS displaces the
beamline in ~2007

LCLS will begin operation at end of 2008

Spontaneous device can be added to
LCLS to allow Super-SPPS in long-term

Thanks Alex and Lia for invitation
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