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The FAIR facility and construction site
Location of CBM at FAIR and mCBM at GSI
The CBM data challenge

The mCBM pTCA readout chain (2020)

The mCBM CRI readout chain (2021)
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The FAIR accelerator facility

Primary Beams 1st beam at FAIR planned for 2025
« 10%?/s; 1.5 GeV/u; 238U28*

Linear accelerator Ring accelerator
 1019/s 238Y°2+ yp to 11 (35) GeV/u UNILAC SIS18
- 3x10%3/s 30 (90) GeV protons \F
Technical Challenges Y Sl =
« cooled beams — "~

- rapid cycling superconducting magnets “‘\"\}

« dynamical vacuum ~af

Secondary Beams

Production of
new atomic nuclei

* radioactive beams up to
1.5 - 2 GeV/u; up to factor 10000
higher in intensity than presently
« antiprotons 3 - 30 GeV 100 metres

Production of
antiprotons

Storage and Cooler Rings

» radioactive beams $torage mg B Planned facility

Experimental and L oy

- 10! antiprotons 1.5 - 15 GeV/c, Il Experiments
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FAIR construction site — October 2020
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FAIR construction site — October 2020
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https://www.youtube.com/watch?v=O4J3nx2pnls

GSl and completed FAIR campus in 2025

https://fair-center.eu
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https://fair-center.eu/

CBM related sites on the GSI and FAIR campus

Green IT Cube mCBM
data center (2016) test facility (2018) experiment (2025)
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CBM cave construction — October 2020

Green IT Cube
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Construction of CBM cave
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The CBM experiment at FAIR

> Heavy-lon fixed target 1st beam in 2025
experiment

> To be built on a beamline of
the SIS100 synchrotron at the
new FAIR facility in Darmstadt,
Germany

> Physics program: investigate
rare probes and potential
phase transitions in the region
of high baryon-densities

> Upto 10 AGeV Au
> Upto 30 GeV p

> Acceptance: 2°<0 ,,<25°
> “High precision High statistics”
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The CBM data challenge

Very high interaction rate environment:

10° — 107/s (A+A), up to 10%s (p+A) E 15?% > a-u-u

Non-trivial criteria for event selection ry 105_—
Fast detectors with radiation tolerant free- &_—U f
streaming readout electronics c 10°:

O = BM@N Il &——#
High-speed Data AQuisition (DAQ) system ~ © . ™74 SCANPD
FPGA based readout chains 2 C

c 10° = STAR FXT STAR BES I
About 1-2 TByte/s bandwidth to the High 3
Performance computing farm, where the 10°: -
First Level Event Selector (FLES) is located - /

10=
State of the art computing infrastructure F
allowing for online event reconstruction 1 — . L1 | —
: : 1 10 —

Online event selection to reduce data by a Collision Energy (\"SNN) [GeV]

factor 100-1000 for archiving at ~1 GByte/s
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The CBM data flow

2025 CBM: a fixed target, DAQ room: Green IT Cube: online
high interaction rate, data pre-processing event selection
heavy ion physics on FLES entry cluster. and storage

10 beam particles/s
1 % target (gold)
— 107interactions/s
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FAIR phase 0

FAIR phase O activities

David Emschermann | Streaming Readout Workshop VII | BNL + Zoom | 17.Nov.2020 | Page 12



CBM streaming readout protoype setup - eTOF

eTOF at STAR
presented at:
Streaming

Readout
Workshop VI

Compressed
Baryonic
Matter
experiment
at FAIR

SIS 2 0 1 9 CBM control concept
p/q (GeV/c)

Run20 (Dec2019 — Sep2020) successfully completed

r 21044027

ETHGR T

» | | | |
PROGRESS Run-by-Run online QA
¢ RE PORT of eTOF Run20 data

Important step towards
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https://www.jlab.org/indico/event/378/session/7/contribution/31/material/slides/0.pdf

CBM streaming readout protoype setup - mCBM @ SIS18

mCBM@SIS18

The CBM Collaboration
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June 2020

)

Proposal submitted to

April 2, 2020 §

— fully granted !
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mMCBM at GSI

presented
today:

Streaming
Readout
Workshop VII

FAIR

G-PAC of GSI/FAIR , 10t June, 2020



https://indico.bnl.gov/event/9458/contributions/43288/
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The mCBM experiment and readout chain in 2021

established 2018: mCBM DAQ container: Green IT Cube:
15t commissioning data pre-processing  online timeslice building - FLES PN
with beam on FLES EN (CRI) storage to Lustre - GSICN

Dec 2018 / Mar 2019

2"d campaign

Nov 2019 / May 2020
3" campaign — A study
Feb 2021 / May 2021

mCBM:
a fixed target, < Y O amon
high interaction rate,
heavy ion physics
experiment and
test-site for CBM technology @ 2f
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CBM cave construction — October 2020
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The mCBM readout and control architecture (DPB)

mCBM detector cave mCBM DAQ container Green IT Cube
@ = @ = ®
FEB Clocy
n:zang S ”Chgl I
Cﬂmm Ontrg 5 . -
FEB ROB ands Timeslice Building
S
FEB respe Comp, a”d I
S€S, Datg | o | FLES A FLES
I DPB | Data Ii) = | entry m processing
FEB |[—» ROB L | node <J nodes
: S

E-links 8t W I 7y I
FEB InfiniBand

:) ROB I Setup and Cc:ntrcrl
FEB Clock, Synchro- Commands,

nous commands, Command res-
JDusy” status Y ponses
Electrical link Optical link TEC |le» ECS Optical link
multi-mode single-mode
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DPB board configuration e

m AFCK board (Creotech, Poland)
m Xilinx Kintex 7 FPGA (325T FFG900)

m Receives several GT links at 4.8 Gbps
(multimode fiber, 50 m)

m Indexes data in timeslices

3 2 1 0 EMCchannel number m Allows for data pre-rpocessing

. GBTx ROB #1 - links . FLIM-link#1 ® Sends one single FLIM link at FAIR
mssmmssm GBTx ROB #2 - links . ELIM = link #2 10 Gbps (singlemode fiber, 300 m)
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MCBM readout chain 2020

3Xx mMFLES
entry nodes

48x out of
144x OS2
fibers

Infiniband
switch
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switches
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36x mFLES

compute
nodes

are online




Acronyms used in the mCBM readout

FLES Timeslice Building

triggerless- | /S _____ \_4 ______
streaming FEE DPB: FPGA, : Event

assigning 1m GBTX 50_ m uSlice building, e of L _Reconstruction |
time stamps | Copper optical (FLES interface) optical Green  _____ V-

to hits I'T | Event Selection
Cube _____» v_ ]

TFC , Archiving

FPGA : Field Programmable Gate Array
DPB : Data Processing Board
TFC : Timing and Fast Control Syst.
FLES : First Level Event Selector
GBTx : CERN rad.-hard interface ASIC
uSlice (US) : Self contained data block for a subset of the experiment, minimal size depends on degree of data time sorting.
Timeslice : Collection of uS, self contained data block for the full experiment and a given time interval, includes overlap
to avoid edge losses.
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The mCBM data path

ROOT geometry
May 2020 mPSD
double stack + test module
mTOF
25x RPCs

in 5x super modules

mTRD
1x MWPCs

target chamber
incl.

TO diamond
counter

triple stack mRICH

DAQ container

s

optical
fibers

mSTS T 2x aerogel pads
" beam 2x modules mMUCH = il - 36x MAPMTs
station 0 2x GEMs || e — — optical fibers 50m
triggerless-

streaming FEE DPB: FPGA

= 1m 50m . o
assigning GBTx uSlice building,
time stamps | CoPper optical (FLES interface)

to hits
TFC

FLES
300 m
optical Green
T
Cube

:_ Event Selection

: Archiving
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MCBM commissioning with beam, first results

1.50 GBs 3.0 s00 —
Q GBs mMTOF RPC =
E 500
1.25GBs 2:5
.FE GBs .
S a 400 pA
© =
&  1.000GBs 20 = .
Q GBs qc)
w =
> =
8 750 MBs 1.5 © W
> GBs
n
500 MBs 1.0 R TR
GBs e
_ B charged particle flux - RPC current calibration
A I IR AL 21T doy 20| 100 HA — 8 kHz/cm?
0Bs ANVENIETAASIRNITE ' i Z(NL AT ] 2 Y. (s g‘ i st Devx 35.04
22:28:10 E 8l *’ | StdDevy 2888 l
== MUCH PSD RICH == RPC == STS == T0 == TRD == Total E : -Jr’_
Ma.y 4th, 2020, run 858 o -“%6_— o peak ﬂuxes > 30 kHZ/Cm2
208Pp + Au, 1.060 AGeV, 1.1 MHz averaged collision rate 5 ﬂm 1
_ 4 a: (CBM TOF design limit: 25 kHz/cm?)
March 27 - May 24, 2020 campaign: - ) (I
- max. collision rate: 4 MHz ol | A
- max. total data rate: 3 GB/s - A 10
- 20 TB data taken Q20 a0 e B0 00 20
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MCBM commissioning with beam, first results

............................................................................................................................ Observed time and spatial correlations between detector subsystems:
o first conceptual verification of the triggerless-streaming DAQ system of CBM
i) S T N B — to be verified up to the CBM design limit of 10 MHz collision rate.
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MCBM commissioning with beam, first results

mMUCH

2x GEMs | target chamber

incl.
TO diamond

mTOF
counter

25x RPCs

mRICH
2x aerogel pads
36x MAPMTs

mTOF configuration M4 module

Double stack Tipg:slack

\

Test
counters

mTOF track x [cm]

scher

—
o
o

(o)
o

incl. ring recognition
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DPB, FLIB and CRI

GBTx-DPB

22 0

FLIB-4/8

w o GRS ER

o LB o-0-0-g o] SEaE HE LT
Xilinx Kintex-7 XC7K325T Xilinx Kintex-7 XC7K325T
BNL-712 as CRI
— L
AN
o
Q\

Xilinx Kintex Ultrascale XCKU115
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Common Readout Interface card 1.0

> Joint production of BNL-712 cards with SPHENIX/BNL

CBM will have
> This is the Common Readout Interface card (CRI-1.0) 36 CRI by 2022
TMC @
mezzanine i
card (o0 Xilinx
1%, \fi=" Kintex
TFC : ?s &:.1%:_ --’?i@; Ulggzczle
input ° BN B2 o#i
° JHIE . 2 XCKU115
[ E | H
2x MTP-48
coupler

PCle switch PEX8732

PCle Gen3 x16 interface

> Every subsystem in mCBM will use this card from 2021 to transfer data to the FLES

> The CRI card is also the core element of the TFC system
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DAQ chain evolution at mCBM

mCBM DAQ container | Green cube

PCle infiniBand
(2 )\ /
mCBM DAQ container Green cube to be setup next
(Daym Q) | |
proc. InfiniBand Lustre
node BB | ‘ ‘

FLES EN — entry node
FLES PN — processing node
GSICN - compute node
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The CBM readout and control architecture (CRI)

CBM detector cave CBM DAQ room Green IT Cube
E10 E40.017
@ = @ 0,
FEB Clo
ﬂ.réa;g'n‘g}’ﬂchrﬂ" I I
Cﬂmma ' Cﬂﬂfr[” . -
FEB ROB Nds Timeslice Building
FEB e, Copy I = l I A
Ponseg; DZEW PCle FLES 1S = ﬁ< FLES
I CRI Data ) entry us] Data | @ . processing
FEB |<—» ROB < node ] .,g % Q< nodes
_ e — | [ -
E-links o) W I i 'y I L
FEB =
:) ROB I Setup and Control | £ I
FEB Clock, Synchro- Commands, E
nous commands, Command res- T
JJHusy” status Y ponses Y
Electrical link Optical link TEC ECS Optical link
multi-mode single-mode
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TFC Concept

The Timing and Fast Control system (TFC) is \‘(IT
g y (TFC) A

meant to synchronise data processing electronics V] arlsruher nstitut fi Technologie
MiniPOD

experiment-wide over optical fibres

Organised as a hierarchical network for scalability

Based on CRI cards

5 O

[SFP+]

Distributes timing information to endpoints (CRI)

SM SM SM SM

N MiniPODV N MiniPODF N MiniPODF N MiniPODF

i il il il

g g g g g g g C

EE
CRIT|CRI||CRI||CRI||CRI|[CRI||CRII|CRI F-\IR

P+
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The CBM readout chain in 2021

mCBM DAQ container Green cube

N

> Samben

.\\\\ P N N
Oct BN .= FASIIENN ' BENAN
FEE InfiniBand > [SEACSE ( InfiniBand >} | Lustre >
2020 | D e Koummipy %
6x HDR100 2x EDR 10x FDR Nx FDR
add -\ /= ' I add FDR  |T
ot g I {ja; ;4 __d - o l - . ‘ A
2X CRI ASUS ESC HDR EDR HDR ASUSESC
+6X 8000 G3  switch links switch 4000 G4

next step: FDR extension of readout chain to the GSI IT cluster

for more powerful online monitoring and online event selection and direct storage access to Lustre
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The CRI DAQ rack prototype

This is the CBM DAQ prototype rack (est. September 2020)
all data from mCBM subsystems will transit here (replicate 24x at SIS100)
the rack is it hosts the TFC system and FLES Entry Nodes fitted with CRI

mcbmcri - JTAG server

cbmin00x - 2x TFC-CRI

cbmin007 - 1x CRI

cbmin006 - 1x CRI

cbmin005 - 1x CRI

cbmin004 - 1x CRI

cbmin003 - 2x CRI
2 CRI cards and 1 HDR HCA are

cbmin002 - 2x FLIB installed in each Entry Node
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Milestones towards realization of full readout system for CBM

2020 (v) build a demonstrator rack for nCBM

2021

2023

2024

2025

(v) move entry nodes from GC to the mCBM
(v) take 300m long EDR InfiniBand link into operation
(v) install CRI boards in entry nodes
introduce TFC system
upgrade processing node cluster (Kronos nodes)
control DAQ from ECS
prepare for data taking with beam
identify and procure final CRI+ board
identify and procure final entry node server
scale up to SIS100 system size
Introduce throttling to TFC
1st data taking with beam
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Summary

CBM
« Validate detector and DAQ concept with mCBM up to highest collision rates

— upgrade to final DAQ hardware (CRI + TFC)

— prepare for commissioning of new readout chain in Q1/2021

— commission benchmark A — baryon measurement in Q2/2021

LAl
o
v
i=i e
gl gl
T
A
44 1
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The end

for your attention
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Bonus slides
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DAQ chain evolution at mCBM

mCBM DAQ container | Green cube

P,

N

\ 1IN . FLES
May FEE P DPB opt. Link > FLIB PCle > InfiniBancB proc.
2020 ) e S ‘ | node
L~ ~ g
mCBM DAQ container Green cube to be setup next
Eeb ™\ FLES @ \\C FLES | \\
FEE PCle /\ entry ETVIERCEEpR Proc. InflnlBand\ Lustre
2021 ’ C .4 ‘ | node ‘ |
mCBM DAQ container Green cube
\\\ i‘\\“\ ™ ™
2022 BEsE= GBT \> PCle /\ FLES InfiniBanb | Lustre\
I >, ) L ) Y L : //

FLES EN — entry node

FLES PN — processing node
GSICN - compute node David Emschermann | Streaming Readout Workshop VII | BNL + Zoom | 17.Nov.2020 | Page 38




Timeslices and Microslices

Definitions and concepts in the CBM readout chain el o = | 1o

MicroSlice (uS) = self-contained data container from a
single CRI and for a fixed period of time

Descriptor M5 0
Content MS 4
Descriptor M3 1
Cantent M5 1
Content M5 89
Descriptor M5 100
Content M5 100
Descriptor MS 101
Content M5 101
Descriptor M5 199
Content MS 199
Descriptor M5 200
Content M5 200
Descriptor M5 201
Content M5 201

Descriptor M5 99

[
[

= Qutput of the CRI in CBM => generated in FW

Overlap Overlap
= Constant length in experiment time _ :
= Typical period of time: 10’s of ys to ms o Time  ——» :
|
TimeSlice (TS) = container collecting the uS of all CRI g § :
cards in the setup and for a given number of uS e — s
= Assembled by FLESNET (CBM DAQ prototype) => generated in SW % RE . : sl sl ] =
= Typical number of pS: 10-1000 => time range: ms to s § E
* Includes an overlap pS O 00; :egion O : o:erlap :egion O
"

= One TS for the full setup for each time interval
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CBM streaming readout protoype setup - mCBM

1st results from mCBM Run20
m C B M @ S | S 1 8 streaming readout setup with yTCA DAQ system

The CBM Collaboration EOOT geometry
ay 2020 mPSD

double stack + test module

mTOF
25X RPCs
in 5x super modules

target chamber
incl.

TO diamond
counter

mCBM at GSI

o+
C
(D)
* — o triple stack [nRICH
@ o ke mMUCH o
presented =
X
. Ll
today: -
Q 3 w5 .
= x 1Y i
: 1°) % oo S 10 "
Streaming S £ Ty - £ -
Readout © pki f-= -
C 5000 5» 1000
WorkShOp V” O * . % ET) 0 10 20 30
> mMUCH-GEM1 x [cm] MMUCH-GEM1 y [cm]
(-
© TSI N M5 § F il :
m : I 1 f25oq_.ﬁ > <
5| 3 50
e g 7 1 £
t 142000
3 2w
(%] {1500 0 2=
8 o B i "M 1000
o ‘ "l
E [ 500 -50- 500
8 June 2020 00 10 20 0 2 o 20 °
mRICH x [cm] mRICH y [om]
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https://indico.bnl.gov/event/9458/contributions/43288/

Common Readout Interface card for CBM

®

|1

@o 00 O
2 oooooo
%,(\‘in

-0 -, O

> Xilinx Kintex UltraScale XCKU115 FPGA

> 48 optical links (MiniPODSs)
> PCle Gen3 x16 (2x8 with switch)
> Separate TFC input via TMC

David Emschermann | Streaming Readout Workshop VII | BNL + Zoom | 17.Nov.2020 | Page 41

.‘@

BNL-712 card was
developed for ATLAS

also known as FLX-712
or FELIX

CBM name: Common
Readout Interface (CRI)

core of CBM readout
chain from 2021




Fiber mapping on cave patch panel for 2021

# 14.09.2020 - 12:30

# MTP cave patch panel
TO | STS | MUCH | TRD-I | TRD-O | TOF | RICH | PSD

1-17-1-1-1-1-1-1!/1-1-1-1-1-1-1-1/511T-1-1-1-1-1-1-1
BFEx Tx Ex Tx Rx Tx Ex Tx Ex Tx Ex Tx Ex Tx Ex Tz Ex Tx Ex Tx Ex Tx Rx Tx
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Entry Node configuration - CRI data path

eight 16x slots

24x
44G |
a 8] CRI 16x
o I 7y CPU MEM
I PCle core ||core ||core VS
Switch |« 2
100G o
‘ &g TN m I_'J:’ 16x 16x core ||core ||core mg
ONS ‘i il ¥ \_ Root Memory
2 CRI CardS inSta”ed fd-:l)é: ;Complex Controler r‘»
in one entry node o s e 16 qex
[ | I | Ii’C!e
i ASUS ESC8000
-> prototype for mCBM
8x CRI boards are already installed basic configuration of CRI entry nodes for 2021
8x CRI boards to come in December 2020 2x CRI - max 235 Gbps (in)
18x CRI boards ordered for 2022 1x HDR HCA - max 120 Gbps (out)
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The CRI DAQ rack prototype

TFC

This is the CBM DAQ prototype rack link
inks

1x Timing and Fast Control (TFC) server
6x Entry Nodes (EN)

cbmin00x - 2x BNL-712

mcbhmcri cbmin007 - 1x BNL-712

cbmin006 - 1x BNL-712

cbmin0O05 - 1x BNL-712

cbmin004 - 1x BNL-712

cbmin003 - 2x BNL-712

1x JTAG server
8x CRI card (= BNL-712)

cbmin002 - 2x FLIB




The Processing Node cluster

Entry Nodes (EN) FLES Server

ASUS ESC4000 4
Processmg Nodes (PN)

o w »
— _"-.’-j_}-- w_n
- \-u-_n
- R
InfiniBand 000

HDR EDR HDR
switch links  switch
(300m)

+ 7 more PN
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The link to Virgo / IT cluster

Virgo Cluster
Processing Nodes (PN) -

\ T

InfiniBand
FDR FDR FDR
switch links  switch
(30m)
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Commissioning of mCBM

_— simtlation input UrQMD-

target ch;‘ambe.r‘ ,
incl..diamond 70

~N

2x GEMs |
mTRD

mCBM setup
March 2019

1st data campaign:
Nov./Dec. 2018 & March 2019

2"d data campaign:
Nov. 2019 & May 2020




Diamond TO counter
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Commissioning of mCBM
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Commissioning of mCBM

. time offsets . preliminary, March 2019 run
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Trunk cables linking HTD cave to the DAQ container and to the Green Cube

WA A

WA

2% 50 m long OM4 cable for HTD-DAQ

144x core trunk fibers for mCBM

max bandwidth of MM connection with 4.8 Gbps GBT links:
144 * 4.8 Gbps =691.2 Gbps

max bandwidth of SM connection with 100 Gbps (EDR) links:
72 * 100.0 Gbps =7200.0 Gbps
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The end
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