Characterization of the BNL ATF Compton X-ray
Source via K-ed e Apgorbing Foils

Oliver Williams
University of California, Los Angeles



Motivation fior Experimentss at the, ATk

Attempting| to do; initiall characterization off seurce to) Verify:

1) Photon eneray.

2) Angular distribution

3) Flux

4) Bandwidth: (Without: spectrometer, I possible!)
5) Change in conditions fior sub-ps pulses

6) Shot-to-shot source stability

Initial applications: K-edge and phase contrast imagding, pelarkization
dependent material studies, and dynamic diffiraction/pump-probe
EXpPErments



Energy/Angular distribution without:
dl SPEctrometer?

Strong phnoton abserption Near element K-edge
oIl thickness + K-edge = low-pass; filter

Aboeve K-edge, photensiabsoerbed, others pass



Photen transmission; through foils
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Simulated! intensity: distribution
befiore and after foil




Simulatedl parameters

Electron Beam

Parameter Value
Value

Total Photons 1x10°
2] (Np) (on-axis: 2x107)

Energy 7-8.9 keV
(on-axis)
Pulse length 0.3-4 ps
~0.6%

Full opening ~8 mrad
10.6 um angle

Peak Brightness 1019-102°
Laser potential 0.38 (Bpear) ph/s/mm?/mrad?
(0.1% BW)

Parameter Value

Parameter

Energy 64-72 MeV

Laser energy

Beam size
(RMS)

Bunch length
(FWHM)

30 pm Waist size
(RMS)
Pulse length
(FWHM)

Bandwidth

0.3-4 ps

Emittance 2 mm-mrad

Wavelength

Energy spread 0.5-1.0%
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Simulated Xx-ray’ spectra
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Photon Energy [ke

Phatan Energy

ICS spectra for various acceptance angles (0.5 ICS spectra on-axis and the effects of e-beam

to 10 mrad) at 65 MeV and Ay/y=1.0%. energy spread. Reducing to 0.1% spread
results in the dominance of beam angles on
the bandwidth.



Making the: photoens

ompton chamber conceptua

Shart Pulse
COz laser beam

CCD camera
with telescope

/

Off-axis parabolic
Cu mirmor
with a hole in the center

he Compton chamber

Actuator

Figure 1. Top view of

Alignment probe now
replaced with retractable
120 um pinhole and Ge-
wafer on micro-positioner



Analyzing the photons

250 um Be-window

Insertable Ni and Fe
foils

1 mrad pinhole on

remote 2-axis control
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Remotely insertable 250 ym Be-window
Si-diode detector

MCP image intensifier



Microechannel Plate (MCP) Image Intensifier

12 um channelispacing

(=42 pm limiting resolution)
40 mm| detection' area
Fiber-optically coupled phesphoer
few! Y, detection efficiency

Highi gain “chevren: 107

\/oltage; required arter foil:

Phosphor screen = 6 KV
MCP stack = 1.5 kV

Our intensifier accepts:

Phosphor screen = 6.5 kV
MCP stack = 2.4 kV

*Higher gain available fior smaller
(e.g. diffracted) signals




Confirming K-edge, effect

Start withran: e-beam: energy: off 72 MeV.
(~8.9 keV ICS photons)

Glarantees being aboeve K-eddge of both
ironi (7.11 keV) and nickel (8.33' keV) for
ied-shifited ofi-axis photens

[laser st linearly polarized






Double; Diffierential Spectrum

e-beam energy: scan fiom: 72 MeV:to null
clesure

[Does data matchr simulation? Undulater
equation?

Can we quantiiy: bandwidtn®?
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LLobe ebservation angle

® Measured
- Simulation (aL=0.29)
— Simulation
- = = Undulator eqgn.
— - = Undulator egn. (aL=0.29)
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-Max simulated lobe intensity shows peak at 6.9 keV
-Fit simulation curve to data by adding energy offset (~290 eV)

-Energy offset could be due to absolute e-beam energy calibration
or nonlinear induced red-shifting (a,_>0)



Circular' pelarization/compression
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4 - 68 MeV, 4 ps FWHM e-beam 68 MeV, 300 fs FWHM e-beam
-rays clippe - » > *

pass)i/ng tr?r%ugh (2Ay/y=AE/E=1%) (2Ay/y=AE/E=2%)

hole in laser

mirror



Measured on-axis flux and! BW

Need ~65 MeV e-beam te) create =1 mrad null
(With<50% photons transmitting) en-axis)

AE= 1.3 MeV = 290 eV => BW = 4.09%06

Measured ~2x1.0° photons threughs 4 mrad
pinhoele placed on-axis

Boeak= 10°6-10"in pulses from: 4 ps to 300 fs



Phase Contrast Imaging
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Limiting resolution

Resolution imit due tos gain,
channelfsize/spacing, MCP-
pPhesphor distance, imaging
optics and CCD

Do net expect werse; than 50 Standard CCD
UM reselution firem MCP
“Grains” exist in CCD/image;
net due to MCP

Ambient light

TE-cooled CCD (req’d different lens)



Possible imaging Improvements

i Tidl

High' resolution CCDrand

IMaging opLics:
-Optimized| transport optics
-Fiber-coupled CCD

Direct detection usingl in-house
X-I-ay. CAMera:

=50 umy/pixel
-red. = 101 keV x-rays

Y Axis Title

-Higher reselution imaging
necessary. for future
applications and! better source
characterization
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Summary.

AlIF Compten source characterized:

x| ~2x10°8 phoetons ever 1 mrad with 4-5% bandwidthiin 0.3-4 ps
s linear or circularly: polarized x-rays
s Easily tinable source energy

s B .. =10%-10*> photons/s/mm?/mrad= (0.1%) BW)
Source qualities show: promising imagding capailities
INeed! to) Work on eptimizingl Imading

Higher energy x-rays (>10 keV) allow: for fewer imaging
elements In| form: of direct detection via X-ray. Camera



	Characterization of the BNL ATF Compton X-ray Source via K-edge Absorbing Foils
	Motivation for Experiments at the ATF
	Energy/Angular distribution without a spectrometer?
	Photon transmission through foils
	Simulated intensity distribution before and after foil
	Simulated parameters
	Simulated x-ray spectra
	Making the photons
	Analyzing the photons
	Microchannel Plate (MCP) Image Intensifier
	Confirming K-edge effect
	Double Differential Spectrum
	Lobe observation angle
	Circular polarization/compression
	Measured on-axis flux and BW
	Phase Contrast Imaging
	Limiting resolution
	Possible imaging improvements
	Summary

