TO MEASURE THE LONGITUDINAL AND
TRANSVERSE BEAM SIZE OF XFEL
USING CPXR & PXR

First step: the first results of experiment on video
observation of parametric X-ray radiation from
electrons with energies of 855 MeV in a silicon crystal,
and a comparison with the simulation results.
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[Kube G., Behrens C., Gogolev A.S., Popov Y.A.,
Potylitsyn A.P., Lauth W., Weisse S. Investigation of
the applicability of parametric x-ray radiation
for transverse beam profile diagnostics [Electronic
resorces] // 4th IPAC: Proceedings, Shanghai, May 12-
17, 2013. - Geneva: CERN, 2013 - p. 491-493.]
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OUTPUT DATA FROM X-RAY CCD

softwar

e filter

100

The sum of 100

frames 574x768 px

1 px = 26X26 MKM
15x20 Mm
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THE RESULT OF PROCESSING
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NEXT STEP: CPXR FOR ATTOSECOND BUNCH LENGTH
DIAGNOSTICS

It 1s proposed to use coherent radiation diagnostics (CRD)
based on polarization radiation in X-ray range as a tool
for attosecond bunch length diagnostics.

Compared to the intensity of incoherent emission, the
coherent part is additionally amplified by the number of
particles contributing to coherent emission process. For
modern FELs, the amplification factor for a full
coherent emission would amount to 1010

On a timescale of 1-2 years, the observation of
coherent polarization radiation in X-ray range can
become feasible at the European XFEL.

For this purpose 1t 1s proposed to design and build a test
experiment behind the FEL undulator section of the
E-XFEL and to study the emission process of CR.



Problem is registration CR
IT IS PROPOSED TO MEASURE A SCATTERED FIELD

lscattered field — 02!

Intensity may be about 104 photon/sec



SCATTERED FIELD INTENSITY ESTIMATION

p-polarized
radiation of real

diffracted photon
on single crystal

Decreased
intensity is
about into 103
times

After a second
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crystal is not But kill s-polarization

expected to And after of tow crystals we will
decrease of this expect coherent factor of
polarization 10101 0-5+-3=105%7

Upper level of CPXR intensity may be 10-°*3 ph/bunch;
101%3 ph/train; 10274 ph/sec. (PXR 107 ph/sec)



DETECTOR MODUPIX

High speed spectral camera

Sensor Material:
Sensor Thickness:

Sensitive Area:
Readout Speed:
Vacuum compatible:
Number of Pixels:
Pixel Pitch:

Pixel Mode of Operation:

Threshoid Step Resolution:

Energy Resolution:

Pixel Photon Counting Speed:

Readout Chip:

Resolution:

S1
675 pm
14x14 mm

850 frames/s
Yes
256 X 256

55 pm

Counting, Time-over-Threshold, Time-of -
Arrival

0.1 keV
0.8 keV (THL) and 2 keV (ToT)

le5 photons/s/pixel

Timepix

9 lp/mm
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HARD X-RAY LAUE
MONOCHROMATOR




PROPOSAL

To experimental studies of X-ray diffraction from
reflecting atomic planes (10-1 1) of X-cut quartz single

crystal in Laue geometry influenced by the temperature
ogradient.

For this at the X-ray optics lab. has been constructed
setup based on:

RAP-150MN, U=120 kV and I=95 uA
crystal quartz (30x30 mm?) with t=9 mm
energy dispersive silicon spectrometer



EXPERIMENTAL SETU

I'eneparop

Experimental scheme




THE ’EIRST STAGE
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A typical experimental scheme from a number works on investigation
of the external influences impact on the X-ray diffraction, for example:
[1] A.R. Mkrtchyan, M.A. Navasardian and V.K. Mirzoyan//Technical Physics
Letters 8, 11 (1982) 677 (in Russian)

[2] A.R. Mkrtchyan, M.A. Navasardian, R.G. Gabrielyan, L.A. Kocharian and
R.N. Kuzmin, Solid State Commun., 59 (1986) 147

[3] V.R. Kocharyan, R.Sh. Aleksanyan, K.G. Truni//Journal of Contemporary
Physics, 2010, V. 45, No.4, pp. 190-194



EFFECT OF TEMPERATURE GRADIENT ON X-
RAY

disoriented oriented

g

AD

Cross sections and rocking curves of passing monochromatic X-ray beam in complete
transfer mode under the influence of the temperature gradient for different crystal
thickness: a) t=1.4 mm; b) t=2.8 mm; c) t=3.5 mm
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Rocking curves depending on the temperature for the thickness t=3.5 mm:
a) AT/AX=0 deg/cm; b) AT/AX=15 deg/cm; c) AT/AX=35 deg/cm; d) AT/AX=70 deg/cm.
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EFFECT OF TEMPERATURE GRADIENT

HabntogeHne adpdhekTa «nepebpockny» B
3aBMCMMOCTM OT TEMNEpPAaTYpPHOro rpaaneHTa.

Pasorpes ot 23 rpaa o 400 rpag.
NHTEHCMBHOCTb OTPaXXEHHOIO U3Ny4YEeHUs B
JTaya reomeTpun Bo3pacTaeT Ha 2 nopsaaka no

CpaBHEHNIO C OOHOPOAHbIM TEMMEPAaTYPHbIM

peXUMOoM KpucTanna.

‘ Bragg angle is 8 deg.
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THE INTENSITY OF THE REFLECTED X-RAYS ON THE
MAGNITUDE OF THE TEMPERATURE GRADIENT
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Ha pucyHke KpyrnbiMu ToYKamMu npuBepeHa 3aBUCUMMOCTb Ansl aHeprum 30kaB, a
KBagpaTHbIMU — Ana 3Heprum 40kaB. a) TonwwmHa MOHOKpucTansna 6mm, 0)
TOSILLMHA MOHOKpUCTansa 9mm.

YBenuyeHne UHTEHCUBHOCTEU OTpPaXeHHbIX NMy4ykoB Oornee 60 pa3 npu 3aHepruu
30kaB mn OGonee 45 pa3 npu 3Heprun 40k3B, Korpa ToOsMWMHA MOHOKpUcTanna
coctaBnser 6mMm. [Ona TOnNWMHbI MOHOKpuUcTanna ¢ 9MM yBenu4eHue
MHTEHCUBHOCTEU OTpPaXeHHbIX MNy4YkoB pocturaet ypoBHAa B 90-110 pa3 ansa
3Heprun c¢otoHoB 30 k3B (puc. 6), a ana aHeprun cotoHoB 40 k3B yBenn4yeHue
nony4vaetcs 6onble 80 pa3a (puc. 0).



STUDIES OF A HARD X-RAY DIFFRACTION
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Shown the filtered with 1.6 mm Cu radiation spectrum of “transfer effect” depending
on the temperature gradient for the crystal quartz of 9 mm thickness.

Energy of the first and the second order were determined from the spectrum and it
values are equal to

46.86x0.05 and 93,33%0.05 keV,
FWHM is

2.2%0.1 and 3.4%0.3 keV.




STUDIES OF A HARD X-RAY DIFFRACTION
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Shown the second order depending on the temperature gradient for the crystal quartz
Peak energy is  93,33%0.05 keV,

FWHM is 3.410.3 keV



THEORETICAL PREDICTION
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The spectrums of the reflected (a) and passed (b) beams for the different values of
the parameter deformation of the reflecting atomic planes of the quartz single crystall
with the thickness of 9 mm:

1) A=0; 2) A=250; 3) A=800; 4) A =2000; 5) A=10000.



RADIATION TECHNOLOGY
FOR INDUSTRY

Background X-ray scattering in
wavelength dispersive absorptiometry




DPA, DEXA, DWXA?

o Dual energy X ray abserptiometry{(DEXA) 1s an extension of
an earlier imaging technique called dual energy photon
absorptiometry (DPA) DEXA technique differs from
DPA only in that DPA the attenuation of

‘& (1.e. 1°3Gd),

monochromatic emi
while DEXA uses for each

1mage, centred at different energies.

o Dual wavelength X ray absorptiometry when uses the
attenuation of




DPA, DEXA, DWXA FOR INDUSTRY

o The main objective is to reduce the analysis time




THE MAIN PROBLEMS
o PDA: low flux & high risk

o DEXA: complex spectral composition of radiation
o DWXA: background scattered X-rays




SECONDARY FLUORESCENCE VS DIFFRACTION
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For example:

How to use

analysis of the radiation from the x-ray tube passing through the flow
component composition is determined by the ratio of the diffraction peaks
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Testing results

2000 2000 - H20
——NaCl - 0,1%
1500 — NaCl - 1%
1500 - 5 ——NaCl - 5%
.%1000
& £
E]
g 500
S 1000-
©
- 0 : r )
E 1300 1400 Ehassdl 1500 1600
500 -
0 T Y T Y T ! T A
1000 1500 2000 2500 3000 3500

Channel

NOW accuracy *2,5%

rel. intensity

w ol

w1 1o oae fudo b

| L

100%
10%

1%

o

’

-
X
teal M

0,01% - !

i1l

T
2000

Channal

I
3000

1
4000



In conclusion,

Continuous source operation with the lens is not less than
Additional channel informatig
high spee

safe use




