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KALYPSO: a 2.7 Mfps linear-array detector Q(IT

Motivation: femtosecond sampling system - to resolve the longitudinal
“micro-bunch” substructure.
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Fast linear array: high-speed front & back-end electronics with GPU for fast on-line data

processing
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GOTTHARD frond-end:
(PSI - KIT)

Back-end card: GPU: .
® PCle Gen3 x16 lanes ® Real-time data
(up to 13 GB/s) processing

Talk at this conference: Caselle, ID: TR2_99

RF Clock (62.5 MHz)
Fast trigger (2.7 MHz)
Slow trigger (0.1 Hz)
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Motivation

Scientific goal Accelerator §© bunch repetition rate = 2.7 MHz (ANKA) - 13 MHz (TELBE)
study the e” bunch dynamics at linear accelerators (XFEL,
TELBE) and synchrotrons (ANKA, DELTA) = _ -

“Ideal" linear array detector: A= 1050 nm A ‘g
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* Visible / Near-Infrared wavelengths el e &

® High frame-rate: MHz range pulse pulse grating —» 2

® Continuous acquisition spectrometer ]

KALYPSO time

Commercial detectors are not suitable detector board FPGA board reconstructed

® Limited frame-rate ( 92 bunch profile

® Synchronization with accelerator machine and Electro-Optical (EO) techniques allow to reconstruct the longitudinal bunch profile by measuring the spectrum of a laser pulse, which has

other detectors not easily implemented been modulated inside an EO crystal by the Coulomb field of the charged beam.

KALYPSO 2.1 architecture: 2.7 MHz line-rate

InGaAs sensor (Xenics)

® 256 pixels, 50 um pitch

Si sensor (PSI) >
® 256 pixels (diced), 50 um pitch

2x GOTTHARD 1.6:

See M. Caselle's talk:
“High-speed, low-latency readout system
with real-time trigger based on GPUs"

PCI-Express Gen3 (up to:6.5 GBIs)

Hi-Flex custom FPGA board! Custom GPU-based DAQ:

® Charge sensitive preamplifier ® Virtex 7, Speedgrade -2 o Real-time data analysis
© 128 inputs, 8 analog outputs RFF Clock  (62.5 m“l) ® PCI-Express Gen3 x16 Lanes (netdata - e Fast feedback to accelerator machine
o Max line-rate: 2.7 MHz ast trigger (2.7 MHz) throughput of up to 13 GBIs) is possible

o Designed at PS! Slow trigger (0.1 Hz) « 4GB DDR3 memory interface

Auweo-bonds betwean the GOTTHARD Detal of the KALYPSO detector board: KALYPSO detecir board

Preliminary results
Longitudinal bunch profile
KALYPSO at ANKA:
® Single-shot measurement at a line-rate of 2.71 MHz
* Continuou over long times
(> 106 shots)
® Bunch substructures can now be resolved

Noduaton

o > 500
Teme fon) (every vetcal e carasponds 1 one laser pulse @ 27 MK

N~ ontacts With:
:gzg‘\)_‘_‘LHC CLIC and FLASH

First pr

£0.signs (500 bunches)
KALYPSO at XFEL: " R
© Bunch length measurements with 1.13 MHz rate over
the XFEL bunch train

® Full system mounted in rack underneath the beamline
 Bunch shape, length & arrival time diagnostics
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Very promising system
for longitudinal beam
diagnostic......

Scientific motivation

Architecture & technological
challenges

KALYPSO installed

ANKA European
Ak fEl ELBE.

Results & future work



