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Diffraction Radiation

» DR is produced by the interaction between the EMdief the
traveling charge and the conducting screen
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» Excellent candidate to measure beam parameteesitically



ODR Experiment @ FLASH
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OTR Image and Focal Plane
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Optical Diffraction Radiation | nterferometry (ODRI)

To reduce the synchrotron radiation backgroundmeented a stainless steel shield in front
of our ODR screen, with a larger cut in it.
/&
A o B In the case of a wavelength of 800 nm and 1 GeV l&aengy the 1 mm
I cut is not large enough to prevent the productio@dR in the forward
osmm  direction, reflected by the screen and interfennitn the backward ODR
produced by the screen itself.

1 mm

An ODR analogous of the Wartski interferometer used TR, with the
difference that in this case the two interferingoéitndes are different in
intensity and angular distribution
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ODRI: Transver se Scan within the Slit (1)




ODRI: Transverse Scan within the Slit (2)
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ODRI Angular Distribution
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Strong differences going from one side to the other



Thestrong asymmetrghown by the ODR experimental distributions cary dd
explained as an interference effect between thehtalfoplanes of the slit.

Suppose thahe two half planes are parallel but not perfectiplanay as in the
picture, the field of a particle incident with aagi will be “reflected” by one

half plane earlier than by the other.
Thephase difference between the two fieldsthe

approximation of d<yA and3 =1, is
- 474
Acosa
«./ and the vertical polarization component of theltota
d field becomes
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The effect of the phase factor is of preventinggbdect cancellation of the real part of
the field amplitude in the interference effectuléag in a “mixing” of the real and
Imaginary parts
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For a wavelength of 800 nm and an incidence angle
of 45° the phase difference i is given by a
difference in planarity ofl = 70 nm.

This means that

G=T02 > this effect is not completely controllable and
N must enter in the general fit evaluation
0003 —0.002 —0.001 0. 001 ofo(;;\ﬁadoos > depending on the thickness of the aluminum

layer, the relative phase can be changed as relquire
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The theoretical curve has been calculated assutingtgansverse beam size, the
angular divergence and the energy kngws measured by fitting the OTR, and
varying:

1) the phase difference between the two half plari¢lse 0.5 mm slit, which takes
iInto account their non-coplanarity

i) the misalignment between the two slits

i) the phase difference between the two slits.

We assume &aussian distributed bedmoth in size and in angular divergence.



ODRI angular distribution for a smaller beam size

The scan has been repeated with a smaller transvensednse
o, = (78 4) um.

The ODRI angular distribution is compared with thedity assuming a
misalignment between the two sld130um and a phase difference between the
two half plane®f the 0.5 mm slit corresponding torasalignment of 70 nm
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COTR & CODRI Evidence

The total radiation intensity emitted by a bunclelgictrons is given by
I‘fﬂt(‘-“"") = ISP[LL')L\'T -+ ;'\"T(;\' == ].)F(w‘}]

in whichlis theintensity emitted by a single parti@adF(«) is theform
factor of the bunchdefined as

bl ‘/ dzS(z)e’<*

with S(z)thelongitudinal density distribution of the bunch

2

The form factor is typically different from zerorfavavelengths equal or longer
than the bunch length.

If part of the bunch emits coherently, tHep = N?

> 1P = 'OTRsp(‘g'”[N

We expect a different behavior
at 800 nm and 550 nm w.r.t. the
OTR incoherent emission.
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Coherent Optical Diffraction Radiation Interferometry (CODRI)

» Fluctuation shot by shanhore tharb0% of intensity
» Charge fluctuationvas abou2%

» Total intensity greatly enhanced

» Big differences between 550 nm and 800 nm

» Angular distribution with single pulse even down t8 AC (while more
than 100 nC, integrated, in standard operation)!!!
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Beam @ the Beginning of the Shift
Thanks to N. Golubeva and V. Balandin

1060000.0 - fit

1050000.0 - ﬁ data

1040000.10 -
1030000.0 -
LZ20000,0-

1010000.0 -
1000000.0 -

990000,0 -

280000.0 - ;
9700000 -
A60000.0 -5

[ [ [ [
Jog 310 320 330 340 350 360

o, = (98 + 3) um




Intensity [a.u.]

OTR angular distribution: 800 nm
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550 nm

OTR angular distribution

1pulse, 5Hz, 0.2s,0.8nC
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Intensity [a.u.]

OTR & COTR
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COTR @ 800 pC

Q=800 pC = N, =4.972*10°
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COTR @ 520 pC

Q=520 pC = N_ = 3.232*10°
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COTR @ 310 pC
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Dependence on Charge
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CODRI
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CODRI: A comparison with thetheory (1)
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The theoretical curve is calculated assuming theviitng measured parameters:
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CODRI: A comparison with thetheory (2)
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Conclusions

» DR istotally non-interceptingallowing to fully characterize high density elect
beams without loosing their quality
> It could be interesting to apply this techniquéigh brightness machine
(XFEL, ILC)

» The DR angular distribution is affected, in diffetevays, both by beam size and
divergence allowing aingle shot emittance measuremiana phase space waist

» DR angular distribution strongly depends on thgear
» Evenmachining imperfections can be controllacbrder to study new
effects

» We useOptical Diffraction Radiation Interferometwyhich, better than ODR, allows
us to distinguish different effects

»Evidences otoherence effects in the optical wavelength rdraye been observed

» A preliminary analysigllowed us to quantify both the transverse anditadgal part
of the bunch which contributes to the Coherent €éxptEmission
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