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SESAME Synchrotron

Synchrotron light for Experimental Science and Applications in the Middle
East
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First beamlines

Booster 22 MeV

(BESSY 14 new ; %%
control, magnet PS Microtron i
and RF amp) (BESSY 1 + new L5

2.5 GeV
Storage Ring .

Energy (GeV) 25
Maximum Beam Current (mA) 400
Bending Flux Density (T) 1.455
Circumference (m) 133.2
Emittance (nm.rad) 26
Maximum ID Length (m) 39
Beam Cross Section in the Long 828 x 21
Straight Sections (o, 6,, (1m)

Available Straight Sections for 12
Insertion Devices

Number of Bending Magnets 16
Number of Quadrupoles 64
Number of Sextupoles 04

Phase one beamlines

XAFS - XRF
IR

aterials Science MS (XRD)



What is MS beamline ?

3 Structure

Characterization

Properties

Processing

Performance
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XRD diffraction frequent uses

Materials Science

Geology

Environmental

Energy

Nano Materials




Why do we need SR-XRD?

“PHYSICS IS, HOPEFULLY, SIMPLE. PHYSICISTS
ARE NOT ™

EDWARD TELLER

Thlnk S|mp|E :



1. Brilliance (time and statistics, e.g. in-situ XRD)
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2. Instrumental resolution and instrumental profile

Diffraction pattern is a sum of two contributions:

Sample + Instrument ,
Maximum crystal

size can be
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3. Larger limiting sphere (radius 1/A )

20000 160—-
18000—_ oA T5 Kev 140 — Fe at 30 KeV
16000 H 1
14000—- 120__
12000—- 100
%10000-: o 80
§ 8000 - 1
= 6000—- 60_.
4000 4 40
0] JW 20_-
0 - ]
20 40 60 80 100 120
20 A

[ ] L ] [ ] » L ] L ] [ ] L ] » [ ] L ]

L]

. L ]

Short A for Pair Shorter A .

distribution .

function PDF for

L ]

amorphous longer A .

L ]

L ]

12



4. Energy selectivity
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Higher energy get diffracts by
deeper layers

13



Outlines

Introduction J
Source

S Layout Front end

Optics
Ray Tracing

Experimental ]




SESAME MS BL layout
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Maximum field (T) % ‘
Critical energy (keV) ) ' \>| ]

Total power @ 400mA
(KW)



SESAME MS radiation source W61

The particle follow zigzag path according to Lorentz magnetic force
F =qyx B

S N S N S N

Periodic
magnetic
structure

0:0
-0
o

2. Wiggler gap = 12 mm

(Tesla)

Vertical field B(z)

0 500 1000 1500 2000

longitudinal wiggler axis z (mm) 16




Wiggler Vs Bending magnet

Wiggler is a series of bending magnet
* Energy shifter
* Brilliance increases by N
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Front end Optics
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Figure front-end and optics lavout starting from left hand side, fived masks (a), shutter (b), stopper (c),
filter (d), vertical slits (e), horizontal slits (f), fast absorber (g), collimating mirror (h), monochromator
(i), focusing mirror (j), photon shutter (k).



Front end

Defining the angular acceptance
Blocking X-ray and Bremsstrahlung radiation
Soft X ray filtration

Isolation the vacuum of beamline from and storage ring
vacuum (Be windows)



Vertical beam (mm)

Horizontal beam at the fixed mask (mm)
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Power and heat load analysis
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rotationally-symmetric

cooling  CF-300  copper radiation shields
flange  (with blackened surfaces)

cooling
water

Sigradur G cup
(1 mm wall thickness)

3 thermocouples in
Cu-radiation shields
(not shown)

2 mm in total
Glassy
graphite
1.42 g/cm3

200 1.3

300 1.9
400 2.6



Temperature load on the filter

Case |
| (electrons) = 200 mA

Total absorbed power 1288W
Temperature (1400 — 625 °C)
Max Copper temp. = 100 °C

1375 200 mA

1250
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0&) 1000
875

750

625

0 10 20 30 40 50
X axis (mm)



Temperature load on the filter

Case
| (electrons) = 300 mA

Total absorbed power 1932W

7
Temperature (1600 — 730 °C) s
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G. Heidenreich, B.D. Patterson; Nuclear Instruments and Methods in Physics Research A
577 (2007) 751-755



Case lll o=y
| (electrons) = 400 mA

~ Total absorbed pOWEF
8131,75 . / 2-6 KW /
Y
J
J
AL V4 @
T /s
i L J (,Q’Q
/ \’b('
V4 ,\*\@
V4 i{\/o
®)
1.5 (H) x 0.23 (V) m rad? @ 400 mA /Qq}\@c
7 . Qo\'o)@
V4 Q/’b" N
/
0 Intermediate situation
Fixed mask1l 6 4.13
1400 °C< T max <1600
Fixed mask 2 4.13 2.15 1.98 L/( oC
Rotating 2.15 0.614 (1 54 Y- ==~ => 625°C<Tmin<730°C

filter Seae’ 100°C< T (Cu) <135°C



Shutter and stopper (safety)

Front end
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Opt|cs layout (no optics is the best optics)
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Collimating Mirror (Rhodium)

First monochromator
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Collimating Mirror (Rhodium)

Mirror absorbs some power
Mirror collimates the incoming radiation (energy resolution..)
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Monochromator and horizontal focusing

First monochromator
crystal
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hl Braqg angle 6> ()
(degree) (arc sec) (urad)
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Ray Tracing

Tuning optics to optimize Flux at Sample
(photons/s) and the angular resolution
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Footprint

Slope error rms in X direction: 0.102893 prad
Slope error rms in Y direction: 2.688498 urad
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Rebuffi, L. & Sanchez del Rio, M. (2016). "ShadowOui: A new visual environment for X-ray optics and
synchrotron beamline simulations”, J. Synch. Radiat., submitted.



~ Plot Result

Wiggler

Optics optimization G's”@fgy
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Flux and instrumental Profile

Flux a the sample (ph/s)
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Experimental main aspects?

> S a m p | e S’ fo r m S ‘ _— 9 Distance to symmetry axis in mm "

> Instrumental resolution?

M2,

Individual Fuel Cell

» Samples’ conditions

Origin of edge dislocation
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Detector |: DECTRIS PILATUS 300K

Area 83.8 x 106.5 mm?
Pixel size 172 x 172 pm?
Format 487 x 619 = 301,453 pixels » 0.30
Dynamic range 20 bits (1:1,048,576) (]
Readout time 7 ms 0.25+
Framing rate 500 Hz A & 020
Point-spread function < 1 pixel -
Silicon sensor thickness 320 ym 450 pm : (g\bl 0.15
Quantum efficiency” 81% 81% 5.4 keV (Cr) o u

06 % 07%  B.0keV (Cu 0 0.104

37%  47% 175keV :Mo)) Q| " 0.067

20%  21%  22.2keV (Ag) 0.054 L "y
Cooling Closed circuit water-cooling "

unit for temperature stabilization 0'000 ' 2(')0 ' 460 ' 6(IJO ' 860 ' 10'00'
Poweroqnsumption 3203“? Sample- Detector distance (mm)
Dimensions (WHD}) 160 x 184 x 262 mm®
Weight (Detector Head) 7.5 kg 50 .

40+
. . o
Applications: = 50
8 ]
o 204 n
Time is main matter 8 . ",
. ]
* In Situ XRD e
* Single crystal diffraction 0 200 400 600 800 1000
Sample- Detector distance (mm)
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Hutches order
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Shielding analysis results

Front end safety stopper

Tungsten 18 cm
Optics (Pb)
Side wall 2.5cm
roof 1.5cm
Back wall 6.0 cm
Additional 1 m? 10 cm

Experimental (Pb)
All wall 0.5cm

Dose rate (Sv/h)

0.01

1E-3

1E-4

1E-5

1E-6

1E-7

1E-8

1E-9 -4

a mimimum 18 cm of W is enough to
decrease the dose to 1 micro Sv/h

&IS I 1I0 I 1I5 I 2IO I 2IS I 30
Tungsten safety shutter thickness (cm)

Other synchrotrons with comparable energies were considered also in the final decision
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flux _at _ .s'mm)le(li) = fl u.\'(li )  Efficiency (1:) = flux ( E)

.

spEcTRA AE

0.001-E

—SOURCE . Efficiency (l:)

This quantity is expressed in photons/s. In our example we have the following values:

Energy DB Efficiency Flux Spectra | Flux at sample
(ph/s/0.1%BW) (ph/s)
15000 20 0.04334 3.567e+14 2.02406e+13







