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Presentation outline

* The ESRF Booster Ring
* Installation of the new BPM electronics
* Commissioning results

e Conclusions

5 IPAC'15



: _ ;. Instrumentation y
Manuel Cargnelutt, 04-05:2015 e {4 Technologies —

The ESRF Booster Ring

Pre-Injector LINAC
from 0 to 200 MeV
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The ESRF Booster Ring

Pre-Injector LINAC
from 0 to 200 MeV

Booster Synchrotron

200 MeV - 6 GeV

50 ms (50000 turns) acceleration cycle
1 ps orbit time

current from 2.5 mA down to A
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The ESRF Booster Ring

Pre-Injector LINAC
from 0 to 200 MeV

Booster Synchrotron

200 MeV - 6 GeV

50 ms (50000 turns) acceleration cycle
1 us orbit time

current from 2.5 mA down to pA
Storage Ring (200 mA)
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The ESRF Booster Ring

/75 BPM blocks b

25 years old electronics

Need new BPM electronics
N /
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What kind of electronics?

+ Good Price/Performance
+ Turn-By-Turn data
+ Easy to use

+ No maintenance required
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What kind of electronics?

+ Good Price/Performance .

+ Turn-By-Turn data O 3 e

+ Easy to use

Spark

+ No maintenance required
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What kind of electronics?

RF front-end

RF front-end

RF front-end
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RF front-end
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SoC

Xilinx ZYNQ 7020

FPGA & CPU

DDR3
Memory

~
Micro SD
Card
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What kind of electronics?

RF front-end

RF front-end

RF front-end

J

RF front-end
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SoC

Xilinx ZYNQ 7020

FPGA & CPU

Gigabit
Ethernet
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Memory
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Installation

* Installation in the tunnel

* Radiation dosimetry tests
(>6 months) shown very low
radiation dose

* 3 mlong RF cables

 Powered with Ethernet cable

IPAC'15
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Integration in the Control System

Spark
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Integration in the Control System

scp| TANGEY
R
TANG/:

- SCPI '

TANGE
, SCPI,

&

Spark Individual DS
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Integration in the Control System

TANGE:,
SCPI i’ﬂ
TANGA TANGE
. Grouping
® TANGA Server
. SCPI
Spark Individual DS
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Integration in the Control System

. SCPI
e
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L
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| . SCPI
L 5 <j\|
Spark
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Commissioning Results

18 IPAC'15



T ' Instrumentation

Manuel Cargnelutti, 04-05-2015 4 Technologies

1) Synchronization with the beam arrival

» Trigger is the same signal Single Bunch Beam mode

which goes around the ring 7 _’
s00F :

* 2 us difference between fist  soo

and last unit (2 turns) Em-
é 3007
enor
1[)[)— T
0 T . 3
Timelus]

19 IPAC'15



. T ( Instrumentation
Manuel Cargnelutti, 04-05-2015 F— 40 Technologies

1) Synchronization with the beam arrival

» Trigger is the same signal Single Bunch Beam mode

which goes around the ring 7 _’
s00F :

* 2 us difference between fist  soo

and last unit (2 turns) 3 200!

é 3001

* Adjusted with each unit o0l

Trigger Delay on the ADC 0L
buffer s . . |
0 1 2 3 4

Timelusl
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2) Tune monitor with Turn-by-Turn data

Turn-by-Turn position (1 us)

8] 10 20 20 40 A0
Time Imsl
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2) Tune monitor with Turn-by-Turn data

Turn-by-Turn position (1 Ps) Vertical Tune monitor
T T T T O =
4000
c 10
2
__ 2000 5
E 2,
S, = 20
c 0 o
2 &
ﬁ-zooo 'E'SO
N r
£
-4000 =
© a0
-G000
0 1ID 2IO SIO 4IO a0 05 0455 06 0B85 07 0F5 08 085 08

Time Imsl Betatron Vertical Tune

FFT in 0.5 ms data slices
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3) Position resolution vs Beam current

* Booster operating with long-
pulse mode (80% fill pattern)

 Current was reduced Iin
steps from 2.5 mA to pA
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3) Position resolution vs Beam current

2500

. Booster Operating with Iong- N ______________ ______________ ______________ ______________ _____________ ]
pulse mode (80% fill pattern) 1500k ............. .............. .............. ............. _

1000 k- ............. [ .............. B ..............

Y Current was reduCed |n 500 ______________ ____________ ______________ ______________ ____________ i
steps from 2.5 mA to A N E S S S

Beam current [uA]

* Sum signal: estimate real
current intensity
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3) Position resolution vs Beam current

2500

. Booster Operating with Iong- N ______________ ______________ ______________ ______________ _____________ ]
pulse mode (80% fill pattern)

o
L}
=}

1000 k- ............. [ .............. B ..............

* Current was reduced in ol ____________ ______________ . e
steps from 2.5 mA to pA S S -

Beam current [uA]

Measurement

1400

e Sum Signal:estimate real I - :}Z{EZ:EZE __________ ______________ ______________ ____________
current intensity 1000 o]

200

600

* X Z position: estimate
resolution with RMS

0 i | ; ; ;
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Measurement

Position Resolution [um]
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Decimated T-b-T data
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Turn-by-tum

averaging
by 64

26

Decimated
Turn-by-tum

1l sample=1turn =1 us

1 sample = 64 turns = 64 ps
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Decimated T-b-T data

Ea— o @ Instrumentation
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averaging
by 64
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Turn-by-tum 1 Sample =lturn=1yus
Decimated = =
Torm by fom 1 sample = 64 turns = 64 ys
Ve N
Motivation?
L )
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4) Position measurements

0] 5 10 15 20 25 20 35 40 a5
Time Imsl

0] 5 10 15 20 25 30 35 40 45
Time msl

noise contribution
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Reduced bandwidth
means reduced
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5) Orbit measurements

4000 T T T r T T .
E 2000 M/\\/\\/b ]
S o : o
g | _ Motivation?
;—-EDDD
4000, 0 20 =0 a0 | 50 80 70 50 Reduced amount of
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§-1000- -
N -2000 | . | . | . | .
4] 10 20 a0 a0 A0 (&1, KA a0

BPM stations
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6) Extraction process

QFO2

P -

fy

|747.8| 3373.3
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6) Extraction process

QD38

QF 39

QF02 QDO QFO" 39 Bl

B3 B2

‘?4?.5. 3373.3 ‘ 1816.1 h 4593.7

* Three bumpers (B1, B2 and B3) create an
horizontal bump 1.5 ms before extraction
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6) Extraction process

QD38

QF 39

Se2 Bl
y QHO1 QFO1 QD39
QFO02 B3 B2

‘ 747 8| 3373.3 ‘ 1816.1 h 4593.7

* Three bumpers (B1, B2 and B3) create an
horizontal bump 1.5 ms before extraction

* This moves the beam closer to the extraction
septum magnet Se2
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6) Extraction process

Kel QD38

Se2
- QD01 QFO1
QFO02 B3 B2

‘ 747.8| 3373.3 ‘ 1816.1 h 4593.7

* Three bumpers (B1, B2 and B3) create an
horizontal bump 1.5 ms before extraction

* This moves the beam closer to the extraction
septum magnet Se2

 The fast kicker Kel extracts the beam in one turn
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6) Extraction process

BPM Kel e QD38
QF02 Se2 QDO Bl
B3 B2

* Three bumpers (B1, B2 and B3) create an
horizontal bump 1.5 ms before extraction

* This moves the beam closer to the extraction
septum magnet Se2

 The fast kicker Kel extracts the beam in one turn
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6) Extraction process
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6) Extraction process
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Conclusions

* Commissioning of 75 new BPM electronics
* Installation, Integration and Measurements: 2 weeks
* ADC, T-b-T and Decimated data proven to be very useful

* Libera Spark is a cost-effective and valuable solution

Spark
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Thanks for your attention!

manuel.cargnelutti@i-tech.com .

www.i-tech.si
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