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Z\l,/ SESAME, Members

SESAME

(Synchrotron-light for Experimental Science and Applications in the Middle East)

15t 314 Generation Synchrotron Light Source in Middle East, located in Allan, Jordan
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The Facility

SESAME SCHEMATIC OVERVIEW

OF SESAME ‘SAXS/WAXS - Small Angle and Wide Angle

X-ray Seattering Beamline

Tomography Beamline

Synehvoron ight & emitted by the circuatng
BTN 48 U Ui o vk, Lo
be used to camy out research n fiekls rangng
from medicine and biclogy, rough materils
science, physics and chemistry to healfrcare, the
emironment and archasology.

IR - Infrared Beamline, EMIRA

—

Booster synchrotron :
aprelerales he slectons and
ransfors the beam fo the siorage
ing.

N

Microtron
genereies and pre-accelerates

'/ the electrons.
|

MS- Materials Science
Beamline, SUSAM

XAFS/XRF - X-ray Absorption Fine
Structure / X-ray Huorescence
Spestroscapy Beamline, BASEMA

Soft X-ray Beamline

Storage ring:
stores an electron beam. The
beam crculates for many hours. MX - Macromolecular Crystallography
Beamline

Focusing and defocusing
magnets:

control the cheracteisics of the
circufating efectron beam.

Beamines:
colect e synehioben lght
and comey It to epeimensl
chambers. Beamines aperale
in pordlel,  simutlaneously
senving lers of ser gioups,

SESAME storage ring parameters

¥

Energy (GeV)

Current (mA)
Circumference (m)

Natural emmitance (nmrad)

Radiofrequency cavities
resioe enemy kst by he
circuiating slections as ey emit
syncivatron ight.

25

133.2

Bending magnets

deigle e eleclion  beam,
keeping 1t Dsdz e stoage
1ing's doughnut shaper vacuum
chaber
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INE Main Parameters

SESAME
Energy (GeV) 2.5
Circumference (m) 133.2
RF Frequency (MHz) 499.654
Repetition freq.(Hz) 1
Betatron tunes Qy / Qy 7.23/6.19
Horizontal emittance ¢, (nm.rad) 26
Momentum compaction factor 0.0083
Phase 1 Circulating Current(mA) 250
Energy loss per turn (keV) 603
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SESAME
2014 Booster

SESAME Commissioning Storage Ring
2003 | Ground Breaki 2004 | j; dependent of UNISCO 2016 Commissioning
round Breaking

/I\\< 2008 | Soft Integration 2012 zlhik;':?:?g‘]“mg

SESAME First Storage Ring
- 2015 Cell Installation

2003 Building

Construct =
Construction 2017 First Operating
Beamlines
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77\'/ The Facility
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SESAME

Microtron and Transfer Line 1 (2011) Microtron, TL1 and 800 MeV Booster (2014)
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77\114 The Facility

SESAME

RF Plant (4*80KW SSA) 4 ELETTRA Cavities in SR
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&77\:14 The Facility

SESAME
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SESAME ‘

|___Instrument | Quantity |
FS 1
FCT
FS
BPM
FCT
DCCT
SRM
FS
FCT
FS
BPM
FCT
DCCT
SRM
VSCR
BLM
BbB

25Gev W
Storage Ring m\\““\/

800 MeV
Booster
Synchrotron
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N AR R R =
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=R

 All the FS are in-air, mounted horizontally.
* Pneumatic type and 1 stepper motor.
* Aluminum Oxide Screens.
* Basler CCD PoE Camera.

* Kowa Lens.
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Florescent Screens
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I Current Transformers

SESAME

e Both FCT and DCCT share same ceramic break and outer shield.

* The vacuum chamber is a standard circular CF150 with a ceramic
break of 22.8 mm length. In order to preserve the impedance for the
beam and have a specific capacitance value for the FCT we designed a
beam shield having the same shape as the standard vacuum chamber
with overlapping lips as break.

* The outer shield has two thin sheets of p-Metal and a soft iron outer
layer to improve the shielding from external EMI and RFI.

H. Al-Mohammad, IBIC’17,Grand Rapids
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SESAME

Polyethylene
spacer

Ceramic

Soft Iron
2x p-Metal Shield
sheets

14

H. Al-Mohammad, IBIC’17,Grand Rapids



’l\l‘ FCT Problem!!

SESAME

* Once the pulse elements (PE) specially booster extraction kicker (128nS, 25KV) (old from BESSY I) and
SR injection kicker are turned ON, big noise appears picked up by SR-FCT. The noise is much bigger than the
beam pulse and it was hard to see the beam on the scope.

* So we have to check the PE ? =» PE engineer left SESAME before 1 month of commissioning !
* =>» Power supply group just have one engineer who’s responsible for all machine PS!!

* =» with the help from other groups we look to the system. ;
* =» the conclusion is: Ground loop in the system !! =» try to minimize it by :
* Put ground sheet on all PE boxes and FCT,DCCT shield.

* Check RF coaxial cables from FCT to Scope

seecT

/\ } \ \/ j W ;M N/\[VNMNWWWIWMMWW

‘Ul
( the cable connected to the scope directly, no patch panel).
* Move the scope inside the tunnel !!! After put lead shielding

on it and use another short coaxial cable.
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/:\\i‘ FCT Problem!!

SESAME

* The sheets improve noise reduction but unfortunately the noise still there.
* The system needs more time to be improved and to solve noise problem.
* =>» So we made a simple math on the scope !!

* => Turn on all PE with no injection to the ring =» take this signal as a reference =» subtract the FCT signal

from the reference one ! = we got the beam © ....... until we will solve the problem !!

BUT the TL2 FCT not affected ?! And this not far from SR FCT.

f jl\w( J‘ ;y
I 1
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FCT Problem!!

rdesktop - 10.2.4.50
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15t 2 turns in the SR. Few turns in SR SR-FCT after beam stored
TL2-FCT don’t pick up any noise (blue). without math function
SR-FCT with PE noise (yellow).
SR-FCT after math function (orange).

H. Al-Mohammad, IBIC’17,Grand Rapids



=\,
INE BPMs

SESAME

* 64 Button type BPM, 4 BPMs/Cell.

* 12 Libera Brilliance +, 8 are equipped with 8 GDX modules, 4 of them are donated

from Instrumentation Technologies. _
' £ Instrumentation
» 48/64 BPM are connected to the Libera. %> Technologies :

e 32 BPM will be used for FOFB.

* Low Loss TWS240-FR Coaxial Cables.

H. Al-Mohammad, IBIC’17,Grand Rapids 18
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SESAME

- ADC on libera7/bpm2 - o
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SESAME

Stored Beam

Offset Orbit

Horizontal [mm]
'
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0.8 =
0 20 €0 80 100 120 140

BPM Position [meters]
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SESAME

Orbit Correction

SESAME 0.8 GeV,

Plot Family: SESAME

StorageRing

Plot Family: SESAME - Storage!

File Edit Sector Graph#1 Graph#2 Commaon Tasks E File Edit Sector GCraph#1 Craph #2 Commaon Tasks bl

BPME [mmn]

BPMy [ram]

b o | . - e e
) 20 40 &0 80 100 120
Triager Toom Ot Tracel Channel A Channel B e
Graph 1 &4 &) 4 (& Monitor Monitor _ SwveDam |
oneshot | || yatieal ﬁ ﬁ fuofeald)| DA B @AB || e 3Go\den Load Data File
Graph 2
Vothro ol Sl [FTrecez Dot b || s
6:40:15 PM Horizontal <] <|>] Auto Scald || DA OB JA-B _File File

+4.504408e-02 Mean
+1.872751+00 RMS

BP N [rm]

BP iy fm]

o 20 40 60 a0 100 120
Trigoer Zoom o Trace1 Channel A Channel B T
Graph 1 A1 .~ E (@ Moniter Monitor _ SaveDara_|
Onesot | || Yarrical — = Auroseld]| oA OB GAE || A ien 3Golden Load Data File
Greph 2 2 ] fruto Scaid | [Trece 0 SP || @ ot 8P
6:42:02 FM || Horizonal <|] || Auto Scald || A OB OA-B | Tpe File

-5.645475e-02 Mean
+2.458501e-01 RMS

Uncorrected orbit

Corrected orbit
(same scale)
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SESAME

[mm{amp]

[mm/amp]

Response Matrix

CM#

Cm#

Default BPM Response

Default - Model BPM Response

BPM #
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/,\\Z Tune Measurement

SESAME

* Turn-by-turn data were used to determine both horizontal and vertical tunes by FFT.

) FFT S
Starting Turn > Length 023 N of Avaraging i twne
SR_CO7:bpm3 ~ 0.24023
&
- I I I I
T -

0 200 400 600 00 1000 1200
turn numker

05

04 : B : |
Zos ; ‘ LY N —Q ]
E : :
5

0 il i : ¢ —

[ !

0 0,05 0l 015 02 025 03 035 04 045 s

tune
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/,\\Z Tune Measurement

SESAME RBW 30 kHz Delta 2 [T1 ]
VBW 100 kHz -39.91 dB

Ref -30 dBm Att 5 dB *SWT 10 ms —-3.621794872 MHz
Tunes measured by R
spectrum analyzer from a - 499.750153046 Mitz
cable connected to one i

--50
BPM

--60

--70

--80

|--110

¢
:

--120

-130

Center 499.654 MHz 2 MHz/ Span 20 MHz
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/,\\Z Synchrotron Tune

SESAME

U JR&S Analyzer Interface

DELTA MARKER 2 Bl
SELECT
F1
] m MARKER
PRESET UHCAL

F3
= hKR FREQ
- REF LEVEL
F4
= KR LUL
NEXT PEAK

NEXT
Fé6
PEAK RIGHT
NEXT
kNDB | kNDB || KNOB
PEAK LEFT W5HHE LEFT || PRESS || RIGHT
SEARCH
- LINES 4
LINITS ®&
DISP
F9
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SESAME

* One SRM in SR. It’s designed to measure both horizontal and vertical beam size in the ring and monitor
transverse instabilities.

* The challenge here to measure both planes on same SRM, the vertical resolution is limited due to diffraction
caused by a crotch absorber in the vacuum chamber. To overcome the diffraction limit and to be able to
measure the vertical beam size a double slit was installed to allow interferometry measurements.

Z

]
L
o Maen %
Be“(\mil, W o%
2
2

%

Double Slit/
Motorized Filter Wheel

< > 15 Lens

Polarization Filter
—— Band-Pass Filter

e o 2% Lens

CCD Camera
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77\:1; SRM / Mechanical Setup

SESAME

* The in-vacuum mirror design is borrowed from ANKA.

* In the phase one of SESAME the SRM will be inside the tunnel.

* So a motion system was designed to control and to do fine alignment for the in-vacuum mirror.
* The motors are mounted in vertical and triangle shape to move the mirror with 1pum step.

Vacuum box (In-vacuum mirror)

Motors

Optical System

H. Al-Mohammad, IBIC’17,Grand Rapids 28



77\11; SRM / Optical Calibration

SsesAME ¢ Since the SRM will be inside the tunnel, the optical calibration was done in the lab.

* The calibration done for direct imaging and inferometrey setup, the light source was different specific
wavelength LED. A sector star was used to calculate the resolution .

val

///////m.m\\\
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77\114 SRM / Problems

SESAME
* The main problems for SRM are the parts delivery!! AND the wrong delivery orders !!

¢ Vacuum box arrived in “non-standard” one from the manufacturer!!.

Manufacturer is excused for this and gave us free replacement but =» 8 weeks lead time !!

Also the motors manufacture did the same but 2 weeks lead time!!
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SESAME * Thisis the 15 result from 1% trial! The system need more commissioning and alignment.

*  We did some quick measurement when we take a restricted access to the tunnel, to track the beam on the beam line !.

Horizontal profile

N
F ]

Vertical profile

i s //33*\\

Y

Centroid_|-16.72... ~6.8000
sssss

40950 2.4096

15t Synchrotron Light (800MeV)
in SESAME On the SRM Camera

1st Synchrotron Light 15t Synchrotron Light
(2.5GeV) in SESAME The (2.5GeV) in SESAME The
target were put on the target were put directly
intermediate image plane after the in-vacuum mirror
On August 16%,2017 On August 16%,2017
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SESAME

BLM

* Four Beam Loss Detectors (BLD) were installed in the machine and connected to one Beam Loss Monitor (BLM).

* One BLD and BLM are donated from I-Tech as a support to SESAME project.

* The BLDs are installed in 4 cells in the machine, their cables are long ~50m so we can turn them around to see the
loses in all the ring.

e mE @3

¢hl  ch2 Ch3 Chd

— IHA coer

o — T R
edyrwly

TRIG

) Counter data on libera, channel €

o,

£, Instrumentation
@ Technologies
] Counter data on libera, channel A _ox|M
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— R S D N S 10000
. lu btliuni lll

T T T T
132445 132455 132505 132515 132525

0
T

Counter data on libera, channel B
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132535

Counts (at select data rate)

_nxvﬂ
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200000 — ===~

150000 o ---
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100000

50000

. '

T T T T
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T T T T T T
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13.25:38
Counts (at select data rate)
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SESAME
¢ BbB Kickers used now as beam shaker for tune measurement.

» Vertical Scraper still to be used on next days.

* Both of them are installed in injection section.
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7,\\14 What’s Next ?

SESAME

« Still a lot of commissioning to be done!

Problems to be solved.
Upgrade SRM and light diagnostics.
System Improvements.
BbB feedback and FOFB to be done.

For phase one, we believe we have the necessary diagnostics!

We just need to carefully observe them!

H. Al-Mohammad, IBIC’17,Grand Rapids
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SESAME * 15t Synchrotron Light Source powered by solar power in the world (May,2018).
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SESAME
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