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Linac Coherent Light Source at SLAC

X-FEL based on last 1-km of existing linac
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SLAC linac tunnel ' research yard

X-rays in spring 2009




rroun 209 LCLS RF Systems

Sy 6 MV, 115 MV/m
Laser 30° from zero-crossing

M 1 15 o
& 1 I S

LOA (20-7)
< 57 MV, 19 MV/m
| on crest

LOB!(20-8)
72 MV, 24 MV/im

o ~fF -
o> Ol Cres

L1X (21-2)
A=band

L1S (21-1)
147 MV, 20 MV/m

25° nominal chirp 20 MV, 33 MV/m
160° nominal
20054 — I — = = L - -
—C /
T-Cavity (20-5) Bunch
&) 1.4 MV, ~4 MV/m Compressor #1 PHO02
BB\ 130° transverse Beam phase

Bunch length diag. Emma Monitor cavity
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focusing solenoid

dual rf power feed

cathode flange

SLAC Designed RF Gun
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Injector Transverse Accelerator 55cm 1MV

Powered from 20-5 Linac Klystron Accelerator Output. The Kklystron station is up stream
of LCLS. The transverse accelerator is located in the off axis injector.
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Callbratlon to Degrees of S-Band
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Bunch Length Measurements
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Located between LOA and LOB.
Single cell cavity at 2805MHz. 51MHz
below RF frequency to lower from
dark current generated in the RF Gun.
2805MHz is 25.5MHz below Local
Oscillator to enable beam phase
measurement against LO reference.
Measurement below correlates
differences in beam phase between
cavities before and after BC1 to bunch
length.

Beam Phase Cavity

P T W

1.4 T
} ® T-cav hunch length
1.2¢ "o # Ratio of phase cavities
1k *
vary laser
¢ o h
= 4 - | v ; S B ! -
© 0.6r 1 . |
: JR - Frequency = 2805MHz
0.4 3 e 1R - E D,
o ) — : QLoaded B=1 6200
0,2' 1 o
BothS&Xband N e /2 Time Constant = 700nS
phases varied * 4
0 ; ’ ‘o= ;
0 1 2 3 4 5

thE (%)
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Beam Phase Cavity
Critical Noise Levels and Bandwidths

Beam Phase Cavity Attenuator
Monitor Port
30dBm pk —
Coupler  Attenuator
30dBm pk | 23dBm pk
3dBm pk
-174dBm/Hz P
Wy -174dBm/Hz  pmp
In Tunnel m |
Monitor Port ~ MIXER IF 3dBmpk | 17dBm pk
Generated from 119MHz Oscillat -146dBm/Hz 129dBm/H
enerated from z Oscillator - m/Hz

Expected SSB Phase Noise Levels -143dBc/Hz -143dBc/Hz
Offset Hz dBc/Hz @ 2830.5MHz 13dBm
10 -82
100 96 -130dBm/Hz
1k -124 -143dBc/Hz
10k -144
20k -146

AN
2830.5

MHz Oscillator

¥ v>

2Vpp 10dBmvpk
Within filters BW
-135dBm/Hz
-143dBc/Hz

ADC SNR 77dBFS

ADC LTC2208
2.25Vpp FS
Transformer coupled
102MHz Clock

Beyond 5MHz from CF

<-155dBm/Hz
<-163dBc/Hz
Integrated Noise
-77dBc

Stanford Y
Linear
Accelerator
Center
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Beam Phase Cavity Analysis

Slope gives Frequency

Time
Calculated Beam Measured Phase Measured Phase
Phase at Beam Data Point 1 Data Point 2

Time
Beam Phase and Cavity Frequency are Calculated from Two Data Points Sent
From the PAD.
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X-Band Structure

in Main Linac

20MV - 33MV/m
15MW at structure
22MW at the klystron
120nS fill time.

Beam at +160degrees

20° from decelerating crest

Accelerator
enter
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X-Band Station to Linearize Energy Position Correlation |
BPM for energy feedback (20 #m resolution)

N collirmator Offset: 0 to 260 mm

-’ motor controlled .
," translation stage \\
54 N
RF deflector OFF RF deflector ON Deflector ON & X-band ON
energy chirp only energy chirp & X-band correction
RF deflector
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LCtS RF Jitter Tolerance Budget

Lowest Noise Floor
KAE/Eg)| < 0.1% and |AITo| < 12% Requirement
= - r——r TS = 0.5deg X-Band = 125fS
e bl 2 || Structure Fill ime = 100nS
Gun timing jitter Al 0.50 psec
Initial bunch charge AQ/Qg 2.0 %
mean LO rf phase Po 0.10 deg N -134dBc/Hz @ 476MHz
mean L1 rf phase > 0.10 deg I+
mean LA rf phase X-band O 0.50 X-deg
mean L2 rf phase 2 0.07 deg RMS tolerance budget for
1 <12% rms peak-current jitter or
mean L3 rf phase s 0.15 deg | <0.1% rms final e- energy
mean LO rf voltage AVo/ TV 0.10 % jitter. All tolerances are rms
levels and the voltage and
mean L1 rf voltage AV 0.10 % | phase tolerances per Klystron
mean LA rf voltage AVLIV, 0.25 % for L2 and L3 are YNk larger,
assuming uncorrelated errors,
mean L2 rf voltage AV, 0.10 %o where Nk is the number of
mean L3 rf voltage AV3/V3 0.08 % klystrons per linac.

P. Emma

iiiii
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Slow Drift Tolerance Limits

(Top 4 rows for Adle < 5%, bottom 4 limited by feedback dynamic range)

Gun-Laser Timing +2.4* | deg-S
Bunch Charge +3.2 %
Gun RF Phase +2.3 | deg-S
Gun Relative Voltage +0.6 %
LO,1,X,2,3 RF Phase (approx.) +5 | deg-S
LO,1,X,2,3 RF Voltage (approx.) | +5 %

(Tolerances are peak values, not rms) P. Emma, J. Wu

* for synchronization, this tolerance might be set to +1 ps (without arrival-time measurement)
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Linac Sector 0 RF Upgrade
LCLS must be compatible with the existing linac operation including PEP timing shifts
MAIN LINAC (SECTOR 0) RF/TIMING SYSTEM
Master Oscillator is | I
located 1.3 miles @ 1 ﬁ
from LCLS Injector | I ?}ém " } —
lducial
476MHz MASTER XGﬁIE'TERS - to RF 1.3 Miles to
OSCILLATOR z :
Measurements on PEP PHASE SHIFTER LCLS Injector
+-720 Degrees in 0.5mS
January 20, 2006 . S C COUNTOOWN
at Sector 21 IQPAU CHASSIS 476MHz
. PEP Control Divide to 8.5MHz
show 30fS rms jitter Camac Module
in a bandwidth from *8-5'\"”2
10Hz to 10MHz Master Trigger Fiducial Generator
Generator MTG ——] Syncronized to:
360Hz Line 360Hz Syncs Fiducial to 360Hz Power Line
Sync. 8.5MHz Damping Ring 8.5MHz Damping Ring
and 360Hz Power Line 476MHz RF Distribution
| |
|.s............|....——|...—..—l|l f{ Dar?l};ji:‘g'_izing
' . o
- n 360H=z PULSE

Ll
o
20 | I AVAVAVAVAVAVAVAVAVAVAVAVAVARS T
I !
[ A MDL 476MHz
! | AVAVAVAVAVAVAVAVAVAVAVAVAVAVNE:14
FIDUCIAL

PEP PHASE SHIFT ON MAIN DRIVE LINE MDL RF with TIMING Pulse — Sync to DR

iiiii
Accelerator
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LCLS LLRF System to BC1

B RF Feedback for Six RF Stations
m Gun -5 Chassis
LOA — 4 Chassis
LOB — 4 Chassis
TCav — 4 Chassis
L1S — 4 Chassis
m L1X -4 Chassis
B Laser Reference and Feedback — 2
B Two Phase Cavities — 1 Chassis

B Reference System — 21 Chassis

Total of 49 SLAC built RF chassis were
installed and turned on last run.

Four short racks in a temperature controlled RF
Hut contain the RF reference system as well as
Phase and Amplitude Detectors (PADSs) for

critical RF measurements.

iiiii
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RF Distribution Lab VS. MDL Measurements

i Agilent E5052A Signal Source Analyzer ent ES052A signal Source Analyzer
ise 10.00dB) Ref -20.00d4BcHz = 10,004 Ref -50.00dBcHz

by,
gy

u
i,
k"‘...

J.II

l 'h l't\

-"-qA.J1—~—fL‘_

-
IF Sain S04B Freq Band [300M-7GHz] o =150kHz F7opts Cotre 100

F Y
IF Gain 50dB Freq Band [300M-7GHz] L Cpt [ =150kHz] F7Epts Cotre 100

Existing Linac MDL Sector 0 LCLS Reference System Lab Measurements
126fS rms Jitter 10Hz to 10MHz 20fS rms Jitter 10Hz to 10MHz

John Byrd LBNL

Stanford .
Linear
Accelerator
Center
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[ ?;:6:'2; EZ?PEL%VUW MDL to Linac Sectors 21 to 30
MDL from FSJ4-50 0.8dB/30ft ' PEP and Research Yard
LCLS LLRF 476MHz Linac Ref.
Sector 0 380-208-38 |
476MHz Amp I
Existing Sector 21 30dB Gain 19dBm 4x+13dBmout |— HRSER AN LASER Reference
TIMING SYSTEM
FIDO Output MDL 476MHz 15 e e LASER
120Hz 380-208-40
MDL SPAC —
119MHz TRBR
380-208-40 J14 ROOM
—————————— & VME BASED
LCLS 476MHz PLL L ASER PHASE
e FEEDBACK | | isoms am itow
CH2 - S21 119MHz wit offset adjust 2 ani 2
REF PAD and Error Monitor 2830.5MHz LO Gen
119MHz 4x 476MHz C'J
CH3-LCLS 119MHz 0dBm OUT 13dBm OUT]| — ; B
LSR PAD C'L 2856MHz in - CHI?SZF’?SISXBZ
LCLS VHF Dual Dist 1Q Modulator to adjust
o 2830.5MHz to 2856MHz Phase CH2 -119MHz -
B 4X 119MH T 3: 476MH € LSR PAD
X z X z Divide 112 to 25.5MHz
13dRm QUT 121Rm QuT SSB Mix to 2830 5MHz CHI 285601z ;ﬁigg SINGLE
TIMING < 4X to 102MHz LSR PAD | MEASUREMENT
é l — |
+13dBm in +13dBm in 25.5MHz out
476MHz to 2856 MHz 476MHz to 2856 MHz 102MHz out  2830.5MHz out
MULTIPLIER MULTIPLIER $ “—I +13dBm 25.5MHz in
+17dBm +17dBm o
380-208-22  out 380-208-22 out Clock - 102MHz 31 1 Local Osc - S-Band By X-Band LO Gen
CLK SPAC LCL SPAC 380-208-51
RF Reference - S-Band i 380.208-40 J14 380.208.40 J14 25.5MHz out
RFR SPAC f]
380-208-40 J14 102MHz 7 2830.5MHz 7
+6dBm in VHF 5W Amplifier S-Band 10W Amp CSBI‘EFZ;SAhg-iz
X-Band 4x 2856MHz \V4 380-208-26 380-208-27
MULTIPLIER S-Band 10W Amp —
380-208-50 +17dBm out 38020827 102MHz 102MHz 2830.5MHz -23dBm I[gg
16 Way Dist 16 Way Dist - .
T 20T 22dBm each 22dBm each 2.8-2.9GHz Distribution] |oTcav
S 380-208-21 380-208-21 380-208-20 L1s
2.8-2.9GHz Distribution T L1X
380-208-20 o ;
o 2830.5MHz LO from this
LOTCAV
LoB e . . . ..
distribution chassis is the RF
L1X
L1s
L1X CHO - 2856MHz
—= “Rerpap Reference for all systems.
EXPERIMENTS
2856MHz from — CH1 - S21 2856MHz
Sector 21 SBDU REF PAD

enter
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LCLS New Reference S stem L b éd’goétﬁothen

t E5052A0 al Source Analyzer
1.00dE S Ref -50,00dECHz — ~

ts

Lab Tests Show
Reference System VJW,L
Noise Levels Meet P~ ]
A" L C L S Wb s
Requirements

h’l

-
Opt [«150kHz] 775p! orre 100 IF Gain 5048 Freq Band [300M-7GHz] Opt [=150kHz] F75pts orre 100

2830.5MHz : 22fSrms 10Hz to 10MHz

i Agilent E50528 al Source Analyzer

2856MHz = 70fSrms
2830.5MHz = 70fSrms
25.5MHz = 2pSrms
102MHz = 2pSrms

s
FFSprz Lili] IF Gain S04B Freq Band [200/M-7GHz] Opt [=150kHz]

John Byrd - LBNL 25.5MHz : 152fSrms 10Hz to 1MHz
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RF Cable Routing

All cables are routed from devices in temperature
stabilized area to the centrally located, temperature
stabilized, RF Hut in the linac gallery.

-

BEAM DIRECTION
SEPT. 01, 2006
BEAM DIRECTION

SEPT. 01, 2006 Cables run down through
penetration 20-17 which is
enclosed by the RF Hut

Cables from pnetration
to RF Racks

stanford
inear
Accelerator
enter
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Number of cables per device
Reference cables are
8ft and can drift +-50fS

L0, L1 - 5 Klystrons

Specifications
100fS rms jitter
+-2.3pS drift

L2 - 4 Sectors
Specifications
70fS rms jitter
+-5pS drift

L3 - 6 Sectors
Specifications
150fS rms jitter
+-5pS drift

Stanford Synchrotron Radiation Laboratory

RF System Cables / Specifications

Most “Phase Stable” cables were

bent beyond minimum bend radius

during installation.

Most Devices
are in Tunnel

Laser

RF Gun

LOA

Phase Cavity
LOB

L1S

L1X

L2 Ref

Reference Cable Drift Based on
Temperature variations
58030'5MHZ PADS and temp co of 5ppm/degC
Laser L1 _lLaser +-290fS
RF Gun b——rF Gun 23701
LOA =10 SRS
. 2 _ +-240fS
Phase Cavity ) Phase Cavity
LOB 4 LOB +-240fS
L1S ; L1s +-140fS
L1X — 1 216075
1 +-500fS
L2 Ref 1 L2Ref
RE HUT LCLS Specifications:

Laser, RF Gun — 2.3pS

LOA, LOB, L1S, L1X, L2, L3 —5pS

Accelerator
enter
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LAC Linac RF New Control

System

Accelerator

___ MDL 476MHz .
"l Next Sector The new control system will tie in
W m to the IPA Chassis with 800W of
6 X I i
1\ wer available. The RF
e isting a5 drive powe ava able. The
Phase Reference will be from the new
Reference SubBooster RF reference system.
Line Sub Drive Line
To Next i
Klystron » 3kW /I
vV \'
IPA
20mw High Power Solid State Sub-Booster PAC
Phase Shifter _
s /A, Attenuator | and Q will be controlled by the
ase . . .
Amplitude Kiystron PAC chassis, running 16bit DACs
Detector SLED at 102MHz. Waveforms to the
SOOMW DACs will be set in an FPGA
. um -45dB I I
Existing ? through a microcontroller running

EPICS on RTEMS.
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1 KW Solid State S-Band Amplifiers

B >800W peak at 2856MHz

E 5 units installed and
operational last run

B Added phase noise not
measurable

B Trigger comes from Beam
Containment System (BCS)
Need to change to 48V pulse
on Twin BNC connector.

B Amplifier module from
Microwave Amplifiers Ltd.

iiiii
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n ACCELERATECLOCK TRIGGER STANDBY  gggp SSSB
PAC Chassis B e e S
z V4 H
FP BNC RP 15 Pin D
RP BNC RP BNC
RF INPUT RF OUTPUT  RF OUTPUT
Monitor Monitor To SSSB ::';'(éNEOR SPMIS‘?\JN(!TOR
FPN FPN RPN N A \ 4
HY H10 J3 32| |H7 J10 SSSB H6 P5
RF Module Trig
TTL
17 to 30uq
MATCHING
FILTER I
NETWORK
| L6bit DATA 16 bit
1&Q MODULATOR _Amp b m
2856MHz Ref | Am QIR MOPUHATOR T L N ' ck | XILINX DATA ] CONTROL / T
M S = p J5 MAX5875 &
3dBm _ } ( . v 2 X 16 bit DAC SPARTAN 3 Arcturus uC5282 o
RPN W X 119MHz Clock | naral  FPGA Microcontroller Module] 2
Q P (AMHiz 0 200MH &8 |with 101100 Ethernet |~
MATCHING J4 N CLK mI
y FILTER L=
NETWORK AD8099 Diff Amp z
m
Control Control -
Q
o]
£
SLOW ADCs %{A‘Z’:{t’;‘a‘“re
"\I;Ier:i[t)errature ét" H12 PAC Temp —]
onito IQ Temp
SSSB Temp
SSSB P-FWD
15VDC 5VDC 15VDC SSSB P-RFL
RF INPUT NC
70MA  ponitor  10MA 70mA SSSB PWR Control Board
Diode -12v
FP BNC

S-Band PAC chassis has an EPICS on RTEMS Coldfire IOC used to load registers and
waveform memory on an FPGA. On a trigger the FPGA puts out two 2048 point waveforms
which run | and Q inputs on an RF modulator. In calibration mode a single side band
modulator is created by sine and cosine waveforms on the | and Q channels.

Stanford

inear
Accelerator

enter



RF Station: L1-5 To effect changes, press Calib Rgst button Current State - R
o T

P a C IO C E P I C S P I ACCLLLIZ1T::LTS and wait for Current State to be "Calibrating”
Sl Control Walid Range: Min Max

LCLS LLRF Station: L1-5

ACCLLIZIALIS curent st | ERAN | Prr..

DAC

Calibration Contral

Idle
Calib Rgst

Calibration ALWAYS uses full FPGA, i.e. 2048 pts

Changing &mpl
redraws | & @
center plots

Amplitude of Calib WF

‘Configuration

Monitars Control Walid Range: Min Max

Delay 32000 Calib Done
Changing N P15 (063 e (n3.8ns | Gain : ; i
ot redraw plots _ ) | Offset updatas FPGA | bufer, -100.

Amplitude of Calib WF

5558

i 1500
Delay - 3 Gain ) ) 3130
| Gain e 006 Changing | Gain or | Offset
i, “ ( g :
e increments) - @ Offset updates FPGA | buffer. 450
! (n3:
G Gain 3 2
98 ng e : 7
& Offsit ﬁ{,‘:rem;‘ﬁts-) Select Calibration Yaveform Pair Trigger )
| Adjust  Adjusted at ol - Range of | & @ Adjust  sinfcos ) Z = ; {in 9.6 ns
@ Adjust 1 2l ~ Change 1anging Calibration YWaveform
Aol o erellon redraws all B of the wavefarms

_ CPU
Salect Waveform Pair Triggar below

Mode

External

Internal . . ) ) N
cPU Ext Trig Width (in 9.5 ns increments)

Ext Trig Delay (in 9.8 ns increments)

,\HIStEEithsa_.-_J_

Operational PAC Panel Calibration PAC Panel

In operation mode the PAC receives PVs “l Adjust” and “Q Adjust” which are used to transform a
preloaded waveform and then load the FPGA. A future upgrade will have the FPGA transform the | and
Q waveforms with the loading of 4 matrix elements. In calibration mode the | and Q Offsets are
determined to minimize feedthrough in the RF modulator with the gains set to zero. The modulator gains
are then set to maximum and then adjusted down to suppress the opposite sideband in a Single Side
Band modulator.
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PAD Chassis

-

CHAN O CHAN O
TEST PORT  25.5MHz IF .
RP SMAJ18  FPBNC J1 4 X 16 bit ADC Control Board
Y LTC2208
Transformer Coupled Inputs
SE?I\’I‘P%T 16bit DATA 16 bit
RP N J22 - chen-© weik glleo d ala :
words m |14
CHANO v A ———— 16bit DATA cs/ (A:rcc):{\t‘;t?soul_clszsz %
TEST PORT Chan. 1 FIFO ¢k | Microcontroller Modulel2!
FP N J2 FILTER 25.5MHz BP : WCLK 64k words with 10/100 Ethernet | 8 s
z
LO DIODE 16bit DATA FIEO _
DETECTOR Chan. 2 wek | 64k words 32
LU NIk
i P
LO INPUT RF Board 10dBm 16bit DATA FIFO ﬂ
2830.5MHz ™| Chan. 3 WeLK 64k words
RP N Jj24
LO OUTPUT MIXER 2—2Chan|| o —
> J—
2830.5MHz RF Heads CPLD
FP N j9 ]9t
5VDC
'IC'::SAJI}‘ F}ORT FILTER 25.5MHz BP SVDC 5 Analog QSPI
FP N J4 CLOCK INCLOCK Mon gYBIZcDigital TRIG In TRIG Mon | 20pinribbon
CHAN 1 102MHz  102MHz 120Hz FP BNC J12
. RP NJ16 Fp N J11 RP BNC J17
RF INPUT
RP N J26
CHAN 1 CHAN 1
TEST PORT 25.5MHz IF

P SMA 32 FP_BNC J3

S-Band PAC chassis has an EPICS dn RTEMS Coldfire 10C which reads 4 FIFOs from the 16
bit 102MHz ADCs. The 4 channel control board is connected to two RF heads, each of which
has 2 channels. The RF is down mixed with the 2830.5MHz LO reference to 25.5MHz IF,
which is digitized at 102MHz. The IOC does the down conversion to base band, averages
over a specified number of points, up to 512, and the set the EPICS | and Q records.
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PAD Testing
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Plots with +2dBm into chan 0.
16 plots taken per board.
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Sine Wave Histogram shows no missing bits and Differential
Nonlinearity of 0.2 LSBs. The Integral Nonlinearity is large
due to nonlinearities in the function generator used. The
lower SNR of 69dB is due mainly to the 4:1 impedance
transformers used on both clock and signal inputs.
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PAD IOC EPICS Panel

LCLS LLRF Station: L1-3

ACELLETTLTS The Coldfire EPICS IOC reads
digitized data from 4 FIFOs. A
window is set in the data by
selecting an offset and window
size. The data within the
window is down converted to
baseband and an average |
and Q calculated. The data
shown here is from station L1S,
a SLED cavity is used to power
3 accelarator structures.
Channel O is the Input to the B
structure, channels 1, 2, and 3
are outputs to the B, C, and D
structures.

‘Configuration

Offset Total Offset Window Size  Total Window Size, | Hunning ve Calirating

21-1BRFIn |50 &0 Operational Mode _

21-1B RF out | 160 50 Calibration Cantrol Mot Calibrating
21-1C RF out | 180 80 Calibrating
21-1D RF out | 160 il Done

Raw Waveforms of the Current Acquisition

Current &cquisition
Num

21-1B RF In
21-1B RF Out |
21-1C RF Out
21-1D RF Out

Temperatures

Ch
0

dedree C

0.00021280 =0
0.00021280 -273
0.00021280 -273
0.00021280 -273
0.00021280 -273
0.00021280 -273

Status

The temperature monitors are
shown here not working, we
have more work to do.

Stanford v
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Intarrupts processed
Scan VO reguests
Overflows in |

Overflows in G




VME Based Feedback IOC

Stanford Linear Accelerator Center

LCLS LLRF Station: L1-5

ACCLLIZ1 LS | Klystmn'21—‘i Diagnnsticsl | Home Screen...l

| Exit |

Current Acguizition

21-1B RF In Z21-1B RF Out  21-1C RF Out 21-1D RF Out Total Weight

| Average from PaD
G Average from PAD
Actual Phase + offset (deqg 2856 MHz)

. . -

Phase Weighting | 0500 |1;:15_?

Actual Amplitude * scale factor (b - -

Amplitude Weighting | 0.500 |1;.'1a?

actual Power * scale factor (M)

FPhase (deg 2656 MHz)

Limit Correction to

rdin Cor Desired Wt averane Iax Cor
M e .

Frevious Set Paoint

Local Phas FB
If Local Phas FB is off OR

Ampl belows minimum threshold,

Mews set paint Smnnthing

Limit Set Point to

Previous Set Point is sent
every time PaD is triggered

+ Zet Point <

e A kdin Car Desired ‘Wt averace hax Car

LimitCorrectiu_ntn' - I'm_ -)< -

Mew set nmnt Smanthin Previous Set Foint
o il -+
Limit Set Point to

- Minimum &mpl regd for BOTH Phas and Ampl FEs 1D ooo

Local Ampl FB
If &mpl Phas FE iz off OR

Previous Set Point is sent
every time PAD is triggered

< Set Point <

Expert panels I adjust = Aset = cos Pset X Scale Sending | and & adjust to PAC

| L1-5 PAD (source)

I 1.000

Enabled

].f-‘-.djust scale factors & offsets

Expert panels
G adjust = Asetx sin Pset x Scale

Global Feedhack Status for L1

L1-5 PAC (destination)
L1-5 P&C Calibration

I 1.000

Ampl below minimum threshold,

n Radiation Laboratory

VME based feedback IOC
takes data from the PAD |
and Q PVs. Theland Q
PVs are transformed to
phase and amplitude. The
phase has a phase offset
applied to align 0 phase
with peak acceleration and
the amplitude has a scale
factor applied to read in
electron energy gain on
crest. The feedback used a
weighted average of the 4
PAD channels to determine
a phase and amplitude
value for the 2 separate
feedbacks. After feedback
corrections are done the
phase and amplitude are
converted to | and Q and
the new values sent to the
PAD.

Etanford iy .
e
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L1S Stability

NeWd& RAN® || 08

L15 aMPLITUDE, Mean value = 133.03. Relative ermor = 0.056 %,

1 I i i I
100 200 300 400 500 E00

phaze [deg]

time [zec]

Feedback Off, 10 Minutes, 0.056%, 0.13°

|

Stanford Svnchrotron Radiation Laboratorv
File

CsHE RaAMe|(E| 08

Tain L15 aMPLITUDE, Mean walue = 134.65. Relative emor = 0.05 %,

i 1 1 I i
1] 100 200 300 400 500 EO0 o0
e L15 PHASE . Mean walue = 20.002. Std. deviation = 0.102 deg.
. T T T T T T
204

phase [deq]

i i i i
200 400 a00 EO0 oo

time [zec]

Feedback On, 10 Minutes, 0.050%, 0.102°

i i
0 100 200

L1S Meets Jitter Specifications (0.1% 0.1°) for 10 minutes with feedback on. All stations
except X-Band met specifications consistently near the end of the run. The above data was
taken with Matlab routines reading the EPICS records from the VME based feedback.




RF Phase and Amplitude Stability (L0a)
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LCLS RF System L2 and L3

Turn On December 2007 — 4 weeks

Control of 3 RF stations for L2

Two Sector Controls (16 RF stations) for L3
Transverse Cavity Control

Phase Reference Line in Tunnel (8 Sectors)
Two Beam Phase Cavities

Total of 18 SLAC built RF Chassis

Are we ready? — Definitely not, but we will turn on
anyway.
Next we need to finish the injector RF system
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Block Diagram LCLS RF System L2 and L3

824 RF Rack LKF2414 4I Sector 24 S-Band Reference I
RF Hut -
S25 2856MHz Ref in S-Band PAC 24-1 sssB
2630.5MHz +17dBm S-Band PAC 380-208-40 714-111-11
2.8-2.9GHz Distribution 380-208-40
380-208-20 Clock Generation
and Amplifier S-Band PAC 24-2 SSSB
380-208-17 380-208-40 714-111-11
Clock Distribution S-Band PAC 24-3 SSSB
380-208-16 — ] 380-208-40 714-111-11
PAD Kly 24-8 380-208-6
CHO PAC out S-Band PAC 24-8 SSSB
380-208-40 714-111-11
CH1 Drive
CH2 Beam Voltage
CH3 Kly Forward
Sector 29 Sec 30 Sub-Booster
[PAD 380-208-60 476MHz PAC SB30
3 476MHz PAC SB29 380-208-40
CHO TCav in 380-208-40
CH1 TCav out Sector 30 KF30-1A
CH2 PH03 T HRAD 380-208-60__|
CHO
CH3 S25 2856MHz Ref
Patch Panel CH1
LO Amp/Distribution TCav Input Reflected CH2 PHO4
380-208-15 TCav Output Reflected
2830.5MHz -3dBm in Phase Cavity CH3 S30 Ref
2830.5MHz 4 x 20dBm out
2830.5MHz in 2830.5MHz ou -
Penetration Penetration Penetration
20-17 24-15 30-1
—————————_

S21 to S24 Rigid Coax Linac Tunnel S24 to S30 Rigid Coax Linac Tunnel

enter
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LCLS Commissioning Time-Line
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| 2007 2008 £ | 2009 £
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| controlscheckout |  Re-commission |
& re-commission Inj/BC2 to SL2

injector
...Injector Linac/BC2 LTU/Und/FEE FEL

Commissioning Commissioning Commissioning Commissioning
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