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Streaming Readout for sPHENIX and EIC
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SPHE

A
@ Core physics programs
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15 kHz calo trigger + 10% streaming DAQ
- 10 GB/s data logging
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Related streaming readout electronics

Associated test projects  sSPHENIX streaming DAQ for tracker
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https://doi.org/10.1109/tim.2019.2947972

sPHENIX Streaming data flow

Exp. Hall 1 DAQ room — Analog —Digital — Clock/Sync, Slow control
:
EIC FEE, Buffgnt ~ us : DAQ , Buffept ~ s Storage
-| Digitizer |— ASIC/FPGI;A : éFELIX I?terfaC( -; F LIS
N oL,

. __Trigger '« Timing

ADCs: O(100)Tbps
Expect 100% usage

O(10k)x ASI@ero suppression

Optical BW: 20Tbps

Expect 10% usage 38x FELIXterface: trigger throttling, buffer |

PCle BW: 5Tbps
Expect 5% usage

Network BW: 1.5Tbps
Expect 10% usage

Buffer: ~7PB
Few days of buffer
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Streaming readout status at sSPHENIX

1 All three SPHENIX tracking detector uses streaming readout

1 Developed plan to take streaming data for heavy flavor physics program
(next slides), commended by RHIC PAC.

1 Completed construction of SPHENIX FELIX DAQ interface (~50) and
procurement of DAQ servers, network infrastructure and online disk

buffers
1 Data taking start RHIC PAC 2020 report
|n 2023' We commend sPHENIX for developing the continuous streaming readout option for the

detector, which increases the amount of data that can be collected in Run-24 by orders of
magnitude. In particular in the sector of open heavy flavor, this technique will give access to
a set of qualitatively novel measurements that would otherwise not be accessible. Given the
tight timeline for completing the RHIC physics program before construction of the EIC
begins, this 1s a tremendous and highly welcome achievement.
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SRO-Model-Simple [Recommended]
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Streaming-DAQ enabled scientific connection:
e.g. gluon dynamics via heavy flavor A,

. Universality test on gluon Sievers
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https://indico.bnl.gov/event/9273/
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See also: proposal detectors in development
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http://athena-eic.org/
https://eic.jlab.org/core
https://www.ecce-eic.org/

EIC: unique collider
- unique real-time system challenges

R RIC L1

Collision species Q nNQ o n nNfo0,0 O n nNf0,0 O
Top xN C.M. energy 140 GeV 510 GeV 13 TeV

Bunch spacing 10 ns 100 ns 25 ns

Peak XN luminosity 1034 cm? st 10%2cm? st 1034y w~Pom?st
X-N cross section 50> 0 40 mb 80 mb

Top collision rate 500 kHz 10 MHz 1-6 GHz

dN,/d" in p+plke+p 0.1-Few

} EIC luminosity is high, but collision cross section is sma,¢0 |0y collision rate
) . dzi S@Syda | NB LINBOA 2 dadard koyriBgerfoh af Srocesk @
;. FO1TANRdzyR | YR &aeéai wodinglaigeerdysi N2t A & O

(j))
pd &:i
(p])

Brookhaven

National Laboratory Jin Huang <jihuang@bnl.gov> Software & Computing Round Table 15



EIC DAQ in Fun4All-EIC simulation

Refs: EIC CDR, sPHQCD2018-001: https://indico.bnl.gov/event/5283/

e+p DIS 18+275 GeV/c
Q*~ 100 (GeV/é)

Beam gas event
p + p(gas), 275 GeV/c
atz=4m
Brookhaven

National Laboratory Jin Huang <jihuang@bnl.gov>
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https://indico.bnl.gov/event/5283/

Data Rate

MAPS silicon tracker TPC Forward/backwa
Raw datal16-24 bit / MAPS hitRaw data3x5 10 bit / TPC hitRaw data3x5 10 bit / GEM hi
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# of MAPS vertex tracker hit per event

# of TPC hit per event

Total GEM hit per event (E>0.1 keV)

Refs: ECI CDR, sPHQCD2018-001: https://indico.bnl.gov/event/5283/
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https://indico.bnl.gov/event/5283/

Signal data rate -> DAQ strategy

} What we want to record: totatollision signal ~ 100 Gb@ 164 cm? st
B Assumption: SPHENIX data format, 100% noise, Less than sPHENIX peak diskaabepdlng to LHC collision
1 Therefore, we could choose tream out all EIC collisions data

B In addition, DAQ may need fiter out excessive beam background and electronics naitbhey become
dominant.

B Very different from LHGw~here it is necessary to filter out uninteresting p+p collisions (CMS/ATLAS/LHC
or highly compress collision data (ALICE)

—
N

I
EIC-sPHENIX simulation
|lletp, Vs =140GeV, L=10%* cm? s™
Signal rate for tracker + calorimeter = 40 Gbps

| |
Refs: EIC CDR, sPHQCD2018-001

-
N

-
o

_-p + p(beam gas), 250 GeV/c, |z|<450 cm
I(p) =1A, Vac = 10 mbar, Gas event @ 12 kHz
Beam gas bgd rate for tracker + calorimeter = 1 Gbps

o

e <D

N

Average signal data rate per subsystem (Gbps)

o

C-EMCal C-HCals e-EMCal h-EMCal h-HCal MAPS TPC GEMs
Subsystem Jin Huang <jihuang@bnl.gov> Software & Computing Round Table
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Strategy for an EIC real-time system

1 EIC streaming DAQ

[bTriggerless readout frorgnd J— cep bAG — om
(bUffer |ength :>S) (Front End Boam?l (Front End Processor) : (Data Acquisition) =  comiguration & Control
. . I |
MHDAQ interface to commodity [ BW-ormDD e >

computing €.9.FELIX/CRU).

Global timing, busy & sync

I
I I
. . . - m B lisi lock input
Background filter if excessive background TS } e eorsion cock I
rate i * f [Goal O 1 Tops) >
Fiber o
. . Iy
HDisk/tape storage of streaming (=2 storage
M ~—
time-framed zeresuppressed raw data
(buffer length : $ <:>©
MOnline monitoring and calibration (Lomtorns)

LVDS ~ 5m
Analog ~ 20m

(latency : minutey

HFinal Collision event tagging in offline

p rOd u Ct' on - Cooling Systems
latency : days
( / yor Ref. EICCDR

Power Supply System
(HV, LV, Bias)

Brookhaven

National Laboratory
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Blured boundary with offline computing  Counesybavid Lawrence

L ECCE ) N
See also: last talk NBattaglieri CCE computing modéhk]
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Counting House (Project [, JLab, élgpcc JLab
Funds) (Operations Funds) ’
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https://indico.bnl.gov/event/13530/

Real-time computing for streaming data pipeline

; Despite low signal rate, the raw ASIC, FPGA FPGATPU, GPU, CPU
data rate can be filled with noiseSDlgltlzer BW: 19¢ 0 LJa Hp) w S ¢ K BJazu hH. 2 {FlbpsNJ

and background

—_— D
. Petector ;E'Ent End Board) | ;E’:nt End Processor) (%zga Acquisition) — czﬁﬁguraﬁon & Gontrol
B Need low background & low noise | |

. . | |
detector & electronics design (o om0 s >

1 An essential job of EIC raahe i I
computing:reliable streaming

Global timing, busy & sync

* Beam collision clock input

ATy

|

L~100m |
fiber |

. i

—— — —

}
Fiber

data reduction to fit permanent ’6@’1@“—/
storage (next topics) = | o | -
1 And more traditional roles for il M N 5
online/offline server farm: o () o
B Online monitoring/fault det. —— ey Sy

B Calibration
Bt NP RdzOGA2Y Ih LYAUGArt ryrteaaa LJ aa

Cooling Systems

[EIC CDR]
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Online computing for streaming data — trigger throttling

1 At the beginning of the EIC operation, background & noise rate could be
unpredictable and high

1 A contingency method: throttling streaming data with triggering
Blmmediately reduce streaming data by orders of magnitudes
BWidely used hardware producing trigger, fix latency or HLIT @adkX2 a
BHas physics loss, added systematic uncertainty for hardware trigger efficiency
1 Can utilize ML to produce more complex triggering on FPGA
BPID triggere.g.ref: S. Furletov @ streaming workshop Vithk]
BTrackingevent topology trigger: D. Yu @ AI4EIC workshoR] [

,j Brookhaven
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https://indico.mit.edu/event/1/contributions/65/
https://indico.bnl.gov/event/10699/timetable/#59-real-time-ai-tracking-and-t

Online computing for streaming data - compression

Lossless compression test =
%51 [SPHENIX server procument

} Lossless compression
BCompress by ~1/2
BWell established fast compression

EBDC compression
2x10Gbps ethernet

Compression ratio [out/in]

a.l gO rlth m 0.50 9 i il%_r;_go;éxp);ggndclaztéﬁ
} Lossy compression i e
. . . W e i —— Izop
Bopportunlty for UnSUperV|Sed machine 00 25 50 75 100 125 15.0 175 200
. ompressed throughpu bps
learning based on data, e.qg. compressed fhrougput febee]
BAuto-encoder on ASIC f6tGCal@ CMS Simple auteencode neural network
[link]

BBicephalous Convolutional Neural
Encoder for zersuppressed data (next)

Brookhaven
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https://indico.fnal.gov/event/46746/contributions/210450/

