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Charm radiative decay —+— e

(a) (b) (©)

FIG. 1. Short distance effects.

u The of 0 meson are successfully described with a heawsirk expansion, validated by
experimental measurements. However, in the charm region, the-dnegrk approximation fails due to

comparable scales df and¥ , requiring full treatment of nosperturbative QCD effect$?]

0 While the shortdistancemagnetic penguircontribution @° [ 6 ) is heavily suppressedtop 1@ by GIM
cancellation and small CKM elements (enhanced onily to even with QCD corrections), the hadronic

long-distance effects particularly and mechanisms can

amplify the branching ratiosto and serve as the primary contribution to these decys.

¥

(a) (b) M

FIG. 3. Pole contributions. FIG. 4. VMD contribution.

[1] Phys. Rev. D 52, 6383 (1995) [2] Phys. Rev. Lett. 118 (2017) 5, 051801 4



Polarization puzzle in O° w w

SEEEN T
ErE |||=| «>F- v

U For an exclusive decay, the longitudinal polarization fraction is defin‘;l as
The longitudinal polarization dominanceR[) meansQe p 1

i In the beauty sector, naize power counting predicts tlia® w w%D ‘' h  decays are PDsince the helicitflip

transition is suppressed at the order@f 7¥a . [1.2]

vz

i In most cases, the exp. measurements supportltR@®phenomenon, e.g® © ” ” h ©” » [ » o Bl

[1] Phys.Rev.D 24 (1981) 2848
[2] Nucl.Phys.B 201 (1982) 492
[3] Phys.Rev.Lett. 91 (2003) 171802

leading Helicity
Conservation

Longitudinal polarization

pPQCD dominant for D° - VV

—

U However, in the charm sectarpparent deviationsof the LPDare observed ifD© w gsuch as:

AQ (xpt ¢pforoo” M [4] Phys.Rev.D 75 (2007) 052003
[5] Phys.Rev.D 45 (1992) 2196-2211
[6] Phys. Rev. Lett. 134, 201902 (2025)

A transverse polarization dominance far © 0* 7 .[5]

A approximately half dominance of thie wave ovemn andy waves forO 07 ” ;]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.201902

Charm rad|at|ve decay Tiny branching ratio + Massive background

Y Huge challenge

U With BESIII's worltkading highstatistic§ o x X datasets, we can comprehensively stldy | oprocesses to:

study effects and test noypQCDcalculations,
test models in the charm sector,
provide crucial constraints on in0° w alecays (due to the purely transverse
polarization _ p iNOO | dransitions)
O Oorvu° T ™ pm BABAR,
O Or %o C&p MO pT BABAR,
O o PP ™ q p T
O O 7 c& prTt CLEO
0 o P® p T
(O VE pY p T
O or” P pm
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https://arxiv.org/pdf/hep-ex/9803022
https://arxiv.org/pdf/1603.03257
https://arxiv.org/pdf/0808.1838
https://arxiv.org/pdf/1603.03257
https://arxiv.org/pdf/0808.1838
https://arxiv.org/pdf/1603.03257
https://arxiv.org/pdf/2410.06500
https://arxiv.org/pdf/2410.06500
https://arxiv.org/pdf/2408.03980
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& * Double storage rmg 240 m 7
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2020 énergy upgrade to 2. 45 GeV
R 2004: started BEPCII upgrade,
,< NC QN BESIII construction

‘\ : A /\ 2008: test run

| ———

LD 2009-now: BESIII physics run
95> 4 - 1989-2004 (BEPC):

Lo = 10%10% gm2 < 5~
- » 2009-now (BEPCII):

Lpeak = 1.1x10%3 cm™2% - 571
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BESIII

Superconductmg solenoid| "uon Count || Time Of Flight (TOF)
m09~10T l 9 Iayers (barrel) +8 Iayer (end-cap) B g, = 90 ps (barrel)
\ | B o, = 65 ps (end cap)
RP. /8
ayers afers
SC
Solenoid
Barrel
ToF
Endcap
ToF
C e
X ‘:)N‘ e Quadrupole
A1\ A\
® Exﬁ“‘ o x < = S
v ae? 7 « [ Main Drift Chamber (MDC)
m o, =130 ym
B AE/E = 2.5% @ 1.0 GeV B AP/P = 0.5% @ 1.0 GeV
B gy, =0.6cm@ 1.0 GeV W oup/0r=6—7%
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Datasets@BESII|

Pair production at threshold

V Data: V Inclusive MC:40 times of the luminosity of data
- D :~20fb! @En=3.773 GeV. A High-st ati stics MC sampl es
2.93fb-1. Collected in 2010-2011. AU pdated BFs aligned w

~ -1 ' 207
17fb1. Collected in 2021-2024. A Updat e d DIY Generat or s

_ D.:7.33fb'1@FE,,,,=4.128 — 4.226GeV.
Collected in 2013-2017.

Directorv  Process Cross section Luminosity Newe (x10%)

S o o (nb) Scale round03-04  roundl5 round16 round17
DODO! ete™ — (3770) — D°D° 3.615¢ 80 % 105.92x8  180.57x8 294.88x8  151.51x8
D+D-? ete™ — (3770) — DY D~ 2.830¢ 40 82.92x4  141.36x4 230.84x4  118.61x4
ditau? ete” — 171~ 3.0 40 87.95x4  149.85x4 244.71x4  125.73x4
nonDD?  ete” — (3770) = non—DD 0.5 40% 14.66 x4 24.98 x4 40.79x4 20.96 x4
qq’ ete” = qf 16.86° 40x 495.47x4  842.15x4 1375.27x4 706.61 x4
RR2S? ete” — 1sr(25) 3.4 40 99.68x4  169.83x4 277.34x4  142.49x4
RR1S? ete” — srd /1) 1.1 40 32.25x4 54.95x4 89.73x4 46.10x4
Bhabha®  efe™ — efe” 520.5 0.25x 381.5 650.0 1061.4 545.4
digamma® ete™ — v 24.7 3% 217.2 370.1 604.4 310.6
dimu?® ete” = putu~ 6.4 15 281.5 479.5 783.1 402.3

[a] Chin. Phys. C 42, 083001 (2018)

(b] Phys. Rev. D 76, 122002 (2007) 10




Datasets@BESII|

Table 3: Size of MC sample(40x).

4130 [ 4160 4180 | 4190 | 4200 | 4210 | 4220 | 4230
Components Size (M)
p'p° 4.16 2.73 22.88 3.63 3.11 3.19 3.03 5.68
D*D™ 3.21 3.27 24.46 4.49 4.12 4.46 439 8.38
p*p° 2322 | 2047 | 15574 | 27.07 | 2472 | 2652 | 26.05| 49.49
D* D™ 2552 | 2249 | 165.63 | 28.96 | 26.45 | 2840 | 2790 | 52.94
p*po 35.75 | 41.95 | 277.71 | 48.16 | 39.03 | 34.12 | 2495 | 38.40
D*D* 3453 | 4053 | 274.13 | 4393 | 3852 | 3045 | 2227 | 36.36
D!D; 0.21 0.25 4.34 0.97 0.81 0.74 0.51 0.80
D' D; 8.82 | 14.97 | 12280 | 21.09 | 19.38 | 2254 | 17.08 | 27.47
DDy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.96
DD 5.30 6.36 48.95 9.00 8.54 9.49 9.59 | 18.65
DD*n" 2.67 3.19 24.62 4.51 4.29 4.76 4.80 9.35
DDr* 0.58 0.69 6.42 1.21 1.16 1.28 1.32 2.49
pDA° 0.29 0.34 3.21 0.62 0.57 0.64 0.66 1.26
q7 226.45 | 227.24 | 1763.64 | 288.63 | 286.14 | 311.19 | 307.36 | 589.61
yJ W 6.58 6.54 51.12 8.90 8.21 8.70 843 | 16.16
yp(2S) 6.91 6.87 53.68 9.12 8.21 8.70 843 | 16.16
y(3770) 0.96 0.98 7.67 1.36 1.26 1.37 1.37 2.62
T 55.41 | 56.40 | 44091 | 78.66 | 72.80 | 79.18 | 7878 | 151.55
L 86.08 | 86.48 | 670.12 | 119.02 | 109.20 | 118.07 | 117.03 | 224.05
ee! 69.75 | 70.02 | 541.86 | 96.34 | 88.47 | 9575 | 94.85 | 181.34
e’ 68.55 | 68.80 | 541.86 | 94.50 | 86.66 | 93.81 | 92.96 | 177.70
Yy 2730 | 2779 | 21726 | 38.76 | 3577 | 3890 | 34.15| 65.51
HCT 0.00 0.00 13.01 2.60 3.06 3.42 3.81 8.24
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Datasets@BESII|

Pair production at threshold Double tag method

U Suppress background

U Measure the absolute branching fraction
U Cancel the systematic uncertainty from tag side

V Data:
" D :~20fb! @E,,,=3.773 GeV.

2.93fb-1. Collected in 2010-2011.

] ~17fb1. Collected in 2021-2024.
|74
N 7
Nst = 2NppBsresr,

_ D.:7.33fb'1@FE,,,,=4.128 — 4.226GeV.
Npt = 2NppBstBiigepr,

S

Collected in 2013-2017. . )
V Inclusive MC:40 times of the luminosity of data — — o
Byg = DT

A High-statistics MC sampl es ‘
A Updated BFs aligned with the PDIG values

A Updated DIY Generators for multit}aé:;n\g,e};ﬁnd,@)cays

2025/8/7
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SearchforO ©1” andO ©10°

JHEP 12 (2024) 206

, First search for radiative O decays 10° @) —Fitresult £ 10°
A - - e, PO o 8
. Use 20.3 £A data@O o x'oA 6 10'F S 10*

DT method with 6 O golden tag modes

[
- R
(T°0) / syudAy

[
T T YU

Reconstruct” 0° with* “ (0 * )

Events / (6 MeV)
=

, 2Dfiton3% and Al Qqextract signal yield 102F . F 10
. Upper limits @90% CL are set: E ettt e e 2
A ©O°f(” ) p& pT 0.1 AESig?GeV) 01 1 05 mgeH 05 1

A" ©Oor0") p& pm 1Oﬁil:») o LG % p@y & 1f
. Theupper limitonthe BFd® © " is about3.6’ 10“_: _E}.{'W - 10*

below the SMprediction.
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Searchfor© © 1”

First search for radiative O decay
Use 7.33 /EA data@O N t® chig c p A6
DT method with 5 hadronic tag modes

2Dfiton0 and AT Qq extract signal yield
0 o 0 p Twith statistical significance of 2.50

The BF is measured to be (¢c& 1@ T&)

p 1 ,withULsetat ¢ p 1m @90% CL

The result agrees with theoretical calculations
based on light-cone sum rules, hybrid framework
and vector-meson dominance.

U

+
- i’

> v

W
A
A

2025/8/7 2025.8 s BESIII

Events/10.0 MeV/c?

I
)

40r 401
i (b) — total fit : C) —total fit
30} we Signal 30p s signal
20 other g 20 l\ Boiher <‘>
= r 4\
[ + m [ ‘F \
10f + 0F N\
i I 2
_ B AT N TN
L i i L bt S
L By 1 L " L L g e 0 " N 1
?.8 1.9 2 -1 0
M, (GeV/c?) cosf,
| T T T |
QCD sum rules 0.47
vector-meson dominance  (0.6-3.8) ---
hybrid framework 2-8  |[=----
weak annihilation (1829 | 0 eeeeeeaa
light-cone sum rules 2.1
This paper 2.2+0.9+0.2
this paper (upper limit) <6.1
| 1 1 1 | | 1 1 1 l
0 20
B(D}— p*)(x 10
n h 15

JHEP 11 (2024) 119




Belle measurement

First observation for the radiative O © [ ” decay
Use 943 AA data collected with the Belle

2D fitond and AT Qq extract signal yield

BF measurements of three O © [ aglecays

The measured * (O © 1" )is considerably larger
than theoretical expectations.

B (D’ — p’y) = (1.77 £ 0.30 £ 0.07) x 1077,
B (D" — ¢y) = (2.76 £ 0.19 £ 0.10) x 1077,
B (D’ — K*'v) = (4.66 £ 0.21 £ 0.21) x 107"

First search for CP violation in these decays
Acp (D° = p%y) = +0.056 £ 0.152 = 0.006,
Acp (D’ = ¢y) = —0.094 + 0.066 £ 0.001,
Acp (D° — K*) = —0.003 £ 0.020 + 0.000,

2025/8/7 2025.8 s BESIII

%oand U results agree with theoretical calculations.

Phys. Rev. Lett. 118 (2017) 5, 051801

cg‘ = weeee SiGNAL “E 2000[ . - Signal
% :* O e} |—> ” 0 bkg. % L O o r 0) ‘ J'[Ugbkg
= Tl -combinatorial | = —-n bk
@© 300 +-{» ------ other D° @© r b i
@ ¢ / ~ e combinatorial
~ irreducible bkg.| = ... other D°
% [ é irreducible bkg.
> 200 0
i | W 1000
100
SN | e
0737 1.8 1.9 2
M(D°) (GeV/c?)
ib)" N ) Signa| g
% 60_ O O r %0 J'[O bkg 0 a
p i - other D P
~ L} - combinatorial | €
= [1b]
P @
c
@
@
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HEP Exp. Analysis Workflow

Nature

Experiment

simulation

Physics object reconstruction

SN AN

1

® From analysis tools to real intelligence \‘
+ Fast simulation
« Trigger: in FPGA / offline

+ Analysis: signal ID, likelihood approximation, anomaly detection...
* Interpretability, uncertainty...

+ Reconstruction: tracking, PID, vertex, clustering... q 1 - h

2025/8/7 2025.8/u$ BESII ADF N h

Detector response

Theory of physics

Event generation

18



Transformer

Attention is all you need!

IS a DNN architecture based on self-attention mechanisms , [ eatcuwreridacgdean
structure that enables efficient capture of long-range contextual dependencies with full parallelization.

U Landmark Achievements u Attention Mechanism Dynamically weighs the importance

1 Natur al Language Processi of| th eIB?entS by computing pairwise associations across
_ _ the sequence through query-key-value interactions.
A Achieved state-of-the-art in machine translation QKT
(e.g., BLEU scores +9.0 over RNNSs) Attention(Q, K, V') = softmax( - )14
A Enabled large language models (GPT-3, BERT) .

with trillion-scale parameters
2. Computer Vision (CV)

A Vision Transformers (ViT) surpassed CNNs on
ImageNet classification

3. Broader | mpact

A Revolutionized diverse fields including protein
structure prediction, and particle physics jet

Our brains first focus on key visual

elements when viewing complex images
tagging via task-specific adaptations. - this is how attention works

2025/8/7 2025.8/u$ BESII ADF N h
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https://arxiv.org/pdf/1706.03762

Particle Transformer X2202.0877

[ Model architecture:

U DNN model based on the Transformer architecture
L blocks Class token
U Specially tailored for HEP (jet tagging task for LHC) @ ) (7 Clus
Particles —» E 5 Attention I Attention Ag?::]:n
A Inject to model ) * = - &=
. . . . . R
A Force it to capture kinematic relations effectively frrrectons >\ 2
=)
U ParT sets a new state-of-the-art for jet tagging. e
( P-MHA |
MatMul l
/Outgoing particles P_MHA(Q’ K’ V) - SOftMaX(QKT/ Y dk + U)V SoftM Y1
qb/ \‘.'\ Wl (:‘I;\‘ >@®
% A=J0a = yp)2 + B0 — D)7,
%‘.""’fisg\‘v v~ w o kr=min(prqpry)d,
Vo ,M.w, ) w o Z= min(pr,q, Prp)/@r.a + Prp) 0 X
collision poin < 2
11 pont / '.\4 B m2 = (Ea + Eb)z — ||pa + pbll < (_I_mea:rj (]_mearj (].i::lear)
proton beams 1 7
i ? \ >
X
X"_I Xclass XL

(c) Class Attention Block

An
(b) Particle Attention Block

jet reconstruction jet tagging
20
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https://arxiv.org/abs/2202.03772
https://arxiv.org/abs/2202.03772

Input features for tracks

Use 20.3 £A data
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Input features for showers

Use 20.3 £A data  °A T y "
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earchforO © 1 Q°

arxiv:2503.16070

Events/(0.025)

Physics motivation

PRD 95 (2017), 071102

’
T

"(O © Q"' )ispredicted to bex p 1™ due to highly helicity suppression. ® L,
Radiative photon mitigates helicity suppressioninthe © © [ Q" . (BF ) i P |
Theoretical models can be examined via 20.3 £A [ (3770) data from BESII| s lmn b s

Deep learning solution 2 :
Typel Bkg: involve more photon candidates than the signal 'y -0.1 0 0.1 0.2
Typell Bkg: U -induced showers misidentified as photon Upniss(GeV)

Train a DNN model for [ /* /other classification with ParT

Since the sum of the three scores always equals one, only two of them are independent.
Veto DNN responses to suppress background

3 3

3
x10 x10 x10
22 18
25 ¢ Data ¢ Data r ¢ Data
Inc. MC: D' >rle'y, 20 Inc. MC: D n'e*v, 16— Inc. MC: D' n’e’v,
0 inc. Mc: DK (n"xY)e v, 18 I inc. Mc: D' K (n'x%e v, Fl I inc. mc: D =K ('Y y,
20 I inc. Mc: DK ey, 16 I inc. mc: DK e*v, 14 s I inc.Mc: D K e*v,
Inc. MC: Other D' decays ™ Inc. MC: Other D' decays ™ 121 Inc. MC: Other D' decays
B inc. Mc: Non - D decays g 14 B inc. Mc: Non - D' decays g r I inc. Mc: Non - D' decays
15 — Sig. MC shape Q 12 — Sig. MC shape o 10 __ — Sig. MC shape
= = C
2 2 F
c c 8
g g SN R
: P d A
3 AI(IO@B A @sr v
45
2r
0 £ = 0 T L] o : o
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The backgrounds are reduced by

| Physics result more than two orders of magnltude

Not reveal a significant signal S D
35 t Daa . 20 y
1 C 1 E O DY = nlety, MC: D* = ale*v,
enhancing the of the signal —30F e 2 s o 15 e v = rien
. . . r E 5 f’ev @ [ ] : +—»K‘£e*‘v,
ULon the BF with radiative photon energy 2 2sg s No> = xe = 1E 1 i ather 5 deens
0 % 20—- MC: non-D* decays = 12 B MC: non-D* decays
over 10 MeVtobed pmat90% C.L.. LS MC:signal shape % 10F — MC: signal shape
g 1S G
Excludes most existing theoretical predictiorsi.o 2
TR : 0.5F
Thereby indicating the necessity of further s
. . . 0.5 0.1 0.0 0.1 02 -0 -0. :
investigation of the decay mechanism. Uniss (GeV) Usis (GeV)
Model B (x1073) <10°
Light front quark model [14 0.69 E L e E 4 Dt ' ' E
ight front quark mode [14] LeE e, ®) S00E - vicipr e, ®
Non-relativistic quark model [15] 0.46 s 1_4_- MC: DY o Koty S 500E I MC: D* - Ko, } 3
Relativistic quark model [16] 3.34 S 1.2F B mc: bt - K“e Ve % E Wl MC: DY o Klety, ;
= 12 3 E
. < 1.0E MC: other D* decays 4 9400_ MC: other D* decays * ]
Perturbative QCD [17] 8.2+6.5 S 1O o ic: non. decays § E - B MC: non-D* decays | 3
QCD factorization [18] 2.81 g 08 '23002_ ! _g
QCD factorization [19] 1.92 ;52005_ ! ¢ E
QCD factorization [10] (1887035, 2317053 _ 100 K e 3
BESIII 2017 [20] <3.0 043 0.1 0.0 0.1 0.2 T — '0'0' T T2
Umiss (GeV) (GeV)
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BI: Measurement Of ’O O r ) BESIII Charm Group Report

P L L e signal
(| D° - ypo 70 bkg.
combinatoria
bi 0t ial
--- other D
irreducible bkg.

O Physics motivation

300

Events / (7.8 MeV/c?)

To date, the relative BF of has been measured only by the Belle. ool
The measured value is considerably than many theoretical expectations. -
With BESIII's world-leading high-statistics [ (3770) datasets, we can firstly 100F PRL. 118 (2017) 5, 051801
measure the absolute BF of this decay channel. - F
e
W Traditional cut-based method X Deep learning solution
A Use 20.3 £A data@©O oX X'0A 6 . Train a DNN model for signal/background classification
A DT method with 3'0 golden tag modes - Input features from every tracks and showers in an event
A Some common requirements on the kinematic variables - Use signal MC and 40x inclusive MC samples for training
2D fiton 3% and AT Qq extract signal yield - Fit DNN output score to get the signal yield

L The BF of dominant backgrour@ © “ * * js% p 1t
L extremelylow signal significanceandweak detection sensitivity
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BESIII Charm Group Report

I Training sample _ Network configuration

u Signal MC sample (940 k) i Core Modules

] Randomly shuffle

U Background MC sample (930 k) A 1 Particle Attention Blocks

A ¢ Class Attention Blocks

Confusion Matrix (Normalized)

Training vs Validation Accuracy U Embeddi ng Laye s

0.950

0.925

A Particle Embeddingd8yer MLP: (64, 256, 64) nodes

Sig.
0.900

0.875

A Interaction Embedding:{dyer 1D pointwise

True Label
fqmqeqojd

Accuracy
o
[+
a
(=)

convolution: (32, 64, 32, 8) channels

0.825

Bkg. |
9 0.800

0.775 == Training Accuracy U D r o p ou t r a t e . 0 . 0 5

Validation Accuracy

0.750
0 10 15 20 25 30 35 40 45 50

presicted Label 5 Epoch 0 Model Scale : number 270k h
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J Model responce

U Event-wise DNN scores reflect their signal-likeness

(0: background-l i ke Y Ake). si gnal
10°
0.5 o - ; —— Signal
1 F —— Background
I _ 100k
0.4:— S
S : %105 300
o - & -
c i 5 o
Z o2l e =
: _IIL\JIIIIIIL\\JIIIIIIIL\JIIIIIIIL\JIIIIIIIIL‘JIII &200
H 0 01 02 03 04 05 06 07 08 09 1 T
1IN Score =
0.1: A/JJ S 15
001 02 03 04 05 06 07 08 09 1
Score
2025/8/7 2025.8 us BESIII

BESIII Charm Group Report

J Some validations

ADF N

__________________________________

}

Fit method: a fit on the score:
A Signal : Signal MC Shape

A BKG x Inclusive MC Shape

—— Input value
$  Output result
Combined result

[ : e}

\
1
1
1
1
1
1
1
1
I

Normal gaussian function

mean=0.18 +/- 0.29
. T sigma=1.09 +/- 0.24
! poutput_ginput Pull Values
Pqu(B) = = output
g
B
>
[ON0)
c
a
3
o
@ 03
i
0.1
00 1
3 2 1 0 1 2 3 4
Pull Value
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Summary & Outlook

O Charm radiative decays
U study the decay dynamics of charm mesons
test Standard Model and probe new physics

10* Doubly Cabibbo suppressed
10®  Radiative decays
10°¢

107 Long distance:
10+ Vector meson Dominance (SM)

10°°

10  Short distance FCNC (SM+NP)

BFs expected in SM

i
U offer essential insights into the polarization puzzle®ifi w wlecays
U probe nonperturbative QCD dynamics and test VMD/FSI models in the charm sector

| BESIII: An ideal laboratory for advanced ML
X Superior performance of BEPCII and BESIII
X Highstatistics and Higlguality datasets
10 billionUff and 2.7 billion (3686) sample
20.3&A [ (3770) sample
A4/FA v v data @ 1& 1§ GeV
. lyYR a2 2y X
X Large, labeled, backgrousicke MC sample
X Boost Physics analysis with newpalvered Tools

Rich physics results have been produced

X Firstsearchfo©® © " andO © 1 0°

X First search forO © 1~

X Search foilO © 1'Q" with DNN

A More radiative decay results coming soon
Or0® andO O 1 %o

Or” andO O 7

OrTo (pgYm@ndO ©T0 (PG Q™
O 0°

O OO0OOo
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Dy p™ 6-38

DYK*%~ 7-12

Dbty ~ 6.3
Dtafy ~ 0.2
Dtat~y ~ 0.01
Dtpty 2-6

Dby ~ 3.5
Dtafy ~ 0.04
D%at~y ~ 0.03
DfK*ty 0.8-3
DYK;ty ~ 0.2
D%p% 0.1-0.5
D%y ~ 0.2
D°¢% 0.1-3.4
DYK*ty 0.1-0.3
DK% ~ 0.01

[1] Phys. Rev. D 52, 6383 (1995)

2025/8/7

TABLE IX. Calculated BRs containing both tree and loop contributions in units of 10~ for the four radiative weak decays D° — Vy
(V=K*, ¢, p°, ). The uncertainties are given by @ = 1.3 +0.13.

D° > K9y D° > ¢y D° = py D° > wy

Experimental data 32.842.042.7 [5] 2.78 4 0.32 £ 0.27 [5] 1.77 £+ 0.30 £ 0.07 [6] <24 [4]
46.6+2.14+2.1 [6] 276 +0.19 + 0.10 [6]
PDG average [21] 41 +7 2.81+0.19 1.82 +0.32 <24
Burdman [10] 7-12 0.1-3.4 0.1-0.5 ~0.2
Biswas [13] 4.6-18 0.48-0.64 0.512-1.8 0.32-0.9
Fajfer [11] 6-36 04-1.9 0.1-1 0.1-0.9
. .3 . A . X

Shen [15] 1924 3.25 %% R hrire 0751039 004
de Boer [12] 2.6-46 0.24-2.8 0.041-1.17 0.042-1.12
Asthana [7] 0.86 - . .
Bajc [9] 28-65
Dias [27] 15.5-34.4 - .
This work 359120 2.76+03¢ 1795023 0.5810:14

[2] Phys.Rev.D 109 (2024) 9, 093005
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Charm rad|at|ve decay Tiny branching ratio + Massive background

Y Huge challenge

However, relevant experimental measurements remain scarce ds@toficant technical challenges

U Inherently small BEsThe BFs of charm weak radiative decays are extremely low, typically on the
even after accounting for londistance contributions, making signal detection statistically challenging.

U Overwhelming background from hadronic decay®econstructing the radiative photon®© | caecays
(often combined into neutral mesons like or —) suffers from severe background contamination from
hadronic decay processes, whose BFs exceed radiative decays oy cThese
backgrounds overlap strongly with signal process across most kinematic variables.

Branching fraction (PDG 2025)

O oo’ T 1) pT BABAR,
O Or %o C&®Pp ™ O pT BABAR,
O oy PP ™ Q p T

O o717 8 pm CLEO
O o Py p T

O Or0° p&y p T
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https://arxiv.org/pdf/1603.03257
https://arxiv.org/pdf/0808.1838
https://arxiv.org/pdf/1603.03257
https://arxiv.org/pdf/2410.06500
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https://arxiv.org/pdf/2408.03980
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arXiv:2202.03772

Particle Transformer

| Model architecture: e e @
0 Input Embedding Layer Pr+§7{:ﬁ£1 l j;;g‘;fﬂ} _____ . A:;‘Z;n
A Converts particle features (momentum, helix 5 e 7
parameters, detector info.) into vectors; SN .| AU I N
A Injects terms U. £ (@) Particle Transformer
U Self-Attention Mechanism X y e
A Core component enabling dynamic modeling of inter- [ P-MHA
particle relationships through weighted feature GEETET V“J
aggregation across the input sequence. s, @TLD
0 Particle Attention Block S I
A Key particle processing module
A With multi-head attention (P-MHA), Layer
normalization(LN) and feed-forward networks (FFN). (o) (o) ()
T 1 3

Xclass

X
X
(c) Class Attention Block

Class Attention Block
A Introduces class token for classification:

A Integrates P-MHA, LN, FFN and Softmax for jet
35

(b) Particle Attention Block

category output.
2025.8 /LS8 BESHI ADFr N h

2025/8/7


https://arxiv.org/abs/2202.03772
https://arxiv.org/abs/2202.03772

2025/8/7

2025.8 rus BESIII

ADr N

h

36



SearchforO ©7Q"

2025/817 2025.8/u$ BESII ADFr N

h

arxiv:2503.16070

37


https://arxiv.org/abs/2503.16070

