A jOLICH

FORSCHUNGSZENTRUM

>

J! 1N & / : N .

JINIFIN ‘ \ m\“m @ - university of

( OtO NazIONae 4 I3 <
i A 2 Istituto Nazionale STONIIEETL

M oTaIoT NaZIONA G Frr ey s~ S DEGLI-STVD] 1% o e ! )
FRtorENazIonal gL Frascat o 854 53 RABR 2 diFlsica Nucloars 1. conter for advanced
A G H radiation technology

STT Readout Status

Peter Wintz (FZ Julich) for the STT group

61. PANDA CM, June-7t, 2017

&
@
<
3]
@
=
T
£
@
Q
N
=
o
<
£
9]
T
[
©
°
2
=)
£
=




Mitglied der Helmholtz-Gemeinschaft

Outline STT Readout Status

= Readout Overview
= ASIC/TRB System
= ADC-based System

= Summary
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STT Readout Overview (Funds

= STT with drift time and charge readout for PID by dE/dx

= Two readout concepts for charge information
= pulse width by time-over-threshold:

= PASTTREC-ASIC with LE/TE-discriminator on front-end board, LVDS output
= TRB readout system, ASIC control by central FPGA

= pulse area by waveform sampling:

= no front-end electronics, direct straw cabling (coax, ¥=1.1mm)
= op-amp & sampling ADC at back-end, waveform readout & processing by FPGA

= Readout decision by Q2/Q3-2018
= Decision based on pre-series system setups and in-beam tests

= Decision process started, control panel installed, currently: definition of criteria
& deliverables

= Pre-series system set up ongoing, HW available or in production
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Status ASIC/TRB Readout panda

= ToT separation power for PID demonstrated by 2016° in-beam tests

= Large signal dynamical range covered, dE/dx: ~ 5 - 50 keV/cm

= PASTTRECV1 - ASIC design verified, no design iteration necessary

= DAQ stable operation since ~ 1 year, 144ch test system, low NL, low thresh.

= ASIC/TRB3 readout system in phase-0 at HADES
= Two PANDA straw tracking stations with ~1800ch
= Set up during 2018, ready for beam 2018/19

1stfull STS1 module
(2x16 straws) with
FEE adapter board.
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ASIC/TRB Test System
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panda

= FE-boards with 2 PASTTREC-ASIC (2x 8ch), analog out (skip in final layout)
= LVDS for 16c¢h out + ASIC ctrl (0.5mm micro TwPair, 20 pairs), LV supply (5V)
= TRB3readout, ~256¢ch per TRB3 board, ASIC control by central FPGA

= SODANEet for time synchronization of multi-board system

= DAQ system (CTS) with online monitoring (TDC rates) e

Straw test system and front-end electronics.

S
[YEFRINREIY)

FE-board with 2xASIC, HV
board. Analog out (red box)

o New faster amplifiers

9 Redesigned BLH circuit:
Baseline dispersion below
35 mV,_,

@ 5 bit DACs added to trimm
baseline (2 mV accuracy)

'erformance
o Total power 34.2 mW/ch
@ Gain in range of 1 to 7 mV/fC

@ Tpeak of ~17, ~23, ~39 and
~ 64 ns

@ ENC below 3000 e~ for
highest gain and 25 pF of Cj,.

.”,wwmq

HET

PASTTREC parameters
(design by AGH Krakow)
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Readout DAQ & Control System

© Central Trigger System
- Status overview
Counter Counts Rate
Trigger asserted 217769685 cks. 3119 Kentls
Trigger rising edges 217769685 edges 31.19 KHz
Trigger accepted 28803801 events 7.01 KHz 3
Last Idle Time 232340 ns H
Last Dead Time 3540 ns 282.49 KHz
Total Dead Time 27489891 ns 27%

Throttle
Full Stop

Export CTS Configuration

- Trigger Channels
# Enable Trg. Cond.

o [ R.Edge

O oa W N e
»
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& Limit Trigger Rate to | KHz

"1 ignore all events.

asTrbCmd script  as shell script

Assignment
Periodical Pulser 0

TrbNet Type
0x1_physics_trigger
Periodical Pulser 1 0x1_physics_trigger
Random Pulser 0 0x1_physics_trigger
AddOn Muttiplexer 0
AddOn Muttiplexer 1

AddOn Muttiplexer 2

0x1_physics._trigger
0x1_physics_trigger

0x1 physics trigger

By AGH & JU Krakow
Central trigger system (CTS, GSI) for DAQ, external or channel trigger
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panda

TDC registers, channel count rates monitor (ex. below, 6mV, no HV, 10sec)
ASIC control (gain, PkT, TC, BL restor., thresh, individual ch BL ..)

htm scripts

Threshold settings - Mozilla Firefox

Central Trigger

scalhost:1324/pandaweb/panda.htm | |E

Jisited ~

Threshold settings I Central Trigger System

Threshold Seltings yera

Configuration
Configuratan

Browze... | ASIC_semings_G1PKI0_mne

TC1Rze k]
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ASIC/TRB — Readout Status (Fanda

(Raw Spectrafrom April 2016 Beam Time)
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dE/dx Separation by Time-over-Threshold (#anaa

__ (ToT)—(ToT,)

= YToT /Xdx per track seems better than X (ToT/dx) *S = G,. 0,
2 2

= better gaussian shape, only low truncation necessary
= no ASIC saturation (e.g. ion TC) seen for 600 MeV/c deuteron (dE/dx ~50 keV/cm)

= prelim.: S = 5.1 deuteron separation, compare to S ~ 9 in TDR (=/K at 0.23 GeVrc)
= very prelim: S = 8.1 separation power for MIP & 600 MeV/c deuteron

. . ) Summary of TOT/dx
= further analysis and improvements ongoing s
B wf J[ Protons: 5.5% - 8%
o Deuterons: 5% - 7%
s Alex (KVI), but
totoverdxtrunc totoverdxirunc 1010Veraxiru 4”; + other ASIC sets
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ASIC/TRB Front-End Layout Aanda

Tasks done:

= Positioning of 134 FE boards per semi-barrel and

= Individual straw and FEB-channel association

= Challenging for close-packed straw geometry
with increasing straw number in radial layers

Next:
= One STT sector set up as pre-series system
= Cable routing scheme
= Cooling scheme for 2x64 Watt
(forced convection)
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ADC-Based Readout System Fanda

= “Front-end electronics free”

= Direct straw cabling, mini coax (J=1.1mm), tested HV stable

= HV supply, HV decoupling backend

= Integrated op-amp, ADC and processing FPGA, add-on communication

= 3-stage op-amplifier, 20ns PkT, gain factor 400, 20 MHz BW, 100 mW

= Low power 4-ch ADC (HMCAD1520), 160 MSPS, interleaving mode (1000MsPs)
= One central FPGA (Xilinx Virtex 7) for 40 ADCs per readout board (160 ch)

HV board Processing board

Rear unit Front unit

HV
decoupling
Straw HV ribbon Op-amp 40 ADCs
tubes supply cable shaper + FPGA

~8m coax — —

Mitglied der Helmholtz-Gem einschaft

Scheme of ADC-based readout system
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HW Designs Funda

= HV crate with decoupling boards, coax lines with plug instead of soldering
= Samtec ribbon cable to processing crate, cross-talk tests next

= Testcrate with additional amp-board for test of signal analog part

= Pre-series (final) crate with more slots (416 ch per crate, 26 boards)

,;' Op-amp testboard
/- with lemo out.

HV supply and decouple
board. Plug for coax lines.

HV crate for tests with HV decoupling
boards and additional amp board.

Mitglied der Helmholtz-Gemeinschaft
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Status ADC-based Readout (Fanda

= 16 ch prototype test in-beam in 2016

= Amplifier characteristics verified (2x diff. gain factor + logarithmic tested)

= Signal processing algorithms developed

= Different ADC sampling rates and influence on time/spatial resolution tested

= Pre-series system set up next, ~ 400 ch, in-beam tests

= HW in production, RO board available in September for 15t HW tests
= DAQ system set up and tests

= Cosmic tests prior to next beam time
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Summary (Fanda

= Pre-series system set up (~ 400 ch) for both readouts in Q4/2017
= Cosmic tests (extended) next

= Beam time planned for March + April 2018
= Proton and deuteron beam at COSY, 0.5 — 3.0 GeV/c, dE/dx ~ 5-50 keV/cm

= In-beam tests for both readout systems

= Performance results as basis for readout decision
= Further criteria to be considered (costs, maintenance, ..)

= Readout decision planned for Q2/Q3 2018
= Then: full integration of readout system into PANDA (mech., DAQ, simu., ..)

June-7th, 2017 Peter Wintz - STT Readout Status - FEE p. 13



RRRRRRRRRRRRRRRRR

Thank you
for
your attention

einschaft
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