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CBM @ FAIR — Facility for Antiproton and lon Research

Based on GSI (Helmholtz Centre for Heavy lon Research), Darmstadt, Germany:
» Primary beams (SIS100):

* Heavy ions (up to 238U°?*) - 11 GeV/u, 10%9/s

* Protons - 30 GeV, 3x1013/s

» Secondary beams:
lons - 1.5-2 GeV/u
° Antiprotons - 1.5-15 GeV Accelerator

Facilities

i

FAIR includes 4 large experiments:

* Atomic, Plasma Physics and Applications - APPA

* Compressed Baryonic Matter - CBM

* Nuclear Structure, Astrophysics and Reactions - NUSTAR
* antiProton ANnihilation at DArmstadt - PANDA

* FAIRIs an international accelerator facility under construction
« Commissioning is planned for 2025.
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The primary goal of the physics program of the CBM is the
exploration of the QCD phase diagram in the region of high baryon

Compressed Baryonic Matter (CBM) experiment

densities.

Physics program will be focused on measurements:

Short-lived light vector mesons decaying into lepton pairs
strange baryons containing more than one strange quark;
mesons containing charmed quarks;

collective flows of all observed particles and their fluctuations.

Heavy-ion beams: Au + Au at 4 to 11 AGeV; beam intensity: 10°
ions/sec; reaction rate 10 MHz
First-Day experiment: 5x107 ions/sec; reaction rate — 0,5 MHz

Main experiment requirements:

Identification of charged hadrons and leptons

Measurement with high accuracy of momentum of secondary particles
Definition of interaction vertex (o ~ 50um)

Determination of reaction plane and centrality

Requirements for FEE and DAQ system:

Radiation tolerant Front-End Electronics
Trigger-less, high rate readout system
Online event reconstruction and event selection
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Projectile Spectator Detector (PSD)

The main purpose of the PSD is the measurement

]| of centrality and orientation of reaction plane
in heavy ion collisions at interaction rate up to 108 per sec.
... » PSD - sampling lead/scintillator forward hadron
= calorimeter with beam hole in the center.
... » PSD — modular structure: 46 modules 20x20x165 cms3.
PSD configuration » Total weight — 23 tons.

for Day-1 CBM experiment » PSD will be placed at distance ~10.5 from the the target.

Energy resolution and linearity response (T9/T10 testbeam at CERN)

T

.

0.8 ‘

oE/E,
o
I

‘ T9/T10 (a = 0.99; b = 0.02)

@
TYT‘Y

T

Reconstructed energy, [GeV)
.

i

‘TYYTYVTITTY

02F

N

-
-

0.1
92 July2022 ¢ & 8 10 8 10 5 2
Beam Energy [GeV] Beam Energy, [GeV)

e ————

b—
—
Oo
N
S
o



Structure of the PSD modules

Borated polyethylene 3 steel plates

PSD module scintillators assembly

/ WLS fibers
o
Lead
-:_\ I
\ Steel
tightening
hani
Scintillator tiles \ meehanism
3:-'43\ 1 1280
Photodetactors

PSD module - 60 Pb/scint. samples. (Pb (16mm) + Scint (4mm) )

« Length of the module — 5.6 Aint t'\ggts; ﬁ;\‘jgsbrgiecnad”gnzeﬁit”;]

« Light cgllectlons — 6 WLS fibers from 6 sequentially scint. tiles combined into Hamamatsu S12572-010
one optical connector at the end of module. Sensitive area - 3 x 3 mm2

 Light readout: 10 MPPC (3x3 mm2) per module * Number of pixels - 90 000

* nominal gain -1 x 105,
* Gain ~1% /1°C

Module size 20x20x165 cm3. : ﬁig)«él _rleé:c;\)/ery time - 10 ns
« Weight of the PSD module — 500 kg.
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Board with 10 MPPCs, a temperature

sensor and LED for calibration are
mounted on rare side of modules

PSD Front-End readout electronics

12C
LED control —

Custom developped
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Analog signals will be transmitted via 60
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ADC board + interface board

* Two board assembly

« ECAL@PANDA ADC64 board
e LTM9011 ADC 125Msps / 80Msps (14-bit digitization; 2VP-P)
* Two FPGA Kintex 7

* 32 channels per one FPGA

* Separated optical link for each

©

* Interface board designed in INR RAS

* ADC interface (single-ended to differential converter)
* Adjustable input and output zero levels
* 40 MHz bandwidth
* 4V dynamic range

* MPPC bias voltage individual channel adjustment circuit
* Temperature sensor interface
* |2C control from the ADC board
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Cunctema cbopa AaHHbIX aKkcnepumeHTa CBM

CBM cave CBM Electronics room Green IT Cube Common ReadOUt Inte rface boa rd (CRI)
E10 ) , E40.017
100 m 1000 m — ) JTAG connector (hidden) MiniPOD sockets (8x) Voltage regulators (4x)
— —
- T™MC
- Online event :
P o selection me(z:.:arlg ne 12V power
- G connector
o
=

3 GSl = R ' ; o o Xilinx

FLES input 5o "N com "nE A1 1 - Ly " Kintex
pute = WA ' Ultrascale

,,,,,,,,,,, n ode V| nodes 2x MTP-48 . i = ’ _ : FRGA
S coupler , Y R : XCKU115

- g A - 8 TEP =y = o = 4
CROB §89g 28wy |E g¢ PCle switch PEX8732 > CBM will have
FEB SEE sesz |2 = PCle Gen3 x16 interface 36 CRI by 2022
£a% gEEG |0
€33 wnoot ¥y
ADC 0=z > Every subsystem in CBM will use this card from 2021 to transfer data to the FLES
PSD TFC ECS > At SIS100 we will use a successor of this card, the CRI2
David Emschermann | 38" CBM collaboration meeting | Zoom | 27.09.2021 | Page 3

CBM readout is based on CRI board

e Xilinx Kintex UltraScale XCKU115 FPGA

* 48 optical link

* Throughput PCle gen3 x16 go 100 GB/s

* Collect and sort detector data, send data to Event reconstruction cluster

12 July 2022 10



PSD readout integration into mCBM DAQ

* GBT FPGA is used for the connection to CRI board
* CRIlclock is used for the ADC board
 LMKO460 jitter cleaner is used
* Internal clock used to synchronize GBT
* After GBT starts provide recovered clock from CRI, the
clock MUX switched GBT Rx clock
* Time stamp provided by CRI via GBT

 The ADC boards assembly is controlled via GBT
* The ADC FPGA is connected via 12C to MCU on the ADC

interface board

e Current FPGA design allow to digitize data at 1 MHz hit rate per
channel

Results are published in:
“The readout system of the CBM Projectile Spectator Detector at FAIR”
DOI: 10.1088/1748-0221/15/09/C09015
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https://doi.org/10.1088/1748-0221/15/09/C09015

MCBM@GSI — testbeam for CBM experiment
with all detectors prototypes installed with CBM
DAQ prototype

* mPSD - single PSD module was installed at
mCBM and integrated to mCBM DAQ
« mPSD is a full chain prototype and include:
e MPPC board
 ADC + interface boards assembly
e Connection with 60m coaxial cables
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mPSD @ mCBM
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ADC baseline drift during high rate

* Full chain of mPSD readout has been successfully integrated:

Tof - Psd time difference Energy profile
* in mCBM readout and tested at high interaction rate. g [ __ITolPsdDf__| = 15
: . . 3 ! Vean s F Run 1588 O+Ni 2.0AGeYV,
* Time correlation with other subsystems E Si0Dex ss| 3 14 : )
) ) ) & g2t 0.7MHz interaction rate
* mPSD energy spectra are in agreement with simulated = ™ 12 Taken 15.07.2021
mPSD data Lo 10f- Experiment & Simulation
800'7 i Bf_ —
ADC baseline drift during high rate because of capacitance in FEE input L ‘ i
filter s | -
* The firmware exponential filter compensation was prepared 200 I of
for beam tests. Booo 0 000 500 0 %0000 Hsogmedm 20 T e ,'1—5'_& e R By

e Correction allowed to measure signal charge with base line
drift during the beam test.

* Because of tuned threshold ~ 0.8 MIP (1,4mV) compensation
accuracy was not enough to avoid continuous triggering during
base line drift.

* Data processing will be based on FIR filter (Finite Impulse Strobe
Response) F(i) = A(i)*c1+A(i-1)*c2+...+A(i-10)*c11

ADC output

Compensation

* FIR filter will allow: ADC compensated
* Measure charge of overlapped signals. 10% pile-up at 1 MHz
event rate
* Event triggering without of baseline
* Reduce the hit data size up to 20bits (4 MHz readout rate)
* FIR filter was simulated in python with data from mCBM
testbeam Continuously signals triggering

ADC baseline drift during high load

Details in topic “Study of the mPSD response in O+Ni collisions at 2 AGeV at the mCBM”
Nikolay Karpushkin
https://events.sinp.msu.ru/event/8/contributions/425/



Prospects for the use of the developed readout system

* ADC clock frequency increased to 120/125 MHz

. . i ) ) Individual FPGA connection
* Working on IPbus firmware integration for connection to PC

* High readout rate

Key features:
e Radiation-hard front-end distanced 60 m to readout electronics
* Digitization rate 120 MHz (8 ns)
* Dynamic range x1200 (2.5mV — 3V, cable 60m)
* amplitude
Chain ADC board connection
Developed firmware for Xilinx Kintex7 FPGA could be used at custom * Low number of links
developed ADC boards.

ADC connection directly to PC via
UDP protocol (IPbus)

12 July 2022 14
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o AL ; PSD FEE service components
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Remotely controlled MPPC bias voltage supply
for MPPC biasing has been developed. Per-
channel current monitoring overcurrent and
short-circuit detection
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w C20 IC4
4 1 a

Pulse-time-stable logic pulse generator with remote control allow to fire LED for PSD
calibration with external trigger or asynchronously
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Signal cable
verification

Distance between radiation-hard “Detector
side” and radiation-sensitive “Readout rack” is
up to 55m

10 channel X 46 modules X 50m = 23 km
signal cable

PK50-3-310Hr(C)-HF cables and DRAKA CB50
cables were tested

Both cable show acceptable attenuation and
skew, transmission of the signals without
amplifiers is proven to be possible

For 60 m cable attenuation is 1.5

60m cables used during beam tests at mCBM
2021
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FIR filter design: Frequency Band Selection
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Amplitude [dB]

FIR filter design: Realization

Frequency response

5 10 15 20 % 30 35
Frequency [MHz]

Amplitude vs. frequency characteristic of the filter

11 multiplications
low frequency drift
cutoff

high frequency noise

rejection



FIR filter design: Resolving pile-ups

10 Reference signals
shifted by 5 samples
and taken at different
sampling phase

Nearly constant
resulting amplitudes

12 July 2022

Testing FIR filter on pile-
ups:

1. Take analytic
description of Ethalon

signal

2. Produce 10 signals
with different
sampling phase

3. Shift each by X sample

2. Investigate the limit
case X
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Lo

PSD full readout chain was tested at beam
tests with common mCBM DAQ in June 2021

FEE + 60m signal cable + ADC boards assembly

GBT connection stability
ADC signal digitizer firmware
CRI data processing firmware

ADC control + slow readout (python macro)

Event time synchronization

Issue was observed: ADC baseline drift during high rate because
v" Firmware exponential filter compensation was implemented for charge correction
O Solution 2: Working on signal FIR processing FPGA with self-channel triggering without

threshold-crossing procedure

One FPGA on board was used during the tests
80 MHz ADC clock used, 120 MHz clock is not ready
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PSD-CRI firmware specific unit revision

* Data sorter will be excluded as excess element
* Single GBT link per FLIM interface

 Max FLIM interface load 64+16 bit @40MHz through async FIFO

« 8 ADC boards, 16 GBT links in total for PSD
* 8 FLIM interfaced / 8 GBT links per SLR
e PSD GBT spare solution is use wide bus mode:

* 120bit @40MHz = 4,8Gb/s per FLIM interface

* 38,4 Gb/s per SLR
» 76,8 Gb/s per CRI

* No start/stop is required (always ready)

ADC

Event 1

80 bit @

40MHz

Exam 0

Event 0
ms 1

* No huge buffering data
* |Input throughput = output throughput

FLIM throughput:
PCle 6-7GB/s

50 Gb/s per SLR
100 Gb/s per CRI
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CRI

PSD device / ADC borad / 1 GBT links

emulate gbt data
from ADC board

drop currupted
data, muting link

- Q
@ o
adc gbt emu o © E = 3
» E o * 3 T
ADC control © @ E ; L ..g
configure [ status async FIFO SR
40 -= 160 MH=z
ADC board ’
1 slow
readout
raw adc gbt data !
readout for N
debugging

"
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Pa3paboTtaHHas normyeckas ctpyktypa MNJAUC nnatel ADC

Cxema TaKTOBbIX CUTHANOB siornyeckon cTpykTypbl MJINC nnatel ADC

CRI - PSD to CRI: data, status

GBT
A

device firmware from CRI: time

stamp, control, clock

ADC board

PLLJITTER

e CLEANER

(80MHz) A
START

CLOCK START_CLK
(100 MHz)

MGT_REF CLK

(120 MHz)

FPGA STCLK_120

(120 MH
PLL

RX_FRAME_CLK
(120 MHz)

>

P PLL prp

<

¢ timestamp
v b generator

ata
A A
ADC ——>{ SERDES }—» el
Processing v NP

1

ADC_REC CLK
(80 MHz)

L
>

||

GBT_TX_RX_CLK
(40 MHz)

FABRIC_CLKs
(40, 80, 100, 200 MHz)

GBT

A
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Norunyeckas ctpyktypa MNJIMC ana nnatel ADC obecneunsaer:

dopmmpoBaHue cobbiTUii B 6eCTpUTTEpPHOM peXnme npu
3arpyske getektopa go 1 Mrly,

BpemeHHY0 CMHXPOHU3aLUIO C OCTaNIbHbIMK AgeTeKTopammn CBM
MNepenayvy gaHHbIX Mo npoTtokony GBT

YnpaBneHue aneKTpoHMUKon cnctembl cbopa aaHHbIX PSD

@PYHKUMOHANbHbIE BO3MOXHOCTU npoLwwunsku MNJINC BKAOYALOT:

Perncrpaumna CMrHaaoB No NpPeBbIWEHMIO NOPOra HeE3aBUCMMO B
Ka)XA0M KaHane

ObpaboTKa curHanos ¢ npumeHeHnem eounbtpa FIR (Finite
Impulse Response) ans pasaeneHna HanoXeHUM CUrHanoB u
onpeaeneHna cobbITUN He3aBUCUMMO OT 6a3oBoM INHUK (B
pa3paboTke)

BHYTpeHHUM Tpurrep popmmpyembin oT cpabaTbiBaHMS
BbIOPaHHbIX KaHa/10B AU C PUKCUPOBAHHOM YaCTOTOM
OTtnpaBKa ¢opMbl CUrHaNa 4NA OT/IAAKMK

KoHTponb Habopa AaHHbIX: HY/IEBOM YPOBEHb KaHaNa, ypoOBEHb
lwyma 6a30BOM MHUKN, CKOPOCTb HAbopa AaHHbIX,
NHPopMUMpoBaHMe 06 oLINBKax

Pa3paboTaHHas nornyeckana ctpykTtypa MJINC 6bina npoTecTMpoBaHa
Ha cteHae B MAN n Ha TecToBbIX Ny4yKax ycTaHOBKM MCBM
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Emulation of signal FIR filter placement in FPGA KC7

11 DSP modules was implemented in ADC firmware design to check
FPGA resources availability for FIR signal processing

e A(i)*cl1+A(i-1)*c2+...+A(i-10)*c11
* 11 x DSP: A(14 bit) * B (14bit) + C(28 bit) = P(29bit) @80MHz
e DSPi: adc(i) * const(i) + dsp_out(i-1)(27 downto 0)

- e e 4 4 +
| Site Type | Used | Fixed | Awvailakle | Util% |
- +-————— +-———— +-————— +-———— +
| Slice LUTs* | 57343 | 01 101400 | 5€.55 |
| LUT as Logic | 55254 | 0l 101400 | 54.4% |
| LUT as Memory | 2089 | o 35000 | 5.87 |
| LUT as Distributed RAM | 34 [ | |
| LUT as Shift Register | 2055 | [ | |
| S5lice Registers | l4glad | 0l 202800 | 72.07 |
| Register as Flip Flop | l46led | o 202300 | 72.07 |
| Register as Latch | 0| 0| 202300 | 0.00 |
| F7 Muxzes | 9385 | 01 50700 | 1.96 |
| F& Muxes | g | 0l 25350 | 0.02 |
- e e 4 4 +
+--— +————— +———— +-— +————— +
| Site Type | Used | Fixed | Awailakle | Util% |
+———————————— +————— - +———— +—————— +
| D5Ps | 352 | 0| e00 | 58.87 |
| DSP45ELl only | 352 | | | |
+———————————— +————— - +———— +—————— +

ADC FPGA utilization

beam tests mCBM@2021 design + FIR emulation
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CneKTpbl aHeprosblgeneHua B cekuymax moayna mPSD

Charge channel 0 Charge channel 1 Charge channel 2 Charge channel 3

[ Edep _ch0 I Edep chi Edi ch2 Edep ch3d
Entries 3353095 Entries 2287604 . Entries 1647336 10° Entries 1026205
Mean 16.24 Mean 1279 10 Mean 12.75
Sid Dev. 14 Std Dev. 11.01 Std Dev. 11.07

R B Sttt

of
e
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= 5
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ADC baseline drift during high rate

ADC baseline drift during high rate because of capacitance in FEE
input filter

The firmware exponential filter compensation was prepared
for beam tests.

Correction allowed to measure signal charge with base line
drift during the beam test.

Because of tuned threshold ~ 0.8 MIP (1,4mV)
compensation accuracy was not enough to avoid
continuous triggering during base line drift.

Data processing will be based on FIR filter (Finite Impulse
Response) F(i) = A(i)*c1+A(i-1)*c2+...+A(i-10)*c11

* FIR filter will allow:

Measure charge of overlapped signals. 10% pile-up at 1 MHz
event rate

Event triggering without of baseline

Reduce the hit data size up to 20bits (4 MHz readout rate)
FIR filter was simulated in python with data from mCBM
testbeam
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Hits finding with FIR filter
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TectnpoBaHue nnatbl ADC no «oumndppoBKe» cMrHanos potogetektopos PSD

* [lepepa Ha4vanom paboTt no nHterpaumm nnatbl ADC B cnctemy cbopa aaHHbIx CBM ee
Heobxoammo bbi1o npoTecTMpoBaTh ¢ poToaeTekTopamm MPPC

* bBbin cobpaH cteHa no Habopy aaHHbIX naaTton ADC cuctemoit cbopa AblHHbIX KaIOpUMETPaA
EMC@PANDA Ha ocHoBe moayna TRB. Tpu MJIUC nnatel TRB Ucnonb30Baamncb B KayecTBe
«KOHUEeHTpaTopa AaHHbIX», «UDP KoHBepTepa» U «ynpaBaAoOLWEN CUCTEMbI»

* Wcnonb3oBanacb nnata ¢ MPPC gna kanopumetpa NA61

* T[lnata ADC 6bina npeaoctaBneHa B MHCTUTYTe KVI-KART (r. [poHuHreH, Huaepnanapl) n
nMmena NapHoe ycmnenme Ha KaHan x1 n x10 ¢ BXoAHbIM GUNBTPOM.

* PesynbTatbl TECTA NOKa3a/u CTabunbHylo paboty naaTbl U BO3MOXKHOCTb OLUPPOBKU
curHana Ha yposHe 1 MIP ¢ potopetekTtopos PSD
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0.04

0.02

0—=-

dotorpadums creHga oundpoBKM CUIHANOB MNNATOM AMNAUTYAHBIA CNEKTP OT KOCMUYECKUX
ADC npoTtotMnom cuctembl cbopa  AaHHbIX MIOOHOB, MB
ECAL@PANDA
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1 bssmess per FEE board

W+

Grounding schematic
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System has independent signal and
power grounds.

Signal grounds has coupling in one
point on the readout module, which

prevents the ground loop currents.

Signal ground on the FEE board is
isolated from metal structures.
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