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LCLS Injector Through BC1

RF Gun & Solenoid

L0a&LO0b S-Band Linacs

Bunch-Compressor-1
(BPM OTR, colllmator)

Gun X . & L1 S-Band Linac w b 44k Wire
Spectrometer i | s / -a / \ ‘ 40l Scanners
- MAD DECK 18-jul-06 X-Band RF stopper :
Straight Ahead Spectrometer Bunch Length Diagnostics
< ~45 m (150 ft) >
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Electron Beam Transported to
All Injector Areas

E April 5: First photo-electrons from gun

E April 5: First beam to gun spectrometer

E April 8: First beam to in|. spectrometer

E April 9: First beam in linac, to TD11 dump
F Up to ~300 pC of charge (300 pJ laser)

F 10 Hz beam & 30 Hz RF (30 Hz e~ possible)
I Gun RF feedback running well (+ water)
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Pre-Beam Tunnel Check List Almost Complete
40 pages - all DONE (except many screens)

Starford Linear Acceler ator Ce {,g,!lr;.r

L"‘“-' ‘—"-' Stanford Synchratron Radiation Labaratory +y “pOSitive” or
QA12 (ET' quadrupole magnet): P I
QUADALIZ1: 161 0 arlty conventlons QF quadrupole
o Z-location = 26.33 m . Initiats:
& SLAC bar.code 000427 {sef #016) . Initiaks: 2, na»e #1172 Joc e +Z
& beam-direction ar K o . Initials:_F . Datergyfon/pe +x
< polarity OK (Fig. 7)  Initials: . Date:
& name-iabel visipie on or near device Initiil te:_{
o termremoomgs [ ield typen..(qu’aél ?ﬂ;bole)
' quadrupole fiekd . Initigls: ate:_
O power ocnnectior!snghtandclear . ., Initials: \ Date:
& power cables labeled for polarity ., Initials: . Date:
BPMA12 (QA12 BPM): b
smstie | Serlal numbers
O Z-location = 78 12 m . Intials: . Date:

@ Ser. ¢ SA-380-514-01-02
@ Installation orentation 04 {Fig. 13)

|, Initials:_FZ , Date: y;/28 /5
{ Initials. ., Date:

Figure 7. A “positive” normal quadripole magnet (above) focuses electrons inx (a “QF’ quadiupole).

o _polarity color-coding OK ' B i , Ini!ials;_/___ N
@ fead-through on upstream end ) ] Initials T2 a
e name-label visible on or near device dddadd | Initizls:_FE 1/25 1 pL

XCA12 (type-1s QA12 x-steering coil):

Installation orlentatlon ¢

o Zocation = 26,79 m
@ BLAC bar-code 001036 Dana 1/ ase
- peam-direction arrow OK - i , Date:__«
@ zolarity OK (Fig. 1) . i . Initials: , Date:
@ name-label visible on or near devi . Initials;_FE,
O ied responds to controls o . Inifials: _
< dipole field ) ., Initials: . ;
0 power connections tight and clegr o . Initials: . Date: GREEN
< power cables labeled for polarj - . Initials . Date:_ X
YGA1Z (type-13 QA2 y-steering cbil):
YCOR:LIZ1:166
@ Z-location = 2678 m . Initials: . Dater
& SLAG har-eade 004034 B _ Inifials:_TE_, Dateify /2.3 &” beam
& beam-direction arrow OK . Iniils:_ 7, Date: L out of paper
O polarity OK (Fig. 2) o N , Initials; , Date:_
& name-label visible on or near device B . Iﬂlllala?_ , Date: i/ ‘U’ {4
O field responds to controls i o Initials: , Date:
o dipole field n . Initials:_____ | Date: . . . A0 o
©  power connections tight and clear . . Initials: , Date; T Figure 13. A BPM (above) ag seen down its bore with electron beam emerging from paper. The BPM is installed in
©  power cables labeled for polarity I . Initals:_____, Date: the upright position (#=0). The cable color-coding standard is also illustrated.

YC21203 (type-4 y-steering coil);

YCOR:LIZ1:203 I etC-

O Z-ocaten = 2879 m . o Initials; | Date: )
@ SLAC bar-code ? _ VeR @06 | initials_Pg ., Datef{ f29 AL
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RF Processing of L0Ob (20-8)
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Gun Temperature Feedback Loop

Gun Temperature GUN_TEMP_Apr(107 .stp |dEUI:::IN2I]:111:EDVINSIDTEMP 1

(82.5, 98) YAL=96.2853
Gun Body Inside Tmp
. QUHIIHZO0111:BDYOUTSDTEMP
Wige deg <
g e YR (B2, 98) YAL=96.7337
emipisespeessss Gun Body Outsde Timp
| GUM:INZ0:111:BDYINLETTEMP |
deg_C
(82.5, 98) WAL=95.3513
Gun Body Inlet Temp

dey €
(2.3, 98] wAL=95.7996
Gun Body Outlet Tmp
IGUNINZOITT:LOWBWIMDTEMP |
degC
{82.5, 98) WAL=-92.1089
I GUHIINZ0A11:UPPRWINDTEMP ||
degC
(82.3, 98) vAL=92 4162
IGUHIMZ0:111:UPPRFROBTEMP |
deggC
(62.5, 96 wAl=96.2914

[GUNH:INZ0:111:LOWRPROBTEMP ||
degC

; (825, 953 VAL=94.7044

Gun RF Probes | GUH:INZO:111:INNRPROBTEMP |
degC

~ (62.2>, 38) WAL=36.2778

7 IGUN:INZDA11:0UTREFROBTEMF]

RF On RF Off RF On %Eg.%, 987 WAL-90.5701
Thanks Phil Cutino & Claudio Rivetta

_150 100 _50 14:59:38

Apr 01, 2007
(13:02:13;, 32.772E) {Minutes)
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Gun RF Power (30 Hz)

18 "
Gun RE Time Ias_er Gun RF

16 - coupler here )Nlth probe (cavity

14 | (input diode power)
S 72 power) l
S e N 11 MW (120 MV/m)
=10 ‘
3
o 8 1
% Gun Reflected Power
€ 6 -

, | 1.2 usec

2 |

) L ‘ ‘ ‘ A b‘s&n—__

6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5
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Virtual Cathode (optical image of laser spot on cathode)
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Beam on YAGO02 (80 cm from gun)

Profile Maonitor YAG S IMN20:241 05-Apr—2007 19:34 51
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Schottky Scan 08_Apr—2007 20:168:04
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Beam on Gun Spectrometer
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Beam to Injector Spectrometer

Xrms = 0.654 mm
3 T T T
2 |
1 135 MeV B
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-3 1 | 1 | /f\‘
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Trajectory to TD11 (in main linac)

X {mm)

energy BPMZ energy BPM71

| 1 1
5 10 15 20 25 30 35 40
Z {m)

¢
i

!
R

5 20

Z (m)

.- I - - I . - * -
3 10 1 25 30 3s 40
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LO0a RF Phase Scan on Dispersed BPM X

¥ = A * (X — B)**2 4+
o = 1.92426E-02 STD DEWV = 5.3756E-04
BE = 48 94 STD DEWV = F.4599FR-02
o= —0.2579 STD DEWV = 2.6401FR-02
Er+<=Z FIT EREOR = o.1774
. | | | | |
5 5 — high energy —
e
e
=H
o
=l
=
|_|
]
2 0.
(o}
(mi]
0.
—0.
1.0

I I I I I
4z 46 50 54 58

LOa RF phase (deg-S)

MATLAB:5 WAL STRT=3% .000 STEFPES= Z1 SIZE=1.0000
=TEF VARTIABLE = TIIME STEFS=5 DELAY=0_0000

12-APR—-07 10:24:58
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Bunch Charge vs. Laser Energy

QOFE Scan 13-Apr—2007 18:08: 28

e | | | 330 pCI :> I—‘-k BF’MS:IN{ZO:EE %IT
- E
2
:E 025 = * ﬂ -
E
z - 370 pJ at
| E3 cathode
= =
— oisf .
& =
= *
L 01 -
B S=
=4
008 - -
e
- calibrations need confirmation
e 1 1 1 1 1 1
OD bl 4 =1 =] 10 12 14

LASRH INZO:1 568 PYWH Analog Input (ud)
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EPICS Controls - Vacuum

LCLS Subsystems and Areas: vac in20 | Help...| | Home Screen...| | Exit |

Schematic

| Gun RF Wacuum... | | LOa RF “Wacuum... I | LOb RF Wacuum... | |TCavD RF Vau:uum...l

| Full schematic.. |

Iniector §Linac Tunnel
Wanlt Sectar 21

=l

light pipe
from
lazer room

é-

Zlmmmm

=
]
an
=

Wacuum WIS ags

Dewvice Lists Interlock Logic Diagnostics

| Beamline Pumps... || Gauges...l | Walves... I |Gun Waveguide...l | LOa Wavequide... I | PLZ Hardware Status... |

| Waveguide Pumps... || Walves.. || F'F'S...I |LIZIh Waveguide...l |TCavIZI Waveguide...l | Expert... |
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EPICS Controls - Magnets

s =T
' 3
Injector IN20 Magnets - PRODUCTION Help...| [Home Screen.| |t |

04/13/2007 12:00:29
Device List Select Contral

Abort
(oo | [xcons | [ucrs | ] e [ o o i (ol o, o
GUADs.. | | YCORs.. SOLN... Ready _
(oveos| [veons | [soo | | i ] ] o) o] [ s soue] | s | [

B-Field | Perturb S Cﬂmrgl
Config Actual Desired Trim Function o bion
[Jsoltek | 111 [-nmieezeset  Loooonoziss | [00000DON0D kg 00T Reayy
Csott | 121 [oa7oonooos  pesoogazzn | 0290000000 kG-m P— V|
[CJjeont | 121 [ooomowoooo  posessises | [0000000000 kg R Good
[]%cao 121 | -00004071a0  -noonz44ies [ -DODOZSO000  kG-m oo OO0 | Reagy |
[] vcoo 12z... | -0.000600000 -0.000350851 |—D.DDDSEDDDD kG-m M Ready | |
[Jsaot | 1ee. [ooomoooooo  -noooze@ies  [DO0DORONOD kg 1 Reayy Good
[] %cot 221 | -0omozoooon  poonazeses | [BODOGE0000  kG-m 2 1O | Reagy |
gven | zz. |oowoisooon  -000021saes [ -0000ZZDO00  Gem oo O peagy | [
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EPICS Controls — Profile Monitors

LCLS Subsystems and Areas: prof in20

| Help...I | Home Screen...l | Exit I

[ E=Ta]

FI2 o
FItl o
Tt
Cam [ ¥AG01 1
|

Lamp Cantral

OTR S:IM20: 57 1 1

T_LAMP_DIFABLE I
Brighter Dimmer I

G_LAMP_DISABLE
Briohter I | Dimmer

FIR2 o
FICL o
Tat ol w
Cam|[AGO2 |

FI2 o
I o
Tyt Fit1

Fit1
Yo C ouT Flt2
O . am | ¥AG0 |

. Tgt FIEL oot
Tgt StraightAhead | :-.‘ Cam|OTFOL |
FI o ' - -
Cam[OTRO21 | Tt Tyt
Cam[OTROZ |
Lamp Contral T Cam[ OTR04 |

FIR2 o
.

Fit2

Profile konitar

GUN .|.

. Fit2 Fit2
Tgt Fit1 Fiti

YamsiMzz11 |

Lamp Cantral
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Trigger Config

T_LAMF_DISABLE |

Briglter I | Dimmer I

G_LAKMP_DISABLE

Diagnostics

T_LAKFP_DISABLE I
Brighter Dimmer I

G_LAKMP_DISABLE
Briokter | " Dinmer

CRAT-1HZ0- PMO1 | | CRAT- IN20 - PMDZ2

Cam[¥AGS1 |

Tgt

FIt1  [oor

FIt2  |our
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Long lon Chamber Along Full Accelerator

YAGO3 inserted YAGS?2 inserted
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Charge and Position Jitter — Shot to Shot

AVERAGE = 4.9706FE-03 STD DEV = 1.03%3E-02 AVERAGE = 0.2565 STD DEV = 6.1717E-03
EMs FIT ERROR = 1.0393E-02 RMS FIT ERRCR = 65.171L7E-03
x1073
0 o8 | | | | | | - | | | | |
ngn s . s . (y
X-position jitter is 10 yum rms Charge jitter is 2.6% rms
0.06 — " | g 270 — * —
— * *
g E ** xx
= ~ 265 —| * 4 L
N 0.04— — — 2% X *
o~ 20 N i N % * * e *
> % e *
S MM . S 260 —f == o X —
Z * * * o i & P x
i 0.02 — - * & * = Z, * * e
('ﬂ' . * K EoKE * i E3 * = - — o =
= X * g * % ** * . - = 255 — . **** * . ¥ . e 4
[aN} e X X e " o e " " = * * * %
B 0. 00 — % ek * ” *** T T an *** T e % — m ) * . % o .
L ok - 250 — . * e [—
% * * * * * *
-0.02 — " e — 245 —| % * * e
*
e
_0. Z40
v.0d | I | | | | | | T | |
4 8 1z 1l 20 24 4 8 12 16 20
TIME TIME
STEP WVARIABLE = TIME STEPS=100 DELAY=0.0000 STEP VARIABLE = TIME STEPS=100 DELAY=0.0000
13-APR-07 20:16: 13-APR-07 20:10

100 shots at 10 Hz using BPM immediately after gun
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BC1 Chicane Control and Compression

Ceramic Gap Bunch Length Monitor

RF phase: +40°

RF phase: 0°

RF phase: —40°

April 16, 2006
LCLS FAC

Stanford Synchrotron Radiation Laboratory

=
o

T
\E/ 5 — i * =,
X *a
4 — .
= .
o . _ "
oM s
— 0— e
@) .
o »— = R
. -4 I I I I |i
Fine Control 80 30 100 110 120 130
Relative Ahsolute
N BC1 X-Mover (mm)
i [T050008
IW G Currently: .
Y _ OTR screen still needs camera
Velocity
mmisec
BC1
EmMLM:LI2T:235
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Problems/lssues

Gun Faraday cup broken (pneumatic error)

Gun toroid shorted during installation

Gun z-position not right yet (7.5-mm interference)
YAG screens not setup before installation (hard-stops)
Still need to install cameras and air lines for 7 screens
No toroids working yet (1 shorted, 3 left to install)

BC1 motion control limited (300 mm = 260 mm)

QE about 4-times lower than design (to be verified)
Some controls tools late (orbit displays & fitting)

Stanford Y -
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The drive laser pulse will be transported to the gun cathode with at least 025 ml
of energy ina 10-ps pulse length at a repetition rate of at least 10 Hz

The FF-Gun will operate with a peals cathode field of at least 110 MWW at a
repetition rate of at least 10 Hz (demonstrated in the hot-test, prior to installation).

The dectron bunch will be transported from gun through first bunch compressor
to the TDr11 stopper at 250 WieWV with at least 200 pC of charge and minitmal beam
loss at a repetition rate of at least 10 Hz.

The electron bunch will also hawe heen transported to the injector and zun
spectrometers with minirnal beatn loss.

All relesant bearnline components (rmagnets, BPLWs, screens, toroids, wite-
scanners, REF-structures) will be operationally verified (with beam) in terms of
polarity, calihration, function, timing, reasonable alignment, and motion-control,
where relevant. Baszic control system functionality  will be  walidated
sttnultaneously and as a consequence of this verification process.

All machine protection (MP3) and bearn containment systemns (BCOSY will he
operationally werified early in the comnizsioning cycle to ensure safe operation
for both personne and hardware, PP3 checlout is not part of conumissioning.

The dectron bunch will he characterized, and tuning sensitivities dernonstrated,
with regard to energy, energy spread, trajectory, charge, emittance, heta function,
bunch length, and centroid coordinate stability in all s dimmensions.  These
measuretnents need to be made both before and after the bunch compreszor Cwith
the possible exception of the bunch length measuremetit — see nest point belows).

[The bunch length giter BOT iz best measured in om absolute sense wusing the
tromsverse RF deflecting structure located in sector-29, reguiving beara fromsport
through the full linge during the 2007 corvmissioning cycle. This capability iz not
yet guaranieed so the post-BC7T bunch length measurement is not « vigid goal)

Stanford Synchrotron Radiation Laboratory

2007 Injector Commissioning Goals

DONE
DONE
DONE

DONE
STARTED

~DONE
NOT STARTED
NOT STARTED

Stanford

Paul Emma [

Accelerator

Emma@SLAC Stanford.edu E==
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Summary

B Beam transported to all areas (no trouble)

B No obstructions or ‘backwards’ components, etc
(but no systematic checkout yet)

B Controls still developing, but working well and
improving fast — great cooperation and effort

Communication with laser group excellent

Screens and toroids late, but installation continues
Some quality control issues with a few components
Thanks to all — First indications are very positive

April 16, 2006 Paul Emma
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