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CBM Detector Requirements
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CBM Setup x%ge.u

Electron + Hadron setup Muon setup
TO ECAL

STS+MVD
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CBM Trigger Requirements

assume archive rate:
Hadrons few GB/sec
measure: T, K offline 20 kevents/sec

offline >10 AGeV
trigger <10 AGeV ——— trigger on

. / displaced vertex
measure: DO, D7, D, A, trigger |

drives FEE/DAQ

architecture
Leptons e — T
(trigger e+e-)

measure: K, A, X, E, Q

measure: J/y, y' — (e*e or) gy

W identification

measure: p, , § —> e‘e or p'y-  offline for e*e /

trigger for p+p- ?

* (trigger on high p,
Photons e* - e pair)

measure: y offline ?
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CBM DAQ Architecture
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CBM DAQ/Trigger — 4 Key Points

No hardware trigger
o All data must be transported

a Only time available to organize data
{fixed target + continuous beam - no bunch crossing clock}

High interaction rates

o Design point: 107 Au+Au int/sec @ 25 A GeV
- significant radiation levels for FEE

High raw data volume
o Scale: 1 TByte/sec

High channel count; High bandwidth

o Scale: see next slide ...
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CBM DAQ: Channel and Data density

STS, MUCH and TRD have a high channel and data density

a

a
a
a
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usage of custom ASICs mandatory

up to 1 Gbit/sec per ASIC bandwidth in STS
STS is most challenging case

STS drives architecture choices
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Silicon Tracking System

J. Heuser — CBM Silicon Tracking System
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Current STS Readout Concept

Optical Interface DPB

4 MM fibers /ROB

Electrical
Interface

FEB
8 STS-XYTER

ROB
GBTx / VL

SLVS/LVDS
10-42 pairs/FEB

STS Detector Box . ! E10 or E40 Racks :
Frontend Board (FEB) E Cables E Readout Board (ROB) E ! MM Fibre " E Data Processing Board (DPB) E :
f e one per €—r : : : " :
+—5 1C|k3 = 5 ROB <4—H . v ;
AC coupling |8 P 5 AI—L— ' ' v -
to be specified E (on'e per FEB g GBT " ' ' o
- | 8 e-link 8 X . . FPGA !
; e ?‘uﬂlex_ c <' é g O ’I ' é < o
' ' ansceive ' ' !
e-links ' : m ronseemer . VTRx : : el “ — ' .
FEASC | —% : YEC e-ink A L 3 x
' ' ' ] ot = !
| STS-XYTER v ' . ' Vot & v
; . clk SCA o - S ¥
1x (FEB-1) , ' . ' ' S !
- 2x (FEB-2) [ 40 e-links |8 ' ! ' T ' !
— 4,0 5x(ebs) 3| | e-links | 2 il 12C o o S o
£ 7 £ o . 3
" 8 8 GBTx ' . - 2 i
— T | 25FEBs x 16 links . o I ' E "
— . 1FEB x 40 links simplex . . R S o
FE-ASIC — v B —T transmitter . ! o
|| STS-XYTER : e > Tolo (O o o o
¢ VTTx oja o 3 >
; : = === ’ it "
: : GBT o ' e
Data&Control : : X o v ¥
Control ' ' simplex . ' . .
Clock : : —114 transmitter : : : : : '
: : from _L : : : ::
: : 4ROBs ' ! o N
o Slide: Joerg Lehnert | 10




STS Readout Board (ROB)

2 slave GBTx connected to 1 VTTx ( twin transmitter)
e Data readout, control responses

1 master GBTx connected to 1 VTRx transceiver
*  Slow control, clock distribution

e Datareadout 1 SCA as slow control interface from master to slaves

Frontend Side Readout Board (ROB)

Data & Backend Side
< user clk Control Response
C|0(..Zk alndISI(Lw C;)nltrol. 135 | 8%2&2(” Output to DPBs:
¢ single CloCKk and siow (one per FEB) . .
control downlink to < e-link | GBTx ¢ 1 VIR, 1VTTx
each FEB transceiver L — | * 1 downlink
* multidrop to 8 ASICs E'f _I_ﬂ VLS | « 3 uplinks
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v VTTx | control
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t tt
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‘ CBM DAQ: Most Data via GBTx >3

S
o

=P

= All CBM sub-systems with high data density use GBTx

STS 1800k ~15k | ~3000
MUCH (s15-100) 180k ~1.5k ~400
TRD (s15-100) 290k ~9k ~1400

= Others, like ToF, plan to use GBTx too
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' CBM and FE

5, Radiation Levels 1

= TID and NIEL per 'CBM-Year

Old Calculations
Will be updated soon

STS-30cm 1000 31012 100 k
STS-100cm 100 11012 20 k
MUCH-1 inner | 1000 8 1013 700 k
MUCH-1 outer 100 5 1012 30 k
RICH (120cm) 10 3 1010 2 k
TRD-1 inner 200 2 1012 60 k
TRD-1 outer 2 3 1010 1k
TOF inner 100 3 101 50k
TOF outer 2 5 1010 1k
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CBM and FEE Radiation Levels 2

Compared to LHC+ inner tracker modest
a  CBM requires ‘radiation tolerant’ components

TID not a key issue
o For FEE 10 kGy or 1 Mrad
a Easy to achieve in modern ASIC technologies

NEIL neither
o Exceptions: Opto transceivers + MUCH inner edge

SEU robustness required

a Limits where FPGAs can be used
Typ SEU cross section: 1 10-14 SEU/bit
Modern FPGA: ~100 Mbit config
100k flux > 1 SEU per 10 sec
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i {»/4'4/
===

i gy A8 -
— M." CBM Service
i I’T‘:_, Buildin

ELb T

=

-
r
-
e
i

ra
Tesllig- B -‘\l,
Halle

| — I ~ XL .. .- '- = = = e !
. - | P . \-."_.a:,}- _‘:z . I 1\_\-‘-_
1 C - : s
o -]

'Green Cube' =

Distance is
preliminary!!

19 - 20 February 2015 Joint CBM / Panda DAQ Workshop -- Walter EJ. Muller, FAIR 16




Time Slices

Time is the only way to organize data at DAQ level
Events {‘one interaction’} are defined during reconstruction

- Time slice building instead of 'event building

Requirements for time slice building
o collect all data of a time slice in one compute node

o adjacent time slices must have some small overlap
{otherwise interactions at the slice boundary can not be reconstructed}

Efficient solution
o define a micro slice, length few psec

o macro slice is build from micro slices
{e.g. 100 mirco slices with 1 micro slice overlap}
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CBM Readout Chain

m - FPGA § /m software §

4.8 Gbps

FPGA

FPGA

10+ Gbps

FEE Conc
ASIC ASIC
e.g. 320 Mbps
STS- f——=p| GBTX
XYTER
Emit Fully data
FEE data agnostic

19 - 20 February 2015

Preprocessing

slice containers

» DPB >

FLIB

FLES

Build micro

/

Buffering
Provide macro
slice containers

Q D)

All FPGA based
data processing
is at this stage
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Software:

Reconstruction

Event Select
Monitoring
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CBM Readout chain (ASIC case)

20-100m ~700m
on/near Detector CBM E10 or E40 'Green Cube'
= »:4 > < =
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320 48 | 5 10 '
Mbps Gbps I Gbps Gbps |
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|
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Specific I S
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GBTx Based Readout Chain

< Downlink
Uplink >
ASIC 80/160/320 Mbps ASIC 4.8 Gbps FPoA
SLVS links optical link
~ clock
FEE B data2fee EPGAd
© < ase
ASIC data2gbt > GBTx > D A Q
A R interface
- = ——_——— >
-/ | == ———_—_——— >
~
Fixed
Free choice of protocol on
protocol on top optical link

of a synchronous

serial connection GTBx (un)wraps FEE

data stream from/to
transport frames
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GBTx 1n a Nutshell »é?{%%

= GBTx provides essentially a ‘'remote SPT' interface

10 x i >
32:_)5 Ix\\?ps : GBTx le Applicgﬁon
links ASIC |OglC
clock ]
FEE data2fee : ] APPI iC?‘l’iOﬂ
ASIC T ogic
data2gbt
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DPB Mission Statement

Traffic class Mux/Demux
o Towards FEE: combined clock & sync & control & data

o Towards backend separate
Fast control: clock & sync (e.g. via White Rabbit)
Slow control: e.g. via controls Ethernet
Data links to FLIB

Provide generic DAQ and Control Interface

o Generic data container stream to FLIB/FLES

o Generic fast/slow controls interface

o Encapsulate Sub-System specific formats/protocols

Data Preprocessing
o Feature extraction (in case of SPADIC)
a Cluster finding ect.
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CBM DAQ: Beyond GBTx

Some CBM sub-systems have

o modest data densities

a low particle fluxes at FEE location
They can and will use FPGA-based FEE
o RICH

a PSD (when FEE separated)

o ECAL (t.b.d.)

The readout chain for FPGA-based sub-systems must
o be compatible with common DPB layer

o be compatible with common TFC (Timing & Fast Control)
o be compatible with common controls system

More in "CBM FPGA-based sub-systems”
2 next talk by Christian Pauly
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' CBM Data Flow — Full Picture
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FEB Types and ROB Connectivity

FEB-1
1
I 5 FEB-1 connected to 1 ROB 2.5 FEB-2s connected to 1 ROB
= | 1 uplink per STS-XYTER 2 uplinks per STS-XYTER
T version with FEB-2s only (split FEB-2
HCT with two separate clk/downlink groups)
HCT
HCT
T
FEB-1 FEB-2s
A A
AT A
HEI A
T I
A AT
H H
T =
G- o
ROB

FEB-1 | VIR | o FEB-2s 8T | |VTRx )~
e 1 e e Ll llo
I T
::D—— GBTx -—‘EFIZI; GBTx
:|:|-: H i
;-Er_ GBT) -I_VTTX T _:1:'== GBTx -me T

- a L

Ho L HQ
FEB-1 I FEB-2s J_
=T T
AT AT
HOOT FEB 1/0 Count H =
HET (diff. pairs): | | A functional separation
= FEB-1 10 I in two half-FEBs
T FEB-2 18 H
T FEB-2/2 20 H
=T FEB-5/2 22 H
FEB-5 42

FEB-1
HOIT L next ROB
AT E—
’D—: Downlink
’:1:'__ Control
T Clock
=N Uplink
= Data&Control
H :

1 FEB-5 connected to 1 ROB
5 uplinks per STS-XYTER

ROB

GBT:
g;x -
GBTx

Ppb

bb

Alternative: 2 FEB-5/2 connected to 1 ROB
FEB-512 5 uplinks per STS-XYTER

ROB

GBTx

VTRx

1o
10

bb
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Common CBM ROB Prototype

Alternative approach: common CBM GBT prototype board
* Full GBTx/VL functionality for all readout chains (STS-XYTER, GET4, SPADIC2,..)
e frontend connectivity ( GBTx E-Links, SCA) routed to FMC connector

—> projects need individual interface FMCs

Uplink
Downlink
__________________ Clock
E Common CBM ROB Prototype s
| 6 user clks RxTx Block
| 1
E Eyg El\l'j’lg < 6 e-link clks GBTx Rx
: 6 e-llnll(s OuT transceiver < = VTR
E 14 e-links IN N > c >
| EC
| P JTAG ¢
: :12 GPIO (4IR) SCA
: all(?) SCA <ADC' DAGC, 12G,.. basic GBTX readout
: fu né:tionality ] and control block
| < ' user or elink clk
: Single TwinTx Block
i 12C
! > GBTx
E 14 e-links IN y| transmitter
| |—> LC =
| VTTx
| o
| GBTx
: 14 e-links IN y| transmitter
| 1 or 2 more TTx blocks
! 14 for 5- or 7-GBTx ROBs




GBTX iIl a Nutsheﬂ 1 >33

GBTx

o provides a bi-directional synchronous bit stream
with constant latency between backend and FEE ASIC

o can be operated in several modes

o here only one mode is discussed:

uplink and downlink uses GBT frames
10 e-ports with 320 Mbps

e-port in a nutshell:
synchronous serial SLVS
clock, datain, dataout
protocol agnostic

AL

\ 4

GBTx [

Choices:

10 x 320 Mbps
20 x 160 Mbps
40 x 80 Mbps

\ 4

4.
3.

8 Gbps optical links with
2 Gbps payload bandwidth
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GBTx 1n a Nutshell 2

GBTx
o transports data over optical link in 120 bit frames @ 40 MHz
o in'transceiver; GBT frame uplink; 10x320' mode:
80 bit payload data
32 bit FEC
8 bit frame header and slow control
o action in each 40 MHz cycle ( f ;- = 40.0786 MHZz)

Downlink
o 80 bit data received from incoming GBT frame
0 split 80 > 10 x 8 bit

0 ster'ialize out 8 bit on each of 10 e-ports = In short: ’
Uplink a synchronous

0 8 bit received on each of 10 e-ports serial interface

0 merge 10 x 8 - 80 bit g Plitter - merger|

o 80 bit data send with outgoing GBT fame
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GBTx in a Nutshell 3 »ﬁ{%%
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Current Status DAQ ﬂg <

FLES (First Level Event Selector) hardware

o The LOEWE CSC is considered prototype for FLES
{768 nodes with 2 x 12 cores plus a GPU; InfiniBand interconnect}

FLIB (FLES Interface Board)
a Prototype hardware/firmware available from FIAS, Frankfurt

DPB (Data Processing Board)

o Architecture proposal from Warsaw University of Technology

HTCA based, many synergies with developments done for
White Rabbit switches
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