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of probe 1. How is sPHENIX optimized for open heavy flavor

uj,s 2. What are sPHENIX’s projections for open HF observables

3. How can machine learning impact HF at RHIC and beyond
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Number of pixels over threshold per strobe (L2)

Detector commissioning
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« sPHENIX AuAu commissioning was from May 18" to August 1st
* Too many performance plots to show!
(please see our collaborators for the full set)
« All detectors have demonstrated internal correlations
» All subsystems have correlated data with at least one other subsystem
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Number of pixels over threshold per strobe (L1)
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Cosmic rays with all trackers

sPHENIX Tracker

2023-08-23, Run 25926 - All EBDCs, BCO 128330850911
0-Field Cosmics Data

Linear fit to MVTX, INTT, and TPOT hi
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Unlocking heavy flavor
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Unlocking heavy flavor
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Prediction that transient mag. field alters v,
This effect is odd under charge-conjugation, resulting in splitting

D® = K*n? is mixed, requires good production knowledge PRL 123 (2019) 162301
PRL 118 (2017) 212301
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.162301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.212301
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https://arxiv.org/abs/2106.03744
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PRL 123 (2019) 162301
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Baryon/meson yields offer new insights in hadronization
Models currently favor coalescence hadronization
Low pr region (< 8 GeV) is key

Huge benefit from streaming readout in pp sPH-HF-2019-001

PRL 124 (2020) 172301
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.172301
https://indico.bnl.gov/event/10004/
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* Non-prompt D°reco. gives low pr b-hadron access

« sPHENIX aims to

e constrain heavy quark diffusion coefficients

» Parton energy loss mechanism
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.212301
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Heavy flavor jet olbservable simulation
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https://doi.org/10.1016/j.physletb.2019.04.052
https://indico.cern.ch/event/1139644/contributions/5456373/
https://indico.cern.ch/event/1139644/contributions/5456451/

agging with machine learning”

sPHENIX is benefitting from a 2020 DOE funding call

» Cross-discipline group of sPHENIX and LHC physicists, engineers, and computer
scientists working on firmware-based ML applications data selection

RHIC pp collision rate is 3 MHz

SPHENIX calorimeter DAQ max. rate is 15 kHz
» Limits sPHENIX to recording 1% of triggered pp

PV and SV

Trackers are all streaming readout (SRO) capable
« TPC dominates data rate, can’t save all streamed data
* 10% trigger-enhanced SRO increases open HF MB rate ~300 kHz
* N.B. All previous projections are with 10% trigger-enhanced SRO Track-to-

ML hardware tagging demonstrator under development with track DCA

eyes to the EIC offers possible further increase in HF MB rate for

sPHENIX Global
-to-

« MVTX + INTT data can be combined on FPGA to perform tracklet reconstruction track

* Feed to graph neural net to tag HF candidates for TPC readout Track-to-PV
« Aim to sample remaining 90% of luminosity using demonstrator DCA

* On behalf of the FastML Team ECML PKDD 2022, Sub 1256

09/05/2023 HF at sSPHENIX, QM23 14



https://2022.ecmlpkdd.org/wp-content/uploads/2022/09/sub_1256.pdf

) X

| X

agging with machine learning” SFHE

Graph Neural Net design Track Nodes Aggregators
. Tr?ck gi_de input vectors %; O - € g
: its (MVTX + INTT) ~=- ST ()

2. Length of each segment: L = |x;3{ — X;

3. Angle between segments O

4. Total length of segments : |
« Aggregators Q= ot =@

1.  Primary vertex ; '

2. Secondary vertex O g N
* Current ML tracklet algorithm has O

« Accuracy > 91% for building tracks

« Area under receiver-operating characteristic curve (AUC) > €ij = SijXi IS track-aggregator messages
97 % liken to “probability of combining the correct track

elements compared to incorrect elements” — random chance is Sij s the We'ght
50%

« Purity and rejection studies are underway

* On behalf of the FastML Team ECML PKDD 2022, Sub 1256

HF at sSPHENIX, QM23 15
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agging with machine learning”

Algorithms must have low A
latency and resource use o

his4dml translates NN
algorithms into high level
synthesis

Also generates IP cores for
easy implementation

P

Serv br algorithm conversion  FELIX card (712) on server for

Rest of firmware can be built and FW generation FW testing
around IP core 10 calCulate | o = = m o o o o o o o o ) o e e e o o
' Conversion - N 7 . \
algorithm response ] Timingand | Typical FW
escription N
Typical ML development 1§ IanguF;ge JpFEl Ly and deployment

Synthesis,
VHDL IP Block Implementation TPC tag
Conversion generation and FW decision
generation

- V4
* On behalf of the FastML Team arXiv 2103.05579
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https://arxiv.org/abs/2103.05579

Summary and outlook

sPtI;IENIX commissioning run started in May
18

Huge collaboration effort over summer
 All detectors installed, turned on and taking data

Heavy flavor prospects at sPHENIX are
exciting

 First barrel HCal at RHIC for precise HF-jets

 Largest inclusive b-hadron sample at RHIC enabled

by streaming readout

ML in firmware under study to increase HF
physics sampling to full 3 MHz pp rate

The story doesn’t end, commissioning
continues into next year

 First look at data is being used to finalise offline
code in preparation to physics runs

June 23 2023: AuAu collision seen by the TPC

09/05/2023 HF at sSPHENIX, QM23 17
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he FastML Team

» Cross-discipline group of computer scientists, engineers and
physicists

 Formed in 2020 from DE-FOA-0002490

» Consists of groups from
* Los Alamos National Laboratory
« Massachusetts Inst. of Technology
* New Jersey Institute of Technology
* Fermilab
« Oak Ridge National Laboratory
« Stony Brook
« Georgia Institute of Technology
« University of North Texas
« Central China Normal University

09/06/2023 HF at sSPHENIX, QM23 20



LHC vs RHIC
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Core physics program spHEIX
/Jet Physics\ 4 Heavy A /Quarkonia\ 4 Bulk A (Cold QCD\
Vary Flavor Vary size of Study Study proton
momentum/ Vary mass/ probe global/local spin, pr,
angular momentum s voe T - medium and cold
size of probe of probe 0.78fm  0.56fm 0.28fm properties nuclear
(Talk by 9 D 0 a & effects
T. Rinn) u,d,s — \
¢ | | s
) Q e '?;;;;éiil'm‘:;L::;@ \_ arXiv:1209.6330 /
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Particle flow and HF-tagged jet sSim.  sere
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Particle Flow implementation and calibration is ongoing using tracks and topo-clusters
Cross-working group collaboration

Above test sample requires min. jet pr > 5 GeV and D° - K~ rn*t in each event

Full D° - K~n* candidates are reconstructed, daughter tracks are then removed inside the jet
and replaced with D°kinematics

09/05/2023 HF at sSPHENIX, QM23 24



https://indico.cern.ch/event/1139644/contributions/5456373/

Probability
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I X

b-jet tagging sim. SPHE

Poster by J. Kvapil
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SPHENIX Simulations Full jets, Anti-k; = b-jet Track Quality:
10
PYTHIA 8 + GEANT 4 R=0.4,In | <07 p; > 500 MeV/c
i i c-jet 2/nDOF <5
1 p+p ¥s = 200 GeV with no pileup pee >5 GeV/c : 2N = o
m T jet : — o Clusters,yry >3 % 4
-flavour-je
" p"::‘ >10GeV/c & "9 J Clusters, > 2 . v,
u

Clusters,p > 3(:. : n\- :.’ n"'-.__
" s . J’F' ﬁ}{ . ‘*_-"'
E %\\ ";.,m:;ﬁ ’ WM M i“r"" % \""mm

10°5 — . . — —l hfﬂﬂ. | PRI R B ] . . o,
-40 -20 0 20 40 -40 -20 0 20 40 —40 0 —40 —20 0 20 40
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!/

« Jet reco. with anti-k; algorithm

» Particle flow to connect jets and tracks

» Jet type tagged using signed DCA, significance
|DCAxy|

i
oDCAy, éDCAxy
PV

Track,
extrapolation

SDCA,, = sgn(pr - DCAxy)x

09/05/2023 HF at sSPHENIX, QM23 25


https://indico.cern.ch/event/1139644/contributions/5456451/

Vars. used for first ML trigger study
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Conventional Selection

ML Selection
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Overcoming DAQ limits with Al Q

Online
buffer

|
i s}
—W

Trigger signal
Selection signal >

* On behalf of the FastML Team
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Realizing trigger In firmware

x8 lane
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* On behalf of the FastML Team
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Input —

Input

OO

Set
s Bipartite

Attention .
Aggregation

Block

Aggregators
L]

O

O

SEBA Block/

09/056/2023

— Output

agging with machine learning”

. SEBA SEBA a

1.

B

)

SPHENRIIX

The cycle
Track information is initially
defined

. This is relayed to all primary and

secondary vertex information
Weights are assigned to each link
The PV and SV information go
through a feedforward NN

This updates the track

information
We aim to
* Implement algorithm on FELIX card
in October
* Deploy for sPHENIX Run-24 as
demonstrator
» Refine for use at EIC after studying
SPHENIX results
N.B. SEBA = Set Encoder with
Bipartite Aggregator

* On behalf of the FastML Team ECNML PKDD 2022, Sub 1256

HF at sSPHENIX, QM23
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https://2022.ecmlpkdd.org/wp-content/uploads/2022/09/sub_1256.pdf

sPHENIX Time Projection Chamber

100 Hz ZDC, MBD Prescale: 2, HV: 4.45 kV GEM, 45 kV CM, X-ing Angle: 2 mrad
2023-06-23, Run 10931 - EBDCO3 reference frame 43

Au+Au sqrt(s)=200 GeV

Compact TPC, 20 < r [cm] < 78 (active volume r > 30cm)
IBF is minimized, TPC is live at all times
« IBF <0.5% at a few kV in GEMs
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POT SPHE

 TPOT adds another hit point for tracking detectors
* Allows calibration of beam-induced space charge distortions
* Uses micromegas for detection

07/11/2023

2 B 10°

5 sISHENIX Preliminary
Rt At AU s, = 200 GeV |
P P D RV IR BT BT I
40 60 80 100 120 140160 180
TPOT clusters (¢ views)

o Lot
0 20

Left — TPOT drawing, center — TPOT correlations, right — cosmic seen by MVTX, INTT & TPOT
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EM calorimetry SPHE

[https://arxiv.org/abs/2003.13685]

~

,,,,,,

« Sampling EMCal, using SciFi in tungsten and epoxy
« 20.1X, and 0.83A\;;
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https://arxiv.org/abs/2003.13685

Hadron calorimetry

« Two detectors on inside and outside of the magnet
« Alternating tiles of steel (outer) or aluminum (inner) and scintillator
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Event Plane Detector

« EPD is based off STAR design

« Adapted for use in sPHENIX

« Covers2.0<|n| <49

o 2 disks, with 12 sectors and 31 tiles/sector

07/28/23

» 4000 I I B A

= SPHENIX Preliminary

o

83 - Au+Au \s, =200 GeV .

3000+
no ch-by-ch

2000~

sEPD Board 1

—ch 02
1000 —ch 07 —

—ch 18

1 | ) | ) | ) | )
1000 2000 3000 4000 5000
ADC

EPD sectors under construction
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