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i@ The Streak Camera (SC) [1] VP’

The ps SC is an instrument for single shot longitudinal
profile measurement of ultra fast (2ps<t,,,y<50ps) optical
events (pulses)

It iIs based on electrostatic acceleration and deflection of
photo-electrons

It operates a time-to-space conversion such that photons
armving later are ‘“streaked” transversally on a phosphor
screen at spatially separated locations

It gives ps resolution on 10s ms time scale: therefore it
IS very useful for observation of the dynamics of fast systems

Typical resolution is 2psgyy, PeINg the minimum <300fsgyu
Streak Cameras operate down to X-rays (Hamamatsu, LBNL)
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welettra

ddtt The Streak Camera [2, 3, 4] ;’

Main SC components are: wid / s
- Input optics o ‘m:fi: .fl i
- Photo cathode f \\\:\Q\ | [

- Focusing and accelerating electrodes 3;\\ ',
- Deflecting electrodes |
- 15t phosphor screen

- Image intensifier; Micro Channel Plate (MCP)
- 2"d phosphor screen and acquisition CCD

- Electronic modules to drive the deflection electrode

The  Photo-cathode  converts  impinging photons
(Avp=200+800nm) into photo-electrons which are then
accelerated and transversely deflected

It can be equipped with one or two deflection electrode pairs
(along orthogonal axis)
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@elettra

" FERMI
eletre The Streak Camera: single deflection electrode pair \/"
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Courtesy of Hamamatsu Photonics [2]
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dati  The Streak Camera: the streak tube "%

with two deflection electrode pairs

acceleration & focusing deflection Picture of a
streak tube

First deflaection plate

3D cross
section of a
streak tube

ms Courtesy of Photek Ltd [3]
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FERMI

@Wﬁ‘ The Streak Camera: -
two deflection pairs + synchro-scan (double sweep)

ngF = 5OOMH:Z fsyncHroscan = 250MHZ§
Tre = 2NS Tsynchroscan = 4NS &
: one sweep every 2ns

= Linear Ramp (1 to 10Hz) 1st deflection pair (slow)
= synchroscan @250MHz 2nd deflection pair (fast)
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@W The Streak Camera: y \;'

the photo-cathode (PC)

New, good looking PC:
It's uniform, no blind area

...there Is a dark area at the
bottom...we burned part of the
PC?

...the problem was an MCP degradation,
between the two phosphor screens just
In front of the CCD
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W The Streak Camera: -
the photo-cathode (PC)

that’s gone...hopelessly gone!

at this point you need a new Streak Tube ...€€€!!!
Some manufacturers S
integrate in a single | '
piece of HW the
streak tube and

the intensifier
(MCP)
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o i : FERMI
eletira First SC (single sweep) measurements at Elettra [S] ““"

collaboration with ENEA Frascati, L. Giannessi (1996)

MULTI BUNCH
Unstable beam
I=192.2mA; Window 140 ps

"

<

Stabilized beam
1=108.9mA;
Window 58ps

2

SINGLE BUNCH
Ib=8.1mA; E=0.9GeV:;

@ CAS Window 46.8ps
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eletira The Streak Camera L
the Elettra SC [4]

The Elettra SC: Optoscope double sweep unit by Optronis

First (1999) SC equipped with a 250MHz synchroscan
deflection unit

Input optics adjustable (k,,\,)

resolution <2psgyum
(@A=800nm)

On top:

control keypad

g ,.. : ; ) i 4 : | .. . & I: ._':=' J-”'__;.-...__-;.-- : 1
@‘ ms 2 ST T e s - - g -
-ré TR CIP 5 COTLEIRATOR KO0 28 May - 6 June 2008 Le Normont, Dourdan,France




FERMI

Single sweep acquisition [6] -
8 consecutive bunches;
sweep speed: 1ns/mm

2ns 1 2ns 1 2ns 1 2ns 1 2ns!t 2ns | 2ns|
|

|
|
|

l |
! ! ! !
l [ [ I
[ I I l
I [ | [

g =u T

17.64ns full screen
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elettrt Single sweep acquisition [6]
one bunch;
sweep speed: 25ps/mm
(highest resolution in single sweep: 10ps/mm)

440ps full screen
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FERMI

@elettra

dafi  Double sweep with Synchroscan [6] ““
double sweep, single bunch over four turns

882ps, full screen

3.46ms,
full screen
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dgat  Double sweep with Synchroscan [6] Fm\“;"
4 consecutive bunches @500MHz

G =22.72pS

c =22.99pS .=

c =20.42ps
E=2GeV, 1=100mA:
stable beam
@) :2359ps == —

>
441ps full screen
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FERMI

@elettra

dafi  Double sweep with Synchroscan [6] ““
Multi Bunch filling, Single Shot Acquisition

|=295mA:
unstable beam

<>
c=21.49ps

882ps full screen

G=20.57DS e
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el The Streak Camera: \/"
how it’s looks like...in the Elettra Optical lab

— - i . 1-'.’1 T
Gl =2 |
: - '
! N

M |

.-.‘, ’ Synch Rad
T port

28 May - 6 June 2008 Le Normont, Dourdan,France



_ FERMI
gai  Double sweep with Synchroscan [6] >
Accumulation Mode (5 averages)

864ns

E=2GeV, (1/1.56MHz)
1=245mA e e ]
Multi bunch
20%0 gap
Longitudinally
excited beam EETIESNNE o s SR e
Envelope of pk-pk FEE—— & i

oscillations can
be observed

- full screen

THE CRN &UCFLFRGTOR BOHL
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gae  Double sweep with Synchroscan [6] ““™
Accumulation Mode (5 averages)

882ps

>

Longitudinally stable
Multi Bunch beam
10% gap

110mA@2GeV
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FERMI

dara  Double sweep with Synchroscan [6] ““™
Accumulation Mode (5 averages)

S

882ps

Longitudinally
stable
Multi Bunch
beam

Gap no more
observable
due to longer
vertical (slow)
deflection

110mA@2GeV
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elefrt Double sweep with Synchroscan FE'?\TQ
coherent dipolar synchrotron oscillations

I;.=110mA
@2GeV

full screen

CAS

THE CIHRN SOCFLFRATOR BCOIHINL
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eletirt The Streak Camera insights \/9'

resolution limiting factors

streak tube design: sweep speed / linearity / deflecting voltage

Input radiation wavelength: higher energy (shorter wavelenght)
photons create a broader photo-electron bunch inside the streak tube;

dispersion: photons of different energies broaden the streak image:
0.05ps/NMM@620nm Hamamatsu data
0.1ps/Nnm@488nm measured at the ALS, Berkeley

space charge effects on the photo-cathode, decreasing with accelerating
voltage (typical 15keV)

use small pin-hole (50um) / thin slit (30um)
the minimum achieved temporal resolution is <300fs@800nm
FESCA 200 by HAMAMATSU

weak signals? try averaging ... jitter of the trigger < SC resolution
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elettra The Streak Camera insights [7]  “* S

SC characterization at Elettra with a fs laser

We verified SC resolution vs. different parameters,
like:
- SC operation modes: synchroscan and single sweep

- pinhole diameter (200,100 and 50mm) and slit
(0+-3mm, used at 30um)

- input light intensity (N.D.=0, 0.5, 0.99; lout/lin=10N-P")
- Input light wavelength 20=810nm and 405nm (11 harm.)
sweep accuracy and linearity

using an opt. delay line and measuring at different
position over the full screen sweep

Jitter of the single sweep unit
by accumulation of many s/ngle shot acquisitions
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FERMI

welettra

The Streak Camera insights [ 7] X
fs laser single-shot acquisitions
synchroscan single sweep

441ps full screen

>

Single sweep fastest
deflection speed 10ps/mm 176ps full screen
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dati  The Streak Camera insights [7] =~ S

fs laser profile; pin-hole diameter=100um

a.u. SC acquisition of fs laser pulse © measured data -+ gaussian fit; sigma=1.3ps
400 0.35 a. u.
(e8)
350 - +03
O
300 -
1 0.25
250
o T+ 0.2
200 -
1 0.15
150
@)
S 0.1
100 - % X
O 4
o \° 1
50 Z— oA &> 0.05
aﬁ@?@g
(O S e e e e o L NN AV 22
49 54 59 64 [ps]

fs laser profile as acquired by SC in single sweep, single shot

@‘ - c=1.3ps (Gaussian fit)
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The Streak Camera insights [7]

FEE\N?,
@elettra

resolution dependence vs. pinhole diameter

FWHM Resolution vs. Pinhole diameter ‘ m Measured Data = Linear Fit‘
[ps] FIT: M0=1.1; M1=10.9x10"

35 /i

3.0 1

2.5 A

) /

15 e

1.0

0 50 100 150 200

N. D.=0.5; MCP=790 pinhole diameter [um]

Double sweep /synchroscan
Pinhole diameter: 200um,
50um and 30um (slit)

e

Single sweep mode

Pinhole diameter: 200um,

50um and 30um (slit)
——

FWHM Resolution vs. Pinhole diameter; Synchroscan Mode

[ps] Fit: M0=2.7; M1=16.1xc10™
8.0 .

‘ = Measured Data =+ Linear Flt‘

7.0 1
6.0 1 /
5.0 /
4.0 —

. “/
3.0
2.0 ‘

0 50 100 150 200
N.D. =0.5; MCP=790 pinhole diameter [um]
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el The Streak Camera insights [7]  F#.$2
measurement of sweep linearity
second pulse created with optical delay line and sum

a.u.  Delay Line double-pulse acquisitions o 17.8ps © 27.8ps ~ 37.8ps
1mm =>» |50 .
33pS 450 i
Optical & ¢ delay3 =
400 L :
Delay ; %A :
350 - 8 9 B
changed delayl | 7 | A
] : A : : :
In 1.5mm {300 - Soap 3
S : : ‘o &
steps |5, 5 ; o delay2
0 : i : D
(x2, back . A g &
200 : 5 :
and forth) o b o 2 3 B
o A A : 0
AL=3mm/ |50 - as|t o A% ° o
[} (@)
O o) o
Step 100 - E&l e E s °g
> 0@ N %
10ps/step
45 55 65 75 85 95 105 115 125 135 145 155 165 175

@ ~A fastest single sweep streak axis: 176ps full screen; 45 to 175ps shown [ps]
A‘] .
o THE CERN SUCKLERATOR BCSHIOL
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eletir The Streak Camera insights [7] FEE\“:’

jitter measurement on SC trigger 4.5pSgps

Jitter on 10 Accumulated single shot acquisitions;
10Hz SC trigger

1400 Jitter=> 18.6pS .ok == 4.54PSgums

1200 -

N
>’: \}
.~

1000 S R A EI +0.07

| £ |
l !/ A 1
800 | VIR
1 | 4 \ ]
1 A A
1 | |

- T
400 Y LA +0.03
] | £

| Y '
A
200 Al A4 \T
A i
A 3 al
# }‘ y \,A 2 At .
A A% A AA \ “-‘-" A AA A A

A
W YWY Vs i A A A B A 4 o A
Ay thads adbuth annidhigh b L AR AR Iy Vil A A LKL Al MK b S A AER L Ah
O Y iV . L e nA T el LT B s W i
A ‘ = ‘ \ - - \
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eleti The Streak Camera insights [6] FER\TP’
Improving your streak camera set-up

for a SC acquisition, we may define the Duty Cycle DCg. as the ratio
between sweep duration (tg,) and sweep (trigger) period (t;)

Typically, the DC. is very low as the sweep has a very short duration
and the time period in between sweeps is long (low rep. rate of SC
sweeps) Tr = 50ms =>» sweep trigger @20Hz

tow = 100ns (typical sweep duration)

DC,, =2x10°
With repetitive pulsed sources (fo sgs=1-500MHz for ELETTRA) most
of the incident light pulses are not used (i.e. deflected) by the
streak camera and can generate back ground noise, eventually even
damage the PC

A fast opto-electronic (based on a Pockels Cell) shutter improves the
guality of the image
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eletir The Streak Camera insights [6] FEE\“:’
Improving your streak camera set-up

The Pockels Cell is based on a Pockels effect*: the refractive index of a
medium exhibits a modification which is proportional to the strength of an
applied electric field (— linear electro-optic effect)

By applying a high voltage (3kV) to a crystal the polarization rotates up to
90°

By putting the PC in between two linear polarizers whose axis have been
previously aligned to be 90° then the Whole set-up acts as a fast optlcal
switch 7 R e,
The pulse driving the HV PC
driver has to be synchronized

to the beam and to the SC
trigger

[ i | S

o - Pockels CeII _

B cas
T e * EEPI//WWW.TP-photoNiCs.com
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eletr The Streak Camera insights [6] >
Pockels cell based fast optical shutter

Multi Bunch beam, 10% gap
4 turns; 864ns/turn
ON-OFF switching time: <100ns
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elete The Streak Camera insights [6] 2
Pockels cell based fast optical shutter

Multi Bunch beam; 10% gap; 5 bunches
ON-OFF switching time: <4ns!
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ddvi  Examples of longitudinal diagnostics [8] -

Injection transients in ALS (1.5GeV e- storage ring)
Set-up: synchroscan streak camera triggered with injection

Injection transient with:

energy offset >
phase offset //
phase mismatch
10 " I . I I . I | . 0
phase offset
energy offset

@\ CAS phase mismatch
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elelir

Examples of longitudinal diagnostics [8] \/"

rms bunch length at minima of g-pole oscillations
vs. synchrotron frequency

RKL S bunch length (peec)

45

40

35

- 1 1 1 1 1 1 1 ]
-__-"
-----
- e -
— O 7
-__--
_d_.-"
-
" il —
--------
-'--'-F---
-
- Ll -
_d'--
-__-"
n 'y
= 1 1 1 1 1 1 L=
.10 o1z 014 16 0.1a oz 0.z2
1/F, (1/EHz)

Measured peak rms
bunch length over
entire injection cycle

e T

MNarmalized RMS bunch kength

*h‘ measured

Time after injection [rmes|
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et

Examples of longitudinal diagnostics [8]

Fsﬁ‘\ﬁ;’,
@elettra

Decaying with RF turned off: ool
no RF =>» loose of E =» orbit spiral in-ward e
= orbit period T changes i
15— & a0
“ ) -400
E 0 /_ 600
+H //
i e 600
E° ; P ] 400
" [
o— | | |
b) a
_ 1.0 —
é 0.5 /\E\I— AT 5 :
:; 0.0 visible on 5C /r E'I,_ & ) tot
L ; T Time (pisec)
E -0.5 . O
§ -1.0 —
| | |

™ o moment compaction factor
o Fractional energy difference form injected energy
o=>0; 6<0 =>» AT decreases
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dat  Examples of longitudinal diagnostics [9] >

Nonlinear longitudinal dynamics studies at the ALS
Diffusion bunch-to-bunch by radiation damping; low probability process
May create parasitic bunches; affecting bunch purity

Streak Camera measurements of single bunch and following parasites
Measured charge in the parasite bunch relative to the main bunch for 2 different RF

voltages. the solid lines for each data set are the calculated diffusion using the
measured Touschek lifetime for each RF voltage.

25 | | | |
(),=T.Te-3, tau=97.7 min-mA - 0=
------- Qg=b.4e-3, tau=47.3 min-mA _—
o 20 7 T
= -
= - £ 20
=1 e - 53
g g — g 0
o
g i = bucket opens...
= e H
E 10 o " g
= M i/ T | <
z e £ a0l
§ V-
= / A
S 05— A - E
= Vs 40x107 [~
Py 1 | 1 | 1
//
0.0 JZ/ | | | | | [— -4 -2 0 2 4
1] 10 20 a0 40 50 60
Phase Offset (rad)
Time (min)
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eleffra Observation of instabilities [9,10]

Fslin?,
@elettra

Forced oscillations: driven by modulations bends / RF amp / RF phase

Response of driven long oscillations
Inter-island diffusion

6.0 6.5 7.0 75 8.0 8.5x10°
Frequency/f o

600f= upward sweep -1 &
v,=0.007329, =1.2 mrad T T T T T %
500 - a) well below bifurcation frequency |
? 4001~ . - g
2 > <
@ \\ T
S 300 ~ . g
2 200 < \
£ N 55 .
€ .E
100~ . — =
& \i,.,,_,. =
ot wi jol mep mEEEE F Bl =
[ e i ¥ 1 L i
T T T T T I o
600} downward sweep -1 =
v=0.00734,,=7.5 mrad o
500}~ —
< ®a e
% 400 T —
5 T .
S 300 2 -
=
£ 2001 AN . Y
1 | 1 1 1 ?5
100[= - 1.0 0.5 0.0 0.5 1.0 ;;
.
ok [ e | P e | (2|)1f2 cos(yi-v.0) "
S

10 b) just below bifurcation frequency ]

05 -

00

05

10

I L— T =1 I
<) above bifurcation frequency

10
0.5

0.0 |-

Poincare” maps of the Hamiltonian in the resonant rotating reference frame for the
case of three modulation frequencies.

In 1, the modulation frequency is well below the bifurcation frequency and two
separate stable islands appear.

In 2 the modulation frequency is just below the bifurcation frequency, and stable area
B almost disappears.

Above the bifurcation frequency (3), only island A remains.

Note that islands A and B correspond to the negative and positive stable branches of
the response curve shown in Fig. 1.

-05
10 =
I

(21)” 2cns.(\p-v )

J

I | ZOo Ity = U JuTT
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et Observation of instabilities [9, 10] FET;P'

200

m<Tc SC Image of the Ilongitudinal
100k profile when the modulation
frequency is just below the
- - bifurcation frequency.
The beam populates both stable
phase space islands.

Time (psec)
o
|

-100 -

Measured SC image showing
formation of two and three
iIslands for excitation near 2*fs
and 3*/s. The calculated phase
space structure is also shown.
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eletre Observation of instabilities [11] \/*9'

T Saturation of an instability due to
nonlinear effects.
i e Picture of a Robinson
| eme— instability. Single bunch ~mA.
‘B Fundamental mode of the cavity is
P N manually  tuned above RF
oz frequency to give Robinson
ook i L L L 1 Instability
Time (msee)

14

12

The effect is a saw-tooth like
instability with a internal
structure.

We see multiple fixed points
being excited and populated with
beam 02l

1.0

0.8

086

Longitudinal Position (nsec)

0.4

0.0l | I | I I

0 20 40 80 80 100
@‘ ms Time (msec)
--"
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eletfra Observation of instabilities ;

SC Image taken at ELETTRA,;
4 bunch beam 13mA@1GeV

882ps x 37.5ms
3-phase
dipolar motion

882ps x 65ms
In phase coherent
dipolar motion
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eleffra Observation of instabilities ;

same beam as previous picture, but faster vertical scale:
2 bunches on the same phase; the other 2 on different phases

SC Image taken at ELETTRA;
4 bunch beam 32mA@1GeV
Each bunch is shifted

[ —
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dei  Examples of longitudinal diagnostics [12] " o

Precise phase measurement of a specific bunch is required from the synchrotron
radiation (SR) users (time resolved experiments)

The timing of the SR light is affected by gap positions of insertion devices, filling
pattern, bunch currents

The bunch length of stored bunches is about 40ps
The precision for the monitor system is <5ps (about 1° of 508.58MHz RF)
Two systems have been implemented...

buttan clectimde
seeta, EI] O Q

~ o ®-2 BB porwel eontibi nor
e Oresyy » a
@ oscilloscope To Data Hasc
o0 ® «— TDS704 {bunch phasch
= ® phase shifter  QUeTILiOr
o _
S-0.05 @

RF referenee

® reveduticr simmal
Sk

: IF TMH::
time (s) g faveragod hoam phase)

The analogue bandwidth of the scope i i A

COnVertor deleetor

TDS7404B is 4GHz and the sampling | Ape
|@v GAS rate is 20Gs/s. BrF | |
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Examples of longitudinal o

¢ current

7

& phase

15|

— 10

mA

0

500

1500

bunch #

]

0 * -10
1000

2000 2500

Bunch current and phase for 203
equally spaced bunches

9] .-

CAS

FEF"\N,
(weflettri

lagnostics [12]

e current 4 phase
2 ey 10
1_51;1't‘iiiii:!"ii;'l_!_i __________ Js
] &
-
5 l -0
114
(.5 e S s . -5
0 ! 10
(0 5001000 1580 2000 2500
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i
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\n
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A
S
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\

Effect of
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FLFRATOR BOSHIT
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dei  Examples of longitudinal diagnostics [12] " o

An attempt was tried to store the beam with the energy of
4GeV instead of nominal energy of 8GeV.

In this case the damping time becomes long and longitudinal
Instabilities are observed.

To overcome this instability, a modulation of accelerating
voltage was applied; where acceleration voltage of 3MV was
produced with nominal RF frequency while 1MV was applied
with nominal RF frequency plus one revolution frequency.

The RF voltage is modulated »_current +_phase
in one turn and the synchrotron | " T
frequency Is changed according 0.06 gl
to the bunch address. By applyingy ,,,
this RF modulation it was possible
to accumulate up to 100mA

. 5 - B
: f : i & ]
0 s & : " . 30
‘ CAS 0 500 1000 1500 2000 2500
) T LT bunch #
7 o 28 May - 6 June 2008 Le Normont, Dourdan,France




FERMI
e Longitudinal manipulation [13] *’\)9'

An idle (passive mode) 3 harmonic cavity (3HC) has been installed and fully
characterized at Elettra

The harmonic voltage generated by the beam passing through the cavity depends

on the frequency detuning | R Dy
The following effects have been observed and studied: harm =~ Q 5
- Landau Damping / CBM reduction / Lifetime |mprovements
- Phase shift 3 3
- Bunch lengthening / overstretching o
- Bunch shortening 0

3HC flattens the potential in the main RF bucket
causing an increase in the bunch length with a S o B e e
consequent reduction of the intra-beam scattering even , odd

= an improvement in the Touschek lifetime e DLiNChes Jabunches

Also, the non-linearity of the RF waveform helps
in fighting the coupled bunch instabilities (CBM)
by means of Landau damping. synchrotron
frequency dependence on the amplitude;

spread in synchrotron frequencies within bunches Lo M
3HC effect on a Multi Bunch beam (uniform

filling) at detuning frequencies of 200kHz
@‘i CAS (upper) and 60kHz (lower)

28 May - 6 June 2008 Le Normont, Dourdan,France
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eleffra

Longitudinal manipulation[13]

Fslin?,
@elettra

With 3HC detuned (away from the 3™ harmonic), a large gap leads to some

Landau damping
When 3HC gets closer to the 3 harmonic the Landau damping effect due to
3HC is dominant over the one from the “large gap”

For I, e,m =315mA and E=2.0GeV
2 10 ; ——ocBu#i ||| 104" “mag| ¥ CBM#75 || . “%_ CBM #75
=5 I——— —4— CBM#92 || | © 1w / | —A-CBM#92 ||| 10 J = e h.;._,T —A— CBM #92
o ] -5~ CBM#104|| | & Je ——g§a. | B CBM#04|| o . \ |8~ CBM #104
5 13 % CBM#177|| | B Ta5 %4 | o ceM#10| |2 14w a "‘; —&— CBM #110
= S —— CBM #363|| | 2 1, /4| CBM#318 = el 7|2 CBM #318
c 0.1 5 N WA o 0.1 E “ v £ 0.1 f
© . TA@; % E G . & & |
% 0.01 4 I\ Meaats - 0.01 E % 0.01 .
O ] | (a1l i (@] |
0.001 ++—— e I - | ©o0.001 +———7"—77+—+———+—+—+ oot —+——n— 7+
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For uniform fillin

CBMs amplitude versus 3HC
tuning for a uniform filling

, the Landau damping is provided only by 3HC, while

in the case of fractional filling the gap too contributes to the damping,
while not allowing a completely stable beam, unless 3HC is activated
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Phase shift head-tail introduced by the gap:

Longitudinal manipulation [13]

uniform filling

80%0 gap

@elettra

Relative Phase shift [deg]

1 70— _
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The larger the gap, the larger is the
phase difference head-tail
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Longitudinal manipulation [13]

. i crr- e
Bunch lengthening vs. fractional filling T
90 - 180 — Af =+94kHz —— Al = +64kHz
Af = +104kHz Af = +84kHz —— Af = +59kHz
— RN Af = +84kHz <
ﬁ ] M’!ﬂu.q [ J. 0 "-'I, Af = +74kHz s)) 140+
< 70 || hl."'\'l IH,""l' wy h"'v"rll Af = +64kHz 5 120 —
2 w W Af = +59kHz =
o f.r N ||| ¥ 4' v l'“T' 8
ke A i _
S t R N A A ISl VAL
5 T i n
o \l | I|I | | |II".,'J I|‘|‘|I E 80 -
w 50 ] \ ' 'L.L‘LJL m
= e 60 -
[an :JI. lL-'FI.qu\.,:f\"-. \ ‘l |"
1 v S .",-'. WA A A 'V i ,l | Y L Y .
4090 ﬁl’m%‘?"f{f'ﬁ;}"jf]! 40 - VWAL AFANAT SR N GAAL WS
II" IVI ILI ‘ll | T ‘ T | T | T |
80 | | | | 0 200 400 600 800
0 200 400 600 800 Bunch position in the train [ns]
Bunch position along the train [ns]

RMS bunch length along the bunch
train for several 3HC tuning with a

RMS bunch length along the bunch train for
several 3HC tuning with a uniform filling

filling of 90% 10105 1 50 ESRF code results of the harmonic
= I o % voltage (red) and phase (blue)
g 5009 2| modulation along the bunch train after
S 400 : > i the transient beam loading, obtained for
- ;| &| abeam current of 315 mA, a 90% filling
B 1 £\ (3HC detuning=81 kHz)

m CAS b 10 a0 w0 4o e —

A T NI pRETH ST ROk Bunch position along the train

28 May - 6 June 2008 Le Normont, Dourdan,France




_ FERMI
elefra Longitudinal manipulation [13] \)9'

Bunch over-stretching The streak camera data acquired at
different 3HC detuning with the
corresponding best fitting curve.

e [ | At 114 kHz the bunch
profile is still well fitted by a
single Gaussian

— Optimum condition (Af=+74kHz)

\ [
— Lengthening (Af=+120kHz) /
— Overstretching (Af=+64kHz)

Amplitude (arb.unit

At 74 kHz corresponding

RF potential U(d) (arb.units)

80x10° to a flattened potential, the
2 ol ' bunch profile should be flat,
g so that the sum of 2
s 1 Gaussians provides the best
P ‘d-m — ;.; SN data fitting
e \ ’ 0 100 200 300 400

=]
>

; ] ; . Time (ps)
Potential well distortion In )
& o | At 64 kHz and the bunch

lengthening mode, at optimum £l ™ .. .. | | profile appears strongly
condition (flattened) and in over- s overstretched, with two
stretching regime, calculated for T/ \/ '\ || well-separated stable peaks
.. =315mA Sy Jo o= |
<
0

beam & 7\ o
ms " : | S : \~__
‘= 0 100 200 300 400
o THE CERN SUCKLERATOR BCSHIOL
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das  Examples of longitudinal diagnostics - o
Storage Ring FEL measurements
RF modulation

1000 /
= 500 - 2
N
= r’ \L 4 \u, \\
T 0 | FEL ON
(2%
ﬂ 500 <
1000 T T T T —
0 2 4 A i
60— (a)
~
E 40-
B
g
D_
0 10 30 40 50 0 1 2 3 4 5
time (ms) time (s)

Free running Q-Switch courtesy: G. De Ninno
@2‘ CAS
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Lay out of section 1 of the ELETTRA Storage Ring with diagnostics Optical Laboratory
Three sources have been made available at the same location:

- Synchrotron Radiation from Bending magnet B12.2

- SR FEL

- fs Cr:LiSAF laser

fs Cr:LiSAF
laser

Streak
Camera

FRONT MIRROR

R

RN

b

BACK MIRROR ) )
Machine Reference RF signal

f-=499.654MHz

CAS

THE CRN &UCFLFRGTOR BOHL
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Cr:LiSAF laser in Optical laboratory hutch; Streak Camera in foreground

28 May - 6 June 2008 Le Normont, Dourdan,France



dafa - Examples of longitudinal diagnostics |

UV FEL streak camera acquisition:
A=196nm, length=7.7ps rwHwm

1008 [FWHM = 7/7/pls

©
S
P

4004

Intensity (a.u.)
(@]
o
@

2004

170 180 190 200
Time (ps)

3.37 ms

@) cas
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Fs laser synchronization to the Storage ring: table of frequencies

’| f1-=499.654MHz |

Multi Bunch 4-Bunch SR-FEL
1 bunch / 2ns 1 bunch / 216ns
=5 | mp | focp,=foe5 = 99.9308MHz | +6

H B | frgps =far6 = 83.2756MHz |
oo = 10.006n . =

1 laser pulse / 5 bunches t ncen = 12.00605 =
l 18 laser pulses / bunch (4B)
Coincidence laser on same (12ns”18=216ns)
oinci
bunch: every 5 revolutions l
(864/10 = 86.4ns) .
Coincidence laser on same

bunch: at each turn

THE CRN &UCFLFRGTOR BOHL
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Streak camera synchroscan acquisitions
Multi Bunch beam + laser

foep;=foet5 = 99.9308MHz

28 May - 6 June 2008 Le Normont, Dourdan,France
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4 bunch beam: SR-FEL mode; electron bunches spacing => 216ns

Jitter
laser-to-synchrotron

~1PSgms

440ps

<€

nepy =Tort6 = 83.2756MHz
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Storage Ring FEL measurements

Elettra 4 bunch

; T 5
L
! g - T "
u i = b
3 Ry . -
= S E
- iy 3
e = = = N
= B : i 2 5
y 3
o &% R
i

beam

880ps

<€

Laser phase oscillations
due to external kick
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Slow time

CAS
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Storage Ring FEL harmonic seeding

diagnostics

OPTICAL KLYSTRON‘

mirror

mirror

electrons’

Cortesy of G Deninno
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Harmonic generation on the Storage Ring FEL

Integrated signal of the
080 ( f { ¥ [ ( monochromatized radiation at 260
5 Sl d nm acquired with a photo-
S om- / multiplier tube.
,."-"; 0.15 — |spn:-ntane::|usradiatin:|n| The enhanced peak |S the
2 020 coherent signal generated by the
2 0.25- —_— seeded electron bunch, small
|n:+:+he|em harmonic radiation |-
0.30 peaks represent the spontaneous
T T T T T T T T 1 .| (i.e., un-seeded) radiation
00 05 10 15 20 25 30 35 4.0 4.5 50x10
time {s}

T R e a e

Seeded signal is a factor
about 50 above spontaneous

CMISSION p—

Intensity (arb.units)

3x10™

05 0.0 0.5 1.0x10™
@M CAS Tin ]
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