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SLAC’s LCLS Photoinjector
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SLAC’s LCLS Photoinjector
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SLAC’s LCLS Photoinjector
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SLAC’s LCLS Photoinjector

* LCLS 1 referred to as the Cu Linac or NC Linac

* Laser transport under vacuum, ~3.5 x 10 Torr

gun
solenoid

Ref: Akre et al, Phys.Rev.ST Accel.Beams
11, 030703 (2008)




SLAC’s LCLS Photoinjector

o1 AL

* Virtual Cathode Camera (VCC) — Pulnix camera, in vault next to
gun higher radiation area
* Window to Cathode

= 03/13/2020 12:47 Sharon VCC ProfMon CAMR:IN20:186 [
Coherent 2 UV beam -

Profile Monitor CAMR:IN20:186 13-Mar-202012:47:57




SLAC’s LCLS Photoinjector

o1 AL

* QE ~4 x 10 (—e/photon)

* Cu cathode — third cathode since 2007 (First: 2007-Jul 2008,
Second: Jul 2008 — May 2011, Third: May 2011 — present)

* Accelerator Structure Test Area (ASTA) program — cathode cleaning
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SLAC’s LCLS Photoinjector

= 12/20/2018 03:28 Gibbs, Shtalenkova Comparison of tonight's scan vs. the one done in August

(Thumbnail is broken, click for full image)
Comparison of tonight's scan vs. the one done in August.
QE 'canyon' is growing.

L] Figure
e s e =] 06/06/2018 14:05 Zhou, Sheppard, (Maxwell) Scaled QE scan

CPIIE D Glficen Today's Measurement
With scaling from John, here see the QE map with axes in mm of position on VCC.

Generally the same shape, but the low
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» LCLS Laser System

***Drive Laser System
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LCLS Laser System - Drive Laser System
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— LCLS Photo-Injector Drive Laser T —
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Transport = Shutter
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LCLS Laser System - Drive Laser System
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LCLS Laser System - Drive Laser System

* Vitara output — Pulse picker and timing diagnostics

Pockels
Cell

To XCorr




LCLS Laser System - Drive Laser System

* Vitara output —timing diagnostics

:_. Frequency J .
d - PD’s Outside
soe] | i Vitara
EVR —— Trigger
Laser Oscillator Se—3c—> /" Regen e .
Mok Fast Plazs
T T .I . Lagar Diodes —|.
i Laser Wvtorfuce [T
Control m‘ ' \ i ‘ Module S
Li Deivioatis ! Counter
‘ =01
Cantral -
[ ) I T S |
Accalarator BF: EVH

Courtesy of Justin May
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LCLS Laser System - Drive Laser System

* Vitara output — Pulse picker and timing

LASR:IN20:Z:LSR

LCLS Coherent laser Vitara T LASR.IN20:2 PAD Diagnestics [

alias <LASR:
ﬁ&“f Waverarms L
g 1 Status
Beam Rate  [JEI Wz

Frocessing

| average

- o 24

2856MHz
Laser Pulse
68MHz
119MHz

— Adjust scale faclor, ofsets

Phase Offsel Actual Phase
(deg) (deg)

CHO —ZE 000000

CH1 EI[IEI[IEI[IEI

CHz 52 000000

cH3  [Tsoooooon

PAD Trig Rate [ e
P nerrupt= |

Temp
Offset (dey C)

Slope
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CH1
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CH3

CH4

CHS
CHE
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IMPORTANT NOTE:

OFST and SIZE values must be
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OFST + SIZE iust be <= 512.

Q Average Overflows OFST SIZE

64
i 24

o 24
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1.000e+00 1 0006-06
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LCLS Laser System - Drive Laser System
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* Chirped Pulse Amplification — Strickland and Mourou, 2018
Nobel Prize

ultrashort pulse
oscillator

compressor

Courtesy of ResearchGate.net 16



LCLS Laser System - Drive Laser System




LCLS Laser System - Drive Laser System
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LCLS Laser System - Drive Laser System

* Multi-Pass Amplifier (MPA)

Output to 760nm Input
Compressor From Regen

Evo-HE#1
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LCLS Laser System - Drive Laser System
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* Chirped Pulse Amplification — Strickland and Mourou, 2018
Nobel Prize

ultrashort pulse
oscillator

Courtesy of ResearchGate.net 20



LCLS Laser System - Drive Laser System

21



LCLS Laser System - Drive Laser System
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Laser Room Layout — Drive Laser System

* Pulse Stacker — temporal profile requirement for the cathode,
~2ps stacked pulses provides ~4 ps (sharper rise/fall times) and
better projected cathode emittance

[27]  07/15/2020 15:08 Sharon VCC ProfMon CAMR:IN20:18¢€
Lazer Pulse Stacker Caontrals EE— I m Temporal overlap of S & P Arms, P Delay stage @ 9.2ps (11.12mm)

Profile Monitor CAMR:IN20:186 15-Jul-202015:08:13

Fringe pattern —
Temporal overlap

23



LCLS Laser System - Drive Laser System

* Iris Wheel — Imaging system to the cathode (4:1)
* Nominal charge of 250pC, iris size 1.2mm

* Lower charge such as 20pC, smaller iris size

1.2mm lris o J 0.6mm Iris

Profile Monitor CAMR:IN20:186 06-May-2015 12:14:07
Profile Monitor CAMR:IN20:186 13-Mar-2020 12:47:57
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LCLS Laser System - Drive Laser System

* Cameras — Manta cameras, Pulnix cameras in Vault for
VCC, CH1 & VHC

* Power Meters- Coherent

"~  PROGRESSIVE SCAN
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LCLS Laser System - Drive Laser System
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* Cross-Correlator — measurement of UV pulse length

uv bgam BBO Xtal

(] ; L Y

H-Corr Scan Coherent? 02-Sep-202008:32:24
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Posidon {pm)
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LCLS Laser System — Laser Heater System

* Why do we need the laser heater?
* Microbunching instabilities (MBI)
* QOverlap of laser and electron beam gives energy modulation

e growth of slice energy spread to suppress instabilities and
make the longitudinal phase space more manageable

758 nm laser (44 wJ, 20 ps)

85 mm

Ref: PRD 1.2-004-r4, PEmma 180 mm

28



LCLS Laser System — Laser Heater System

* Laser Heater OFF vs Laser Heater ON

Profile Monitor Y AGE:IN20:985 28-Ocr-2018 23:11:49

]l
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A kY

Profile Monitor ¥ AGE:IN20:995 25-0ct-2018 22:10:01
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LCLS Laser System — Laser Heater System
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LCLS Laser System — Laser Heater System
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* VHC - Image of beam inside the undulator
2]  03/13/2020 10:42 Sharon VHC Coherent 2 LH beam statistics
CAMR:IN20:469 9 03/13/2020 10:42 Sharon VHC ProfMon CAMR:IN20:469
1500 Coherent 2 LH beam
g 1000 ] a Profile Monitor CAMR:IN20:46% 13-Mar-2020 10:42:38
. 500 ~
0
= 0 1 2 0 1000 2000
x 10°
x 10°
2

xmean = 1256.56 um

ymean = 753.20 um 1
xrms = 33580 um —_—7/\~
yrms = 239.84 um 0

corr = 0.02
sum = 1.093 Mcts —1l=

0 1000 2000
13—Mar—2020 10:42:53 x (um)
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LCLS Laser System — Laser Heater System
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* Laser Heater Transverse alignment

Tunnel IN20
| Laser Laser Heak
sl PMH3 [m VHE Stats | Attenuato
{1Hz BSA P\) VHC x&v| I:l]
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Photodiode |: ] VHC
Shutter - wp MH4

Undulator
our ouT *
-
N

I Currently: 34,1439 mm P
Status:  Stopped Adjust... | _] s
Waterfall.. | / OTRH TRHN LHWP FEON | I.|

Profile Monitor OTRS:IN20:465 27- Aug-2020 02:50:11

Profile Moenitor CTRS:IN20:471 27- Aug-2020 09:50:54
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LCLS Laser System — Laser Heater System
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LCLS Laser System — Laser Heater System

* Laser Heater Temporal alignment

Laser Heater _
LH WP1 SHTR 1

Undulator

Currently: 34,1439 mm

Status:  Stopped | Adjust... |

Motor Control {mm)

motor LHDL_MOTR

34



LCLS Laser System — Laser Heater System

* Laser Heater Temporal alignment

OTRS:IN20:571:TMIT charge estimate (Nel)
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Laser and e-Beam Performance

* Cathode alignment

- Laser position on the cathode in an area with good QE
performance

Solanzid Fznga glatlloimts | Start Sean | Zal brete |

- Electron beam position CEE IR T T T

using BPM’s and the e oden  wdme g oot swly | ol Gl
Solenoid Scan 084 ug-_mm 124108

solenoid Strength, when the | isexams [ oz ae | | *  EPMSINZO221X

; # BPMS:IrEO221Y

1

a0 T Pt x|
*  BPMSINZOZIEY

Y IO Offsct 0,5 i

LPAT RPRAS

drive laser is well-aligned,
the electron beam will be in jig 82 ik

|:|.-

ozt :mm

BPMS: IN20 221X X Position {nn

the middle of the solenoid  falizEs e &5

Lo _'.-'l_.'L.IF _ﬂ i

(no transverse field) e ]
Lizne heszarenent “ha 04z 044 046 048 05

SOLNINEO 12T BACT Acticl B G—m)
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Laser and e-Beam Performance

Laser Wyplt
- : M3
fid / ~ UV Drive Laser
. N
) M2
o Lot [ | R e a—
g /
Solenoid 1-------- >
e iBPM2
-1 BPM3
cortrol device e- BEAM TO
LINAC..
L Input = YCC offset + calculated changes by GUI
Tt Output = M2 and M3 positions
X, Y offsets o LR
Laser Cathode Alignment GLI Feedback Loop 2

Courtesy of Eric Tse
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Laser and e-Beam Performance

1)

Profile Monitor CAMR:IN20:188 24-Jun-2020 10:37:24

* Laser Feedback to
maintain beam position on
cathode

)

Control | Close Loop 7I| State

Fositiones
Min. Max. o oy
Femg I 0.001 Coet. 0.0300 Cycle I 20 Gain | 0.2

Ref. 3.000 Frr.m motCorr. BRI
-2 -1 0 1 2

Moving .

motCorr. RUREEEE

* Laser Profile — cut-Gaussian ™ 2™ & voving [

* Filling the iris with a uniform ~ tesl®® e 2 s [0 0
beam, lose lots of laser
energy
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Laser and e-Beam Performance
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* Emittance measurements — aim for €, , ~ 0.4um
: : Emittance Scan on OTRS: IN20:571
° Beam Orlentatlon 20.Tul-202014:52:05 RMES cut area Mommalized Phase Space
described by the Twiss £ \E\iﬁsm | 3 o5l
B ocnl Qme.249+ 08000 5 \
parameters (o, 3,7) 2 e omroo (i £ g
2 g B =tamomainm = At
4 o =2 0mrbod ol 0.5 005
QU&D%}?IED?%%PBEE {{fﬁ[?]} Nornmn. Positon
_ w/NDF= 8.58 Nommalized Phase Space
8 100f  E- oissee B g5
H = 0.245€0.00nC -
‘g ST ~= 046z D_m?l_un m E-G_E
2 i =.]24+[.][E:Q]11m =
4 o =3.0.00+B.02 (017 -05 0 05
QU&D{NED;&@EEP %"ﬁ Norm. Position
€z Ba
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Laser Room Layout — Drive Laser System

SLAC
* Bunch Charge Feedback and the Laser Percentage
BUNCH CHARGE FEEDBACK and LASER POWER Hep..| [ e
Status Control|_open | Hostname Restore Actuators Configuration
Feedback: 73003 nieiys) lcls-srv03: | Restore Actuators | | Config / Ref. Orkit |

Mo change laser or VCC waveplale error

UV Waveplate requlation

GUN | [1aser poweer Laser Power Set / State

I_Il charge =
[@ Laser Power 42.92 percent
Legend
Camera Intensity I?ms beveant | used in feedback

e o S mrpen not used in feedback
than Laser Power, VCC WP will 20 to max.

State Setpoint Lower Limit Current Value Upper Limit
Chasge [0.2500 -0.1000 | 02497 '2.0000 nc
Measurement
BPM2 TMIT 500000407 | |15587e+09 | | 1.0000e+11 | Nel
Actuator

Laser Power Control 12.0000000 | 428767131 1100.0000000 %
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LCLS Operation and User Delivery

* User Delivery schedule typically Thurs-Mon, User Run
18 started August 11" with an emphasis on Coronavirus
experiments

* MD and Maintenance times Tues/\Wed/Thurs

* Laser support 24/7, with shifts DAY 9am-9pm/NIGHT
9pm-9am

* Potential to switch lasers if needed to minimize
downtime

* So what gets monitored during delivery? Power, laser
spatial shape on the cathode, pulse length

43



LCLS Operation and User Delivery

[ Drive Laser

Infrastructure

q l
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ance DB |
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f—+>

Homema

i

M4 Y,

Ms

] ® BCS Shutter I
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kit tis 0 // Coh! AND Gate |EENEN
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Normal Operation and User Delivery

I Drive Laser || Laser Heater

Pockels Cell

uu

Unit

I]“.i!'«l.';i'iue_

L

—{H i

Unit
Pockels Cell
Laser Room

Infrastructure |

LH helay
Adjustment

LH Delay
Adjustment

MH13-1

7o

MH17-2

Shutter

Transpo

Transport Yacuurm B Tuhe

Tunnel INZ0

Lazer
Dlaghnstms

Lazer Heater
Photodiode
Shutter

L]

Waterfall...

auT

Undulator

Currently: 34 1471 mm

{1Hz BSA FAh

WHLC K&"."I

Laser Heah
Attenuato

Status:  Stopped D

OTRH

| wereon | | @

i W
i ""MH2
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LCLS Operation and User Delivery

Laser Maintenance GUI

Run Timestamp
11/05/2014 - 10:25:46
11/05/2014 -10:25:46
11/05/2014 - 10:25:47
11/05/2014 - 10:25:47
11/05/2014 - 10:2547
11/05/2014 -10:25:47
11/05/2014 - 102547
11/05/2014 - 10:25:47
11/05/2014 - 10:2547
11/05/2014 - 10:2547
11/05/2014 - 10:25.47
11/05/2014 - 10:25:48
11/05/2014 - 10: 2548
11/05/2014 - 10: 2548

Action Performed

Current laser name

Mode-Locked Power for Vitara 1

Data Collected

Coherant 2

450.325927734

Mode-Locked Power for Vitara 2 386401367188

Pulse Stacker Waveplate Angle

Pulse Stacker S Arm Position

Iris Diamater

Camera VCC Image
Camera C_IRIS Image
Camera C] Image
Camera C2 Image
Camera CH] Image
Camera CH2 Image
Camera CH3 Image

Camera VHC Image

PV used
MIRR:LR20:111:M19_STATE
PMTR:LR20:20:PWR
PMTR:LR20:10,PWR

Aun Timestamp
11/05/2014 - 10:26:26
11/05/2014 - 10:26:26
11/05/2014 - 10:26:53
11/05/2014 - 10:26:53
11/05/2014 - 10:27:09
110572014 - 10:27:25
11/05/2014 - 10:28.00
11/05/2014 - 10:27:37
11/05/2014 - 10:28:00
11/05/2014 - 10:28:16

Action Performed

PM1 power average

PM1 power standard deviation

Drive laser WP al 100% laser power

PM2 power
PM3 power

Cathode power

Heater WP angle al 50% transmission

LH PM] power
LH PM2 power
LH PM3 power

Status
1 Complete
2 Complete
3 Complete
4 Complete
5 Complete
& Complete
7 Complete
& Complete
9 Complete
10 Complets
11 Complete
12 Complete
13 Complete
14 Complate
‘|
Status
1 Complete
2 Complete
i Complete
4 Complete
5 Complete
6  Complete
7 Complete
8 Complete
9 Complete
10 Complete
=
Open DB

Data to Database  Operator Sharon

Current Laser: Coherent 2

Camera VHC Image - 11/05/2014 - 10:25:48

124.0 WPLTLR20:117:PSWP_ANGLE
ouT SHTRLR20:117:5ARM _STS
1.0 mm IRIS:LR20:118: CONFG_SEL
000,.,000] CAMRINZO 186 |MAGE
111..,000] CAMRLRZ0:118:image:Aray
101.,000] CAMRLR20:1]13:image:Array
220,,010] CAMRLR20:114:image-Amray
000..,000] CAMRINZO. 461 IMAGE
223..113] CAMRINZO:423:Image:Array
000 ,.000] CAMRLR20:120.Image: Array
000.,000] CAMRINZO:469:.IMAGE
| 2
Data Collected PV used
0.4a7 PMTR.LR20:112.AVG W Autsieg sl images sRer sean x [mm]
i ¥, 3 Do Qe ™ Ir‘ §
0.006 PMTRILR20:112:STDE Logbook Imag I_\ o. o 4 ]} il
596 WPLTLRZ0:116:WP2
0135154724121 PMTRLARZ0:117.PWR Log Timestamp Log Message |
Ijﬂs‘\")f,f]&oa?s-l I,I-!'RLR("D llfl P\“'H AZL TEVINLISOT IV AU Y LAFUTL TR LREV.LIVE ST
= 123 '2014-11-05 10:28:14 Starting clock to wait 2 seconds
426583007812 LASRINZO:196:PWR
- - 124 1 2014-11-05 10:28:16 PMH3 power = 52 5819702148
1175 WPLTLR20:117 -LHWF
2 125 ' 2014-11-05 10:28.16 Moving heater waveplate o start position: 101.5 degrees
564994812012  PMTRLR20.115:PWR i e
126 2014-11-05 10:28:17 CAPUT: WPLT:LR20:117:LHWP ANGLE: 101.5
0595092773438 PMTR.LR20:118:PWR -
27 2014-11-05 10:28:17 Checking status for PV changes Timeout = 15 seconds
52.5819702148 LASRINZD:475:PWR
128 1 2014-11-05 10:28:23 Change complete, all PVs converged in 6:192 seconds
| *| 129 2014-11.0510:28:23 CAPUT: TRIG:LR20:LS01TCTL: 1
.1 130 2014-11-05 10:28:24 Invasive scan sucessfully completed -
Comment | During sorme RF Hut Water work| ] i 1 | .

Developed by Chris Zimmer
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LCLS Operation and User Delivery
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Snapshot of the machine
Created by Tonee Smith

FEL performance
and User Delivery

Drive Laser and setup -

VCC and C-lIris Images

All the Injector tuning

FEL (GDET) 4.04644 mJ

phase s2tp:30.000

Timestamp of last save 12/13/18 07:56:15 |

: deg S PAD phase 5150,0851 | deg S
Vitara & =
phase offse 83§ phase motor po TAGTAOT | ps
Vitara 7 phase 26tp=30.000 deg S PAD phase £ 130.997 deg s
phase offse degS  phase motor pos ABSDAES. | ps
Laser Setup
‘ Piots o g R E
PMOsc1 435811 mw PMI-1 0,491 md
Coherent T
WP1 angle 100.52100 degree % at WP1 43114 %
PMOscz 343.207 miW PM1-2 Omd
Coherent 2
WPZ Angle 91.63200 degree % at WPz 27.868 %
Pulse Stacker

Pulse Stacker WP Angle 36.00000 degree Power meter after stacker
Pulse Stacker Delay (ps) 11.30000 ps 108.764 ud
Iris Steering :
s Steer H Z27189 MM Iris Diameter
1.2 mm

[ |

iris motor Angle

C-Iris, M12, MB, M5

C-ints Centroke
Mean X 1212.8 um
Piots Mean ¥ 928.1 um
- Sigma X 339.7 um
Sigma ¥ §12.3um
M12_H 2.48488 mm ME_H
M12_V 1.92299 mm ME_V

VCCiCathode
VCC WP Angle 190.10000 degree
VCC X Position 3.67200 mm

P-&m 5HTR OUT
S-4m SHTR OUT:

Power meter before stacker
96 ud

Power meter after iris
33.901 uJ

C-is Gaussian
Center X -1398.5 um
Center Y 1137.5 um
Width X 853.5 um

width ¥ 833.3 tm

5.50000 mm

MS_H  5.78500 mm

3.43600 mm M5_V  4.71200 mm

Laser Feedback Loop 2
Plots | M2_H 6.69700 mm

VO Y FOSO BT —
VCC X Offset 0,400 mm
VCC ¥ Offset -0.300 mm:
Cathode QE 0.0000919 e-fphot

T —
Laser Energy  13.176 uJ
WCC P2ZP Threshold 5

VCC camera noise ratio 0,200

Elog this displayl

' Active Healer Heater #1
Power Meter PMH1-1/2 B350 mJ
Laser Heater WP1/2 Angle  109.50000 degree
Power Meter PMHz-1/2  Bmd
Laser Heater Delay ~ 122.00000 ps
MH13-1/MH17-2 horiz  3.10096 mm
MH13-1/MH17-2 vert  2.49100 mim
MH14-1/MH18-2 horiz  2.55800 mm
MH14-1/MH18-2 vet  3.84977 mm

LH Feedback 1-1/2

MHB8 switching mirror SW 30.00000 mm
MHB horizontal position  7.62702 mm
MHE Vertical position  8.18102 mim
Laser Heater energy  5.678 uJ
Laser Heater MPS shutter (§
Laser Heater feedback
Laser Heater MH3 Horiz 519980 mm
Laser Heater MH3 Vert 4.54140 mm
Laser Heater MHZ Horiz 3.20380 mm
Laser Heater MH2 Vert 5.58680 mm

Plots

K

Charge/Collimators
Charge FB Sefp 0.2500 n&
Charge FB State  ON
BC1 Collimator Left -4.5297 mm
BC1 Collimator Right 2.4320 mm
Magnets Solenoid 1 0,4673558 KG-m.
Selenoid 1 Backleg -0.0338300 kG
CQO1 0.0080912 kG

Help (wiki)

LH waveplate feedback SN
VHC WP ang142.50000 degree
PMH3 3.678 uJd

| Plots | Charge afer BC1 {75.18104 pc

Charge in the LTU 182.33399 pC
Global BPM TMIT setting 0.250 nC
Guardian TMIT loss setp 0.100 ratio

QA0Z 2.6119298 kG
QE0T £1.4055890 KG
QE0Z -0.3066825 kG

| !Homecheen..l E

14.287 md
57.15700 degree
amd
166.00000 ps
879901 mm
7.36188 mm
837138 mm
9.11400 mm

‘.

Laser Room Alr Temp

LcLs

Laser Room Table Temp

3 DegF

Laser Room Humlﬂily

St 501 (08021562 KG GE03 Z.8240008 KG
QAD1 -2.8748518 kG QE04 -3.3644456 KG
Phases
Gun Phase 0.000 L1S Phase -21.298
T — R —
C-ris
<
Laser Main J | Injector MPS I ‘ Lager Heater Loop I

MPS Mechanical shutter [N

Y =d
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Future Developments

xLEAP
1 AL
o e M\
* XLEAP - X-Ray Laser Enhanced Attosecond Pulse
Generation
E380 TAIL D
DT T ST TR
SXRSS chicane _
o MODULATOR - LCLS UNDULATOR |
® AR N G—— . SR B LR R - L
’ e A - - S S N e
6 fs unspoiled T IR LASER PULSE bl SUB-FS
core spike X-RAY PULSE

* Ago Marinelli and Joe Duris using the xXLEAP wiggler to
produce sub-fs X-Ray pulses
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Future Developments
LCLS I

o1 AL

e AN

Cs,Te cathode, ~1 MHz Operation

LCLS Il laser system is an Amplitude fiber oscillator and amplifier
~50 W of class IV IR (1030 nm) radiation with UV conversion to
produce the 4th harmonic (257.5 nm) of the IR beam

LCLS-1I

LCLS-II s Soft X-ray

= ; ( Mear Hall Far Hal
RF Gun Superconducting Accelerator _ Warm Accelerator Undulator vear Ha ar Hall

Sector §

Hard X-ra y w "'-,
Undulator Y

| !
\ W)
Sector 0 Sector 30 | Beam

o v A ¥ -
Soft X-ray Beamline —— I'ul Superconducting A g

Hard X-ray Beamline Crozzovear
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Future Developments
Machine Learning

SLAC
* Advances into Machine Learning at SLAC for Accelerator
Operations
ML-at-SLAC Initiative ML Steering Committee

Daniel Ratner

Ryan Coffee Audrey Apurva Mehta Kazuhiro Xiaobiao

Initiative Lead : : X
LCLS Science Therrien SSRL Terao High Huang
LCLS/TID Energy Accelerator
Physics

* Nicole Neveu, Auralee Edelen,
Lipi Gupta, William Lou, Chris
Mayes, Aashwin Mishra...and lsa Kaufman  Jena B Marano Trigo
many others!

Nuclear Thayer LCLS Energy
Physics Data Systems Science
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Future Developments
Machine Learning

ol AR
S | T o\ =
* Example of datasets collected on Injector tuning for
simulations and ML models
LS I8N 5 SB35 228 §S§s8F
s S 2558 § § 855 58§ 85§58 8 Variables MAD Name PV Name
EE § Eéé g ; g ?3 {3 ; é g éé E é é Iris diameter IRIS:LR20:130:MOTR ANGLE
33 ° ga 3 S % ¢35 % g9 ¢ ¢xaEg* Solenoid SOL1 SOLN:IN20:121:BDES
z2 2 £E558 3 8 58 § 535 § 58 o 2 % Corrector quad CQO1 QUAD:IN20:121:BDES
OF & o2 8 F @ K I g £ F K9 B e Skew quad SQO1 QUAD:IN21
s -

Injector

1400

1200

1000

800

600

400

200

OTRS:IN20:621:YRMS Y rms (um)

Correlation Plot 21-Jun-2020 10:13:08

* OTRS:IN20:621:YRMS

0.42 0.44 0.46 0.48
SOLN:IN20:121:BCTRL B-Perturb (kG-m)

04

um}

OTRS:IN20:571:EMITX Normalized emittance X {

Correlation Plot 08-Jul-2020 04:45:13
vl v . .r — r x
OTRS:IN20:571:EMITX L
*
14F * OTP.S:INZU:?jl:EMITY
* * N
121 s
3 *
1r * .
* *
0.8 2 %
.
*
06 ¥ 1
8 : i
04 *
0-2 1 L 1 i L
-15 -10 -5 0 5

2D plot full range of CQO01/SQ01 (5x5)
Solenoid at 0.4550
Quad emittance scan 0525 -5.4 to +1.0 6 steps

QUAD:IN20:121:BCTRL B-Perturb (kG)

VCC 250pC 1.2 mm iris

¥ (mm)

Profile Monitor CAMR:IN20:186 09-Jul-2020 05:02:55

% (mm)

Courtesy of Nicole Neveu |,




Summary

Optimization of Lasers in Electron

Accelerator Applications

Hope you have a better understanding of the LCLS 1 Injector Laser
System and Photoinjector

Appreciation LCLS Operation for User Delivery

Future developments for LCLS with Attosecond X-Ray pulse
generation, LCLS Il and Machine Learning
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