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Explore charm hadronic physics from BESIII to SPHENIX
Research Profile — Xudong Yu RE&

-> Education
“ Ph.D. candidate, Peking University, 2021-2026
% Bachelor of Science, Sun Yat-Sen University, 2017-2021

IR

SUN YAT-SEN UNIVERSITY

-> Experiment participation

< BESIIlI (2018-Now): Charm baryon decay, and QCD studies
% SPHENIX (2023-Now): Tracking calibration, detector operation, heavy flavor/quarkonium

-> Selected achievements

N/

% 4 published papers + 1 under review
- First observation / evidence in A" decay analyses

s 2025 RHIC & AGS Merit Award
* sPHENIX Hero

N/

% 17 talks / posters + 6 proceedings
~  Lepton photon 2023, Quark Matter 2025,

sPHENIX Hero: Xudong Yu

How long have you been working in sPHENIX and at what
institution?

| joined sPHENIX in May 2023 as a second year Ph.D student
at Peking University at the same time sPHENIX began taking
data. Therefore, | am still a newbie in sPHENIX. ‘

What is the focus of your work on the sPHENIX
experiment?

My focus on sPHENIX experiment separates into two parts.
One is heavy flavor physics including quarkonium and open
£ heavy flavor. Another one is doing service work in MVTX
group and tracking software group.

Where were you born and what is you cational
background before your current pos t ?

O TN | was born in Japan, but | am a Chin f m F j n pro
iy | got my bachelor’s degree in Sun Y t tyb f I
we tt Png tyIJ BESIII p m nt since | ®
kT was a sophomo| dd ome phy nalysis abo! t 7
i  La mbd ¢ dec y Th f e, | hav me exp nce .
phy Iy s, but la kf exper hrdw IhpI —
ear ome h rdware knowle dg PHENIXt b
experlmental physicist.
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Charm physics at BESIII experiment

sEOl
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BEPCIl & BESIII

BESIII main webpage: http://bes3.ihep.ac.cn/
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Explore charm hadronic physics from BESIII to SPHENIX
Charm decay and hadronization

Standard Model of Elementary Particles

three generations of matter interactions / force carriers

(fermions) (bosons) -> Charm quark provides ideal platform for studying strong/weak

| I11
zzEme H Interactions
spin | % u t 1 9 0 H N . .y . .
up top gluon higgs % Charm quark in the transition region between perturbative and non-
J : :
e\ e\ [ perturbative region
@ @ |F® ||| @
down strange bottom | | photon
J J -/ _ _ _
—> Two main topics that | focus on at BESIII experiment
electron muon tau Z boson %* OwW charm aryOn ( c) ecays'
< How charm quarks combine to form bound state (J/y)?
% Ve % V|_1 % V'[ 1 W
neutrino | | neutrino | | neutrino | | WbOso
C > > 41
: tdecay (N3LO) +x—~ ]
0.3 - Heav Iogugrzkgﬂ?;((l\ll\ll\jtgi o ]
A\ \ Y HERA jets (NNLO) 4+
005 L \ ete jets/shar_)es (NNL(_)+NLLA) v ] q2
; e*e” Z0 pole fit (N3LO) ot W=+
& i LHC dijets (NNLO) o= ;
S o2 PP top (NNLO) +—e= -
o] : pp TEEC (NNLO)
0.15 | q
[ 3
01 F P~ ]
= wmAzorwozome T
el i 109 1000 10000 Charm decay Charm hadronization

Q[GeV]

Charm quark mass
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Charm baryon decays

(a) Charmed baryons

>19 fcf?t;am

f'\( ’T T

! ;,::2980)

7?4 (2940)
pD 2.
29 g "\c Kx

/~~’_'A.Izaao>
D . 32 = (2815)
PL Lzﬂn.omjﬁ)

~J

Charmed baryon mass (GeV)

Spectroscopy is w
described by the
quark-diquark moc

— ' ~ )
A % 329270
“r
T i
> M 1.2+ l
v .\s':’

— (.8

— (.6

0.4

(.2

2l

el

— 0.0

Naive quark model
m,, m; > m, = diquark(qq) + quark(Q)

P4

.,../7..”,

{

(T) (C) (C)
color-favored tree color-suppressed tree

factorizable fac + nonfac

color-commensurate

non-factorizable

- ' W
S 2 &2
(E) (B)

(P)
W-exchange Bow tie penguin

non-factorizable non-factorizable neglected

Xudong Yu (Peking University)

CENS Seminar

Explore charm hadronic physics from BESIII to sSPHENIX

> AT the lightest charmed baryon

% First observation in MARK Il experiment (1979)
« Complementary to Dy, in charm region

% Important tagging for excited charmed baryons and
Bottom baryons

> AT decay classification

% Final state
>~ Hadronic (two-body, three-body) & Semi-leptonic
% Strength

~  Cabibbo Favored, Singly Cabibbo Suppressed, Doubly
Caibbbo Suppressed

% Topology
> Factorizable, non-factorizable

=> Theoretical methods

“* Phenomenology models (quark model + current algebra)
< Model independent methods (TDA, IRA)
Calculation from first principle (LQCD)

N/
0‘0

16 June, 2026
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My work in A" decays

AT two-body decays Highlight in this talk AT three-body decays
+ Partial wave analysis of AT — Azx™y

. Measurement of branching fractions (BF) of A¥ — X°K* and £*K{ . Published in Phys. Rev. Lett. 134, (2025), 021901

« Published in Phys. Rev. D 106 (2022), 052003

- Observation of AT — nz™#y and search for AT — nay(980)*
« arXiv:2603.28232, submitted to JHEP

u | U
7T+
vap ; c—> > syt f z N
' *re KS AFS (I (980) 4 <: 5 |0
c i aq + ~_
— o A " i ‘ ~, X
C C S . &9 C > S
" d > d}K - .. ﬁ/c‘/w Af{u > u A
“—,—‘ ~...~. C d > d
_l_ m n ....h..
A7 semi-leptonic decays
et » Search for A} — Arntn~etv,, pKin~e™, RATIN
. Published Phys. Lett. B 843, (2023), 137993

» Measurement of BF of AT — pr~etw,
« BAM-00736 (REV-830), currently in BESIII spokersperson review stage
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Explore charm hadronic physics from BESIII to SPHENIX
Physics motivation for AT — Az

Topological diagrams describing charm baryon
decaying into decuplet baryon + pseudoscalar meson

BESINI2019 Ny, =154£17  Belle2021 Y Y
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2 M(AT V/c2 . . . . .
M, . (GeV/c) (AT) [GeV/c?] AT — Z(1385)™7 only receives contributions from non-factorizable W-exchange diagram.
Nysipy = 54 £ 11 Decay asymmetry parameter predictions differ from different theoretical works.
B —e— Data 17— rrorrorot Tt ] 3 -3
- x%ndf=11.5/18 — Fit " 400__ _] 75“/% z% (XIO ) a
'G: R ) G- (AT 1 states N i . ‘ ] SQM[ZOS] 104 O
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Early study on this channel by BESIII and Belle
- Three-body BF

- Intermediate resonances X(1385)" & A(1670) 0: MW‘ILL# | % ;
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Explore charm hadronic physics from BESIII to sSPHENIX

a,(980)" & X(1380)" in AT — Axn™n

“missing” X,,,- hyperon — X(1380)"

Light scalar particle — a,(980)"

(gg) nonet
1000 MeV| 0 o %080) e
1o(980) 220 _—
= T «x(800) us
S— 1(600) or o ud
v — — —
500 MeV !
| | 1 || wii — dd
| 0 1 Isospin 2
Jaffe 1977 o0 allaa]  nonet
1000 MeV | o e e 0 B
S— f0(980) [su][5d]
P — (800) i d][H (sull5@] — [sd][5d]
“ # — V2
_— f5(600) or o [ud][id]
500 MeV
| - | y 1
=1 0 1 Isospin
u >
S + ) ks P2
1% « 5 }“0 q
d 1
A;r > Q@Y T
¢ > 5 P1
q3
d > d n pi

J. Phys. G 36, (2009), 075005

Phys. Lett. B 820, (2021), 136586

quark model RPP pentaquark molecule
(MeV)
&} ,-(1755)
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@ 1500 E
g
2 1000 _ _ _ +
5 : « Due to different spin-parity, 2(1385)

500 |

|||||||||||||||||||

BN - Aag(980)") =1.9x 107

Predictions based on tetraquark state assumption and
triangle rescattering mechanism are very different

Xudong Yu (Peking University)

BN — Aag(980)*) = (1.7+28 £0.3) x 107

cos(e*) .

Phys. Rev. D 95, (2017), 074024

CFNS Seminar

and X(1380)™ have different angular

distributions
Partial wave analysis is feasible to
separate them from data

16 June, 2026
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Explore charm hadronic physics from BESIII to sSPHENIX
Signal reconstruction and PWA sample preparation

PWA requirement: high-purity sample
Adopt boosted decision tree (BDT) to suppress background TMVA overtraining check for classifier: BDTG
B Vot s oangly |

;—@ Background (test sample)

ITMVA

LI LI L LI | |
® Signal (training sample)

—t
N

® Background (training sample)

- M

pr—: the invariant mass of pm~ pair

Kolmogorov-Smirnov test: signal (background) probability = 0.991 (0.159)

(1/N) dN / dx
IS

- L/or: the decay length of A over corresponding error 19 ::
- M,,: the invariant mass of vy pair . E_ _E .
- M+, ro: the invariant mass of 7t7~7° (only for n — 7T7~ 7% channel) g E E g
- €08 0, (70): the helicity angle for n(7%) — vy E_ _E g
- Lat(vmign): the lateral moment of shower with relatively higher energy ° :— _: g
- Lat(yLow): the lateral moment of shower with relatively lower energy 4 z _: é
- AFE: the energy difference 27 1 :.,:-;E”
0 M'”&anaym"nu... pieislaiais e e lSi Me g

08 06 04 02 0 02 04 06 08
BDTG response

BESIII2019 _ BESII2025
100 — Data x2Indf=8.40/15 s 80 B
. ——— Fitresult m U 5
=~ . : I ~ 0)
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= g g 60 1100 signals
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i S B
n N 40
2 | > f
: +14 E ol |
= + + [ q>) 20 |
T i
! I l.h ] l'l"l"'FLHq 1':1- :
0 | | ] PRt e s R DAL A IR
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Explore charm hadronic physics from BESIII to SPHENIX
Brief introduction to Partial Wave Analysis (PWA)

A rest frame

A} rest frame
+

-> 3C kinematic fit for improving momentum resolution @ " W
% Constrain signal Azn, recoiling A or pt~ masses .. ;

e
=350

ag rest frame

=
3.251
3.00+

2.75

-> Signal kinematic is descirbed by helicity amplitude T T W T 3 T T ror=vr—

M? .. (GeV?/c?)

[
0142 _ 70142 nJo* 0-1+2 _ 21 +1 . . q
Al{o,ﬂl,ﬂz — HAI,AQ DA'O9A'1_A’2(¢, 99 O) H'II’A'Z - lzgl,s‘¢2‘]—0 + 1 <la O, Sa 6|JO, 6) (Jl, A«l, J2, —/12|S, 6) (q_o) Bl,(q, qo, d)
\)

Helicity coupling Wigner-D matrix Partial wave amplitude CG coefficient Blatt-Weiskopf barrier factor

- Intermediate resonance modelling
@ ay(980)™: Flatté; A*/X*: Breit-Wigner; Non-resonant: 1 |
. . . . . T —InL = -« Z w: In P(p")
-> Background is considered by sWeight factor in the Negative Log Likelihood i

-> Physics observables: Fit fraction (FF) & decay asymmetry parameter (o) e >

i€data W;

Ziedata w 12
2 i\ |2 IR ( A —Aay(980)* . Ac+—>Aa0(980)+*>
J |:|”Rs(p)dp > _iepusp | Zi(@)] 8. 8

XAay(980)+ = —

FFl- — ~ .
/ | Dk 4y |*Rs(p)dp ZjePHSP | Dk ,.(p))|*

2
AF —Aay(980)*

1
1,5

2
AF —>Aay(980)*

1
0,5
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Explore charm hadronic physics from BESIII to SPHENIX
Partial Wave Analysis — baseline solution

- Use open-source framework TF-PWA to do amplitude fitting -PWA '\,_%98@* ARy
>(1385)"
- Consider three res X(1385)", A(1670), a,(980)" and 77 non-res / v\f/‘

: . : : : e A(1670
% Significance test: only consider components with significance > 50 oo

Total FF 115.2%, total IF 15.2%

> First observation of AT — Aaq,(980)™ process, FF ~54% 2o FE (%) 5 @
. Aay(980)T 540+84+26 13.10 —0.911),5 +0.08
-> First measurement of decay asymmetry parameters (1385)ty  304+£26+07 2256 —0.61+0.15+0.04
A(1670)z" 1414+28+12 11.70 0.21 £0.27 £0.33
ANR+ 154 4+5.3 6.70 c
Qa + asymmetrical error
3.5- Aay(980) — _ 200 - + = ! + — sWeighted data . i
0.91+018 . sampling point © R 200-_ — Total fit % I
3.0- J1-0.09 o Bxteme point > - > I —//:13)1({98(0) | > 100
5 - 0T -
g g 100+ g ﬂ+ — (1385)" g I
c i i — A(I670)r* -
DU e g g/ 100~ I Total interference g 501
E 1.5 - : n : i n : |
2 10- g 0 & 4t = - L
> I > - ! ++ g) =
v 95% m - m O . m :
" —lI.OO —Ol.75 —OI.50 —OI.25 O.IOO__:)._12_5___075_0_-_077_5__-1_.'00 l01’71 N .018l - l()igl o lll B l]‘l‘]‘l N | l1°3l N 11'41 B l1°5l B l1°6l B 1-7 |
U560y’ M. (GeV/c?) M, . (GeV/c?) M An (GeEV/c?)
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Partial Wave Analysis — test existence of X(1380)™

—+ sWeighted data —+— sWeighted data : 4 sWeighted data
O + — Total fit RS i [ - /T\otalggé + 40 F —— Baseline model
= 200 — Aa,(980)* > 200 — A2, (980 : et Model A
8 B J1+ — (U385 8 + : ggl;gé;ir? ) % : —— Model B
Q I — A(1670)m Q g - T L
8- 100 - j | Total interference e 100+ § 20k | |
~~ o -~ ~ Q - == )
—— > - | ongpme
%! . . iz ] [ - ¢ ‘|‘ =
S - g ““Z+'“”L—“r 5 10 - iA ++ "‘:1: =22
> ! Fr > ! ss
1.3 14 15 16 1.7 1.3 4 . -1 -0.5 0 0.5 1
M .. (GeV/c?) M, .(GeV/c?) cos(6..)
) - The existence of 2(1380)" is tested in the alternative models
. N ! _ 9) _
Process Model A Model B < Breit-Wigner lineshape (m, = 1380 MeV/c~, I' = 120 MeV)
- In four-res models, the significance of X(1380)™ (6.10) is slightly lower than
Aay(980)" 52.9 +£4.5(13.40) 50.6 +£ 8.0(11.10) AR,..(6.70) g ( )" ( ) ghtly
% (1385)"y 36.6 + 2.6(15.80) 31.3 + 3.0(14.60) QA=
A(1670)zt 10.7 +£1.4(15.00 9.0+ 1.6(11.9¢ % In five-res model, the significance of X(1380)" is 3.30

m @ )
.‘
: DN S A Ay S N S

T 11.3 £ 4.4(4.20)

Xudong Yu (Peking University)

% X T helicity angle distribution slightly favor model including X(1380)*

- Considering systematic uncertainty from 2 TOA¥, a&r , a2+ as well as mass/
width, significance always exceed 30

> First experimental evidence of >(1380)™, but needs more experimental tests

CFNS Seminar 16 June, 2026 13
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Systematic estimation

Explore charm hadronic physics from BESIII to sSPHENIX

FF o 0800+ FEsasss)+ FEauer0)0 Qagg(980)+ Os(1385)+n  QXA(1670)07+

Fixed parameters I 0.09 0.10 0.32 0.08 0.05 0.11
Barrier factor I1 0.16 0.08 0.07 0.11 0.09 0.03
Fit component I11 0.21 0.21 0.25 0.14 0.12 1.19
AT polarization IV 0.05 0.05 0.02 0.06 0.02 0.02
Fit bias Vv 0.07 0.07 0.05 0.09 0.06 0.11
Data-MC difference V1 0.09 0.01 0.15 0.04 0.08 0.09
Background description V]] 0.06 0.06 0.02 0.61 0.19 0.30

Total 0.31 0.27 0.44 0.66 0.27 1.24

- Fixed parameters: vary the fixed parameters 1o

-> Fit component: including the most significant unconsidered component

-> Background description: sweight — data sideband distribution

Xudong Yu (Peking University)

CFNS Seminar
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Physics impact

Explore charm hadronic physics from BESIII to sSPHENIX

-> Main physics output, and comparison with earlier experimental results

This work | BESIIN2019/%°1 | Belle2021120]
BN - AxTn) (%) 1.94 +0.13 1.84 +0.26 1.84 +0.13 Efficiency estimation based on PWA MC model
B(AT - Aa,(980)") - & 980)* (% 1.05+0.18 — — _
(A = aoi ") (‘?( ) _?” (%) Difference between Belle’s result
BN, — 2(1385)"m)(x1077) 6.78 £0.76 9.1£2.0 121+15  Apsent consideration of a0(980)+ is a possible reason
S?(A'c* — A(1670)z™) - B(A(1670) — An)(x10_3) 2.74 + 0.62 — 3.48 +0.53

XA gy (980)* —0911-8(1)3 + 0.08 — —

(12(1385)4-’7 —0.61 =+ 015 —_— —_—

aA(1670)”+ 021 + 043 —_— —_—

-> Comparing with theoretical predictions
: : ; : Phys. Rev. D, 111, (202 1 4
o BN — X(1385)7n) consistent with recent calculations — global fit S ﬂéggm?j__-_al_foo_
Lt kill ao(980) int; - ----- I
- Tree Total

o BN — Aay(980)7) differs from theoretical predictions by 1-2 orders of magnitude 0 |
% Big difference of decay asymmetry parameters between EXP and THEO.

dl'/dM;+, (arb. units)

Decay Mode Ref. [19] Ref. [20] Ref. [21] Ref. [14]
AF 5 2(1385) T (x10°%) | 104 21+11/14+10 62+05(3.1+06) 53+0.8(7.3+1.5)
Decay Mode Ref. [26] Ref. [27]
AT = Aao(980)F 1.9 x 10~ (17728 £0.3) x 102

-> Published in Phys. Rev. Lett. 134, (2025), 021901

Xudong Yu (Peking University)
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Explore charm hadronic physics from BESIII to SPHENIX
Physics motivation for A — nz™n

- Motivated by last analysis AT — Az™n ‘zi.d/
% Can we see SCS process involving a,(980)™? n_—= ‘A+\ﬂA
% Three-body decay AT — nz™#n has never been measured yet - mt
-> Many theoretical calculations, needs experimental measurement / +
% Pole model + tetraquark assumption: B(A" — nay(980)") = 7.1 X 107> aom\’?‘
% SU3),TDA: B(A} = nay(980)") = (1.4 £1.0) X 10~ (two-quark)
(2.3 +1.0) x 10~ (four-quark)
< Chiral unitary approach: B(AT — nay(980)")/ B(A — nx™n) ~ 0.313
% SU3).TDA: B(Af — na'tn) = (4.52+£1.21)x 107 A* — n*n topological diagrams
o i i )
AT —>na0(u980)+ t:)pOIOglfal dlagrarcns > " “LLC;LL A:Ju TRCEL " %’m

; | - H(6)
S + S %4 _ S d
vy@flmo G s i ik S G, vl
A+ d’ A d’
c > d C< Mu\ C:gw c
> ( L
U c > d S
d d ‘ U

A+ w > n e G2 lag “ dy
d > ‘d > s > ‘ w %}ﬁ .
H(15) 4 F ol
(a) factorizable W-emission (a) non-factorizable W-emission (a) non-factorizable W-exchange A { g “’}” 7 > Z}n
d > d d > d
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Explore charm hadronic physics from BESIII to sSPHENIX
The dilemma of traditional methods

-> Using double tag method, calculate recoiling neutron information based on four momentum conservation

N/

< Reconstruction neutron at BESIII is difficult with low efficiency NOZSTIEEIRT 0 — vy
s1g T :

> Significant peaking background in n — yy & n — ntx~ 7" tag modes -+

- — Total fit

- 88 Al—n'

o Xtnn - y,n - ata 2’| & Axtrat 100} - -
- Abundant combinatorial background, fitting to M__;.. spectrum yields 3.30 o) T it}

significance &g
% BN} - naty) = (237+0.77) x 1073 A WV
% Tried tighter cuts or BDT method which produce very little improvement § 1\14m (Gewiz}z .

Ny, = 15049 —> 7' 7

Events / (10.0 MeV/c?)

50} B
| i

-------
ampmms®® TR,
-----
- "a
W m ~
.....
"""
.
.
-
e
PR

@,

0

— E +_—_0
;/] y}/ ;7 nrTr | 4 Data

& - +Data & +Data ‘<R - +Data <n 40 [ Total fi
S 200 [JA—nrn } L - [JA!—nr* S A —nmhn C\lb B otal fit
S - [JAF == ’ i H 2 A;—==" 2 40 | DOA=="w D L 58 Af—An™ 4
E B A:_>2+TI i 2 40 — A:%Z T] E A:ez*'n E 30 - A:—>20ﬂ?+7'| p kY
2 150 _— B At A ® | 2 B A:—>2'n+n+n° | Q o | A: St : A* BKG
< - Ai—>2°n+n° L N | A=A Tt ~ Ai—An' - ¢ A% BK 1
z - AT - 2z N 2 A gt = N G
= [ WA - = WA = | @A =  20F 1 ——
O 100 - WA—An <5 L + 0+ 0 <5 + 0+ 0 N~ .
> [ | Other A? BKG > WA ~nKg'n > WA —~nKg'n g i
= - @Non-A? BKG R 50 L WA E 20 - BAI-STt > _

N @Non-A, Af—=Sarnt A= arnt +~ i

i L [ Other A} BKG - [ Other A} BK S 10k I #4T LUTL D 0 cfled

S0 BNon-A! BKG | @Non-A! BKG ~ [ P T e
: ' a L L *
0 ' 3 0 ITRLI i1 g T 7 4 0 \ f | 8 1 A x&wm.l |
0.8 1 12 14 1.6 1.8 0.8 1 12 14 1.6 1.8 0.5 . .8 1 1.2 14
2 2 +om ot 2 ' 2
M., ...(GeV/cY) M. .(0)(GeV/c?) M_ () (GeVied) M . (GeV/c?)
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Explore charm hadronic physics from BESIII to sSPHENIX

Deep-learning tools and model performance

Data representation for HEP: Point Cloud

For charged tracks:
Azimuth angle 6 & ¢

Charge

Momentum

Helix parameters d,, d, k, ¢, 1

—

Point cloud of a HEP event

Xde/dx 1N €/ /K hypotheses

. . Xtor 1N /K hypotheses
Point cloud of an aircraft rol

i Deposited energy on TOF
generated by 3D scanning l y

Velocity measured by TOF
Features for its related EMC shower 2

ParT

Model architecture: Transformer

L blocks Class token

Class
Attention
Block

Class
Attention
Block

Particle
Attention
Block

Particle

Attention
Block

Particle
Attention
Block

Particles =

Aj — nx'ty, Axty, 207y signal
Includingn — yy, n n " x

Interactions =>»

(Embedding ) (Embedding)

Model performance

- Parameters: 0.38Million

- No obvious overtraining

- Model ensemble: train 50
iIndependent models and average

- 3 classification score normalized

—————

A= —yp)% + (Pa — 12,

kr = min(PT,a: PT,b)A: !

i z = min(pr.q,Pr5)/Pr,a + Prp). !
2

:\ mzz(Ea+Eb)2_||pa+pb|| . I:

(b) Particle Attention Block (c¢) Class Attention Block

CFNS Seminar

Xudong Yu (Peking University)

o

DNN relative efficiency: 35%~55%,

Input variable: low level detector information related to track/shower

For neutral showers:
Azimuth angle 6 & ¢
Deposited energy: E

1 —cosf,,,

. min (Ea, Eb) (1 — COS 90,b) ,

raw?’ ~=“see

drEaxa, E U, .

Hit number
Time

min (E,, E)/ (E, + E;) ,

(E, + Ey)” — Ip, + pyll%

A,o moment & A4, moment
Secondary moment & lateral moment

1. Reasonable data-MC agreement
2. Low level detector information as particle features
3. Four momentum to calculate pair-wise interaction features

Train dataset: three-classifications Signal vs Other A7 BKG vs Non-A BKG

1. Larger dataset
2. Model generalization
3. Reference/control channel

4

/

\

BKG suppression ~ 1/20

x10° x10
4 = { Data ° - t Data
3-5§ —— Signals 5 E —— Signals
30 —— A BKG - —— A BKG
g 2.55 — Non-A! BKG g 4%- — Non-A? BKG
S = e -
E’ 25 ?_a 30
c C c L
s _H s |
L " E 11} 25_
10 -
0.5 —:l H
0: ;!'oo . oofc‘f’? 0_ M....-.--I } )
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Score(A; BKG) Score(non-A; BKG)
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Explore charm hadronic physics from BESIII to sSPHENIX

Signal extraction and systematic uncertainty

Xudong Yu (Peking University)

0

n—7vy n—-o>ntnrx
60F —— Data o a aF —+— Data — Absolute BF First observation!
. —— Total fit : —— Total fit _
 gof Ay Nygog =39 7T£9.9 q6f s Aten'n BN - nxtn) = (290 +£0.48,..)x 1072, 9.50
RS i Npgry =176.1£193 & 1f W23 N N .
S aof - ABKG Neooy =712%£13.0 2 12f  A'BKG BN = An'n) = (1.87 £ 021, ) X 1077,
E - ----- Non-A! BKG = . E 105_----- Non-A} BKG
S b : > f BN > 0ty =82+ 154,)x 107, 7.306
§ 205— — § 6E- Relative BF Final result to report
= n ] = -
10F E 13 l BN — natn)l BN — Axtn) = 0.155 + 0031y,
8% T4 08" (;)IF 12 I 2, B - BN - Axtn) = 0.436 + 0.093, .
M _. (GeV/c?) M_. (GeV/c?)
Systematic uncertainty of relative BF -
—~ 0.55—
Sources Size (%) e o distribu ) :
T — nnn: reweighting to data sweighted distribution S
MC model (5. p —> 1: reweighting ° T
_ TS AxnT n: consider uncertainty of PWA model pars iC 0.45
Peaking background vetoes 1.5 Sk oo ¢
K 04 LT Ny --.--.--.--.--.--.--.-.--.--.--.--.--.--.-;-.--.--.--.--.--.--.-.--.--.--.--.--.--.--. PITTTVTVTITTY YPTPITPRVTITN IPIPIPTPTIYY
Deep learning vetoes 4.9) =P Model uncertainty: hyper-pars, layers, pair-wise features < g ¢t
. T 0.35—
Simultaneous fit 0.9 Dr:)malnI Szholft Data-MC difference is assessed using control §0355
channel 2"z =
Total 7.7 K 0 0.3E
O 010203 04 05 06 07 08 098 1

Relative signal efficiency for Al—=%*
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Search for a,(980)"

Events/(35.0 MeV/cZ)

-l
N

-t
o

00

0.8 1 1.2 1.4
M.../(GeV/c?)

- After DNN requirement

- Within M. _signal region

- Signal/background normalized
to fit result

- No obvious a,(980)™ signal

Xudong Yu (Peking University)

Events / (33 MeV/c?)

'4

‘

Flatté lineshape

—
NN

—
(\®)

[—
=

Explore charm hadronic physics from BESIII to sSPHENIX

| 1 1 1 1 | 1 1 1
—4— Data

1
e — 1
- —— Total fit - 1.0} . -
- - i Nominal i
_ Total nt™n - v-g 4
_ - $) -
- Non-resonance - §= 0.8/ Smeared i
C + T ] — -
- 858 a,(980) ] 2 .
- . © \
sF — Total background 7 = 0.6 —
- _ = 90202009000, B
@ -
L - .E
- - = BRSOIERK -
I —— — b
6 N ] = (| 2 | o ersssossseseses: —
- = Se%0%e -
_ — i ]
- - o PRIERIIRKIIIN .
= s ¥ >
N 00000000003 e KN
B === - i C X XK KKK XK XXX IPERD —
N 0.2 RSN
- m P I o Sl R i
- — | - KRR SIS
K000 09.0.0.0.0.0.0.0:9.9.0.0.0.0:9 . $0:0; -
2 S —— — B R IALS
- R,
- N S TR - -3
i 0.0 i /. 1 pspea Loy o1 X110
L[]
PN < e e AU SR B B 0.0 0.5 1.0 1.5 2.0 2.5
0.7 0.8 09 1.0 1.1 1.2 1.3

'%ao(980)+ (m) =

Efficiency curve

‘ PDF.. (m) =

sig

¢ dI' *
P | (m)|“)

Fitting model ——)» A(m) =r x@m) + 1 BF UL result:

B(A} —na,(980)")xB(a,(980)" —*n)
M. (GeV/c?)

S~

~(B3body—F3body)”
2
Je TRl dRBap gy

R

. Data-MC resolutiony £’ (Bopody) < / Z(Bpody °
(dT" \ difference i 0

@] ® ?(ﬂa O-)

|B,(m)| | Pye(m)|

mA;:I' m

Bibody

‘%3b0dy

[e(m) X . " - . .
I  Consider additive and multiplicative systematic uncertainty

Additive systematic uncertainty includes:
¢ - Signal description (shape, yields constrain)
m { - Background description (shape, yields constrain)

BN > nay(980)*) x B(ay(980)" —» ztn) < 8.5%x 107"

m

1 ‘.
5 — M2 = (819 (m) + g2px £ (M) |
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Physics impact

- First observation of At — nz ™1 process with 9.5¢

B(AT - nx'n)
B(AT - Axtn)

- Absolute BF: B(AF - nztn) = (2.89 + 0.60,,,, + 0.22

= 0.155 + 0.031,,,, +0.012

Syst.

SyS

Explore charm hadronic physics from BESIII to sSPHENIX

c+0.17 ) x 107

- Search for intermediate process A" — na,(980)™, set upper limit

BN - nay(980)") x B(ay(980)" - zy) < 8.5x 10~
=> Submitted to JHEP, arXiv:2603.28232
-> Al/ML technique boost physics observation!

1DV
i + Data
Q) - — Total fit
2 - 8% A —nat
% [ A:_>A3'[+n
2 100} = A=zt 'H-
O [ Ac BK+G ' | » +
= [ === Non-A; BKG ~
— I {- .l-
v -
— |
2 50f .
8 _ + --------
> HiTt { jj I
m -----------------------
------ | ) | l | | l l l l l
i 1 L 1.4
2
MmiSs (GGV/C )

Xudong Yu (Peking University)

(&

DNN L.
—_—

CFNS Seminar

Events / (10 MeV/c?)

60

40F

30

Consistent with SU(3) TDA theoretical

predictions within 20

Smaller than SU(3) TDA prediction

Consistent with pole model prediction

50F

_ —— Data

. —— Total fit

[ 88588 A —nn'

B Af—Ar'm
At =3ty
A: BKG

----- Non-A; BKG

M_. (GeV/c?)

1.2
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My work in A" decays

Explore charm hadronic physics from BESIII to sSPHENIX

AT two-body decays Highlight in this talk AT three-body decays

+ Partial wave analysis of AT — Azx™'y

. Measurement of branching fractions (BF) of A¥ — X°K* and £*K{ . Published in Phys. Rev. Lett. 134, (2025), 021901

« Published in Phys. Rev. D 106 (2022), 052003

NI rmdima ~ —+ —+ e A+ rnoNnN+
~ | s = 4.600 ~ 4.699 GeV [o¢ ~ /s = 4.600 ~ 4.399 GeV
RN Al 3K RS o ATK
Lyt é’ : § 10 3 e .ig
S 20f \ S Chiid %ﬁi'}i}ﬁ}{'*i
3 | i 3 0| w3
£ 2 10 5
}K 0 § 10 & M ; #;; ﬁﬁ; ; 5 i q
,—"" | - l;t"'l ol P | ] ‘gl;lag_ 1 T4'1|J|'.-r1'||1n_1 LTy )
. 226  2.28 2.3 232 234 226 2.28 273 232 234
A M (GeV/c?) M. (GeVic?)
C — """t T Tt T Ty L T
» Search for A} — Arntn~etv,, pKin~e™, RATIN
* Published Phys. Lett. B 843, (2023), 137993 “tea, -

» Measurement of BF of AT — pr~etw,
« BAM-00736 (REV-830), currently in BESIII spokersperson review stage

22
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My work in A" decays

AT two-body decays Highlight in this talk AT three-body decays

+ Partial wave analysis of AT — Azx™'y
* Published in Phys. Rev. Lett. 134, (2025), 021901

. Measurement of branching fractions (BF) of AT — XK and ZJ’KS
* Published in Phys. Rev. D 106 (2022), ~"""727

6 B : ata
~ | tde ~ 3 + dat - nz*n and search for AT — nay(980)*
% . signal MC % - signal MC ] ¢
S0 e — won-atbke | SUPMItted to JHEP
(U —— 8 : Al bke 1 8 2 - | A. bkg - y
u cC—» ok - s
o & K % g 1t + | |1 f W < } “
¥ AT u > u tA
" d > d
+ . . . TV
A7 semi-leptonic decays
et » Search for A} — Arntn~etv,, pKin~e™, RATIN
. Published Phys. Lett. B 843, (2023), 137993

» Measurement of BF of AT — pr~etw,
« BAM-00736 (REV-830), currently in BESIII spokersperson review stage
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Physics motivation for J/y energy correlator

Long Distance Matrix Element (LDME): encode hadronization
Expand in order of quark velocity v, including color singlet and color octet

- Inclusive J/y production

< ldeal probe to study hadronization c¢c — J/y

* NRQCD factorization

% Long-standing tension between hadron collider and lepton collider

as well as cross section and polarization

=> Quarkonium Energy Correlator (QEC): a new observable to

study hadronization

< Cross section, momentum/energy distribution, polarization —

energy flow pattern

< Distinguish CS and CO contribution, especially at large cos y

-> Advantage of BESII!
% Low energy (larger non-perturbative effects)

% Low background
% Constrain feed-down background

Xudong Yu (Peking University)

Explore charm hadronic physics from BESIII to sSPHENIX

[8,2S+1 LJ]

S/

>(cosy) = f do Z Afi o(cos y — cos 6;)

do: J/y production cross section
x: helicity angle in J/y rest frame
E: particle energy along with 6,
My, Jly mass

-08 -06 -04 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

PRL 133, (2024) 191901
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BESIIl Collaboration Service

- MC production and generator development
<+ Developed MC generator model for A" exclusive decay channels

N/

% Coordinated dedicated MC production for physics analyses

=> Internal review

N

s Served on BESIII Referee Committee

N/

% Reviewed and supported 11 physics analyses through internal approval

-> Mentoring
% (@Guided 5+ junior PhD students in BESIII physics analysis

N/

“* Provided support on whole analysis chain
physical concept, experimental principle, fitting, systematic evaluation, presentation, documentation and paper writing

-> Detector operation and taking shift
< Completed 18 days of BESIII shifts

Xudong Yu (Peking University) CFNS Seminar 16 June, 2026 27



Explore charm hadronic physics from BESIII to sSPHENIX

Heavy flavor and tracking study at SPHENIX experiment

SPHE

CFNS Seminar 16 June, 2026 28
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Explore charm hadronic physics from BESIII to sSPHENIX

Transition from BESIII to sPHENIX

* Motivation after BESIIlI analyses

1. Completed multiple physics analyses at BESII|

2. Wanted to extend my skills beyond physics
analysis and explore new experimental frontiers

* Possible directions discussed with my

advisor

1. PKMUON dark matter experiment
- A rapidly growing and highly active direction in
particle physics

2. sSPHENIX experiment at RHIC
- Strong connection through my advisor’s
involvement in PHENIX/sPHENIX, especially
the sPHENIX EMCal
- New experiment about to start data taking
- Many opportunities in detector, reconstruction,
and physics

Xudong Yu (Peking University)

* Why | chose sPHENIX

1. To become a more complete experimental
particle/nuclear physicist
- Physics analysis is only the final step of a large
experiment
- Detector operation, calibration, reconstruction,
and QA are equally essential

2. Strong interest in using heavy-flavor particles to
study QCD matter and hadronization

V=ig ‘

 Expected contributions in sPHENIX
. 1. Detector operation
| 2. Software & reconstruction

Ao
\ ’/// 3. Physics analysis

I\
i

Cont

CFNS Seminar 16 June, 2026 29
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Phys. Rev. D 110 (2024), 016017

-> A proposed PKU-Muon experiment for muon tomography and dark matter search
-> Geant4 simulation of GEM-based detector
-> Dark matter (DM) and muon elastic scattering: model-independent method

—> Three physics cases: Muon/
< DM searches in a box pee @ i:z R S
< DM searches using muon beams : EWM&:«..M,. - /
%< DM searches between mountain and sea level \ " Phase!

Muon-DM elastic scattering

-> Use Higgscombine tool to obtain ULs on cross section for sub-GeV DM and muon

+ 2 std. deviation

Scattered-out muons
4
x ) Y /,
/
> » I
scattering — o
CTTTIT oo LR oo UL | - > < \
- . - » »
..... Asymptotic CL_ expected p
M3 = Muon beam "
N = 2 _as —
= - + 1 std. deviation 3
\ L — Surrounding tracker layers
\ o =
2 6

_ Phase |l

I~

N

N

~N
No,p (ml
o o

—
<
~

95% upper limit o

—
o
0
|
|

| 401 | =)

5 60+ " & 3

8o} o .

N m:k FrirrA e relliviima M ferarie] N e L ool L ol L ool R EETIT N
0 %50 80 60 -40 20 0 20 40 60 80 100 10_2 10" 1 10 1 02

DM mass (GeV) Phase ll|

BACK
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Explore charm hadronic physics from BESIII to SPHENIX
SsPHENIX Experiment Overview

-> sPHENIX: The first new major detector at RHIC in over 20 years

N/

% A complete tear-down and rebuild of PHENIX reusing existing PHENIX equipment and support facilities, plus
brand new detector subsystems and a completely upgraded experiment complex.

-> Data taking from 2023-2025(6)

N/

% 200 GeV Au+Au data taking commissioning in 2023
% 200 GeV p+p data taking in 2024
% 200 GeV Au+Au high-statistics data taking, additional p+p and O+O data taking in 2025 (end in Jan. 2026)

Superconducting

Magnet Outer Hadronic

Calorimeter

Inner Hadronic
Calorimeter

= Elect»‘romagnetic L:/\ h\ RHIC
: SPHENIX Q’?
STAR

Calorimeter

i /‘4 Minimum Bias

', Detector (MBD) LIRS NSRL

| s EBIS
MAPS-based Vertex

Detector (MVTX) BOOSTER AGS

Time Projection

Chamber (TPC) TPC Outer
Tracker (TPOT)

Relativistic Heavy-lon Collider (RHIC)

SPHENIX detector
Xudong Yu (Peking University) CFNS Seminar 16 June, 2026 31
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My sPHENIX Contributions

1.Detector maintenance
2.0nline analysis

Excellent Experimental

[ | Software & reconstruction

Physicist

fx Physics analysis

Xudong Yu (Peking University) CFNS Seminar 16 June, 2026 32
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MVTX on-call expert

-> Troubleshooting and maintenance according to MVTX expert note

N/

% turn on/off detector, fix mixed states, clock error, flickering states, over temperature error etc.

N/

% Adding algaecide, priming cooling system

N/

“ OnIMon improvement

- Highlight: on Oct. 13 2024, MVTX CAEN power supply module broken accidentally during the data taking.
In SCM, this was identified as a high priority emergency, so | volunteered to replace CAEN. | unscrewed
power supply from MVTX telescope then made a Control Access into Interaction region to swap power

supply.

Xudong Yu (Peking University) CFNS Seminar 16 June, 2026 33
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Online analysis — TPC gas contamination

-> TPC dE/dx problem in Run 24 AuAu commisioning _ oo

® oo, RUN 54467 High Z near GEM ~ Run 54467 Low ZnearCM -
< dE/dx is suppressed near central membrane (CM) = suwof custergzint-100.80)m. : -~ Cluster gzin [20,0]cm * 3=
. : g, 7000F s : ’
- | setup dE/dx 1D/2D metric to quantify = 6000} :
8 5000} :
S 4000} E
g 3000} =
-> Two hypothesis g 2%k
. . . i o preh Il
% 1. GEM sagging within an AuAu event (centrality § -2 - 3
dependent) e s
_ _ Y-axis:Sum of cluster ADC at R2 and R3 corrected by sin(theta)
% 2. Electron attachment to form ions during divided by number of clusters where theta is polar angle

drift due to gas contamination (centrality independent)

Peripheral events

Sishas

: . § 25/ SPHENIX Internal : g
-> Separate events into central collision event zo:j ; Ausko 2008V @
with high multiplicity and peripheral event with 4 1 1L ogave acksp > 02 Gt

low muItIpIICIty : L HighZ / LowZ = 1.89

10 Cluster Z in [-100,-80) cm

< Problem persists in low multiplicity events il IL kb
< Exclude hypothesis 1 00 e B nam  aad

Mean cluster Adc corrected by path length

Xudong Yu (Peking University) CFNS Seminar

Central events

T Y T T ' Y ]’ T

SPHENIX Internal

250}~ | Au+Au {s=200 GeV
: Run 54467 3
200} J: Negative tracks p > 0.2 GeV-
' ntracks>80 :

HighZ / LowZ = 3.29
Cluster Z in [-100,-80) cm
Cluster Z in [-20,0) cm

150/ :

100/ :

50} :

0 500 1000 1500 2000 2500 3000
Mean cluster Adc corrected by path length
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Online analysis — dE/dx vs z monitoring

-> To exclude/confirm hypothesis 2, | did time series analysis of p+p and Au+Au runs
“ There is a spike around 08/16, but in most of the time, dE/dx ratio is very stable

-> TPC group finally solved dE/dx puzzle by swapping CF4 gas bottle
%« Low quality CF4 gas bottle with more gas contamination
% This problem happened again in Run25, and my metric worked to help identify problem

2 18L | | | | | . o) 3 I T T T T
© O — = B ]
< i :f :ggog‘tggf" ] © SPHENIX Internal
— - X —
o 160 Run 50003 - 53823 7 2 2sF g::ziﬁ__gggﬁev ] Lesson #3
© caf ’ Laudau Fit to dE/dx 1 : Laudau Fit to dE/dx -
A4 Mean HighZ / LowZ ratio ] B iahZ / LowZ rati i .
- | HighZ: [-100,-80] cm ] 21— " 'ﬂoo,_sg)]"‘(’:mra' = There is no future.
1.2 ~ ' [-20,0] cm 1 Tracking experts in person at BNL. No excuses.
1= = 1.5 —
E E . Nothing focusses the mind better than staying at BNL and working round the clock in 1008 — fastest, most direct
0-8:_ ] 1 Megnet off — communication.
0.6 :_ ] 0 5:_ _: Example — most valuable player was Xudong (in 1008 all the time).
- | | | | | ] Tk l | l l |- Great benefit when Tony and Joe were at BNL. Others are in denial.
08-01 08-15 08-29 09-12 09-26 54200 54400 54600 54800 55000
Date Run Number
pp runs time series plot AUAU runs time series plot Run coordinator Jamie Nagle’s recognition in_Run25 readiness review
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Explore charm hadronic physics from BESIII to SPHENIX
Online analysis — resonance check

-> 2025 Christmas holiday was in the critical period for p+p luminosity accumulation.
- Resonance check, e.q. Kg reconstruction is important to ensure data we were taking is good

- Problem: Kg yields n-dependence

Run24 with 40% dE/dx PID cut Run25 with 40% dE/dx PID cut Run25 without dE/dx PID cut
SPHENIX Internal SPHENIX Internal SPHENIX Internal
¢ Run24 p+p 53877 ¢ Run25 p+p 15.8M trigger frames ¢ Run25 p+p 15.8M trigger frames
- 1.5 ----- = o —600.."5’ - 15"'"'"'I.;'I_'i'l';'l"'l"'_l '|-":'; _20_'063 = 1.5 11— '_'"' T T T T —160"05)
3 —e™ "==3 118 3 140 3
1 —5000 - =4 O 1 O
O - i ] —16 ; 120
5 —400 - {14 5
_ i —12 100
0 300 - =" =10 0 80
- Jh8s
-0.5 200 o -- 1, -0.5 o0
-- . - 4 40
—1 100 oy e ~1
o - B e =3 ICE ':':-F 1 2 20
_1 5 e S 0 e Y I .| Y s el o e ., = P ol i A . 0
'8.4 0.420.440.460.48 0.5 0.520.540.560.58 0.6 '8.4 0.420.440.460.48 0.5 0.520.540.560.58 0.6 '8.4 0.420.440.460.48 0.5 0.520.540.560.58 0.6
M... (GeV/c?) M... (GeV/c?) M... (GeV/c?)

Joe’s talk in GM: https://indico.bnl.gov/event/31016/contributions/118343/attachments/67319/115666/TrackingDataChecks.pdf
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Online analysis — resonance check

Explore charm hadronic physics from BESIII to sSPHENIX

- Observation: data is good but dE/dx needs re-calibration from Run-24 to Run-25

NS

< dE/dx band is narrower which is good!

Run24 dE/dx vs gp plot
SPHENIX Internal

Run25 dE/dx vs gp plot
SPHENIX Internal

«10° —— Run24 p+p 53877 10 segments «10° —— Run25 p+p 79514 100 segments
> ST T T T T g = %) o e N N - =ame =
Q - . - - - ] E Q - == -
w 4.5F - S 3 3 w 4.5 i
© - = - o - == == . © — i

45 7 =T S A = 4 © 45
-t S == £ P = ] = —
3.55_:_-5:_;:._: = = §|-'—-_E:§ = — 35:_ =
BT e 5 = = -
SE L £ = e == 3¢
2 5z L - | e = 25F
o B - - - e -
Dha e el == 2F
1.5 55 8 = 1.55=
)| ' RE = N\ =t
0'5 O e —
%745 1 05 0 05 1 15 2 | % 45 -1 05 0 05 1 15 2

gxp (GeV/c) gxp (GeV/c)

Lesson learned:
» Rapid diagnostic and response during data taking
« Strong detector and QA awareness

Red curve: proton dE/dx expectation
Green curve: kaon dE/dx expectation
Black curve: pion dE/dx expectation

* Reliability under time pressure

CENS Seminar

Xudong Yu (Peking University)

» Close communication with run coordinators and detector experts

dE/dx

¢ In Run-25, TPC is basically a new detector after the cascade HV power supplies

Run25 dE/dx vs gp plot with expectation scaled by 0.5

SPHENIX Internal
—— Run25 p+p 79514 100 segments

x10° |
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16 June, 2026

37



CFNS Seminar Explore charm hadronic physics from BESIII to sSPHENIX

My sPHENIX Contributions

/ @ Detector operation

Excellent Experimental

1.0ffline QA
2.Tracking calibration — drift velocity
3.Tracking calibration — distortion correction

fx Physics analysis

Xudong Yu (Peking University) CFNS Seminar 16 June, 2026 38
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Offline QA

-> Set up some QA modules in coresoftware for checking data from tracking detectors in different tracking
reconstruction stages

% Mvix Raw Hit QA (raw hit layer/stave 2D map, hit position map, Nhits, BCO...)
% Intt Raw Hit QA

< TPC seeds QA (Nclusters, Ntracks, pT/eta/phi, DCA, dE/dx)

< Vertex QA

-> Write QAHtmI code for implementing QA module into auto-production pipeline

""""""""""""""""""""""""" Q _lllllllllllllllllllllllll__40é 8 i I DL L L L L e -
- S 120F = |3 = - -
5 : | L g #0000 —&— Positive charged
100l - 35000 , —
x oo = —®— Negative charged =
: ' 30000 ® —
80F - - B
; {0 25000 F- * =
L : = » -
60 T 20000 ® =
- ; - ® ® ® -
; 150 15000 o ® =
a0 = ® ® = =
‘ o 10000F- °® / =
I - 9 -
20- o 5000 3 | |#..Mnﬂ =
i 0 ; IMI 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 l 1 ;
0 10 20 30 40 50
5 10 15 20 25
| | ohio Number of TPC clusters
MVTX RawHit QA INTT RawHit QA TPC seed QA — Nclus

Xudong Yu (Peking University) CFNS Seminar 16 June, 2026
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Tracking calibration — drift velocity

Run 50937, TPC-EMCal matching

=> Important TPC calibration parameters in run-by-run basis £ F
% Vary with experiment conditions: electric field, gas mixture, weather ‘L "t X
(pressure, temperature) : o~ /
-> Match TPC seeds with EMCal clusters to provide sPHENIX first = -top
version of drift velocity (DV) calibration 20
< Start with a initial drift velocity oop YRULEIRER - ymAT D
- DV used in reconstruction: 0.00625 cm/ns
< Reconstruct TPC seeds, calculate projection position at EMCal surface “E Calibrated DV from data: (0.00548+0.00008) crvns
el oo by e by e by by ey by Iy
< Plot the Az vs z plot of each track and use linear function to fit distribution R
% The slope parameter is used to correct drift velocity 7 ——— , T
£.0074— =5
O . = - .
% lteration S0072]- -
-> Uploaded calibrated files to CDB £ 0.007}- =
< Provided early TPC DV calibration for sPHENIX e E
. . . . 0.0066/— u =
< Sensitive diagnostic for TPC gas-condition changes e il :
: i Run 49703 - 53880 -
-> Share my experience with Zhenyu Ye and Bade Sayki who use similar 0621 il b -
method to calibrate drift velocity based on tracking detector bos: ™S> A4 @
50000 (51000 52000 53000 54000
Gas mixture change Run Number
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Tracking calibration — TPC distortion correction

-> Distortion correction is the most complex calibration for TPC

N/

% Static (ExB), Module edge, Space charge (time average), Fluctuation distortions

N/

% The expected precision of tracking reconstruction can not be achieved without a good distortion correction!
% Precise tracking is essential for A, D" and quarkonia reconstruction

-> Two complementary approaches for space-charge distortion correction: Diffuse lasers & track-based

N/

** Need both methods: diffuse lasers for azimuthal and track-based for z + extrapolation

N/

% Collaborated with Hugo, Ben and other folks in TF

Diffuse lasers Track-based (TPOT)
_= Full azimuthal coverage ¥+ Only in TPOT sectors
¥ No z dependence (only at CM) -& Provide z dependence

Contributing role

Xudong Yu (Peking University) CFNS Seminar 16 June, 2026 41
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Tracking calibration — Track-based distortion correction

-> Big picture: construct Silicon-TPOT track, interpolate track parameters to TPC layers, correct TPC cluster
position according to the residuals

-> Distortions are 3D, but we can only
measure rA¢@ and Az (only r info is layer

number)

=> Radial distortions affect how the residuals
vary as a function of track angle

- In the (r, ¢) plane, for a non zero or
distortion there is a linear relation between
the measured residual rA¢ and the track
angle a: rA¢ = rog + or - tan o

< The same in the (r, 2) plane:

Ecl,tr % 0 ch,tr a ré¢ Ecl,tr Gr2¢ AZ - 5Z 57’ * tanﬂ
1 tan § . _ Az -
0 2 ctar az,ﬂ Ecl,g 2 y o0z |= icl’" 2 ﬂ -> Construct matrix to transform true
tan o tan fan” a tan r -fan zZ-tan . . .
Dictir gz Duclyr gz 2uelar oo+ |\ O 2t —gz— t o1 distortions to measured ones and invert

Difficulty: distortion is always correlated with alignment, drift velocity calibration, matching, ... | will show two examples

16 June, 2026 42
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Explore charm hadronic physics from BESIII to sSPHENIX

Track-based distortion correction — example 1

Rd¢ vs. R @ 1ZI<20

x10°

E 0 B
= 15 EfS
o) _ Z
S | =
0.5 3
oF :
~0.5) -
~1.5F =
T R R R .
20 30 40 50 60 70
Black: fit to main peak R(cm)
Red: fit to full region
Rd¢ vs. R @ 1ZI<20 , Bin 13 R=65 cm
x10°
Q N e L
= 6
O
@)

lllllllllllllllllllllllllllllll

w
llllllllllllllllllllllllllllll

L Ll ca g g by AR
-2 -15 -1 05 0 05 1 1.5 2
Rd¢ (cm)

Xudong Yu (Peking University)

Tune Silicon-TPC window
Develop an iterative track fit strategy

* New workflow

Average distortion correction on (CDB)
Match Si-TPC with tighter window
Match TPC-TPOT with tighter window
Acts full track fit
Track cleaner choose best Si-TPC matches

-t
.

Disable distortion correction in QA module
Do QA evaluation

>

PR

7

Rd¢ (cm)

1. Self-defined TrackPruner module: select good full
tracks with pt/quality/nclusters/nstates cuts
2. Make a pruned SvixTrackSeedContainer to
contain SvixTrackSeed of good full tracks

\ 4

1. Perform Si-TPOT fit using Acts with pruned
SvixTrackSeedContainer
2. Disable average distortion correction in
PHTpcResiduals module, propagate track
parameters to TPC layers and calculate residuals

Some modifications on PHActsTrkFitter,
TpcGlobalPositionWrapper and PHTpcResiduals modules
needed, can make PR afterwards

CFNS Seminar

Rdo vs. R @ 1ZI<20

[ IIIIIII

lIIIIIIIIlIIII|IIIITII!I|IIII|IIII|IIII

(/2]
—
C
=
o
®)

Rdo vs. R @ 1ZI<20 , Bin 13 R=65 cm

X
1=
10
] @

1 I L I L B |

llllllllllllll]llll]llllIIIIII
lllllllllllllllllllllllIIlIllll

2 15 -1 05 0 05 1 15 2
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Track-based distortion correction — example 2

dphi (rad)

Old TPOT alignment

IIIIIIIIIII IIIIIIIIIIH)(l

PR PR P a3 P
0 20 40 60 80 100
Z (cm)

Xudong Yu (Peking University)

R direction

proj_x

A

TPOT tiles

Collision point

Different R slides

60

40

20

» / axis

Relative phi misalignment
between NCI| and NCO tiles

Explore charm hadronic physics from BESIII to sSPHENIX

IIII|III|III|III|III|III

CFNS Seminar

New TPOT alignment

IIIIIIIIIIIIIIIIII4><l

M a3 . a3 a1
20 40 60 80 100

Z (cm)

Run 53877, R =65 cm
—— Central tiles
West tiles

—— East tiles
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Track-based distortion correction — status

Closure test Luminosity dependent Improvement on track quality
—3 _— I | I I I I I 1 1 1 I | ' I I I I I 1 1 1 1 3
6 §|19 1 I I I I I | I I 1 1 I | I I I I I | I I I 1 1 1 1 I— -8 : I l I ] I l I: -.(Q _§1|Q| I I LI I LR L LI l L I L I UL L I L I L I LI
£ - - = 0.021- Z=+10cm - = 6 — No average correction E
= 20C . Run 79507, closure test S - RE . 3 - _ . N
2 . - O 0.015 E 51 — Si-TPOT correction =
15 . - VIOE —— Run 79507 - - -
- w/o correction . - - . - .
n i - ® _ 41— ]
10: —— w/ correction . - —- Run 79516 - 3: ]
5 T - 0.005:— E : -
B ® i N - 2} —:
0: L : O‘ . — .
B I L TP PN - ’ E E 1:— _:
_5F ° i -0.005— 1 1 - :[ ’
B T T T e T I- ] | [ [ | | I N N A — |
20 30 40 50 60 70 80 20 3 40 S0 60 /0 80 % 123 4 5 6 7 8 9 10
R (cm) R (cm) quality
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Track-based distortion correction — crossing point method

- New method for sPHENIX!
Learnt from sPHENIX-ALICE Frankfult meeting
-> The difference between cluster position and crossing point position is the real distortion!

In an ideal case, if two tracks cross at the same point (in space not time), at that point, the distortion effect to
the electron generated at that crossing point, the corresponding measured cluster positions will be the same

Shifted ITS track
by cluster-to-voxel center

voxel

crossing

voxel
ce

cluster

cluster

Xudong Yu (Peking University)

Explore charm hadronic physics from BESIII to sSPHENIX

Advantage compared to matrix inversion: decorrelate 0¢ and or / 6z and or

dphi (rad)

15 T 777

Blue: CPM
Red: MI

Black: Lamination

CFNS Seminar
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My sPHENIX Contributions

/ @ Detector operation

Excellent Experimental

Rhv=ibist L1 Software & reconstruction

_ [ fw Physics analysis

1.Conversion photon
2.Light/heavy flavor

Xudong Yu (Peking University) CFNS Seminar 16 June, 2026 47
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Explore charm hadronic physics from BESIII to sSPHENIX

SsPHENIX Physics Program

Open
Jet Heavy Flavor

Vary momentum Vary mass and

and angular scale momentum of

Y(3s) -
of probe pFObe 0.78fm Y(2s) -

Quarkonia

Cold QCD Bulk

Vary size of probe Vary temperature of Global and

QCD matter collective properties
Study proton spin, of medium
dynamics, and cold

nuclear effects

0.28fm

i
O
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Heavy flavor probe

Relativistic Heavy-Ion Collisions

-> Heavy quarks (charm and bottom) are ideal probes for Quark Gluon
Plasma (QGP) y

o My > Noeps Toep

% Heavy quarks are produced via hard scattering in the initial stage of the
collisions (~0.1 fm/c)

“* Nearly no thermal production, experience the whole evolution of QGP Li,,:ab “hyd_dly;j free streaming_|
% Production rate can be calculated by pQCD

~0fm/c t~1fm/c t ~ 10 fm/c t ~ 10'3 fm/c
-> Heavy quarks interact with QGP

N/

% Energy loss:
. Radiative: Loss of energy via inelastic Q — Qg process. (Higher energy)

collrsvon Y
overlap one

- Collisional: Transfer energy via elastic Qg — (g process. (Lower energy)
- Observables: Nuclear modification factor R, 4

(to< 1 fm/c)

N/

% Flow development:

~ Interaction with the flowing QGP, heavy quarks can partially thermalize and
exhibit collective motion.

~  Sensitive to initial state geometry and its fluctuations

- Observables: Elliptic flow v,
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Heavy quark hadronization

-> How quarks combine to form hadrons is a non-perturbative process

+ 0
- In simpler collision systems (e e, ep), hadronization is described Ac 4
by fragmentation functions
% Fragmentation functions are assumed to be universal, independent of
the collision system and energy
-> Universality break down?
< In p+p, and A+A collisions at LHC and RHIC, the measured AC/DO
ratio is significantly higher than prediction based on fragmentation STAR, PRL 124, (2020) 172301
functions extracted from e e~ data B Etgg g‘t‘qﬂjkw?:ﬁ%’z ;’/)
-> New hadronization mechanisms are proposed to explain the = 3_‘ ........ = E;ghﬁlﬂégfé‘f?”’ °
enhancement T, a0 etal(io-a0m
< Color reconnection, Statistical hadronization, Coalescence f 57 Treen
> New measurements will be delivered by sPHENIX in p+p and Au+Au - 1‘/{// \\w\_F
b THERM e LTRSS ——
T

Transverse Momentum (pT) (GeV/c)
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Physics analysis — conversion photon analysis

L . . w X : X
- Motivation for conversion photon analysis 8 I v -
2 04 —e* E ~ F €
< Lightest di-electron and with highest cross section. 2035 —€ £ S0.18F —¢ -
| _ _ Toah 1 gors smewtaen E
% Start point for quarkonia analysis. I s L 8gq4 s -
025:_ 43.32 Million L 0 2: 43.32 Million

% Check for electron tracking, and use whole EMCal 0.2 o

acceptance to cross check TPC distoration correction to 0.15- 0.08;

.. 01 0.06f

mm level precision oF f 004
< Validating KFParticle with data - e 02==" e
—8.15 01 -0.05 O 0.05 0.1 015 -10-8 6 4 -2 0 2 4 6 8 10
% High purity electron track to study EMCal, such as Track-calo A¢ [rad] Track-calo Az [cm]

position dependent non-uniformity
_ _ _ x10° x10°
% Material thickness scan in sPHENIX 2 - g T i
5 8 1 _
Track-cal N g | | g 4 e -
=> Track-calo matchin oo ] D © Runsorer-sares

g GW W 3 43.32 Million -
< —0.02 < A¢g < 0.05 rad for electron s snen - : J :
_ 4r 43.32 Milion - ZW UM
0 < A¢ < 0.07 rad for positron - - : :
& —5<Az<5cm T - s i
% Require An € (—0.02,0.02) & Ag € (—0.02,0.02)rad  $3%752077605 0 605 61615 6.2 03095701005 0 0.05 0.1 0.15 02
to suppress background for dielectron Track pair An Track pair A¢ [rad|
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Physics analysis — conversion photon analysis

11/03/2025 11/03/2025
% EI T TTTT TTTT TTTT TTTT TTTT TTTT | TTTT | TTTT | T IE L(o). 350:_L (L T T T T T | T | T | T | (L J_: :g?g?éXTpC*.EMCaI
=S 300 ] o - SPHENIX Preliminary ] 2024-06-551,) Run 46730
\l B ] ; 300 B p+p 15=200 GeV — Event #11491
- R imi ] E B Conversion Photon Candidates ~ _
_'g 250_ SPHENIX Preliminary . q>) 250__ | e -
q>) - p+p Vs=200 GeV ] L - — ]
LLI 200:_ Conversion Photon Candidates _: 200; | _f
1507 E 1501 JJ -
100 - 1005 Jj E
50f] - 50 Ej .
Of||||||||||||||||||||||||||| |_||||_|: Oﬁlllllllllllll -
O 5 10 15 20 25 30 35 40 45 50 0 02040608 1 2
M... [MeV]
SPHENIX Internal SPHENIX Internal
(103 —¥+— Run25 p+p 60.6M trigger frames —+— Run25 p+p 60.6M trigger frames
*ug) El N [ Y N ) Y L B L L B |E ,g 25_ - - --IIE'-_E:-::.F;:!_ -.- -:- T T T |||-|_ _.UE)
o< .|_.|.- AT S
8 1_— ] — e’ ol = s —150 ©
: ¢ i © 20k ©
0.8; . ¢ — % o —40
A - C
. ¢ /3 ¢ ¢ i 15 L
0.6f * . ¢ - ~1 130
. ¢ ¢ 4;’ ¢ . i "
0.4Fs ,% ¢ ¢ o W - 10 120
i Ao ° A R » * i
B ® ~$ ) ° o ... V ® i -:
02 __.. .Q .. o L [ ] —_ 5__ = :—_ 10
i -t : 1 LT RO R =
O_I 1 co oy by |A| [ 1 |~|w O-_ Fo . ‘tlE-'-- e - ||'| o O
0 5 10 15 20 25 30 -50 -40 -30 -20 -10 O 10 /20 30 40 50
R...- (cm) R,(e*e’) (cm)
MVTX INTT TPC filed cage INTT support structure
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Physics analysis — conversion photon analysis

Negative/Positive E/p

E/p

Negative E/p mean

1.2
1.15
1.1
1.05
1
0.95
0.9
1

-1 -08-06-04-02 0 0.2 04 06 0.8

n
2 T T - T T I* T T T T l -I T T l T
SPHENIX Internal —30
1.8 p+p Vs=200 GeV
Run 53741-53783
1.6 43.32 Million _lo5g

1.4
1.2

0.8
0.6
0.4
0.2

L Lo Lo P R S R S
0.01 0.02 0.03 0.04
fmod(e* Track projected ¢, 2r/128) [rad]

0
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Positive E/p mean

1.08
1.06
1.04
1.02

0.98
0.96
0.94
0.92
0.9

0.88

0.86
-1 -08-06-04-02 0 02 04 06 08 1

M

E/p

2 T - T l I-I T l T T T T T T T
SPHENIX Internal
1.8

p+p Vs=200 GeV
Run 53741-53783
43.32 Million

1.6
1.4
1.2

0.8
0.6
0.4
0.2

L |-

P T A S T T L1 [ 0
0.01 0.02 0.03 0.04
fmod(e Track projected ¢, 2n/128) [rad]

Oll
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-1 -08-06-04-02 0 02 04 06 08 1
n

- Very useful calibration candle analysis
- First look at EMCal positional
dependent non-uniformity

Top: Momentum scale study

Bottom: EMCal positional dependent
non-uniformity
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Physics analysis — light/heavy flavor reconstruction

Candidates / (4 MeV)

> First DY invariant mass peak in SPHENIX!

- First measurement of Aj at ~ 3o confidence level in p+p at RHIC!

-> Deeply involved in Heavy flavor/Quarkonium TG

N/

% Serve as TG production coordinator for QM2025 and 1S2025 campaign

< Contribute on first Aj/DO invariant mass plot and some other light flavor reconstructions

-> Familiar with KFParticle tools, made some PRs to improve it

3
40;(1| O| [ [ [ [ | [ [ [ [ |4/|2/|20|25| |
350 i Data E
- — Fit

30 Ke—m =
25 ~
SPHENIX Preliminary J

20 } p+p Vs =200 GeV
o =8.9 MeV -

045 05 055

0.6

m(r*n) [GeV]

Candidates / (1 MeV)

I U |
O NN O N

© O 0O O
I\) I-hlllojlllm

Xudong Yu (Peking University)

03

12712025

x10° <
:_| I B T | B g 550
¢ Data o\
- — Fit 4 < 500
- —=K'K 1§ 450
- Comb.Bkg. 1 8
. 8 400
- SPHENIX Preliminary—; 350
- p+p Vs =200 GeV - 300
o =4.4 MeV u 550
200
= 5
ol
0
] ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] : _5
1 1.02 1.04 106 1.08 1.1 T

m(K*K) [GeV]
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4/3/2025

D°— Kt + c.c.
Comb. Bkg.

SPHENIX Preliminary
p+p Vs =200 GeV
Early Calibration
u = 1862.6+ 2.1 MeV

o =10.5= 1.7 MeV

Yield = 248+ 44
I N T T O T R S
R R S
...................... S S S
7 1I8 - 1I.9 2

Candidates / (10 MeV)

Pull

04/06/2025
200 1T T T LA L I
B ¢ Data SPHENIX Preliminary |
- — Fit p+p Vs=200GeV |
180— A+9pK-TI:++C.C. u=2285+4MeV —]
B Comb. Bkg. c=128+36MeV |
— Yield =101 + 33 —
160— |
140/— \ \ \ { \
1200 | l L * ' l —
A ]
100_
_! T ST ST S T e ey !_
RS AS AN MRS
Y i T S S R S

2.1 2.15 2.2 2.25 23 . 2.35 2.4
m(pK tt+c.c.) [GeV]
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Summary
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Explore charm hadronic physics from BESII to sPHENIX
\ L
Summa ry & Future Plan q\\\ Stony Brook University

| N
-> Explore charm hadronic physics from BESIII to sSPHENIX BGS]]I — SPHE@

< BESIII: studied A" decays to probe decay mechanisms and intermediate resonances

N/

% SPHENIX: contributed to detector operation, offline tracking calibration, and early heavy-flavor analyses
-> Research interests
< Heavy-flavor probes of QCD: AZF/DO ratio, J/ys, Y, hadronization, QGP, ...

N/

% AIl/ML applications in high-energy and nuclear physics: generative, classification, foundation model, ...
—> Future plan

Connect sPHENIX measurements
with results from other experiments

'I:l:-: I l:l:': : ':':': :

Phys-driven Continue sPHENIX tracking calibration Perform heavy-flavor analyses with sPHENIX data

Near term Mid term Long term

Explore a cross-experiment general-

Tech-driven Validate Al methods with simulation Apply Al models to real experimental data ourpose Al model for HEP/NP

2

Thanks for Your attention!
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Publication list

- Observation of A7 — Aay(980)™ and Evidence for 2(1380)" in AT — Ax™n
% Published in Phys. Rev. Lett. 134 (2025) 021901.

-> Observation of A" — nz"n and search for A7 — nay(980)"
* arXiv: 2603.28232, submitted to JHEP

- Measurement of branching fractions of singly Cabibbo-suppressed decays AT — XKt and AT — Z+K§)

% Published in Phys. Rev. D 106 (2022) 052003.

-> Proposed Peking University muon experiment for muon tomography and dark matter search
% Published in Phys. Rev. D 110 (2024) 016017.
0,.—,+

- Search for the semi-leptonic decays A} — Az n e v,and AT = pK¢n~e™ v,
% Published in Phys. Lett. B 843 (2023) 137993.
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Partial Wave Analysis — Helicity amplitude formula

A rest frame

A} rest frame

-> Isobar assumption: multi-body decay is described by cascade two-body decays

T

ag rest frame

2Jy+ 1

Helicity coupling Wigner-D matrix Partial wave amplitude CG coefficient Blatt-Weiskopf barrier factor

)
0142 _ gr0—1+2 yJo* 0-142 20 +1 . . q
Al{() /{1 12 Hl{l 12 DAO A’l 112(¢9 09 O) HA’] /12 Zgls‘¢ <l,0, S, 6|JO, 6) <J19 A«]a J29 _12|S, 5) (q_o) Bl,(q, qo, d)
ls

- Amplitude is constructed from e*e ™ collisions, Aj polarization is considered by spin density matrix

% Fixed to measured o, and A, of eTe™ — Aj/_\; process

( \ +,— AT A SATA
, | 1+p, P -iP, H AR g A
=§(|]+Po')=§ a0= 27 2 2°2
; ete~—>ATAL ete=—>ASA;
\Px+le 1-P, ) lHl_l |2+2|Hll |2
22 2 2°2
5 . . ete >ATAL ete >ATAL ete™ CM frame
P, =P, =0, Py 0, ay,Ay) x /1 —a;sinb,, cos b, sin A Ag =arg(H, °)—arg(H, “)
27 2 2°2
- Intermediate propagator
‘:’ 00(980)+' Flatté at A+—>a+A —>7[+rl A=
Al 2 =D AL, o0, Rat (M )AL AN
A, A, — A+,0,40 ztn) <70,0,0 ArsAs,0
%  A*/2X*: Breit-Wigner Acrp T T ’

N/

< Non-resonant: 1

ﬂ ACZO /Dl/z ( : : >+ AA* D1/2 < /, : >
-> Total amplitude is the superposition of different g < ity ) Z Ang %> Py T 2 %y P Vp

intermediate state amplitude (considering alignment angle) P (

HA—nr pl _ HA—m p IR g(/)\:m_p. i\:ﬂr‘p*)

- Redundant degree of freedom in A — pz~ decay, fix amplitude according to input &, ~ “~ . P

HA—>7r p + HA—>7r p
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Partial Wave Analysis — fitting method and physical quantities

. . . . . ()| (p))I*Rs(p))
-> Construct Probability Density Function (PDF) according to amplitue  P@p)) = e Rs(p )dp
| )2Rs(p;)dp.
% Normalization using PHSP MC with detection efficiency effect ’ i ’ o
-> Background is considered by sWeight factor in the Negative Log Likelihood (NLL) A
—-InL=-a ) whPQ@) - zcw > icpusp |40
i€data D icdata Wi
-> Fit Fraction (FF) is calculated by using PHSP MC without detection efficiency effect
— [ |4;|*Rs(p)dp N D _jcPHSP |, ()| FE /| + 'ij|2R5(P)dP 5E PR
[ PRs(p)dp Y iepnsp | 2ok (@)1 Y [ 2l Rs(p)dp l !
- Decay asymmetry parameter () is derived from amplitudes
R (g(z)\,;?/\ao@sow °g;\i_)AaO(980)+*) R (gAé+n2(1385)+ .gi\g—mZ(BSS)u) R (g(/)\;i_mmamo) .gi\g;—>7;+/\(1670)*>
XAq)(980)+r = — : ) : 2 Xy (1385)+n = = > . 2 XA1670)7+ = . 2 - 2
AF—Aap(980)* A¢—Aap(980)* AF-nZ(1385)* A >nZ(1385)* At >zt A(1670) AF >zt A(1670)
0 L) L3 23 0.3 L

-> Uncertainty estimation of physical quantity
< Direct fitted parameters: Inversion of Hessian matrix B (32 In L)‘l '(a f(e))T . (a f(9)>
< Indirect fitted parameters: error propagation 00,00 ; 00 00

Lj

A

0=0
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Measurement of BFs of A~

> Singly Cabibbo-suppressed (SCS) decays AT — K™ and Z+K§’
B Phenomenological model
Bl Model independent method — SU(3) + global fit
0 . + -0\ _ Early experimental measurements — Belle & BaBar
40 NE'K") =433 £4.2 N KS) =436%60 Significantly deviate from KPW theorem & SU(3) symmetry
o (s = 4.600 ~ 4.699 GeV s /s =4.600 ~ 4.699 GeV
2 5 ALK S a ASTKS BA: — 2K*) B(AL — T*K)
E | ’ = 10* '-, QCD corrections [2] 2(8) 2(4)
5 a0l i - i T MIT bag model [3] 724 1.8 72418
g i} + # Z i $ §+§§ # Diagrammatic analysis [4] 55+£1.6 96124
= } + -é’ 10 ¢ ﬂ % SU(3) flavor symmetry [5] 54+0.7 5.440.7
2 10!} {H- { H S | IRA method [6] 5.0+ 0.6 1.0 + 0.4
= | ﬂ.}; H’ﬁ; : M‘ {» ; % g& < 4 % PDG 2020 [28] 52408 -
P TR by TN | SRR difonige e | T
226 228 23 232 234 226 228 23 232 234
M . (GeV/c?) M . (GeV/c?)
_BA 2 TKD 0361 00073, + 00003 BAL = Z*K5)
- B(A+ — X0z+) - — stat. — syst. R = 955(A+C—> S— = 0.0106 = 0.0031,, * O°0004syst,
- BN = TK) = (47095, £0.1 £03,)x 107 5 A¥ - v+ KO) = (4.8 % 1.4, +02, %03, x 10~

- Consistent and comparable with Belle and BaBar

- Consistent with SU(3) flavor symmetry

Xudong Yu (Peking University)

>'K* and Z*K{

Explore charm hadronic physics from BESIII to sSPHENIX

Phys. Rev. D 106 (2022), 052003

- First measurement for Z+K§)

CFNS Seminar
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AT SL decays

-> Semi-leptonic (SL) decays: good platform to study weak/strong interaction

and probe new physics beyond the Standard Model

-> Compare meausred inclusive SL decay BF and exclusive decay BFs
~ 1.4 x 1073 BF room for AT - A*(c — s)and AT - N*(c — d)

- Search for A* in Ax" 2~ and ngﬂ'_ channels
% Upper limits are reported based on profile likelihood method
BN = Antrmety,) <39%x107°@90%C.L.
BN — pKin~etr,) <33x107°@90%C.L.
- Search for N* in pr~ channel
% Evidence is found in AT — pr~e™,
** Due to statistical limit, no obvious intermediate states found

Weak interactionV — A

G
K oy = —;V;’;[De;fﬂ(l — y5)el[57*(1 — ys)c]

O

Hadronic current H*

— 0
A - Antn"e, AT — pKin~eTy,
6 __ —4- data 3 :_ —4- data
. signal MC n signal MC
4 i non-A, bkg non-A; bkg
| A bk — | Acbkg

Events / (20 MeV)
Events / (20 MeV)
N

Explore charm hadronic physics from BESIII to sSPHENIX

Phys. Lett. B 843, (2023), 137993

Lepton current LM

+ —,+
AN, — prn~er,

- 4 Data
| —Total
| —Signal

-- Peaking background

Other background

Xudong Yu (Peking University)

(GeV)

mlSS
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——t

BESIII Internal

0.1

0.2

Spokespérson review stage
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Jpsi QEC

= 10

2
N

1
101
1072

10~

Xudong Yu (Peking University)

Dandan Shen (SDU) @ Hot Quarks 2025

E J /w_>e+e-’ |y| <1 —e— STAR Runll p+p 500 GeV
_ —e— Inclusive J/1 in Pythia8.310
[ 5<p;'<20GeV/e
;_’_ pI;adron > 02 GeV /C, mHadronl <1
- =
- - p+p 200 GeV at STAR
- ==
H e
_ o == __
i .. +
- pt+p, Vs =500 GeV e
———_o—
: STAR Preliminary e
lll|lllllllllllllll|lll|lll|lll|lll|lll

1 08 06 04 02 0 02 04 06 08 1
COSY
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Pair production near threshold & tag method

> ete” oyt o Aj/_\;: production without accompanying hadrons at 4.6~4.7 GeV
-> Clean backgrounds and well constrained kinematics  p1 BE formula

’:’ AE — EA o Ebeam Zzy Nl%),.'yI‘ NDT NDT
Bsig — N J i — Eéi i,] — NST . esig’
- Single Tag (ST) method: detect one of the A:F/_\C_, Ngj = 2N/ . Bl €l g =) (N—SfeDzr) /3" N,
i,7 ST 1,7

< Relative hlgher.background with higher efficiencies N3 = 2NIJ\ A B, Bsig€ll, Ner = 3" N

“* Full reconstruction only .
- Double Tag (DT) Method: detect both of the ATA~ )

% Lower background with lower efficiency @

< Full or partial reconstruction (technique for missing particle: v, n, Kg) \ /

Reconstruct A by dominant and clean decay modes,
e.g., A —>pKO,pK+ ~ .o with BT 9T 2 8%

Search for A signal decay in the recoiling side

N/

% Systematic in tag side are mostly cancelled
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Chia-Wei Liu highlighted our results at HFCPV2022

CFNS Seminar

Follow-up stories...

Chia-Wei Liu (SJTU) @ HFCPV2022

Research Motivation - Nonleptonic decays

channel

= 10°B(A} — XK T)e

10'B(A} — STKY)®

101B(A}f — nat)?
a(A} — pK2)©
a(Af = AK)?

a(AT — SO+

100B(Z0 — =—7t)e

2 100R(Z) - =~ KT)

data SU(3)r Current Algebra PRD 101 014011 (2020); PRD 97 074028 (2018)
47409401403 54+0.7 /\
484144+02+03 54+0.7 b
6.6+ 1.2+ 0.4 8.5+ 2.0 2.7
0.1840.43+0.14 —0.897029 —0.90 — O

—0.585 +0.049 + 0.018 0.32 £+ 0.32 —0.96

—0.55 £ 0.18 £+ 0.09, ~ —1 /
2.21 £0.11

1.43 £0.32

2.75£0.51 £0.25 4.4

*hys. Rev. D 106, 052003 (2022

1 - Ny - \f=
100R(ZY — x0K0) | 38+0.6+0.4 2.3+ 1.8 O, = 5 Z ViugViy ((aq)(g'c)+(d q)(ic))
0R(E? - SHK-) | 1.23+£0.07+0.10  2.7+0.5 0.71 q,9'=d,s . :

= ) ’ : Korner-Pati-Woo theorem
100B(ZF — =%771) 1.6 £+ 0.8 0.38 £ 0.20 1.72
R(EF — =07) 1.1+0.6 0.17 £ 0.09 0.27 B(A: - X"K")B(A: — X7 Kg)

QCD corrections |2 2(8) 2(4)
MIT bag model [3] 72+18 72+1.8

e R Lt 128, 14301 (3 Diagrammatic analysis [4] 55+ 1.6 9.6 +24

arXiv:2208.086095 [bep-ex). BX) Input: SU(3)r flavor symmetry [5] 5.4 +0.7 5440.7

o e 1105 Lo . R(X) 1= 4aqm( A+ O+ — § 9 + IRA method [6] 5.0 + 0.6 1.0 4 0.4

X) BEL > E-nt) 10°%(A; > 2K7) =52£08 PDG 2020 (28] 5.2+ 0.8 /

100%B(E? - E-7%) = 1.80 £ 0.52

BN — XK

~ 1 comfirms Korner-Pati-Woo theorem

B(NF — Z+K§))

U > U d > d
c—» > s ot c—>» > s 130
—|—< — +< —
A - u = A T+ U — O
S S
e i
d > d u | u

Xudong Yu (Peking University)
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JHEP 09 (2022) 087

There was a|numerical error [in 15th line of table 1. for the decay channel AT — X+ K2/K?
due to misuse of a normalization factor 1/2+/3 for the amplitude instead of the correct one
1/4/2, and obtained a branching ratio of (0.0103 & 0.0042) x 10~2. We have now corrected
this mistake and the result in table 1 should be changed to

channel

SU(3) amplitude

branching ratio(10~2) a

AY - TK2/K?

sin 6 (—bs + b15 + d6 - d15) 0.062 £+ 0.025

—0.13 £ 0.98

Table 1. SU(3) amplitudes and predicted branching fractions (the third column) and polarization
parameters (the fourth column) of anti-triplet charmed baryons decays into an octet baryon and an

octet meson.

All other the conclusions presented in the paper remain unchanged. The new result is

in agreement with BESIII recent data [1].

CFNS Seminar

Impact on theoretical calculation
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Our measurement helped theorists to find out numerical error in their calculations
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Hyperparameters

Four particle attention block and two class attention block.
Particle feature embedding: 3 MLP (64, 256, 64) encoding

Interaction pairwise feature embedding: 4 layers pointwise 1D convolution (32, 64, 32, 8) encoding
Dropout rate = 0.05 to prevent overtraining

Lookahead optimizer, cross entropy, k=6, alpha=0.5

Radam, beta1=0.95, beta2=0.99, epsilon=10/{-5}

Total number of hyperparameters: 380 thousand

100 epoches, batch size 512

-> |nitial learning rate 0.001, keep constant in the first 70% epoches; in the last 30% epoches, learning rate
decays exponentially to 1% of the initial learning rate

-> Model ensemble: train for more than one time, randomize the initial values of hyperparameters(network
initialization, batch processing order, dropout layer, ...) to make model more robust and generalized.

N2 2 20 0 2 N
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Tracking calibration — Silicon-TPC seed matching

- In sSPHENIX tracking reconstruction, silicon seed and TPC seed are reconstructed separately

% Silicon seed: good vertex resolution, timing information
% TPC seed: good momentum resolution, no timing information
- Silicon seed and TPC seed are matched geometrically ¢ jueowsoomse=r - £
- Improve Silicon-TPC seed matching module g og- TTOMOERETTL 4 :
3 1S i
< Match seeds in eta/phi/x/y firstly § o8- 1o o 2
. . . . . S 0 se oo =
% Match seeds in z with/without crossing correction A R E
< Store matched/unmatched seeds into separate containers ~ °% 1o :
8 6 4 2 0 2 4 o6 8
S . . .
Tuning matching window w.r.t. Q/pT ymatching  GreoPTrc b matching O
(% 3_"1"'l"'l'"l"'l"'l"'l"'l"'l"_ orb) ._.- -luuln- C% 22?%"' rrrprrrprr T T T T T T II"'I'%
H P 3 # 20 Negative: 0.560+0.4790xe™*[P1—— ]
: 2F ] = I ] : 18 Pposlive: 0.854+0.3019xe*8F"" E
g : s . g 16 E
= - . B - 7 S 14 * =
G OF T eI T G oL —o-enmmmmseMimmnie ¢ - & 120 =
A : E : g 1o -
: _1f ] 8 —
“E 5 : 6 =
3 of : 4 E
- R R R e 2;'_'8"'_'6"'_'4'"_'2 o o T e =

Xudong Yu (Peking University)

X matching Qpc/PT

Y matching
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TPC/pTTpC

Z matching

Q. -/pT

TPC

TPC
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AT SL

Explore charm hadronic physics from BESIII to sSPHENIX

The BFs for A7 — A*eTv, predicted by different theoretical models, in units of

1074,
A* state CQM [8] NRQM [9] LFQM [10] LQCD [11]
A(1520) 10.00 5.94 — 512 + 0.82
A (1600) 4.00 1.26 (0.7 +£0.2) o
A(1890) . 3.16 x 102 — .
A(1820) . 1.32 x 1072 — .

Xudong Yu (Peking University)
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AlI/ML Experience and Future Applications

-> Current experience
** DNN/Transformer-based event selection in BESIII

N/

** Low-level detector information as particle features

N/

% (Control-channel validation and domain-shift studies
% Model uncertainty evaluation

-> Future directions in sSPHENIX
% ML-assisted heavy-flavor signal extraction

N/

“ Detector QA and anomaly detection

N/

% Simulation acceleration and generative models
% Cross-experiment foundation models for HEP/NP
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