Microbunching
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Coherent radiation spectroscopy
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Coherent radiation spectroscopy

2 stage single shot spectrometer

‘ absorber
‘ 41arizer

ring mirror
+ pyro row

reflective blazed grating

developed by Hossein Delsim - Hashemi
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CTR spectra from compressed bunches
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one stage compression |}

pronounced short wavelengths
more intense
less fluctuations

broadband, flat spectrum

extends down to ym scale

large shot/shot fluctuations
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influence of phase in ACCI (first compression)
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CTR spectra from uncompressed bunches

strong spectrum below 10 ym
intensity comparable to ,,spike regime*
large shot to fluctuations

720 MeV (13 nm lasing)

intensity ~10* -10° x incoherent level

50 60 70

980 MeV (6 nm lasing)

about 4 times more intensity
spectrum ,,harder”
less fluctuations




extending to NIR
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charge dependence
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scraping the bunch in phase space
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BC2 collimator - I

ACCI |° less compression
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injector parameters, solenoid and gun phase

wavequide

electron
beam

cathode

r |

X AA=[35,54]

¢ AL =[5.8,6.8] um
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" coaxial

_~ coupler
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main solenoid

x AL =[3.5,54] um
o AL=[5.8,6.8] pm
O AL = [6.8,8.3] pm

O AL =[9.1,14.4] ym

A¢ Injektor ®)

solenoid current and gun

phase have strong influence
on p-bunching ( 3 - 15 pm)
no wavelength dependence




emittance effect

emittance by ASTRA simulations,
courtesy Mikhail Krasilnikov

solenoid and phase determine emittance
common picture ?
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dipol strength of bunch compressors

if ONE magnetic chicane OFF — no detectable p-bunch radiation
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what has to come

n-d linear models
Vlasov solver
single particle tracking

e overall level of radiation
* spectrum of radiation

. (m)dependence on machlne parameters
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form factors and temporal profiles

difference

2 compressors FEL operatlon . “"‘,..—lA
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temporal profiles

needs model assumptions (no phase information)

simple parametrisation
leading spike + tail

30 40 50 60 70

AFEL =6 nm
AFEL =13 nm

Paccas = —30°

for y-bunch rad. : model
= ,,amplified noise"

0=4.3 ym

few percent of charge is
,modulated”

n*100 gain required to
produce this level from
shot noise



conclusions

XCTR spectroscopy in the regime (1 pm) - 60 pm has shown, that
bunches at FLASH have J structures at the few percent level with a
predominant length scale around 8 ym

*the coherent radiation reaches about 10%-10° time incoherent level and
exhibits large shot to shot fluctuations with narrow ,spectral lines"

Xthe presence of both magnetic chicanes is mandatory
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more on FLASH

there is more :

COTR indications, structured OTR images ...
dedicated machine settings and simulations..
plans, next steps and outlook..

see talks by Thorsten
and Bolko






