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Presentation outline

* Motivation: ELI-NP gamma beam source
* Principle: How does it work?

* The Libera CavityBPM instrument

* First measurement results

* Future applications
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The ELI-NP Gamma Beam Source project

Magurele - Romania
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Libera

The ELI-NP Gamma Beam Source project

Magurele - Romania

Intense and brilliant y beam

incoherent Compton back-scattering

Laser pulse

p—

Backscattered
X-y rays

T
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The ELI-NP Gamma Beam Source project

Intense and brilliant y beam

incoherent Compton back-scattering

Laser pulse Backscattered
X-y rays

Magurele - Romania

-
IP: Very good alignment is

required — BPM resolution!
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Electron Beam Parameters:

Parameter Value
Energy (MeV) 720
Bunch charge (pC) 25-250
# bunches in the train <32
Bunch separation (ns) 16.1

1 Macro pulse every 10ms (100Hz)
- Ld

A A

o~1lps _~*

Q=250pC

1 2 3 4 31 32 1 2 3 4

-+ >

16.1ns (62.1MHz)

- 1

6 496ns - Q,,=8nC

31 32
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Electron Beam Parameters:

Parameter Value
Energy (MeV) 720
Bunch charge (pC) 25-250
# bunches in the train <32
Bunch separation (ns) 16.1

BPM requirements:

e Sub-pm position resolution in the range of +/- 1Imm

* Bunch-by-bunch position measurement
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Electron Beam Parameters:

Parameter Value
Energy (MeV) 80-720
Bunch charge (pC) 25-400
# bunches in the train <32
Bunch separation (ns) 16.1
BPM requirements: » Cavity BPM

e Sub-pm position resolution in the range of +/- 1Imm

* Bunch-by-bunch position measurement
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Cavity BPM pickup

—

©168 HE

NN

R

/)
\
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100

PSI — BPM16 pickup
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Cavity BPM pickup

—

NN

©168 HE

s
7//" ///
Reference resonator

Output signal ~ charge |™
Mode ™ =

0 100

PSI — BPM16 pickup
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Cavity BPM pickup

Position resonator (output
signal ~ position*charge)

DN

©168 HE

- 7
Reference resonator

Output signal ~ charge ™

W
100

PSI — BPM16 pickup
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Voltage [V]

Manuel Cargnelutti, 01-06-2016 =

Cavity BPM output signal

Cavity BPM RF input signal

Time [ns]

12

Libera

fres = 3.284GH z
@ = 40
Tdﬂﬂﬂy g Q/fres — 121”5
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How does it work?

Libera

T2
Ref . LO ADC
PLL PLL
Lo fADC
Y
X - = Filter »( ADC —>
A Variable
Attenuator fLO ¢fmc
- e S Xilinx ZYNQ
Y o > Filter = ADC = » ETH
o X FPGA and CPU
Variable
Attenuator fL - f
ADC
. & Cavity BPM RF input signal
I P Fiter ——»<( ADC —» .
Variable Mixer ‘
Attenuator
=
el
z

o 20 40 60 a0
Time [na]
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How does it work?

T2
Ref > LO ADC
PLL PLL
Lo fADC
Y
X - = Filter »( ADC —>
A Variable
Attenuator fLO ¢fmc
- e S Xilinx ZYNQ
Y o > Filter = ADC = » ETH
o X FPGA and CPU
Variable
Attenuator fL - f
ADC
. & Cavity BPM RF input signal
I P Fiter ——»<( ADC —» : :
Variable Mixer ‘
Attenuator o
=
el
z

o 20 40 60 a0
Time [na]
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How does it work?

Ref » LO v
p PLL

lfanc
//.
r »{( ADC — >
wwwwww A
Attenuator fLo #fADC
. - i YNQ
| > Filter |- > ADC = L
g e CPU
Variable ¢
Att at
enuator o f.a[:c
.
Lo , Filter - ADC ™
Variable Mixer
Attenuator
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Ref » LO ADC
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Ref

17

How does it work?

‘ » LO
PLL
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Attenuator fL o
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Presentation outline

The Libera CavityBPM instrument
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Libera CavityBPM
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Libera CavityBPM

RF input channels Reference signal Timing signals Power switch and supply
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Technical facts

ADC 4 channels, 500MS/s, 14bit
SoC ZYNQ 7035 / ARM Cortex A9
ADC buffer 4kS/channel (~8us)

Variable attenuation

31dB, channel-independent

Input signal frequency

C-band, S-band

Reference signal frequency

Up to 250MHz

Cooling

Passive

Instrumentation
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Presentation outline

* First measurement results
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Test setup

How to reproduce the signal from a Cavity BPM?

9 Instrumentation
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Test setup

How to reproduce the signal from a Cavity BPM?

...use a cavity!
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Test setup

Agilent 8133A Pulse Generator ELI Cavitv.BPM

RF OUT

f=62.09MHz 13dBm

A 4

Sine Reference
f=62.09MHz - 10dBm

Agilent 33220 TTL 100Hz
Function Generator

Trigger

25 £ Instrumentation
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Test setup

ELI Cavity BPM

Agilent 8133A Pulse Generator

f=62.09MHz 13dBm

4

Sine Reference
f=62.09MHz - 10dBm

..Single bunches!

Agilent 33220 TTL 100Hz
Function Generator

Trigger

26 = Instrumentation

% Technologies



@
Manuel Cargnelutti, 01-06-2016 - LT b cra

Linearity measurement

Position dependency on normalized input signal level
1200

1000 fix) = 1021.7201055498% + 10.0754061759
800

600 .

X position [um]

400
200 p.

0
0.00 0.20 0.40 0.60 0.80 1.00 1.20
Normalized inputsignal level
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50

45

40

35

30
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Attenuator non-idealities

Wariable attenuator phase shift - ADC data calculation

Phase XI
s i S R s R e R s e e Phase YI H
Phase IK

28

Attenuation level [db]

Different phase-shift

— Libera

Variable attenuator attenuation deviation - STD measure on ADC data
T T T T 1 P

: ——¢hX

—Ch YH

: Ch 1

. S SRR S— i

................ V. \z_ DS . D

...0.2 e A e e R R R e e W N R S e S T D e e s e e e El e ad
- - — .
._o‘s .................... e Tt e R TR -l

-1 | 1 | | | |
o 5 10 15 20 5 30 £
Attenuation level [db]
Attenuation deviations
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Attenuator non-idealities can be calibrated

Variable attenuator phase shift - BEB data calculation VYariable attenuator attenuation deviation - Analisys of bbb data
' ' ! ! 1 T T T T T I

Phaze XI : : 7 : :
Phase YI [ 17 ____________ R SRR N ____________ Ry

Ch,
Ch‘d

. S O S S ennsonsen A 1

1 1
0 ) 10 15 20 25 30 35 0 5 10 15 20 25 30 5
Attenuation level [db] Attenuation level [dB]

Compensated phase-shift Compensated attenuation deviation
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Single-bunch position resolution

Position
T

1080

¥, peak=4694
¥, peak=3827 ||
I, peak=3546

. - |\ ______ U SR W S T—

10751
2000+ ‘ ----------- it encdtece — — WAL MY M4 1 T S O 0 B A

1065

: J ¢ / : H1v)E
0 =, I O R R 6| AL | oo L O A AL L R VA 1 U R B0 1 B8

1085 -

o | ! | i | | | 1050

ADC Data Beam position measurements
X Y ¢ < 3um

RMS’ ' RM
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Resolution vs signal level

1400 : : : : : : o Position RIS

120(}&"\ ......... B R B S e FvEis o 1H
o \ ............ S _— S  oses ]

200 ) _ ............ ............ s _ ........... 4

U nil || UK I;_. ...... ............ ............ ........... -

. e SRR N e e FEACCRREE: Y R o

| N ez ......... : a-r___?o ..... e R ......... .

1 | 1
0 5 10 15 20 25 30 35 a : !

1
att level [dE] Q 5 10 ih 20 25 ] ]
uuuuuuuuuuuuuuu att level [4BI

ADC buffer peak level X&Y Position RMS resolution
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Test setup

What about train of bunches separated by 16ns?
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Test setup

Agilent 8133A Pulse Generator ELI Cavitv.BPM

RF OUT

f=62.09MHz 13dBm

A 4

Sine Reference
f=62.09MHz - 10dBm

Agilent 33220 TTL 100Hz
Function Generator

Trigger
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Test setup

ELI Cavity BPM
o 4 .

Agilent 8133A Pulse Generator

HP 8656B Signal Generator RF Switch

f=62.09MHz 13dBm
v

Sine Reference Trigger/Gate
f=62.09MHz - 10dBm

TIM 107 Synchronizer SYNCIN TTL

Stanford DG535

m——-\r
Agilent 33220 TTL 100Hz Sinchronized TTL 100Hz l!: ' 1ol 1' _.
Function Generator Bcotsociy
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Multiple bunches
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ADC buffer - KYL
T T
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Multiple bunches

HIC counts

—Bon
i}
RIC zanples

Instrumentation
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ADC buffer - KYL
T T

i)

Multiple bunches

(]

400

200

HIC counts

=200

=dif

~Ef

—Bon
HIC zanp( es

ﬂ]]I:DF biffer - RYT
Y T T T T T
: : : : %, peak=108d con=17, 5832
¥, peak=8 con=L7,4033
— [ peak=031 con=17.6080

I

FIELF courts

=100

-1500 i i i i i
] 5 10 15 20 a5 30
AOC zamples
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Multiple bunches
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Presentation outline

* Future applications
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40

The core is a 4 channel AC digitizer

ADC 4 channels, 500MS/s, 14bit
SoC ZYNQ 7035 / ARM Cortex A9
ADC buffer 4kS/channel (~8us)

Variable attenuation

31dB, channel-independent

Cooling

Passive

=

&
) 0O
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Possible upgrades

ADC 1GS/s, 1.25GS/s — 14bit — 4ch
SoC More powerful SoC

Memory 4GB external memory

Fast data transfer SFP connectors

Power supply PoE++

: Instrumentation
W Technologies
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Possible upgrades

ADC 1GS/s, 1.25GS/s — 14bit — 4ch
SoC More powerful SoC
Memory 4GB external memory
Fast data transfer SFP connectors
Power supply PoE++
Applications

* Analysis of fast transients / pulses
* Bunch-by-bunch diagnostics
* Fast data transfer / Feedback front-end

42 Instrumentation
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Conclusions

* Libera CavityBPM is now a product
* Can operate at different frequencies, cavities, beam modes
* First test results are promising, more to be performed

* New potential instrument platform based on 500MS/s ADCs
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Thanks for your attention!

manuel.cargnelutti@i-tech.com
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Appendix: Digital Signal Processing

FPGA & CPU

Trigger | Trigger
T2 | Modue [ Delay

v

ADC buffer
(4K samples)

From ADCs -

Y

. 3| ADC_DF buffer ADC_DF
(4K samples) ." X, Y, |, Reserved

v

Position
Calculation

>

Vx, Vy, Vi, ph_XI, ph_Y1, X, Y,
trig_counter, bunch_counter,
timestamp_L, timestamp_H

DSP Calibration
parameters coefficients
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Appendix: Digital Signal Processing

FPGA & CPU

Trigger | Trigger
T2 | Modue [ Delay

v

ADC buffer
(4K samples)

From ADCs -

Y

. 3| ADC_DF buffer ADC_DF
? (4K samples) .- X, Y, |, Reserved

Position
Calculation

>

Vx, Vy, Vi, ph_XI, ph_Y1, X, Y,
trig_counter, bunch_counter,
timestamp_L, timestamp_H

DSP Calibration
parameters coefficients
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Appendix: Digital Signal Processing
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500MHz - 8 samples / bunch
How to decouple each bunch?
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Appendix: Digital Signal Processing
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500MHz - 8 samples / bunch Bunches can be separated
How to decouple each bunch?
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Appendix: Deconvolution filter

ADC counts

Deconvolution filter (Inputs and outputs)

6000 — Calib.in
4000 — Test.in
2000 — Calib.out |
0 = ' ‘ —ITest.out
-2000 ................ , ................. , .............
S S i ALt e e
6000 .................. .................. .................. .................. o
1
40 60 80 100 120 140
Time [ADC samples]
Deconvolution filter (pulse response)
! ! ! !

5
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v
@
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£

3]
%]

Time [ADC samples]

ientation
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Appenc

T2 |

From ADCs

IX: Digital Signal Processing

Module

> Trigger | o

Deconvolution
filter

A

Coefficients and
Fine delays

Trigger
Delay
> ADC buffer

FPGA & CPU

(4K samples)

\

ADC_DF huffer

\ (4K samples)

Position

"‘" X, Y. |, REF
." X, Y | ﬁe_éewed

iunch-oy-Bi

Calculation

A

4

DSP
parameters

Calibration
coefficients

g VX VY VI, h_XI, ph_YIL X, Y,
i trig_counter, bunch_counter,
timestamp_L, timestamp_H
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Appendix 2: Digital Signal Processing

Position Calculation

Libera

Bunch-by-Bunch

adc_samples_per_bunch Calibration
ﬂ_d_fl.l'ldns = P coefficients = C
P Cc C
N .
ADC_DF Channel X | Amplitude Y »| X position
buffer 5 calculation calculation
A
Channel | ¥
1,Q ?, C
IQ demod ——# CORDIC —;
# ph_XI
3 b Sign Calculation
Y Y
; v 4
> ﬂmﬂltuﬂe 1
calculation
P
Y
1Q ?,
| IQdemod —®| CORDIC

> Stream
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