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Presentation outline

* The ESRF Booster Ring

* Libera Spark electronics

* Commissioning results

* Applications of the BPM electronics

e Conclusions
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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 50 pA
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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 50 A
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

7 DEELS 2015



Manuel Cargnelutti, 15-06-2015

What kind of electronics?

RF front-end

RF front-end

RF front-end

RF front-end

Instrumentation

i Technologies
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What kind of electronics?

RF front-end

RF front-end

RF front-end

J

RF front-end

)

14 bit .
] ADC

—

14 bit
ADC

s
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4 Technologies

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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14 bit .
] ADC

—

14 bit
ADC

s
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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

)

11

14 bit .
] ADC

—

14 bit
ADC

s

¢, Instrumentation
4 Technologies

SoC

Xilinx ZYNQ 7020

FPGA & CPU

Gigabit
Ethernet

v

PoE (9W)

Micro SD
Card

DDR3
Memory

SN
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Installation In the tunnel

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

* 3 mlong RF cables

 Powered with Ethernet cable

12 DEELS 2015
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Commissioning Results
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0) Synchronization with the beam arrival

Single Bunch Beam mode

FO0r
I {
* Data in the ADC buffer w00
synchronized for all the £ %%
units using the Trigger 5 400
Delay parameter. < 200/
2001
1[:":'_ Pfebuinell gkt Sl
0 I : 2
Timelusl
DEELS 2015
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1) Tune monitor with Turn-by-Turn data

Turn-by-Turn position (1 us)

8] 10 20 20 40 A0
Time Imsl

19
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Z position [um]
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1) Tune monitor with Turn-by-Turn data

Turn-by-Turn position (1 us)

10 20 20 40 A0
Time Imsl

FFT in 0.5 ms data slices

Instrumentation

i Technologies
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1) 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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2) Position resolution vs Beam current

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

 Current was reduced Iin
steps from 2.5 mA to 50 pA

29 DEELS 2015
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2) Position resolution vs Beam current

2500

. Booster Operating with Iong- N ______________ ______________ ______________ ______________ _____________ ]
pulse mode (80% fill pattern) 1EO0 e ............. .............. .............. ............. _

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

Y Current was reduCed |n 500 ______________ ____________ ______________ ______________ ____________ i
steps from 2.5 mA to 50 yA NS S S

Beam current [uA]

* Sum signal: estimate real
current intensity

23 DEELS 2015



Manuel Cargnelutti, 15-06-2015 — - ) !I%ngl‘lgllﬁgﬁggon

2) Position resolution vs Beam current

2500

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

o
L}
=}

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

* Current was reduced Iin .............. ............ ______________ ______________ ____________ _
steps from 2.5 mA to 50 pA N S 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 i i i ;
24 1 2 3 4 5 6 7

Measurement

Position Resolution [um]
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Decimated T-b-T data

E— o @ Instrumentation

T ee— ‘s Technologies

Turn-by-tum

averaging
by 64

Decimated
Turn-by-tum

1l sample=1turn =1 us

1 sample = 64 turns = 64 ps

DEELS 2015
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Decimated T-b-T data

Tum-by-tum 1l sample=1turn =1 us
averaging Decimated 1 sample = 64 turns = 64 ys
by 64 Turn-by-tum
e \
Motivation?
AN /
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X position [um]

Z position [um]
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3) Position measurements

4000

2000

. / \

2000 [ Motivation?

4000

_60000 5 10 15 20 25 30 35 40 45 Reduced bandW|dth

o e means reduced
noise contribution

0] 5 10 15 20 25 30 35 40 45
Time msl
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4) Orbit measurements

4000 : : : : . . .
5 2000} -
S
= or 1
Lir)
=]
2 2000t .
x

_4000 1 1 1 1 1 1 1

0 10 o0 30 40 50 60 70 80
BPM stations

2000} :
E
3, 1000} :
5
s Of 1
o
S 1000} :
P

o000 :

0 10 o0 30 40 50 60 70 8

BPM stations

28
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Motivation?

Reduced amount of
data to be transferred
over the network
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Applications
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5) Quadrupole orbit correction

* Corrector magnets are not
ramped like dipoles and
guadrupoles during the
booster acceleration

30

1 Instrumentation
s:@ Technologies
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5) Quadrupole orbit correction

Corrector with +100 mA

* Corrector magnets are not |
ramped like dipoles and
guadrupoles during the
booster acceleration

=
e

=
o

=
I
T

* Possible to correct the
orbit only at low energy
while at high energy the i l i i
correction is dumped e

Deviation from nominal orbit

=
o
.

o]

31 DEELS 2015



) - Instrumentation
Manuel Cargnelutti, 15-06-2015 . 4/ Technologies

5) Quadrupole orbit correction

6000

4000 — —

2000 —

-2000— —

Deviation from nominal orbit [um)

-4000 [~ —

640 s

-6000—

\ \ | | | | |
10 20 30 40 50 60 70 20
BPM stations

-8000
0
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5) Quadrupole orbit correction

n from nominal orbit [um]

viatio

De
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5) Quadrupole orbit correction

S
ooooooo

000000

000000

00000
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5) Quadrupole orbit correction

44.8 ms
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5) Quadrupole orbit correction

a) Buy and install more expensive correctors,
ramped during the acceleration

37 DEELS 2015
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5) Quadrupole orbit correction

a) Buy and install more expensive correctors,
ramped during the acceleration

b) Install translation stages under the
guadrupoles: efficient and low-cost

) Courtesy of
= Kees Scheidt

38 DEELS 2015
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6) Transmission efficiency

2500

* The SUM signal can be used for ™
elntve curent measurements | Fel N .

1000 F e R D SRR .............. ..............

Beam current [uA]

sof TN
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6) Transmission efficiency

U 2500

* The SUM signal can be used for =

relative current measurements :
* Once calibrated, all the 75 B R e
BPMs act as current monitors e s e s 7

40 DEELS 2015
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£, Instrumentation
— % Technologies

6) Transmission efficiency

* The SUM signal can be used for -
rEIatlve Current measurements *g 1500 Freeees? --------------- __________________________________________

* Once calibrated, all the 75 w
BPMs act as current monitors I NV L I

* Together with the storage ring

BPMs, they can measure the
transmission efficiency

o N
-, 4 S
i) A% \;\\‘%\

DEELS 2015
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6) Transmission efficiency

AU

1400

1200

1000 -
800

- 1 1
0 500 1000 1500 2000 2500 3000 3500

" Booster ring (Spark)
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6) Transmission efficiency
AU

1400

™ < ——— Measurements

- o

1000 -
800 |-

- I 1
0 500 1000 1500 2000 2500 3000 3500

4s Booster ring (Spark)
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6) Transmission efficiency
AU AU

1400 . . ; | . ' 5.45 219 . . . . y . .
M <+ Measurements 5448
1200 n
/ 5.446 -
7l /\ | 5.444
5.442
800 N
5.44
600 - =
T e
400 i 5.436 -
5.434
200 =
5.4320
97-_ 1 ! 543” 1 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 o 200 400 600 800 1000 1200 1400 1600 1800

» Booster ring (Spark) Storage ring (LB)
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6) Transmission efficiency

AU AU
141:;0 . . . . . , 5.45""’0 . ; . ; ’ . .
™ <4 Measurements| s
.- /\ 1 54441 #
400 _ 5.436 -
5.434
| ' 5.432-p Measurements
007'_—.;00 1000 15'00 2000 2500 :Wlm 3500 5'“0 z&o «Iao scl:o eulm 1o|oo 12100 14::10 15100 1800
Booster ring (Spark) Storage ring (LB)
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6) Transmission efficiency

uA

extracted & injected currents SY* (red) and SR (blue) [uA]

Instrumentation

i Technologies

B IN T NN I\ A AR

- D S Mo G W

Booster

SR

46
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6) Transmission efficiency

uA extracted & injected currents SY* (red) and SR (blue) [uA]

. : ! ! ! !

Booster

100

o A SR

—
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6) Transmission efficiency

uA

extracted & injected currents SY* (red) and SR (blue) [uA]

100

30 40 50 60 70

SY-SR transfer efficiciency [%]

! ! ! ! !

uA
0.06

rms noise on current measurement [uA]

0.04s

48
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Measurements
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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

ec DEELS 2015
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Thanks for your attention!
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a) Integration in the Control System

scp| TANGE
Tl
TANGAL TANGE
. Grouping User
® TANGA, Server
Spark Individual DS
DEELS 2015
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2) Tuning of the XOs

58

Instrumentation
Technologies

DEELS 2015



Manuel Cargnelutti, 15-06-2015

2) Tuning of the XOs

A Q—( RF front-end
B O—( RF front-end ]

C Q—( RF front-end
D O—( RF front-end

any machine reference!

59

No PLL locked to

Instrumentation

i Technologies
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2) Tuning of the XOs

A O—( RF front-end
B O—( RF front-end ]

C O—( RF front-end
D O—( RF front-end

any machine reference!

60

No PLL locked to

— [ Instrumentation

i Technologies

* Every device have a
different sampling rate

DEELS 2015
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2) Tuning of the XOs

A O—( RF front-end
B Q—( RF front-end ]

C O—( RF front-end
D O—( RF front-end

any machine reference!

61

No PLL locked to

T— ¢, Instrumentation
4 Technologies

* Every device have a
different sampling rate

* If rates are to different

- misalignment in time
- MAF filtering issues

DEELS 2015
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2) Tuning of the XOs

A O—( RF front-end
B Q—( RF front-end ]

C O—[ RF front-end
D O—( RF front-end

any machine reference!

62

No PLL locked to

Instrumentation

i Technologies

* Every device have a
different sampling rate

* If rates are to different
- misalignment in time
- MAF filtering issues

!

* Sampling frequency is a
parameter and can be

corrected

DEELS 2015
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Estimate the difference

A
f 3522
A ADC
‘ ~108.06 MHz
>
f [MHZ]
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Estimate the difference

A A
f _352.2 . f f_352.2
T ~ 108.06 MHz L B
\ \ \
. | | _
f [MHZz] f [MHZ]
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Estimate the difference

A A
f 352.2
. ADC f f 3522
T ~ 108.06 MHz L B
\ \ \
. \ .
f [MHZz] f [MHZ]
f =f -3*f
IF RF

ADC
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Estimate the difference

A A
f_352.2 f f 3522
ADC " RF
T ~108.06 MHz R B
\ \ \
. \ .
F[MHZ] f [MHZ]
f =f -3*f
IF RF ADC
Af_=3*Af
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Estimate the difference

26013

260131

260131

10 20 30 40 50 (18] 70
BPHK stations

67
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Estimate the difference

26013
260131

260131

¢, Instrumentation
4 Technologies

Af = 1100Hz p2p

10 20 30 40 50 (18]
BPHK stations

68
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Estimate the difference

Af_= 1100Hz p2p

| :3

| Af, ~367Hz |

10 20 30 40 50 (18] 70
BPHK stations
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Estimate the difference

®* 10
Af = 1100Hz p2p
26014 A | IF |
| \ ,,
26014 \‘ .
_ | 3
T 20t | | |
< |
— 26013 | —_
\ A, ~367Hz
2.6013 |
2.6013 v
se0sf 18 samples in 50ms
10 20 30 40 50 G0 70

BPHK stations
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c) 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
71 DEELS 2015
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c) Extraction process

12000

10000

L]
o]
o]
o]

GO0

40007
200071

-2000

12

454 485 4885 49 492 494 495 498 A0
Time msl

1.5 ms local bump

X position [um]

—— _3 Instrumentation

Technologies

1 us fast kick [L

12000 ; ; !

10000

o0
2
2
2

BCICICI .............. , .............. ._

4[:":":) e .............. .............. .....

[
2
2
2

~2000 ? :
4997 4998  49.99 50

Time [msl
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d) Injection process

The first electrons “see” a
kicker field which is lower TN\ 026 T
than the nominal one g

A
They are seen from the Se _ /‘*"/ <
first BPMs only, before T\r27
they hit the pipe wall Ki e

1.6 us electron
- pulse from the
pre-injector to the
o septum magnet Se
@ The booster ring

@ accommodates 1us only
and the kicker (Ki)
pulse duration is 1us
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d) Injection process

G001 —— QF 27 ............................... ............................... ............................. :

Time [us]
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