Longitudinal bunch profile reconstruction
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L
Coherent radiation

Introduction

- Charged particle emits electromagnetic radiation
+ Transition radiation, diffraction radiation, synchrotron radiation etc.

< A bunch of N charged particles emits radiation with Intensity U(\, ©2)
- Superposition of the fields E from the individual electrons

- Emission characteristics

A < 0gyong - incoherent emission
E \/IV —UxN

A >> 0yong : COherent emission
ExN—UoxN?

- Strong increase in intensity (N ~ 10°)
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L
Coherent radiation of relativistic electron bunches

Introduction

- Spectral-angular distribution of coherent radiation

v du
dAdQ ~ dAdQ

2 2 . e} N
N P with FaoO ) = [ piol® exp(—iK?) aF

* Approximations

+ No longitudinal and transversal correlation: F3p (X, 2) = Fiong (A, ) Firans(X, )
- Small observation angle: Fiong (A, ) & Fiong(X)

- Coherent spectral intensity becomes

du *u
T x [ / L Frans (A, )dQ | N? [ Fiong (V)|
Q

dA o AXdQ
- Longitudinal formfactor

oo
Flong(A) = / Plong (Z) exp(_27Tiz/)‘) dz
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L
Coherent radiation of relativistic electron bunches

Spectral-angular distribution of coherent radiation

d2U - d2U1 N2 |F ()\ Q)|2 ith oo N
dAdQ  dAdQ 3D w Fip(X, Q) =/ pap(F) exp(—ikT)d¥

Approximations

No longitudinal and transversal correlation: F3p (X, 2) = Fiong(A, ) Frrans(X, )
Small observation angle: Fiong (A, ) & Fiong(X)

Coherent spectral intensity becomes

du du,
— = ——F, A, Q)dQ2
dA [/Qd, anaq )

Longitudinal formfactor

N [Fiong (V) [*

oo
Fiong (V) = / Prong (2) exp(—2iz/\) dz

Measurement of absolute intensity of coherent radiation allows determination of absolute
value of the formfactor
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Formfactor examples

Introduction

- Gaussian profile
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e s e
Principle

Coherent Radiation Intensity Spectrometer with four gratings (CRISP4)
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Courtesy of S.Wesch

absorber

Five consecutive gratings as prefilter and dispersive
devices
Wavelength coverage from 5.5 to 440um with two sets
of gratings

MIR configuration: 5.5 to 44um

FIR configuration: 44 to 440pm
One order of magnitude in X for four gratings

Parallel readout of 120 channels for one set of
gratings

750 mm

polarizer

absorber
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Spectrometer model
CRISP4

Sspa(X)
Q?Rs(N)

Sspa(N) = @2 Rs(N) [FiongV)[* = [Fiong (V)| =
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Spectrometer model
CRISP4

Sspa(A) = Q> Rs(X) |Flong()‘)|2 = |Fiong V)] = 5;?:?2)

Detailed knowledge of the whole setup is needed
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Spectrometer model
CRISP4

Rs (mV)

107 g

Ssra(X) = 02 Rs(N) [FiongW)F = [Fiomg(N)| = %

Detailed knowledge of the whole setup is needed

10° E
10°
10 E

10° E

——G1
——G2
G
—— Gy

‘“.K
y ,\f\

- Response function includes

- CTR source
- Diamond window
- Beamline transmission
+ Transmission of the polarizer
- Spectrometer transmission
- Focus profile
- Detector size
- Grating efficiency
- Detector sensitivity

P AR TT R TTT MR A R TTTT M R TTT

N
104

10 20 40 100

200 400

- Electronic amplifiers
A (um)
Q = InC,o0; = 200um
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Pyro response
CRISP4

black polymer

20nm NiCr .

27um LiTaO3

§ radiation

5nm NiCr

2mm 2mm

+ Measured for 5 um < A < 110 um
- Modelled for A > 110 um
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Measurements
CRISP4
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Measurements
CRISP4
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Reconstruction of temporal profile
CRISP4

- Complex Formfactor
Flong()‘) = |Flong(>\)| exp(i (M)
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Reconstruction of temporal profile
CRISP4

- Complex Formfactor
Flong(/\) = |Flong(>\)| exp(i (M)
* We can measure | Fioug (M) | but exp(i ¢(X)) remains unknown
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Reconstruction of temporal profile
CRISP4

- Complex Formfactor
Flong(/\) = |Flong()\)| exp(i (M)
* We can measure | Fioug (M) | but exp(i ¢(X)) remains unknown
- Kramers-Kronig relation connects real and imaginary part for a certain type of functions
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Reconstruction of temporal profile
CRISP4

- Complex Formfactor
Fiong(A) = |Frong(N)| exp(i ¢(\))
* We can measure | Fioug (M) | but exp(i ¢(X)) remains unknown
- Kramers-Kronig relation connects real and imaginary part for a certain type of functions
- Reconstructed phase

d\

¢ . ()\) _ _2 /oo ln(|Flong(>\l)|) - 1n(|Flong()‘)|)
min T 0 (}\/2 _ )\2)
- Reconstruction 5

(z2) = — —
plong,mm() 2 o

~ |Flong()‘)| COS(% - ¢min()‘)) dr
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Reconstruction of temporal profile
CRISP4

- Complex Formfactor
Fiong(A) = |Frong(N)| exp(i ¢(\))
+ We can measure |Fjog(A)| but exp(i ¢(A)) remains unknown
- Kramers-Kronig relation connects real and imaginary part for a certain type of functions
- Reconstructed phase

¢mi"(>\) _ _Q /oo ln(|Flong(>\/)|) - ln(|Flong()‘)|) %
© Jo (V2= )
- Reconstruction 5 5
oo ,n-z
Plong,min (Z) = _ﬁ |Flong()‘)| COS( h\ - ¢min(>\)) dA
0

- Reconstructed profile is not unique
- Needs a wide range of |F,o,,g(>\)| — extrapolation needed

E. Hass (University of Hamburg) 12/23



Reconstruction of known profiles
CRISP4
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Reconstruction examples
CRISP4
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Reconstruction examples
CRISP4
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Reconstruction from measurements

CRISP4
100 1,200
P
NOr'ay |
N 1,000 A\
F AT N /
i ) 800 V \
Il_\' Ny =
— s ~ g 60
< 10- : g
. A El
s ? © 400
- \
. 7 200
RS W \
TR 5 e
o’ g 0 SN A
AV
1072 10 10 100 300 450 200 —100 0 100 200 300 400 500

wavelengthzim] time]fs]

E. Hass (University of Hamburg) 16/23



e s e
Comparison with measurements in time domain

TDS setup
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Status: February 2013

CRISP4
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Long wavelengths response

CRISP4

2.5

1.5

|Frps|/|Ferispal

0.5

E. Hass (University of Hamburg)

—— Compression setting 1
—— Compression setting 2

Al

\A

50

100

150 200 250 300 350 400 450

wavelength[pm]

19/23



Influence on reconstructed profiles

CRISP4
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Comparison with TDS in time domain
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CRISP4 as a STANDARD!!! diagnostic tool in control room

Control panel
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...
Summary

* CRISP 4 can measure | Fiong(A)| from 5.5 to 440 pum

- Measurements down to 50 pC are possible for sufficiently short bunches

- Calibration above 110um using TDS in progress

- CRISP4 can be used as an online diagnostic and monitoring tool in control room

- A good agreement between reconstructed temporal profiles and direct temporal
measurement with TDS is found
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Summary

* CRISP 4 can measure | Fiong(A)| from 5.5 to 440 pum

- Measurements down to 50 pC are possible for sufficiently short bunches

- Calibration above 110um using TDS in progress

- CRISP4 can be used as an online diagnostic and monitoring tool in control room

- A good agreement between reconstructed temporal profiles and direct temporal
measurement with TDS is found
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