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Presentation outline

* The ESRF Booster Ring

* Libera Spark BPM electronics
* [nstallation and CS integration
* First results and Applications

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 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?

RF front-end

RF front-end

RF front-end

RF front-end
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What kind of electronics?

RF front-end
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RF front-end

J

RF front-end
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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
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14 bit
ADC
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SoC

Xilinx ZYNQ 7020

FPGA & CPU

DDR3
Memory

Gigabit
Ethernet

v

PoE (9W)

Micro SD
Card

Instrumentation
4 Technologies




®
Manuel Cargnelutti, 28-05-2015 — P — L'! b cr a

Installation

* Installation in the tunnel

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

* 3m long RF cables

 Powered with Ethernet cable
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Integration in the Control System

>era Spark
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Integration in the Control System

TANG£Y,

SCPI 'ﬂ

TANG:,
SCPI '
i | .
g
L]
L]
¢ TANGEL
~ SCPI . ﬁ
>era Spark Individual DS
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Integration in the Control System

SCPI
SCPI
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_SCPI |
L ibera Spark
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Integration in the Control System
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Control room application (Java)

File View Expert

Libera

P syd-bpmlibera-spyall
sy/d-bpmlibera-sp/all

WALARM: See list of errars with the GetlastErrors{) command:

| ¥

-

SR Current

| 185.908 mA

P srfd-bpmliberafaclack I:E

srfd-bpmliberafaclock

forced one shot trigger fired

-

1[z2[z[afs[e[7[a[saf1o[aa1z]1z]14 15 1617 [18][18[z20][z1]22 23 2425 26[27[28]29[z20[31[22[322[324[25[z26[27[28]z9]

QF | N N O O O Y U Y
QD N N O NN N N O O Y

l/Senings rXZ Positions r Detailed Settings |/ Last Errors |

ConfigurationFilename IMDT,-'thomas— 1

ADC_Enable [ | Disabled
AMPL_Enable [ | Disabled
10_Enable [ | Disabled
QSUM_Enable Enabled
Decimation_Enable [ | Disabled
TDP_AMPL_Enable [ | Disabled
TDP_QSUM_Enable [ | Disabled

TDP_XZ_Enable [ | Disabled

MAF Filter Length | 108
Acquisition Duration Im
TBT Start_mean | 1
TBT_Stop_mean IT

read only

ADC Buffer Size |1080'519
Fill Counter I 59535

SetDivider [T

ResetFillCounter

Instrumentation
Technologies
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File View Expert

Control room application (Java)

Libera

P syd-bpmlibera-spyall
sy/d-bpmlibera-sp/all

WALARM: See list of errars with the GetlastErrors{) command:

| ¥

SR Current

|135.903 mA

P srfd-bpmliberafaclack I:E

srfd-bpmliberafaclock

forced one shot trigger fired

-

/ \
a5 el 7[alal1o]1a]1z]1z2 14151617 18] 1320212223 2425|2627 [28]298[30[21(32[33 (2435 [36 (37 2mrad]

Pl IO O O OO OO ey
N N O --------------------‘-y/

l/Senings rXZ Positions r Detailed Settings |/ Last Errors

ADC_Enable [ | Disabled
AMPL_Enable [ | Disabled
10_Enable [ | Disabled
QSUM_Enable Enabled
Decimation_Enable [ | Disabled
TDP_AMPL_Enable [ | Disabled
TDP_QSUM_Enable [ | Disabled

TDP_XZ_Enable [ | Disabled

ConfigurationFilename IMDT,-'thomas— 1

MAF Filter Length I 108

Acquisition Duration | 10.000

TBT_Start_mean I 1
TBT_Stop_mean I 10

read only

ADC Buffer Size |1080619
Fill Counter I 59535

SetDivider [T

Status of the units

ResetFillCounter

Instrumentation
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Control room application (Java)

File View Expert

[ syrd-bpmiibera-sp/all B :/d-bpmiiberasaclack I:E

d-bpmlibera- ]
sy/ pm '_ GR-SEf . srfd-bpmliberafaclock
WALARM: See list of errars with the GetlastErrors{) command: - -
SR Current forced one shot trigger fired —

|135.903 mA

x -

| ¥

/ \

a5 el 7[alal1o]1a]1z]1z2 14151617 18] 1320212223 2425|2627 [28]298[30[21(32[33 (2435 [36 (37 2mrad]
% | [N O O
N I NN | N N /|

\/

T

l/Senmgs rXZ Positions r Detailed Settings |/ Last Errors

ConfigurationFilename MD

Status of the units

ﬁc_Enahle [] Disahled

“ AMPL_Enable [ | Disabled
1Q_Enable [ | Disabled MAF Filter Length IW read only
QSUM_Enable Enabled Acquisition Duration Im FAE (et e |1080619 -
Decimation_Enable [ | Disabled TBT_Start_mean I—l i L I 59535
TDP_AMPL_Enable [ | Disabled TBT_Stop_mean | 10 Setbivider IT

N TDP_QSUM_Enable [ | Disabled

N\roz.mbie Qi Global parameters

\

\ / .
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Synchronization and tuning
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1) Synchronization with the beam arrival

» Trigger is the same signal __Single Bunch Beam mode
which goes around the ring 7| | j |
Bo0r I'. X
» 2 s difference between fist | soof |
and last unit (2 turns) 3 200!
é 300F
2001
L P
0 '1 2 3 3

Timelusl
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1) Synchronization with the beam arrival

» Trigger is the same signal Single Bunch Beam mode

which goes around the ring 7| _
600 T '. '

* 2 ys difference between fist , soof
and last unit (2 turns)

I=

Lo

Lo
T

ADC coun
L]
=

* Adjusted with each unit 200l
Trigger Delay on the ADC
buffer

0 1 2 3 4
Timelusl
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2) Tuning of the XOs
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2) Tuning of the XOs

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

C O—( RF front-end
D O—( RF front-end

any machine reference!

26

No PLL locked to
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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—{ RFfrontend

any machine reference!

27

No PLL locked to

* Every device have a
different sampling rate
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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!

28

No PLL locked to

* Every device have a
different sampling rate

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

29

No PLL locked to

* 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
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Estimate the difference

A
f 352.2
RF
!
: >
f [MHZ]
30

ADC
~108.06 MHz
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Estimate the difference

4 A
f 2.2
RFfS ADC le fRF 352.2
~ 108.06 MHz R
| | |
o, \ N
f [MHZ] f [MHZ]
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Estimate the difference

A
f 352.2
RF
T >
f [MHZ]
32

ADC
~ 108.06 MHz

fIF = fRF- 3* f

ADC
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Estimate the difference

A A
f 352.2
RF ADC le fRF 352.2
T ~ 108.06 MHz R
| | |
. \ N
f [MHZ] f [MHz]
f =f -3*f
IF RF ADC
Af_ = 3* Af
IF ADC
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Estimate the difference

26013

260131

260131

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

Af = 1100Hz p2p

26013

280131 v

260131

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

Af_= 1100Hz p2p

| :3

| Af, ~367Hz |

10 20 30 40 50 (18] 70
BPHK stations

36 £ Instrumentation
4y Technologies



Manuel Cargnelutti, 28-05-2015

Estimate the difference

Af_= 1100Hz p2p

| :3

. M ~367Hz

se0sf 18 samples in 50ms
10 20 30 40 50 G0 70
BPM stations
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First measurements and
applications
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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
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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
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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 0 =
4000
o
je
2000 0
QL
5 £ 20
c 0 o
S =
= [49]
n —_
8 -2000 2 30
N o
£
-4000 =
" 40
-6000
0 10 20 30 40 50 05 055 0B 0B5 0OF 0¥5 08 085 048
Time Ims] Betatron Vertical Tune

FFT in 0.5 ms data slices

Instrumentation
Technologies
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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 pA
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2) Position resolution vs Beam current

* Booster operating with long- ~ _*
pulse mode (80% fill pattern) ™|
* Current was reduced in
steps from 2.5 mA to pA —

* Sum signal: estimate real
current intensity

43
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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 pA

* Sum signal: estimate real
current intensity

* X Z position: estimate

resolution with RMS
44

Beam current [uA]

Position Resolution jum]

2500

2000

1500

1000

S00

9]

1400

1200

1000

200

GO0

400

¥ position
—— z position
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Decimated T-b-T data

averaging
by 64

45

Turn-by-tum

Decimated
Turn-by-tum

— Libera

1l sample=1turn =1 us

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

averaging
by 64

46

— Libera

Turn-by-tum 1 Sample =1lturn=1 MS
Decimated = =
et 1 sample = 64 turns = 64 ys
//7 \
Motivation?
L )
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Z position [um]
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3) Position measurements

4000 | | | | | | | | | |
2000
O . .
2000/ Motivation?
4000
6000k L L . . . . L L L=
0 5 10 15 20 25 30 35 A0 45 F
Time Trrmel Reduced bandwidth
4000 r————————————————————— means reduced
2000 g ~ noise contribution |
. N\ 7 d
-2000 I
[III é 1 IO 1 I5 EID 2I5 SIO 8|5 4ID 4I5
Time Imsl
47 5 Instrumentation
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4) Orbit measurements

4000 ' T T T T T :
5 2000 -
S
= or 1
Lir)
Q
O 2000 .
>
_4000 1 1 1 1 1 1 1
0] 10 20 a0 A0 A0 &0 70 a0
BPM stations
2000} -
E
=, 1000 .
5
= Of I
o
Q 1000 f -
™~
-2000 .
i 10 20 a0 40 A0 (S]] 70 g0
BPM stations
48

Motivation?

Reduced amount of
data to be transferred
over the network
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5) Extraction process

— = -
1 T T — - - 11
LS Ty = = i L

3373.3 1816.1

;. Instrumentation
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5) Extraction process

QD38

QF 39

QF O QD01 QFO1 QD39 Bl
WEE o B2 =

o /30 S| ‘ 1816.1 \ 4593.7

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

QD38

QF 39

. Se2 ~ Q QD39 Bl
OFD), QDO1 FO1 9
e B3 | B2

o /30 S| ‘ 1816.1 ‘ 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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5) Extraction process

Kel QD38
QFO01 ]

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

52 €. Instrumentation
4y Technologies



Manuel Cargnelutti, 28-05-2015

5) Extraction process

BPM Kel i QD38
OFO2 Se2 oy Bl ..o

4352.9
961.8
4
ssr3s | | 18161 4593.7 2362

* 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

53 £, Instrumentation
@ Technologies



L ]
Manuel Cargnelutti, 28-05-2015 — - —— LY b | - ?’ -a

5) Extraction process

12000 T

10000t —':':'FE ......... ......... ......... ......... .......... ....................

L]
o]
o]
o]

BDDD_ .......... .......... .......... e ......... ......... ................. ]

4000_ ......... ......... : .......... 1 . .|| ........ i

X position [um]

EDDD _.- ........

_o000 —1 i i i I i i i i
434 4365 488 49 4972 494 495 498 AD
Time msl

1.5 ms local bump
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5) Extraction process

12000 — ! ; ; ;
10000+ '
‘T 8000
=,
= 5000
0
:': -
g 4000
o
s 2000+
D b N
2000 —i i i i i a i i i
434 486 485 49 492 494 496 495 50
Time ms]
| |
1.5 ms local bump
55

1 us fast kick [L

12000 { ; !
10000
'E' 000
= : : :
: 6':":":' .............. , .............. ._
.0 : : :
= ¥ T Ty AU S Lo
g 4000 : : :
s : .
x 2':":":' ...............................................
2000 ? : i
49.97 4995 49,99 50
Time Imsl
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6) Injection process
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6) Injection process

1.6 us electron
pulse from the
pre-injector to the
septum magnet Se
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6) Injection process

" w27 \y 3

A >_ﬁv
0F28 e 1.6 ys electron

\_ >/>/ pulse from the

pre-injector to the

W28 &=
)\/& septum magnet Se
WG The booster ring
QD29 === V accommodates 1pus only
SR g and the kicker (Ki)

R pulse duration is 1us
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6) Injection process

The first electrons “see” a
kicker field which is lower W//&Dzﬁ
than the nominal one 3

QD27 I

T N pulse from the
028 <& pre-injector to the

Ki v >/yv
2z >/&Zy 1.6 ys electron

)/ septum magnet Se
@20 o The booster ring
D29 o j/ accommodates 1us only
= and the kicker (Ki)

o pulse duration is 1us
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6) Injection process

The first electrons “see” a
kicker field which is lower
than the nominal one

They are seen from the
first BPMs only, before
they hit the pipe wall

S ol }y 16 us electron
R D pulse from the

& >/ pre-injector to the
)/‘” septum magnet Se

The booster ring
accommodates 1us only
and the kicker (Ki)
pulse duration is 1us




Manuel Cargnelutti, 28-05-2015

6) Injection process

The first electrons “see” a
kicker field which is lower
than the nominal one

They are seen from the
first BPMs only, before
they hit the pipe wall

1.6 us electron
pulse from the
pre-injector to the
septum magnet Se

The booster ring
accommodates 1us only
and the kicker (Ki)
pulse duration is 1us
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6) Injection process

Time [us]
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6) Injection process

A

Time [us]
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6) Injection process

G001 —— QF 27 ............................... ............................... ............................. :
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Time [us]
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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
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o Libera

Thanks for your attention!

manuel.cargnelutti@i-tech.com

www.i-tech.si
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