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An amazing machine!
An amazing machine!

Large collaborations / consortia emerge
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The LCLS at StanfordThe LCLS at Stanford
Injector (35º)
at 2-km point
Injector (35Injector (35ºº))
at 2at 2--km pointkm point

Existing 1/3 Linac (1 km)
(with modifications)
Existing 1/3 Existing 1/3 LinacLinac (1 km)(1 km)
(with modifications)(with modifications)

Near Experiment HallNear Experiment HallNear Experiment Hall

Far Experiment HallFar Experiment HallFar Experiment Hall

Undulator (130 m)UndulatorUndulator (130 m)(130 m)

New e- Transfer Line (340 m)New eNew e-- Transfer Line (340 m)Transfer Line (340 m)

X-ray Transport 
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Photon energy:           . . . 10 keV
Photons / pulse:  1012 . . .  2.9 x 1013

Pulse length: . . . 300 fs
Intensity : 1016 . . . 1022 W/cm 
Repetition rate:    60 Hz … 120 Hz   

Photon energy:           . . . 10 Photon energy:           . . . 10 keVkeV
Photons / pulse:  10Photons / pulse:  101212 . . .  2.9 x 10. . .  2.9 x 101313

Pulse length:Pulse length: . . . 300 . . . 300 fsfs
Intensity :Intensity : 10101616 . . . 10. . . 102222 W/cm W/cm 
Repetition rate:    60 Hz Repetition rate:    60 Hz …… 120 Hz   120 Hz   

• Attoseconds are in reach !•• Attoseconds are in reach !Attoseconds are in reach !
• Pump & probe in preparation !•• Pump & probe in preparation !Pump & probe in preparation !
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LCLS: End-StationsLCLS: End-Stations
1. AMO (2009):  atomic, molecular, optical,

clusters, imaging, chemistry
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spectroscopy
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3. XPP (2010): time-resolved: solid state,
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4. XCS (2011):4. XCS (2011):
5. CXI  (2011): coherent imaging, clusters5. CXI  (2011): coherent imaging, clusters

6. MEC (2012): matter in extreme states6. MEC (2012): matter in extreme states
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Not foreseen!
Not foreseen!

Extremely crowded!Extremely crowded!
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 New experiments might pop up ! New experiments might pop up !

Extremely crowded!Extremely crowded!

moveable end-stations!moveable end-stations!

Laser table very close!Laser table very close!

keep flexibility!keep flexibility!
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• Consortium (2008): soft x-ray beamline at LCLS for materials studies. 
• Consortium membership

- Stanford University
- LCLS 
- LBNL

• End Stations: Provided by consortium members to general users 

- University of Hamburg / BMBF
- CFEL
- Helmholtz Center Berlin

moveable end-stations!moveable end-stations!

Our electron beam ion trap: EBIT
~1.5 tons

 Need preparation space ! Need preparation space !
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imagingimagingquestionable!questionable!
, AMO: e.g. EBIT!, AMO: e.g. EBIT!

, AMO: e.g. lasing, AMO: e.g. lasingcorrelation spectroscopycorrelation spectroscopycorr. spectr.corr. spectr.
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LCLS PerformanceLCLS Performance

• Intensity: ± 10 % (operated in saturation)• Intensity: ± 10 % (operated in saturation)
• Operation: ~97 % up-time in round II• Operation: ~97 % up-time in round II

Extremely stable (long-time drifts)Extremely stable (long-time drifts)
Easily adjustable by the user: absorber Easily adjustable by the user: absorber 

• Pointing stability: ~ 100 nm• Pointing stability: ~ 100 nm
• Energy change: ~ minutes, fast and reliable• Energy change: ~ minutes, fast and reliable
• Pulse-length change: fast and reliable• Pulse-length change: fast and reliable

< 10 fs:     ~2 hours< 10 fs:     ~2 hours
• Repetition rate change: fast and reliable• Repetition rate change: fast and reliable

single shots, 30 Hz, 60 Hz, 120 Hzsingle shots, 30 Hz, 60 Hz, 120 Hz

excellent!excellent!60-300 fs: ~minutes60-300 fs: ~minutes



LCLS SupportLCLS Support
• 2 beamline scientists • 2 beamline scientists 

1 flour coordinator + 1 area manager1 flour coordinator + 1 area manager
….1 technician, 1 controls engineer,  1 postdoc….1 technician, 1 controls engineer,  1 postdoc

• Safety instructions: web, courses..time consuming• Safety instructions: web, courses..time consuming
• Safety checks: efficient and (mostly) reasonable • Safety checks: efficient and (mostly) reasonable 
• Lasers:  reasonable• Lasers:  reasonable

• Data taking, processing, storage: good • Data taking, processing, storage: good 

excellent!excellent!

• Technical support: reasonable … expensive! • Technical support: reasonable … expensive! 

time jitter 150-200-300 fs: too large!time jitter 150-200-300 fs: too large!
• Imaging detectors: …to be improved• Imaging detectors: …to be improved

• Housing: excellent • Housing: excellent . Guest house: small, expensive . Guest house: small, expensive 

improved!improved!
time jitter 60-100 fs: too large!time jitter 60-100 fs: too large!
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Proposal ProcessProposal Process
• 6 pages + 2 pages supplementary material: good! • 6 pages + 2 pages supplementary material: good! 

• Balance between fields:  evolving….discussed• Balance between fields:  evolving….discussed
• Memory on (turned down) proposal: improving • Memory on (turned down) proposal: improving 
• Information on outcome: often too late!• Information on outcome: often too late!still sometimes strange….

still sometimes strange….
• 2 external referees plus panel: good and fair! • 2 external referees plus panel: good and fair! 

too shorttoo short
• Proposal period: 6 month• Proposal period: 6 month

, very stressful, very stressful , inflation of ideas, inflation of ideas
 unrealistic proposals unrealistic proposals

to be improved !?to be improved !?
 “merging” similar proposals “merging” similar proposals

• Unrealistic short and equal beam-times: 5 shifts• Unrealistic short and equal beam-times: 5 shifts
 being improved! being improved!
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delicate !delicate !



User InstrumentationUser Instrumentation
• Not at all foreseen at the beginning!  • Not at all foreseen at the beginning!  

• LAMP as a test case:  painfull• LAMP as a test case:  painfull

intellectual property…intellectual property…quite some irritations… 
quite some irritations… 

•  SXR  external ES  CAMP squeezed in AMO• SXR  external ES  CAMP squeezed in AMO

tough … problematic conditions: see  SXRtough … problematic conditions: see  SXR

• but: important!• but: important!
New ideas develop quicklyNew ideas develop quickly
Money from other sourcesMoney from other sources
Exploit user expertiseExploit user expertise

problematic ideas…
problematic ideas…
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1. Overview: machine & end-stations1. Overview: machine & end-stations

2. LCLS: performance & support2. LCLS: performance & support

1. Excellent performance !1. Excellent performance !

4. Fascinating new ideas emerge !4. Fascinating new ideas emerge !

2. Highly motivated staff !2. Highly motivated staff !

3. Reasonable procedures evolve !3. Reasonable procedures evolve !3. Proposal process3. Proposal process

4. User supplied instrumentation4. User supplied instrumentation



Some remarksSome remarks
• Classical end-station concept  • Classical end-station concept  

• User supplied instrumentation is important• User supplied instrumentation is important

 Flexibility needed….up to new beam lines ! Flexibility needed….up to new beam lines !

only partly successfulonly partly successful

not always coherentnot always coherent

often not to extrapolate from synchrotronsoften not to extrapolate from synchrotrons

 Define clear and reasonable procedures ! Define clear and reasonable procedures !

• Large collaborations evolve and are often needed• Large collaborations evolve and are often needed

not always systematically attacking problemsnot always systematically attacking problems

 Learn from high-energy physics ! Learn from high-energy physics !

personal !
personal !



Some remarksSome remarks
• Short-time proposals:  not always appropriate  • Short-time proposals:  not always appropriate  

 Long-time commitment to user consortia  Long-time commitment to user consortia 

There are projects facing huge challengesThere are projects facing huge challenges

Who want  to solve these questionsWho want  to solve these questions

…with huge impact if successful…with huge impact if successful

 Define long /medium term high trust projects ! Define long /medium term high trust projects !

Who have well-defined plans / work packagesWho have well-defined plans / work packages

Learn from HEP but no “closed shops” !Learn from HEP but no “closed shops” !

…clear that final success will take years…clear that final success will take years

Who works coherently and efficientlyWho works coherently and efficiently

personal !
personal !



Some remarksSome remarks
• Short-time proposals:  not always inappropriate ! • Short-time proposals:  not always inappropriate ! 

 Be open to new ideas and keep flexible ! Be open to new ideas and keep flexible !

Experimental needs  expected impact Experimental needs  expected impact 

 Have short time projects ! Have short time projects !

Request rigorously tests at synchrotonsRequest rigorously tests at synchrotons
Request optimized use of beam time: rep-rateRequest optimized use of beam time: rep-rate

 Balance length of beam times:  Balance length of beam times: 

have fun…have fun…
some competition…
some competition…

personal !
personal !



LCLS II at Stanford !LCLS II at Stanford !
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4-14 GeV

FEE-1
Existing 112-m Undulator (1.5-15 Å)

0.75 Å
adjustable gap 

SHAB
30 mShortened 74-m Undulator

5 m

FEE-2
SXR2 (40 m)

5 m

full 
polarization 
control

self-seeding 
option

6-60 Å
adjust. gap 

6-60 Å
adjust. gap 

SXR1 (40 m)
4-GeV bypass

new adj. gap     und. (0.5-15 Å)

2-pulse 
2-color

full 
polarization 
control

ExistingExistingPhasePhase--11PhasePhase--22PhasePhase--33
self-seeding 
HXR option
(2 bunches)

EEHG*?

240 nm 
 6 nm

5 m

full 
polarization 
control

ready in 2017ready in 2017



LCLS II at Stanford !LCLS II at Stanford !

 Full polarization control Full polarization control

 Fast access to 2nd harmonic: afterburner Fast access to 2nd harmonic: afterburner

 Self-seeding: narrow bandwidth (10-4), chirped Self-seeding: narrow bandwidth (10-4), chirped

 2-pulse 2-color with variable delay: 0-50 ps 2-pulse 2-color with variable delay: 0-50 ps

 Energy: 280 eV – 24 keV Energy: 280 eV – 24 keV

… sub-fs, TW feasible, 1-10 kHz feasible…..… sub-fs, TW feasible, 1-10 kHz feasible…..



FEL FEL 

ion 
imaging 

ion ion 
imaging imaging 

electron 
imaging 
electron electron 
imaging imaging 

scattered and
fluorescence 

photon imaging 

scattered andscattered and
fluorescence fluorescence 

photon imaging photon imaging 

FEL FEL 

Science in CAMPScience in CAMP

 19 approved proposal 19 approved proposal

 Plus 2 using CAMP components Plus 2 using CAMP components

 CAMP standards taken for other end stations CAMP standards taken for other end stations
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