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. Extremely Brilliant Source — EBS

The aim of EBS is to increase the source brilliance and the coherent fraction
— Hybrid Multi-Bend Achromat Lattice J

Requests:

m Reduce the horizontal equilibrium emittance
from 4nm to 140 pm

®m Maintain the existing beamlines

m Preserve the time structure operation and a
multi-bunch current of 200 mA

m Keep the present injector complex and reuse
existing hardware

ESRF-EBS

® Limit the downtime for installation and

commissioning to less than 18 months
J. Biasci et al. Synchrotron Radiation News, vol. 27, Iss. 6, 2014 L. Torino et Al, MOAOO3, IBIC'19
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EBS Commissioning Time-Line
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m Nov. 28th: First injection
O 3 turns!
O On-axis injection
O Orbit and tune measurement show
evidence of problems with the
magnets calibration and cross talk
O Evidence of an obstacle in cell 23
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. EBS Commissioning Time-Line

Nov2gth Dec2™® Dec6h Dec15th Jan1gth Jan24th  Jan27t Feb4t Feb28h March 2nd
2019 2019 2019 2019 2020 2020 2020 2020 2020 2020

= Nov. 28th: First injection File view Tiggers

m Dec. 5th: Beam Stored!

Steering implementation using BPMs
and correctors

First synchrotron light observed
Second obstacle found in cell 8
Off-axis injection achieved

O

O o0 O
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. EBS Commissioning Time-Line
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Nov2gh  Dec2™ Dec6h Dec15t Jan1gt Jan24th - Jan27t Feba® Feb28h March 2nd
2019 2019 2019 2019 2020 2020 2020 2020 2020 2020

= Nov. 28th: First injection

m Dec. 5th: Beam Stored!
m Dec. 15th: Accumulation!

O Linear optics optimization
O Injection optimization... Injection
efficiency still quite low
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. EBS Commissioning Time-Line
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O Third obstacle found in cell 5
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. EBS Commissioning Time-Line
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. EBS Beam Instrumentation

Quantity Component

320 BPMs

5 Striplines

9 Correctors

3 Special BPM blocks
6 CTs
128 BLDs

5 Emittance Monitors
1 Bunch Purity Monitor
1 Visible light beamline
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Slow Correctors
Fast Correctors
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Ch. 4: Emittance monitor extraction/

Visible light extraction

Ch. 12: Emittance monitor extraction/

Shakers/ Striplines/CTs
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Ch. 4: Emittance monitor extraction/

Visible light extraction

Ch. 12: Emittance monitor extraction/

Shakers/ Striplines/CTs
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. Beam Position Monitors @ EBS

m 320 BPMs (10 per cell)

0 192 with Libera-Brilliance electronics (6 per cells) — Slow/Fast Orbit Feedback
O 128 with Libera Spark electronics (4 per ceII) — Slow Orbit Feedback
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Data-streams, and buffers with identically synchronized sampling-rates J

K.B. Scheidt, TUPB02, IBIC'18
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. BPMs — First Turns — TBT
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. BPMs — First Turns — TBT
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® Sum data to see the progression of the beam along the machine
O Number of turns

O Signal proportional to current — check injected current
O Sudden signal drop — spot obstacles
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. BPMs — First Turns — TBT
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® Sum data to see the progression of the beam along the machine
m QOrbit used to correct the lattice
O TBT orbit measurement @ less then 1 mA injected

O High excursion — polynomials used to calculated the position
O Integer tune measurements
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. BPMs — First Turns — TBT

Ele Edt View Insett Tools Desktop Window Help M

CEERINFE

trajectory kick H - ref [xm]

trajectory kick V - ref [um]
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UPRL-a0E D
Measured ¢: 761.6608 1273.0628 Measured Q: 76.2756 27.054
Expected ¢: 762.309 273.4196 Expected Q: 76.2237 27.3393
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. BPMs — RF capture — TBT
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1500000 turns for beam storage
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. BPMs — RF capture — TBT

m |teration of steering of
2000000 o
trajectory
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. BPMs — Beam Stored — SA

File Edit View Insert Tools esktop Window Help
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. BPMs — Beam Stored — SA

Fle Edt View Insert Tools Deskiop Window Help
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. BPMs — Beam Stored — SA

Fle Edt View Insert Tools Deskiop Window Help
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Once the beam was stored it was possible to use the BPMS in a more

standard way...

Page 7 | Laura Torino The European Synchrotron | ESRF



. BPMs — Orbit Measurements — SA

File View Correction Reset
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. BPMs —

Orbit Measurements — SA

File View Correction Reset
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. Beam Loss Monitor @ EBS

(—)
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m 128 BLDs PMT+Scintillator+Lead shielding
Power/Readout electronics Libera-BLM
4 BLDs per BLM (32)

Independent gain and attenuation settings

Relative calibrated losses

Capability for almost BbB and full TbT losses
measurements

SMA connectors: Used to connect to the beam
loss detectors

L. Torino, et al., WEOBO1, IBIC'18
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. BLM - First Turns — TBT

First Injection — Screen in Second Injection — Screen out

BLD Number
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. BLM - First Turns — ADC

ADC: 352 samples = 1 Turn

= One BLD in ADC mode
m 1/3 fill pattern injected
m More sensitive then BLM in

TBT or BPMs — Used to
observe improvement of
steering
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. BLM — Obstacles Detection 1/3 — TBT

Cell
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Obstacle 1: ID chamber Cell 23

Losses Cell 23
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. BLM — Obstacles Detection 1/3 — TBT

Obstacle 1: ID chamber Cell 23

Cell

2829303132

0.0 2.5 5.0 7.5 100 125 150
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. BLM — Obstacles Detection 2/3 — TBT

Obstacle 2: Chamber 10 Cell 8

Losses Cell 8

Turn-by-Turn data

WO~ W

Losses Cell 8

Cell

Cell8 #4
@ 3turn

!
|
e

J | b
Mj MMM N\UJ Wi M\J\N

2345678 91011121314151617181920212223242526272829303132 X
Cell T
Turn The European Synchrotron | ESRF
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. BLM — Obstacles Detection 2/3 — TBT

Obstacle 2: Chamber 10 Cell 8

WO~ W

Nominal position

Cell

P
Installation issue in cell8 |
L

WL

7475362728203031 32
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. BLM — Obstacles Detection 3/3 — TBT/SA
Obstacle 3: Chamber 7 Cell 5

Losses Cell 5
L]

Turn-by-Turn data
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. BLM — Obstacles Detection 3/3 — TBT/SA

Obstacle 3: Chamber 7 Cell 5 — SA data
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. BLM — Machine Optimization — SA

Losses | Injection Losses | VGC | Attenuation | Max ADC | Offsets | Settings | Errors

10000}

O Losses (Y1)

Load Ref 20200204 BLDs _ [Log scale

340000

Sum of all losses

Total Loss

A 232538

Total Injection Loss

230000

L L L
18:40:00 18:45:00 18:50:00

TotalLoss (Y1) TotallnjectionLoss (Y2)

srdiag/blmjall
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. BLM — Machine Conditioning — SA

Check losses at straight section versus current to verify the conditioning
— Losses/Current? stays constant at fixed temperature

Losses/Cur~2
Current (mA)

100E e
i
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. BLM — Machine Conditioning — SA

Check losses at straight section versus current to verify the conditioning
— Losses/Current? stays constant at fixed temperature
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. BLM — Machine Conditioning — SA

Check losses at straight section versus current to verify the conditioning
— Losses/Current? stays constant at fixed temperature

;':,'; 175
; : 150
~ ! i 125‘&
. . [LH l‘
L Variation of ne ‘ £
O 10° | d g ":1 1 1007
Tﬁ 0osses .ue to i‘ i' ii /“" @
s machine & e ! 55
3 . T | O
tuning 1 ! 50
] 1 [l
i 1 25
(1} 1
h —
o> o
oS o9 oS
S I\ L

Page 16 | Laura Torino

The European Synchrotron | ESRF



. BLM — Machine Conditioning — SA

Check losses at straight section versus current to verify the conditioning

stays constant at fixed temperature

— Losses/Current?

(vw) usaind
u o

cooling

o=
S

<

0
o
=
oL,

ZIND/sasso
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. BLM — Machine Conditioning — SA

Check losses at straight section versus current to verify the conditioning
— Losses/Current? stays constant at fixed temperature
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. Fill Pattern Measurement

Stripline 4+ Oscilloscope (12 bit dynamic range)

First Turns Storggm ?eam

"
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. Tune Monitor

4 BPM buttons + Libera Spark + Shaker
16 pA

Horizontal Spark

File View Commands Applications
Configuration File

Vertical Spark

test ADC 0K Synchronized ADC OK Synchronized
1.0E8
1.0E7
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S
&
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2
=
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" { 4 If¥ “ A ‘ g M i
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1 il .u‘\ ] ‘“Hl |‘”| ‘ \V\”. H”“f "N i (L ‘u’ mNN‘ xnmfu\hl.h\ L
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Fract\onnal
Vertical (Y1) Horizontal (Y1) Horizontal_Ref (Y1) Vertical_Ref (Y1)
Common Sensitivity
| Display reference | Memorize reference || Reset Average || Change Tune | [“passive ][ Fast |[ pigh sensitivity |
Horizontal Vertical

TuneH | 0.4019 Source | SparkTze | [v] Display DSetF’eak‘ Settings ‘ Tunev‘ 0.4569 ‘Snurcel spark Tz8 ‘D\ﬁp\ay [Jset Peak | Settings
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. Tune Monitor
4 BPM buttons + Libera Spark + Shaker

File View Commands Applications

Configuration File Horizontal Spark Vertical Spark

restart ADC OK Synchronized ADC OK Synchronized
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TuneH | 0.2790 Source | SparkTze | [v] Display DSetF’eak‘ Settings ‘ Tunev‘ 0.3997 ‘Snurcel spark Tz8 ‘D\ﬁp\ay [Jset Peak | Settings

Page 18 | Laura Torino The European Synchrotron | ESRF




. Emittance Monitor

5 x-rays ports available for emittance and energy spread measurements. Each of thisJ

port will be equipped with a pinhole.

Screen |
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Pinhole position 2: close to CH12
DL1A_5 vacuum chamber
modified to locate the
pinhole
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. Emittance — Stored Beam

First synchrotron light observed as soon as the beam was stored!

File View Triggers

srdiag/ccd/c25-1

No Pinhole

o]

File View Triggers

srdiag/ccd/c25-1

Pinhole
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Emittance — Machine Optimization

File View Triggers

srdiag/ccd/c09-1
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Emittance — Machine Optimization

File View Triggers
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o

Part of the success of such a quick and efficient commissioning is related with the
reliability of the beam instrumentation.

Most of the subsystems were already installed and commissioned on the old
machine and were ready to be used since the first injection.
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