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 BPMs at SIS18

« Position Measurement
— Calculation Algorithm
— Baseline Restauration
— Timestamps

 Interfaces for Position Data
— GSI BPM Core
— Dataflow and Controlling inside Libera
— Gigabit Ethernet

« Position Data Acquistion

— Infrastructure
— GUI

_ ===
Kollaborationstreffen DELTA-COSY-GSI 2



BPMs at SIS 18

3
SIS18 A o 3y

216 m
> Inj. type Multiturn
» Energy range 11 MeV — 2 GeV
> Acc.RF 0.8 —» 5.6 MHz
» Acc. harmonic 4 (no. of bunches)
» Bunching factor 0.6 - 0.2

» Circumference

» Ramp duration 0.3—-15s
> Nr. of BPMs
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SIS18 2\ 34

216 m
> Inj. type Multiturn

» Energy range 11 MeV — 2 GeV
» Acc.RF 0.8 —» 5.6 MHz
» Acc. harmonic 4 (no. of bunches)

» Bunching factor 0.6 —-0.2

» Circumference

» Ramp duration 0.3—-15s
> Nr. of BPMs

\a/m

Libera Hadron
4x 14 bit ADCs
125 MSal/s

Virtex || Pro FPGA
256 MB DDR RAM

Position Data

Position data for each bunch at each
BPM. Allows measurement of:

» Bunch by Bunch
» Closed Orbit

» Turn by Turn

» Tune
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Position Calculation

K: Pick-Up coefficient:
horizontal: 171 mm to 174.1 mm

vertical: 50.3 mm to 51.5 mm

Ko: Pick-Up offset
horizontal: -0.53 mm to 1.64 mm
vertical: -0.23 to 0.18 (vertical)
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Position Calculation

Window management

digitized
3000 BPM signal
_[A 2500 (single plate) ]
j ¥ % 2000 )
g'|50() i
K: Pick-Up coefficient: = 1000 o window algorithm
horizontal: 171 mmto 174.1 mm << 200 Minirum jhreshol\ 2 / :
vertical: 50.3 mm to 51.5 mm 0 / 74 \ \
-500 \ hreshold\1
Ko Pick-Up offset 0 016 032 048 064

horizontal: -0.53 mm to 1.64 mm Zeit [us]

vertical: -0.23 to 0.18 (vertical) Integration is only done over the bunch. Therfore an integration
window must be generated.
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Baseline Restauration '

Generated Gaussian Signal (1.5MHz period)

sum signal
window -

6000 |- =

4000

2000 ~

Arbitrary Values

:

0 100 200 300 400 500 600

2000 -

sample nr.
v v
V=X — (X(t—T/2) + X(t+T/2)) Max. period of T: 1.25us (0.8KHz)
t 2 => T/2 = 625ns = 79 samples

» Constant delay of 127 is used.
» Results in a latency of = 1 us for integral of a bunch.

» Delay can be reduced to 79 cycles (632ns latency).
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Timestamps

e
6000 RF clock &
o 4000 . - —
E t1(n) t1(n+1)
g 2000 ~ —
>
< o % W S 1 & i i S
g 0+ , S| s_‘hr ’?\ R — | | . |
t 2n 2(n+1)
-2000 ~ _
0 100 200 300 400 500 600
cylce nr. of ADC clock
trf(n) 1:rf(n+1)
trf(n) 16 bit absolute value
For error detection, measurement of bunch
frequency and reconstruction of integration t,o o=t —t
. : 1(n) 1(n) — ‘rf(n)
window length, three timestamps are used. 12 bit values.
o) = tom) — L)
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Position X: 22 bit

Position Y: 22 bit

t,: 12 bit

» Fractional remainder of
[

t,: 12 bit

>

t. 16 bit

» Timestamps

>
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Position X: 22 bit [Ax
» Fractional remainder of .[2
X
Position Y: 22 bit _ _ [Ay
» Fractional remainder of .[2
Y
t,: 12 bit >
t,: 12 bit _
. » Timestamps
t. 16 bit >

Overload Status: 4 bit » 1 bit for each plate. Set when Bunch signal

is too high.

Underload Status: 4 bit_ 1 pit for each plate. Set when Bunch signal
is too low.

Intensity: 4 bit

» RMS of sum of all plate signals. Is
represented by 16 values.
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Interface > of GS BP

A |

Position X: 22 bit

Position Y: 22 bit

» Fractional remainder of IE
X

Ay

t,: 12 bit

» Fractional remainder of
[

t,: 12 bit

>

t. 16 bit

» Timestamps

Overload Status: 4 bit

>

» 1 bit for each plate. Set when Bunch signal

is too high.

Underload Status: 4 bit>1 bit for each plate. Set when Bunch signal

Intensity: 4 bit

is too low.

» RMS of sum of all plate signals. Is

Position X ready

represented by 16 values.

Position Y ready

v

BPM Packet ready

v

v

Ready after Intensity has been calculated
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Analogue
Plate
Signals

Start (Arm Input)

Stop (Trigger Input)
RF (System Clock Input )
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Dataflow.an
fotl N -
Libera

- S

Analogue
Plate
Signals

Start (Arm Input)

Stop (Trigger Input)
RF (System Clock Input )
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Analogue
Plate
Signals

Start (Arm Input)

Stop (Trigger Input)
RF (System Clock Input )

Control
Signals
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BPM Packet

22 bit 4 bit 22 bit 4 bit 12 bit 12 bit 16 bit 4 bit
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V5 - Glgablt Ethernet Intel
BPM Packet

22 bit 4 bit 22 bit 4 bit 12 bit 12 bit 16 bit 4 bit

BPM Frame (8192 bytes)

CRC
42 bytes 2 bytes 2 bytes 2 bytes 4 bytes 12 bytes 12 bytes 4 bytes
‘ 678 * 12 bytes = 8136 bytes
» UDP used as Transport Protocol
» Maximum latency of position data: 0.9ms (@0.8MHz acc. frequency)
@
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Infrastructure for Data Acquisiti

» Max. data output of = 68
MB/s per Libera via Gbit
Ethernet (5.6 MHz acc. freq.)

» 6 Liberas per Concentrator
Server.

» Max. data input of = 400
MB/s per Concentrator Server
via 10 GBit Ethernet.

» Concentrator Server corrects
diffrences of amplifiers
(calibration) and uses Pick-Up
coefficients and offsets for final
position calculation.

» Concentrator Server uses
Timestamps for error corretion

Analogue I
Libera

Stop - Start - Stop - Start- | Programmable Timing Interface
Trigger input ARM input Trigger input ARM input PTIF
TCP/IP based
Signals B Positi
b i edorchs eam position
o
% Delay Delay
n &\ 1y i :.' —

13

! Analogue In
Libera 1- m !
- 125 MHz external
Sample-Clock

RF - up to 6MHz

MC Input

SC Input
1GBit SFP-Port

1GBit SFP-Port
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C § | D 100MBit ACC-Net
Control
\ D 10GB Switch
Data
100MBit 10GBit
L ) S
2 x Concentrator Server  nviqdleware & Operator
2 X Quad Core Xeon
at GUI
Control via FESA and 100MBit to ContmlSyStem
Libera SBC



BPM GUI

= BPM Control: Bunch to Bunch

File Ylew Options BPM Mode Help

Time & Date & Info | Amplifier Settings || PTIF Settings IrVirtual Accelerator
|01, Oct 2009 14:12:07 | 10111]14 | Armplifier Gain [dB]: Start Event: |43 Ramp start | Start Delay: |1 ms ||| Virtual Accelerator:
[10732 1945238 U THHTA [I[ 140 v/ ||| Stop Event: [S2 Flattop end | Stop Delay: |1 s [|f [¥rt. Acc. 10 v
rCalibration Info IrStatus

| Zero Line Calibration: @ [N/a |

SOLDX:@ SO2DX'@ SO3DX @ SO4DX @ SOSDX@  S06DX @  AUX BPM: O | Advanced...|
S07DX:@ S03DX.@ SO09DX @ SLODX @ S1IDX@ S12DX:@  Master: @

|Position Offset Calibration: @ [n/A

-Operation Controls |-Sub Modes 1
® Continuous [ Binary Archive Over./Under. Status & [ Closed Orbit [0 Over./Under. Status CJTrending O Trending Mean Yalue
Start Stop A ) . : :
- O One shot  CIASCI Archive  Intensity €3 [ Intensity OTune O AUX Signals O Consistency Check
rClosed Orbit-
Averaging Bin Size [bunches]: lOOOO Point in Time: 1040.13745@:’115 (max: 34343.296)

[_Tegend ]
—#- Horizontal
T Vertical

30
20

10

Position [mm]

-10

g 4
o & & o
T T T T T

L+ 5t 28 S

|14.'11 OF - Virtual Accelerator List Synchronized with Database
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Amplifiers

ControlMonitor

——Aux signals—m=

. FESA devi
Liberas | — Bunchdata— g

a——Con trol Mo tor—s-

Application

FTIF
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Libera x12 Amplifiers

Control’
Monitor Cunch data

PTIF ~-CoriroiMonitor ContralMani Application

AuxiliaryBPM | -

Tontrol Auxiliary
Maoritor  signals

Processed auxiliary signals

Libera
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Clock reset t=0

A= Jitter
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Rf-Master :
1
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# of ADC-ticks
VAV AYAYAYAVAVAVAVAYAVAVAVAVAYAVAVAVAVAVA TAYAVAVAVAVAVAVAV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVI

\J External Clock
ADC-Sampling 125 MHz
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