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i Motivation
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llir sPHENIX Detector
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llir sPHENIX
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« Streaming-readout tracking (at ~200kHz) allows for unbiased,
large open-charm dataset
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IMliir sPHENIX Run 24 Delivered Luminosity — =e+=

SsPHENIX Run 2024 pp /s=200 GeV
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Tracker Streaming Data (crossing +1.5 mrad, 1zl<10 cm)

IR Open Heavy Flavor Recorded = 2.90 b’

64.5% of Run Goal

2™ Ju02  dukia Juks Aug-05 Aug-16  Aug-28  Sep-08

* Delivered luminosity for p+p data-taking in RHIC Run 24 compatible
with statistically-viable measurement of baryon-to-meson ratios
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llir sPHENIX Tracking

» 390 layers of tracking sensors: R T s

« 3 layers of MAPS pixel sensors for
vertex determination (MVTX)

2 layers of silicon strips for bunch-
crossing determination (INTT)

» 48 layers of TPC pads

2 layers of MicroMegas for TPC
calibration (TPOT)

* Seeding done separately in silicon FESSSE=_=
and TPC, matched afterwards e &

* Matched seeds fitted using A

Common Tracking Software
(ACTS) Kalman filter

* Streaming-readout data taking
(~200kHz? in p+p collisions

= ,.
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i sPHENIX Tracking Calibration

 In parallel with ongoing data-taking,
calibration efforts for all tracking detectors:

« Alignment of all detectors using cosmic tracks
and collision data

« Measurement and correction of distortions in TPC
using:

* Residuals using silicon and TPOT space points

« Laser flashes (line and diffuse) _ . 5/16/2025

- Digital current fluctuations 5 | |

02‘_ sIPI-;ElelF:re:Iiminall'y i
« TPC gain calibration ! prp. Is=200GeV |
. MVTX threshold tuning Sl Zero Fiold
« INTT ADC and timing calibration "
 |dentification of dead regions
* Masking of hot channels

* Continual efforts to improve our
understanding of the detector and quality of

track reconstruction A T
20 40 60

Layer
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lllit sPHENIX Decay Reconstruction Hﬁ

* Decay reconstruction accomplished

using KFParticle SPHENIX Preliminary 03/11/2025
. ‘e . 56000_""|""|""|' ARy - “ERRN RN RS
« Given specified decay mode, finds secondary £ [ p+p {5=200 GeV £ S
vertex and parent candidate properties 5000 ' =
using Kalman-filter-based method B

» Output tree includes both parent 4000¢
candidate information and daughter
track properties

A

3000

e TPC dE/dx measurements used to 2000¢
further reduce background -

« dE/dx vs. p spectrum fitted, p, K, Tt bands

extracted o 0215105 0 05
« Cut on whether dE/dx is within N% of band

center for given track p

1 15 2
axp [GeV]
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Wi Decay Geometry Terminology -
DCA(K*m™)

Decay length, x*(vtx)
decay time

- -
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IMlir sPHENIX Reconstructed Decays 0

Light-Flavor Decays

Ko > nmtm™ Heavy-Flavor Decays

AO_)pin-i DO_>KiT[$

¢ > KtK~ A%_>pi[($7-[i First at
= s TAO st o F ] . e > RHIC in
=T S [ - P T ]T[ DT - KTntn+ p+p|

2*7(1385) - [A? - ptT]n

* Decay reconstruction actively under development, much more
{o come
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lllir K Reconstruction vl
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5 S0¢ Ks—m'n 71 E0.56F (T |||| =
3 ol Comb. Bkg. 1 E 0.54F ] i ' ‘IIH | Il E Daughter # MVTX clusters
8 25¢ N il lI | I|I”I”|| h | ||| I || 4 -
5 - SPHENIX Preliminary ] 0.52F ! ! E ) Daughter # TPC clusters
S 50k E - 15 10° | Daughter PID
g 200 prp 1S =200 Gev 05 - Daughter 2/ndf
© 155_ c = 8.9 MeV _E 0 485— ) 1w | R ||||||W E Daughter ?(ny
- . B | ] Track-to-track DCA
- ] 1 | =
10 = 0-465 h R — : 10 gf/o Dleﬁf
- ] 044 |‘ ||||I| |” ” |‘ I crossmg | |”“ I X?/n
5 — N ! Nl 1 -
- ] 042 I | i —
C . 045 M\ | ||| I ! ”|I | |||||| - 1
0.4 0.45 0.5 0.55 0.6 —100 0 100 200 300 400
m(n*) [GeV] Beam crossing (106 ns / crossing)

 Significant yield with very little background

* Yield constant as a function of bunch crossing - streaming readout
crosscheck successful!
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Miir A° Reconstruction

%10° 04/02/2025
%\ [ | I | | | T T | I I I | I I I | T T T | T ] N] hour Of data!
.
= 5f ¢ Data .
= i — Fit . _
8 4—_ Ao_)pinJ—r B Cuts applied:
D 3 - Comb. Bkg. 1 Daughter # MVTX clusters
"é 3l * 4 . Daughter # TPC clusters
N © L i B Daughter PID
> S i SPHENIX Preliminary 1 Daughter y2/ndf
0 T ‘ _ B Daughter IP,
A p+p s =200 Gev - Track—to—traék DCA
] N9 DIRA
~ = 3.7 MeV i
cTy ~ 7.8 cm ¢ =3.7Me E SV y2/ndf

108 11 112 114 116 1.8
m(p'n*) [GeV]
* Proton PID classification via dE/dx cut significantly suppresses
background



IMlir ¢ Reconstruction

. Daughter p
] Track-to-track DCA
. ¢ decay length

<103 03/27/2025
) I | I I I T I T T I I | | I I | I T I : ~‘| hour Of data!
é 2 ¢+ Data 1
= 1.8- — Fit E
B 1.65 9—K'K _; Cuts applied:
K S . . Daughter # MVTX clusters
'-g 1.2 SPHENIX Preliminary E Daughter PID
S 1 p+p Vs =200 GeV - Daughter py
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i
N

02 104 106 708 1a
m(K'K) [GeV]
« Kaon PID cut via dE/dx instrumental for background reduction,
especially with such short decay length

)



i X*~(1385) and = Reconstruction

Daughter py

Track-to-track DCA (A% daughters)
Track-to-track DCA (A%to 1)

NP decay length

= /3"

1 4x‘103 4/2/2025
< : S L L B L B L B LA BRI
g C 1 Data SPHENIX Preliminary = ~1 hour of datal
T gL —Fit p+p Vs =200GeV -
p E r = A 6(E) = 2.0£ 0.6 MeV 1
S C _ _ L _
S 12 B =A% o(X)=13.8£1.9MeV 4 Cuts applied:
., § B Comb. Bkg. :
T N ] A% mass
1.1 -]
AO Tk . Daughter PID

Pull

1.3 1.35 14 1.45
m(A’) [GeV]

- Lower cross-section expected for these than K¢ or A° decays, but still clearly
visible above background

e Intermediate A® reconstructed as part of KFParticle candidate determination
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Miir D° Reconstruction

* First heavy-flavor result obtained from sPHENIXI

Candidates / (12 MeV)

Pull

550

500

450

400

350

300

250

4/3/2025

[T T 7 T T L
¢ Data =

o — Fit E
- D’— Kn* +c.c. 3
- Comb. Bkg. -
- SPHENIX Preliminary ]
— p+p Vs =200 GeV ]
— Early Calibration -
—  u=1862.6+2.1MeV =
= o=10.5t1.7 MeV |
—  Yield = 248+ 44 3
= e =
g : Lhd bbb b b
7 1.8 1.9 F

B 2
m(K ) [GeV]

* Uses only a small fraction of full dataset

~1 hour of datal

Cuts applied:

Daughter PID

Daughter py

Daughter Ip,,

Daughter # MVTX clusters
Daughter # INTT clusters
Daughter # TPC clusters
Track-to-track DCA,,

DO transverse decay length
DO transverse decay length significance
DY DIRA

DO IP

DO py

SV y?

PV z position



llliit AL Reconstruction

Daughter # TPC clusters

Track-to-track DCA

e 200 e O406/2025
ﬁ B ¢ Data SPHENIX Preliminary | ~'| hour Of data!
= B — Fit pip V5=200GeV
E 180_— AE—)pK_TC++C.C. U = 2285 + 4 MeV —
g8 T Comb. Bkg “vik o123 ] Cuts applied:
3 160 —
g - ] Daughter PID
© 140 \ ] Daughter p;
- Daughter y2/ndf
- \ * Daughter # MVTX clusters
120{ + R 1 Daughter # INTT clusters

100
A, transverse decay length
] e e A, DIRA
— e e T T ¢ ¢ SV x?/ndf
& 0Tﬁfﬁﬁﬁfﬁf:IfI?I*IfﬁffﬁEfﬁf?ﬁfﬁffﬁifﬁifﬁfﬁ‘_f:ﬁiﬁﬁﬁf
-5 ) ) ) —
2.1 2.15 2.2 2.25 3 . 2.35 2.4

 First measurement of A7 at RHIC in p+p!
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Ml D' Reconstruction

SO 91212025
g - ] ~1 hour of data!
S ¢ Data .
< 500? — Fit -
“é D' K Cuts applied:
® 450 Comb. Bkg. —
= i - Daughter PID
S 400 — Daughter p;
- ] Daughter IP,,
350 + — Daughter # MVTX clusters
- SPHENIX Internal -
- _ + - Daughter # INTT clusters
- ptp Vs =200 GeV -
3001 «[MeV] = 1873.0+ 6.5 Daughter # TPC clusters
L o[MeV]=88:27 + Track-to-track DCA
250:_ Yield = 140+ 44 E D* transverse decay length
_ P R B N B B D* transverse decay length significance
g L ' | 1 D*DIRA
g R S T
ARSI AASRAANM N A IR
5L . . | SV x2/ndf
1.7 1.8 1.9 2 PV z position

m(K ) [GeV]

* New for this conference and first in RHIC p+pl
« Working towards DS /D™ ratio
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IMlir Ongoing Au+Au Run 25
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SPHENIX Run 2025 Au+Au |s,,, = 200 GeV

sPHENIX Data

- Min.Bias Izl<10 cm = 2.900 nb"'

— Run 2025 Au+Au Goal of 7.0 nb™

Luminosity [nb™]

I X

Goal reached 12-15-2025 (N davs=1 01)
Goal reached 11-28-2025 (N, =

JL?n-14 Jun-22  Jun-30 Jul-08 Jul-17 Jul-25  Aug-02 Aug-10

* Continuing to accumulate large Au+Au dataset

;sPHENIX BUP2024 Projection

. ;. 6.8 pb” p+p

- 7 nb'rec. 0-10% Au+Au, b—D°

-+ 2.9 b p+p I PRL 131 012301
EPJC 80, 671 -
i CMS, 0-100%
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i Preliminary Au+Au Reconstruction

. L 06/16/2025 06/16/2025
> 35000 PHENIX Prelimi s Dat = 3 600 l [ | | | |
L S reliminar ata - L imi
= - y S.g . S - SPHENIX Preliminary ¢ Data < 1 second of data!
S 30000 M.B. Au+Au |s,,=200 GeV = — * I_t E <~ gool.  MB. AusAu (5:=200 GeV  —S+B fit S
= C MVTX INTT, TPC Kg—mmt . ) T MVTX, INTT, TPC A’ —p*r ]
& 2500 Run-25 Early Calibrations Comb. Bkg. 2 aoob. Run-25 Early Calibrations Comb. Bkg. -
@ C u=4847MeV, =69 MeV . b © w=11133MeV, o=25MeV .
S 2000 1 2 ¢ .
s F 15 300 -
S 1500F = S - .
: 1 © 2005 -
1000F - - ]
500 = 100 =
—_ ! ! i T T T Y . _ . i
E S R ;.;.-.---..‘. = 5; e ]
o
Opastyght sttt Shuayttury bthdon o e M0 baey OFfeowt sty b isatar oyt —* 0t ge f e ta e
I $ 5L T s
0.4 042044046048 0.5 0520.540.560.58 0.6 1.08 1.09 1.1 111 112 113 1.14 1.5
Ke—nn+ candidate mass [GeV] A%—p*n* candidate mass [GeV]

» Clear peak, cuts very effective at eliminating background even in busy Au+Au
environment

* Very quick turnaround - plots produced within days of first data
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lllir Summary
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+ i) — ] S C ]
Sf L —— Pythia8 (CR) = C i g - .
| ] © L | < 400 —]
0'67 ------- Pythia8 (Monash) | © 140 — © = .
B i 3501~ —
= = I SPHENIX Preliminary .
1200 — 300 p+p V5 =200 Gev =
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100 20 10,5 1.7 Mev ¥
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5_ | | | T R 200 | | -
= I U P PR ) e A
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2.1 2.15 2.2 2.25 2.3  2.35 2.4 - ' '
pT [GeV] m(pKrt+c.c.) [GeV] 1.7 1.8 1.9 (K™) [GeV]Z

* sPHENIX tracking calibration and reconstruction efforts are well underway

« Tuning of all aspects of decay reconstruction in progress, processing of full
data sample to meet projections

* First streaming-readout tracking measurements at RHIC will constrain
heavy-flavor ratios and models of hadronization
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