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The ldea

* Problem: measure ultra-short bunches in the
10s of fs range: EOS, TEO, LOLA, ORS

- too fast for electronics (10 Gsamples/s --> 100 ps)

UNIVERSITET

- but laser folks know (autocorrelation, FROG)

» Solution: make an optical copy of the electron
bunch and analyze that with laser methods.

Lazer
Hhhhhghhh Modulator Radiator
/ / . —
F
OTR OTR v,
SCcreen SCcreen Chicane
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The Seed Laser DT

» Er-fiber ring-oscillator (~1550 nm)
phase locked to RF (micro-timing)

« Booster amplifier

e 2nd harmonic generation to 772
nm

« CPA 2001 regenerative amplifier on
loan from Stockholm

b - Pockels cell fire to let the light
pulse out (macro-timing)

e 0.7 mJ/pulse, 200 fs
« Safety shutters (ND and other)

e Diagnostics: Frog, virtual waist
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LLaser Transfer Line and OS0
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OTR oTR Yo
acreen screen Chicane

(RS Optical Station O SEED Laser Transferline

CAM.MH3

T* et [0 ]

LT

080603

n_
7

vz [T
e~ heam 0

preliminary

side \-"I.'“: ﬁT’

W g

V. Ziemann: ORS FLASH-seminar

e

al Replica




UPPSALA
UNIVERSITET

The Undulators s

« Electromagnets

« Designed and built by
Scanditronix, Vislanda

e Period 20 cm

o 5+2 periods

* 4 power supplies per magnet
* Modulator=(V)eronica

e Radiator=(H)ilda
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Optical Station 1

Essential for timing: Laser + Synchrotron radiation

UPPSALA
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F 3

{/’—(\ Oe_

= irror 1, motorized
irror 2, motorized

s )/2 mot. rot. stage

<>l ens (PLCX 50.8-77.3 UV)

Polarizer

*
*
K3
¥

10 GHz(Ga-As).5 GHz(silicon)1”Silver mirror
Photodiode  Photodiode Camera
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Optical Station 2

\

e
= -

Detect:

Mirror 1, motorized

Mirror 2, motorized ¥

e (C)OTR when hitting the screen

Synchrotron light from HILDA
Replica pulse from HILDA
Power of the light

49

ND filter 1.5 Polarizer Lens
NOT motorized Rochon (f=200)
A2 plate

motor rot. stage

GL Polarizer

Mirror 3

motorized

080603

<> Lens (f=150)

<> Lens (f=-50)

ND BG39
Lens Rotation wheel

(f=100)

—O—0——a

motorized Lens
(=100) |

Basler Camera

,,,,

; Basler Camera (big objective) § &

/ [\ Grenouille
» Ivris 8-50USB/8-500USB Fire wire
. . —
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GRENOUILLE

UNIVERSITET
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Cyclidrical lens makes horizontal . pjcture from Trebino's book
strip C

Fresnel biprism creates crossing

wavefronts in thick SHG crystal oo

— auto-correlator " =
Effective thickness of SHG crystal St cowel S8 Teve

varies with viewing angle

— Spectrally resolved

Second double cylidrical lens =101 x]| &= =10] x|

images onto camera r |

Horizontally — time

Vertically — spectrum

Possible to reconstruct electric field
profile in software from R. Trebino's
book on FROG.
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" Experiments: A day in BKR...

UNIVERSITET

o Start out with e- (preferably compressed
nowadays) to beam dump or tuneup dump

e Flatten orbit in 'our section' with undulators off

- BPMs < 0.1 mm and small steering magnet
excitations

horizontal plane Seed Section

l:' (o3 o112 0_0l4 —0_ a4l O_0on =0.003

+ 0.050 ~odiz = B.018 ~'n0.04a S“p.oba - D-003
5 11 HEh'I.f-.Tl:H  mEENuNE ||35_|:|:|:| T HIE R HWHH‘
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-0_EET =112 o_036

VENMA 1CH s hEd
WIMATCH WFEMATCH ’ USELND2Z WAL SIS R T e
frot e e e Z"0.030 +_0.057

e e

oonn  sinoger +,0.052 s PR - 057

= LI -1

B =0.n24

.oz 0_0G? 0452 o | ndi ke |
| Dol s | wvertiral nlane
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Optical Replica

Transverse Overlap Efs
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Rough temporal Overlap Ef S

UNIVERSITET

e Turn on Veronica+Chicane .
* Detect signal from

* Remote 1 GHz scope ~ attenuated seed laser

* Photo diode on OS1 - spontaneous synchrotron
e radiation from VERONICA

* on photo diode
e good to = 100s ps

* move relative timing with
the phase shifter

screen screen Chicane
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052.CAM1
Info: Online TCP: disconnected Camera: 20710938 1]
- Inages -
an STOP 1
I Help I%

A asd

Brightness + 45]
e
Gain

Shutter

Trigger 1

an Grab Mode 1

| Rate 2] s H

. RA¥ Image
[][B6 Subtraction | [WF][ X & ¥ Spectrum | camara || |] Inage |E
[[] [_mistogran | [] [Fesfon of interest | | Toolbox
Status DA

ok senid Data -> DAD [::I
Video Mode: Forpat_0, Mode B: G40x480 Mono 16bpp | Expert
Bits per Pixel: 16 Height: 480 Frane: 65280 | Server J|
InagePoints: 07200 Width: 640 7.5 fps | Timing |i

080603
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Problem with Seed laser leakage

Thickness in mm - 1.0
Wavelength in nm
Transmittance :

Internal Transmittance :

BG39

Snig]

300 400 500 B0 700 800 ao0 1000 1100
WWavEangth in e

* Bunching also causes
radiation at higher
harmonics

* |nsert BG39 filter before
camera

13



With Seed laser filtered Fas s

UNIVERSITET
o2« OTR at 2nd harmonic
&  Radiator OFF
s i Need signal that

= identifies overlap

shutter 4 10

1 Figgrr———

. » Use average pixel

it 2o i par | nate 121 & | . .
— value in Region of
Tool Box FA%w Imoge g
j| EG SubLracLive | | X E Y Speclrun | Comora | Tuienge | "
] [ FWistegran | [&] [ Resion of Interest | | Toolbox I n te r e S t
Sratus D)
ok send Data > DAf EI
'yides mode: FOPMAC 0, MOCE 6 640%480 MOND 16600 Enpert [ | aser
0s1
Bits per Mnel: 16 Height: 420 Frame: 5176 | Server | \\ ooooooooo |:| Radiator
InageFoints: BO0T200 width: &40 7.5 Fos | L] ] // I ] // [ [ I ]
L OTR OTR \P\A_A/V
zcreen screen Chicane
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After some scanning.“

800 . : .
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700
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600
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500
400
200

T et S ————————

100}

il T

Mean camera

-k W

5 12‘?0[] 0 100 200 300 400 500

Phase L-band
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CTR on screen 1SEED while passing a 200 fs
laser pulse through an electron bunch

1000

800 + 5"

600 |-
400 |-

=00 J

N E

Mean camera

—=200

160 180

FPhas= L —band
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Tune Radiator to 2" harmonic

UNIVERSITET
3a00 |
znd harmanic D’UHCJ[ _;rffj.r.)“ﬁ-'.l
J000r 0z0T !
02T

ealof . .
. « Harmonic Generation
II:é Znoo
- * Tune away from
g 1900 resonance and signal
ol goes down

ol e Also scanned chicane

and found optimum
170 175 - 105 90 - 200 205 but that varies dally
L-hand phase [degrae]
[ Jeeees
_\ EOSI . 2
\ Vi IEI /o o IRadl_tl
S N e
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= Comparison with LOLA ® T

UNIVERSITET

e Simultaneous (almost, 30 min)
measurement of bunch profile
with transversely deflecting cavity
LOLA (blue) and ORS (black).

o Initially the time calibration of
LOLA was off by 20 %, now fixed.

430

: « OD2 Neutral density filter before
' the Basler camera to prevent
| saturation
: e smoothing and sqrt(ORS)
- « Very good agreement of the
- recorded bunch length
i _ » Some saturation of LOLA?

_ED 1 1 1 1 1 1 1 1 1

-£a -z0 -15 -10 -5 1] 3 10 15 ] 2o
time [ps]
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¢ Testing the GRENOUILLE on
UNIVERSITET OS2
» Send seed laser (400 fs) all the way to OS2

e and pass it to the GRENOUILLE

— observe on spatial camera and on temporal camera
- and observe autocorrelation and FROG trace

Autocorrelation
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Trying to really make replicas

mmmmmmmmmmmmmmmmmm

* Short compressed R
electron bunch (off-crest) ;

» Short laser, FWHM=400 fs = «|

 Transverse an longitudinal ;= W
overlap (works, even .
when both electrons and ¥
laser are short!) é

» Put laser on top of § s et
electrons - P
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e OS2:

Still trying...
HILDA radiation

on iris before the
GRENOUILLE

0S2 .CAM2

anaa
Brightness & BE%
LY Y-
Gain + 192
g
shutter
—Trigser| pogition::
® [ set var:

Floatpos::

[l
frame: | gat yal:-
Tool Box — callib
[] [BG Subtraction ] [] [_X & ¥ Spectrun | Camcra X Tmm =
TS/MBDV 1 [C][Fegion of Interest LeTbore Yoima =000
Status — RA¥ Inage
o
o +000
+500 — DAR
¥ Rove
+100 o - | - send Data —> DA
nove ining setup _camera |
ch + [:
~100
ch -

080603

* and on the spatial

c)utcdpudiicy

(alignment) camera inside
the GRENOUILLE

" UEYE.CAM1/TTF2CAMOR'

TCP: disconmected
= 768, ¥ din. = 576, X off. = 0, ¥ off

Info: online
EYTE array lemgth
Images:

= 442368, N din.

Help |

DaG: INITIALTZED

Camera: 20306625
. = 1206284141, eption = 2

Timer
anna
Exposure + 40
veww

AAAAA

+ 100
PRRET
BAAEA

Brightness + 255

FEPEW

HGain

AAAEA

Contrast o 2qp

bin + 1
rew

annnas

+ 1 Last + TGE

|Rate [Hz] 5

BG Substraction W & ¥ Spectrum ~
=1 ] I | Cam1era image
[C][__Histegran ] [][Reaion of iInterest] | Toelbox
Camera ID:3 Model: urzazu-s InagePoints
Location: Device OK 442368

= ; .
Input wideo format: & bit ronochrore node :“4 Configuration
R

EEW

OQutput video mode: 76Bx576 Bhpp

Help |

Bits per Pixel:s
ok
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Width:768 Height: 576 Frame:2253200

21



OLpeIpHEnIcy

UNIVERSITET UEYE.CAM2/TTF2CAMOR

Info: dndvedlable srv TCP: disvesdebiedsrvCamera: BAA0GEEREbIe srv
pravaliahdconcgth = 542472, X din. = 542472, Y dim. = 1, X off. = 0, ¥ off. = 1206284294, option =

WETB]  Tnages: | (IS (WU DAQ:| unavailable s [HHRER]

AAALA

Exposure unava
3 TV wQ

. [y

ain unav

LA -8R -
5 AbbAs A
rightness unava
TYVYew
aaasa

aaa

X bin una

- e
Eiust sasaan
 una Last unavai
T TV TT

_Y bin una

)54 saddna
una Last unavai
bt prlihdt

|

: | Rate [Hz] uua|

I ] [ ][ % & ¥ Spectrun_]| [ camera image
| Histogram ] [][Region of Interest] Toolbox
Camera ID:8navailable srvModel: usagsitible srv InagePoints
Location: bDeavaelable srv afacadlabl
&b b T ]
Input wvideo format: Bnbvaidehdehsone node una Configuration
- p— —=—

 too little signal
e and a glitch in the power grid killed the rest of shift

e that's what we had after the easter shifts, we were
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“ and this is how it went last week

UNIVERSITET

* |t started the way it ended: with a power glitch
on the friday before the week with our shifts

- this knocked out a lot of stuff on the optical stations

- dead power supply

* but we got it fixed up to and during the half-shift
on monday (26.5) and the access on tuesday

e sO0 we could start for real on the 12 hrs shift on
wednesday.
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won  OEIUP ON Wednesday and ...

UNIVERSITET

o Standard setup with

2008-05-28T185807-0 rs_can

- flat orbit and | .
transverse overlap 1

- longitudinal overlap i
(after restarting a DAC  ©.|
of the vector v
modulator in the Lo
timing system) s

| X |
« Compressed bunches ———!""""ﬁ L —

Pha=s L-band

« HILDA on and a lot of
tuning (thanks Dirk)
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The first F

UPPSALA
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Info: oOnline TCP: disconnected Camera: 20306625
ENTE array length = 442368, X dim. = 768, v din. = 576, X off. = 0, ¥ off. = 1211996425, option = 2

FETP]  Inages: [SH0EN] [Shim DAQ: [ INITIALIZED

Lasa
fE=posure  + 40

TPV

PN

B Gain + 100
2 TEYVEY L
: R [ .. . ) *
Erightness + 103 Info: oOnline TCP: disconnected Camera: 20306625
jcontrast i“;gi‘ EVTE array length = 960000, X din. = 1600, ¥ din. = 600, X off. = 0, ¥ off. = 1211996510, option =
Help | Inages: [BSiory] [EShutdowny] WIMG DAQ: INITIALIZED
s — G n— Py
' s R Exposure + 98
2 TFTPVW
. ey
Gain + 69
[LX-2 o
. [T A
Brightness + 90
Lk
Scontrast ;g7
b
-
X bin + 1
. TET
[EG Subst T I R &vs T | Eiust AbABAS
ubstraction pectrun . H Last +
_ LRDE LK 8y opeckrun ] [ canera | | image F e
istogram egion of Interes Ex
1 g | 1[Res | Y om 2
Camera ID:3 Model: ur2zzx-H InagePoints 1 Last + 1200
Location: Device 0K 442368 W | v TraTTE
&b 3 3
Input video format: 8 bit monochrome mode + 4 Configuration - o : %
fE e T e BT
Ooutput video mode: 768x576 Shpp Help | [mid bits[Tow bitshigh bits 0g ‘Rate [Hz] 5 |
Bits per Pixel:8 Width:768 Height: 576 Frame:597823
p 2 [ ][BG Substraction] [ |[_® & ¥ Spectrum | [ camera jmage
[ Histogram | ] Region of Tnterest] Toolbox

Spend a IOt Of time imprOVing Camera ID:2 Model: uI225x-H Ima;)gﬁeUPooo'ionts

Location: Device 0K

the Slgnal IntenSIty Input wideo format: &8 bit monochrome mode :&3 Configuration
mnitnnt widen nnde- 1RMNeRNN Rhnn B i m
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Online VideoFROG software
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licrosoft Waord

Elle Edit Wiew Insert  Format  Tools  Table Window Help  Adobe PDF  Acrobat Comments

DEHan SR B <o~ @ FOE w0 -3 74 Nomd - TmesMewRomsn - 12+ B 7 U [E] 1=
= 2 .
L i R
Grenouille Model= 8-500_USB
ive (R FRO( | 3

Pulse Width: 263.97 fs
= =™ Bandwidth: 0.94 THz
Bandwidth: 1.86 nm
R R — — Auto Width: 1638.05 fs
TBW Product: 0.25
FROG Trace Error: 0.2133

FT Tilt: 9.94e-04 nm{mm
. . Lambda Offset: -5.89e-02 nm
Spatial Results | Spatial Y Plot | Spatial X Plot |[PFT: -2.70e-01 fsfmm

o N Averaging

Calc Rate: 865 Calculations per second
Frames Summed: 5

iy [BP too small
Intensity

FROG Results Temporal '
Intensity and Autocorrelation

= File ©Options Edit Help
= FROG

22 Ak 2,4cm
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. £} videoFROG

Fil=  Cptions

&

File Options Edit  Help

lee (R.aw) FROG

||| ) ir| |j [mLE)

-
I Autocorrelation

File Options Edit Help

Autocorrelation

Hsat| PP AL B L OIYLYYI VB

Temporal Analysis

o |=] 14| |l Temporal Intensity 3

Spatial &nalkysis  Help

Il FROG Results
- File ©ptions Edit  Help

Grenouille Model= 8-500_USB

=101 %]

File ©Options Edit  Help

Temporal Intensity and Phase
Lo |Pulse Width: 273.44 fs
L Bandwidth: 0.05 THz
) (Bandwidih: 0.10 nm
Auto Width: 417.20 s
TBYW Product: 0.01
K FROG Trace Error: 0.1750

-3.854 (212

FT Tilt: 1.76e-01 nm/mm
Lambda Offset: 7.73e-01 nm
PFT: 3.27e+01 fsimm

Calc Rate: 107 iterations per frame
Calc Rate: 482 Calculations per second
Frames Summed: 1

Video Frame Hate = 4.5 FPS

Navelength Adjustment

Il Configure FROG Camera

Il Spectral Intensity a

File Options Edit Help

: U-Eye #1 Playback #1 | Playback #2
Spectral Intensity and Phase ye v | Prayback #2 |

Playback File
T

Frames Per Second

|
/]
I

3 amh... ” ¥ vid... ||IC
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!‘: . nwdeuFRuE

File Options Window Temporal Snalysis  Spatial Analysis  Help

I Live {Raw) FF M |=] 4| |l Temporal Intensity 3 _ Ol x| Il FROG Results

File ©Options Edit Help File ©ptions Edit Help - File Options Edit Help

Grenouille Model= 8-500 USB

LIVE (R.HW) FROG Temporal Intensity and Phase -
Lo [Pulse Width: 555,65 fs

Bandwidth: 0.12 TH=z

Bandwidth: 0.25 nm

Auto Width: 768.11 fs

TBY Product: 0.06
Rk FROG Trace Error: 0.1725

FT Tilt: 1.83e-01 nm{mm
Lambda Offset: 9.0%e-01 nm
PFT: 4.19e+00 fs/mm

Calc Rate: 81 iterations per frame

Calc Rate: 503 Calculations per second
Frames Summed: 1

Video Frame Hate = 4.6 FPS

-Navelength Adjustment

pw —— ! i e — r—
I Autocorrelation Il Spectral I“tE“ﬂt? a I =] 4 | B Configure FROG Camera

File Options Edit  Help File Options  Edit  Help

. U-Eye #1 Playback #1 | Playback #2 |
Autocorrelation

Playback File

Frames Per Second
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File Options Window Temporal Snalysis  Spatial Analysis  Help

I Live {Raw) FF M |=] 4| |l Temporal Intensity 3 _ Ol x| Il FROG Results

File ©Options Edit Help File ©ptions Edit Help - File Options Edit Help

Grenouille Model= 8-500 USB
LIVE (R.HW) FROG Temporal Intensity and Phase -
o Lo [Pulse Width: 455,88 1s

Bandwidth: 0.32 TH=z

Bandwidth: 0.69 nm

Auto Width: 644.25 s

TBY Product: 0.15
Rk FROG Trace Error: 0.2002

FT Tilt: -1.88e-01 nm{mm
Lambda Offset: 2.29e+01 nm
PFT: 6.09e+02 fsmm

Calc Rate: 101 iterations per frame
Calc Rate: 411 Calculations per second
Frames Summed: 1

Video Frame Hate = 4.5 FPS

-Navelength Adjustment

EISCES —— § i
M Autocorrelation Il Spectral Intensity a

File Options Edit  Help File Options  Edit  Help

. U-Eye #1 Playback #1 | Playback #2 |
Autocorrelation

Playback File

Frames Per Second

Ma@‘[&"k %fﬁéﬂqﬂar'v’.g ”lﬁf’lnh...-h‘id... C



FROG pIUS UndUIatOr A
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» (Good transmission through
SASE undulators with bumps
around OS1 and OS2 and
observing FROGs simultan-
eously.

0%%  0i% 3%  AR% ARS BFo AOML

But very restricted
range of SASE tuning
knobs available

readin ngs = Train 20080601 20:11:13

.E;EEEEEE—'MF
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* Could find FROG traces during three shifts

- but with short laser pulse

Current Limitations

- and they were weak

 Need more intensity to permit lengthening the
laser pulse to cover larger fraction of the bunch.

* Current GRENOUILLE is for 5 ps and operationally
convenient but the pulse is too short

- replace by 500 fs GRENOUILLE (has only one
camera)

* Alignment sensitivity on OS2
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0 Optical Replica

Future Plans

)uLeapHsDicy

UNIVERSITET

* Improve optics on OS2
* Replace GRENOUILLE (is available)

 ORFIR: use ORS to ybunch slice of beam and FIR
undulator to radiate 200 fs pulses

- synchronized 780 nm pulse

— for pump-probe experiments

- Simple test once ORS is set up - 4l

Modulate a

=
200 fs =slice -
Tha
Modulator Chicane SASE FIE
| — —.. =

hhhhhhh
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 We found FROG traces repeatedly 700+900 MeV
- but with short laser and too weak

Conclusions

- Have ideas to improve situation
 Comparing with LOLA works well (and found bug)
 New experiment

- Use ORS in combination with FIR undulator

* |s it crazy to suggest using the HHG laser (much
more powerful) to use for sFLASH ORS?

- HHG would get timing setup for fundamental
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