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Overview of LCLS

B 2 km X-ray SASE FEL

® Beam energy 3.3 — 15 GeV (480 — 10k eV)
® Pulse duration 500 fs — 1 fs

@ Controls: EPICS, Matlab, XAL, SLC legacy
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Typical week at LCLS

LCLS Electron Beam Energy
Jan 30 2011 — Feb 6 2011
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Typical week at LCLS

LCLS Electron Beam Energy
Jan 30 2011 — Feb 6 2011
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Typical week at LCLS

LCLS Electron Beam Energy
Jan 30 2011 — Feb 6 2011
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Energy history at LCLS

LCLS beam energy distribution, Aug 2009 — Mar 2011
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Energy history at LCLS

>
. LCLS beam energy distribution, Aug 2009 — Mar 2011
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Early energy changes — not so good

>

¥ Jan 16, 2009 — 1st successful energy
change
®13.64 GeV -> 10 GeV, 4 hours

@ Subsequent energy changes painful

@ Ops follow written procedure

@ 13 steps, 11 different pieces of software

@ 20 minutes — 2 hours

B Software implementations of procedure
@ Worked OK, not great
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Energy ramp technique

>

Turn up (or down) all the magnets
after the linac

Y
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Scale LTU, Energy =
Dump B
B _ Enew B magnets 25 ETarget?
new 0 MeV nergy
E, ,
N
Let the beam-based feedback , v
Scale linac AE
correct the beam energy and magnets to \ et
steering match new MeV?
acceleration
* |
Repeat until desired energy is OK I
reached Ener
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Changes are “adiabatic” complement limits?
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Energy ramp GUI

‘000 '\ Energy Ramp GUI
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Energy ramp in action

X-ray detector iigz }

pulse energy 1450

m SIOCSYSO:MLO0:AO409 (11.908:14.507GeV) ™ GDET:FEE1:241:ENRC (-4 4741E-2:2.505970m))

-3.00

- 2.75

[mJ / pulse]

Beam Energy [CeY|

12.25 -
12.00 -

e- beam
energy [GeV] - JoW U

-2.50

-2.25

- 2.00

1.75

-1.50

-1.25

-10n

-0.75

-0.50

- 0.25

02-24-11 07:00  02-24-11 07:05
Main Time Axis (PST)

02-24-11 07-10

Improved Energy Changes at LCLS

NATIONAL ACCELERATOR LABORATORY

-nonn

<
=
)
m
m
=
m
=
[w]
-
El




Energy ramp in action

>
® SIOCSYSOMLO0AO409 (11.908:14 507Ge\) ™ GDET:FEEL:241:ENRC (-4 4741E-2:2.805970m))
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Energy ramp in action
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Energy ramp in action

>
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Energy ramp in action

Request called
in to control
room

Ramp GUI
started

W SIOCSYS0:MLOD:AD409 (11.908:14.507 Gel)

15.00 4

Ramp GUI
finished

X-ray detector

recalibrated
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Energy ramp in action

Request called
in to control
room

Ramp GUI

W SIOCSYS0:MLOD:AD409 (11.908:14.507 Gel)
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Beam delivered
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Energy ramp in action
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Time savings characterization

05:04\Ramp & SDTZ complete, delivering to CXI at 5900 eV B_Ripman
A\ 04:51/Ramping down to 5900 eV. M_Gibbs

. Duration of Energy Changes, April 2009 — October 2009
Use time stamps from [ [ . . , .
- Manual procedure

operations logbook to 30
assign duration to '

20 1

= L
each energy change Z Mean = 14.6 min
Std. Dev = 19.1 min
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Time savings characterization

Energy Change Correlation, LCLS Run 3 Jan 2011 — March 2011
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Energy scans

Quick energy
changes
enable fast
scans!

Are phone

calls really
necessary?
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Energy scans - slaved to instruments

>

\ Energy Ramp GUI

PV tracking mode S o "
e e arget Ener ode =
runs in infinite loop (SOSE nEy « Lem L3 Every 500
= Use Target Energy below
« Show LEM plots

Treats arbitrary “Use PV W
“target” PV as setpoint [| S10C:SYS0:MLOO: CALCO19 } Fudgetimit: | g %
Klystron Management

Allows correlation plot, _ —
Starting Energy: 11,813 GeY
other software to scan « Manage Complement
the machine energy Target Energy: {17 513 GV Make 29-30 Proportional  «

Step Sizer [ og MeV S
Wait Each Step: ’T sac Iteration

bk Gain: ‘ 0.6

start J

W Auto Standardize BSY/LTU/Dump ‘ _

Messages
GUI loaded, press Start to begin scaling energy.

=r—0 Improved Energy Changes at LCLS

NATIONAL ACCELERATOR LABORATORY




Energy scans - slaved to instruments

>

Hutch 2
monochromator grating
angle calibrated to
photon energy

Users enter desired
photon energy into
hutch DAQ system
Grating moves,
accelerator follows
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Time savings characterization

Subtract time spent for magnet hysteresis correction

B BEND:DMP1:400:BACT (8.1305E-2:17.6499000GeV/c) ™ BEND:DMP1:400:BDES (11.5240000:12.2800000GeV/c)
B BPMS:UND1:190:TMIT1H (2079620.625:1078240649.000Nel)
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Time savings characterization

Duration of Energy Changes (Corrected), Combined
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Other tools (dashboard)
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