LCLS Operation in Self Seeding Mode

Franz-Josef Decker DESY, 25-Jun-2013

1. LCLS basics (Linac Coherent Light Source at SLAC)
2. Operational schedules
3. Self-seeding

4. More S eding lines than 004, 220 and 111
5. XTCAV (X*hand transverse cavity)
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Linac Coherent Light Source at SLAC

X-FEL based on last 1-km-of existing linac




LCLS Accelerator Layout
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FEL Principles R R am g 2]

Z. Huang o[t Y[t [

F Due to sustained interaction, some electrons lose energy,
while others gain =» energy modulation at A, l\/\/\/\/\/\,

F e losing energy slow down, and € gaining energy catch up
=» density modulation at A, (microbunching) WVVV]I

F Microbunched beam radiates coherently at A;, enhancing
the process = exponential growth of radiation power






LCLS May - July Short Term Schedule
Important Dates:

.
O p e ratl O n al Fri, Jul 19, 2013 09:00 Run 8 begins
Subject to Change
rey 21-MAY-13 May
SChed u Ie 5 =3 7 8 9 10 11 12 13 i3 15 16 17 18

Sun Mon Tue Wed Thu Fri Sat Sun Nion Tue Wed Thu Fri Sat
U Setup

0900-2100 Day Hill - L710 MD POMM Ravasio - L755

2100-0900 | Night ia. 1H- Dev Moeller MD MD

June
1= 20 21 22 23 24 25 26 27 28 29 30 31 1
Sun Mon Tue Wed Thu Fri Sat Sun Nion Tue Wed Thu Fri Sat

0900-2100 Day

2100-0900 Night

2 3 4 5 & 7 8 9 1c i1 i2 13 14 15
Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat
&
Oo900-2100 Day Orville - L748 Hogue - L1711
Beye -
Les7
2100-0900 | Night Exp Setup fAeye - LEST
16 ir 18 19 20 21 22 23 24 25 28 27 28 29
Sun Mon Tue Wed Thu Fri Sat sun Nion Tue Wed Thu Fri Sat

0900-2100 Day Feng mMD urphy - L751 IH - Turner IH XPP and XC5

2100-0900 Night L708 MD Chapman - LEES

July
30 1 . 3 4 5 {51 7 B g 1o 11 12 13
Sun Mon Tue Wed Thu Fri Sat Sun NMon Tue Wed Thu Fri Sat

Gafney - LE9S

schiichting - L764

1 MD= Machine Development Schedule can change
SXR 2 POMM = Planned Operational Machine Maintenance without notice
KPP 3 PAMM = Planned Accessible Machine Maintenance
XCS 5
Cxl1 5 POMM activities are generally coordinated with MD activities
MEC [ during the weeks when thare iz no PARM
Open
MD

Qluestions to: Mike Sullivan
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Hard X-Ray Self-Seeding at LCLS (HXRSS)
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Geloni, Kocharyan, Saldin (DESY) —
X-rays .
_ : diamond crystal :
SASE FEL weak magnetic uniform tapered
(U1-14:56 m) chicane at U15 undulator undulator
(3.2 m long) U16-25: 40 m U26-33: 32 m
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[004],L[220],[111], and [1 1 3]

What we (I) knew about crystal angles and energies

Rules:
Seeding for B [004], Laue [220], and [111]
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There are more lines:
Long crystal angle scan

7.2 keV using gas detector
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Seeding 12 Bragg Crystal Lines at Spectrometer
Energy of 8.45 keV

Solid: in-plane
Dash: first two
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Yaw Angle VS Crystal Angle (Pitch)

Yaw angle to put 3 ' ' A S
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Seeding Chicane Side View
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Two colors around 7.1 keV
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Three way crossing:

Photon Energy [eV]

Three lines:

N

Bragg [004] down blue, (dashed: 2 % yaw angle)

Laue [220] up green,
Bragg [-2-24] flat orange
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Different Mode of Operation

1. Blue: “Background” SASE with delay, crystal out

2. Red: Seeded 220 (tuned)

3. Green: Seeded 004

4. Magenta: Seeded 220 _ | gt HXSSSHSOV. 04D 135201
over-compressed
(less SASE?) 107

Typical: ol

220: 0.8 eV

FWHM 06367 -

004: 0.5eV
220 0-c:. 2.0eV

SASE: 20.0eV
(Spectrometer cuts to 11.0 eV)

FWHM 0.8347

FWHM 1.82

Counts 100 shot averages: SASE (b), Seeded (r
o
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To avoid tuning up on the horns: Cut them with Slot ted Foll

Foil out Foil in (tuned)
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Gas detector: FEL intensity vs time

e Slotted foil: out and N

e 0.2t00.70 mJ 0.0to 0.4 mJ

(SASE) or multiple spikes ?



Correlation Plot Data with Spectrometer Profile (Fo il in)
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Sources for DL2 Energy Jitter (0.036%)
LOA_A

Three Different Energy “Widths”
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Seeding vs. SASE with Si(111) in XCS ( Aymeric Robert)
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| LCLS XTCAV




_ Y. Ding, P. Krejcik, C. Behrens
XTCAV (X-band transverse cavity)

L
Beam gets bend down: y-axis is energy
and streaked horizontally: x-axis is longitudinal
Profile Monitor OTREDMP1:495 17-Jun-2013 17:20:39 Profile Wonitor OTRS:DMP1:495 17-Tun-2013 17:47:40
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TREX at ~1kA, 3453MeV, and 150pC
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Laser Heater

Profile Monitor YAGS:IN20:995 10-Dec—2008 20:39:29
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It's Working Well
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FEE 241 ENRC (mlJ)

LASR:IN20:475:PWR Analog Input (ul)

Laser Heater Gain and Trickle heating cur ve
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Laser heater gain typical: 1.5 - 2.0
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Laser heater impact & microbunching
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Profile Monitor OTRS:DMP1:695 04—Jun—-2013 20:11:3¢€

Trickle Heating, 2 pJ (normal 14 pJ)

Three shots, same condition,

y (mm)

no FEL, wild energy spreads
within parts of bunch,
8-12 “bunchlets”
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XTCAV with Seeding

Part of the electron loose
same energy (separation)

Profile Monitor OTRS:DMP1:695 11-Jun—-2013 15:26:39
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[multiple energies ?7?]
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Study list with xtcav:

Lasing evolution and control

150pC, 4.3GeV and 13.6GeV, different BC2 current 1-3 KA.
lasing evolution along undulator;

Taper effects on the pulse shape;

DL2 R56 effects on horns;

L1X and L1S effects on chirp and horns
Under-compression versus over-compression

20pC, low & high energy

Self-seeding

slice energy spread vs. laser heater etc.
micro-bunching

benchmark with TCAV3, and SPARO spectrometer.
slotted foll.

BC1/BC2 collimation (remove double horns).

Synchronized data between FEE spectrometer and xtcav, Phase
retrieval (Lutman, Maxwell)

undulator chamber wake fields



Summary

* Basics of the LCLS (Linac Coherent Light Source)
e Operational schedules

« Seeding reduces spectral width from 20 to 0.5 eV
e Seeding with 004, 220, and other lines

e Two color seeding

e Over-compressed beam

e Tuning strategies for seeded beam

 Longitudinal phase space visible with XTCAV

e Electron AND photon distribution with TREX



