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e
> Yield Estimation of yy — pp at 3.773GeV p
Neeosps = | Opyospp(Wyy) * Line * ALyy (Wyy. Eoms) dw,
ee—~>pp YY=pbp\""YY int dW. 144
144
+
R colmpletle diqluark I I 1 €
we oo - - - - diquark, only helicity E 10_2_: — Vs=3.773GeV
LQ%? conserved amplitudes 1 —— V5 =10.58GeV
Y —-—- three-quark 1 ] e +
3 ] N,

5 l e lcos8’1 < 0.6 ' VS =3.773 GeV P(cos6 > 0.92):

A N 2N : 1 107 10 — m=20Gevi | (.84 for 2.0GeV

Tl \.\. : ‘-;If*“ . | I ] — M =25 GeV/c?

% : N = ] —— M = 3.0 GeV/c2 0.82 for 2.5GeV
: RN NN ] I 101 0.81 for 3.0GeV
2| = Belle \'\-\ + \‘\ | 1 =

" FocLEo "~ +.+._|"\\ 3 <
s GPaL J[ i 5 S Untag:0.69
© T2z 24 zi:;v (;G Vz').lz 4 3 38 4 1.0 1j5 2?0 2:5 3j0 Slﬂg|6028
Y (5] 0—1..
MIGev/c’] 1 Double:0.03
Fig. gy, —pp( W, ) Belle Collaboration . dLyy (W, ,
Pk? 44 oo(Why) Fig. dLyy(Wyy) calculation. Lo-2 I I SN N A N N
YSICS Letters B 621 (2005) 41-55 dWyy 0 10 20 30 40 50 60 70 80 90

0 (deg)
Fig. angular distribution of electron

Light-Hadron-Group



MC Generation

> Yield Estimation of yy — pp at 3.773GeV

Angle distribution of p/p in yy — pp
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MC Generation

> Yield Estimation of yy — pp at 3.773GeV
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MC Generation

> Yield Estimation of yy — pp at 3.773GeV

dL.,., (W,
Nee—pp = j Oyy-p5(Wyy) * Lint * Zy]/g/y YW) AWy

Based on the assumption that yy — pp follows a phase space distribution.

Event Number Distribution
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MC Generation

» Two Generators

1. cppGamGam & HadroTOPS /HadroTOPS' \
2. use same a,,_,;(W,,) WE==E(TT)xE=[ExEm'EW, Qi, 03,

3. Derive momentum of final particles cos0”)(TT)

> Simulation: TrackGen +SE(TL)xHE = EIxEE (TL)

™\ +SE(LT)xHE= E)xa @ (LT)

Cppgamgam: += B (LL)x#8 = ja)x& @& (LL)
WE=% ExB= B E FXIRE F += E(TTH4)xt8 = [ xEm (TTT5%)
X5 FE H w E(TLF7)xtH= (B x&m (TL y

\_ J

Light-Hadron-Group



Comparison of two Generators at truth level

Using the same input: Belle a,,,_,,;(W,,, ) [PLB 621 (2005) 41], (Q?, cos 8*) treated as

phase space.
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Comparison of two Generators at truth level

HadroTOPS
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Comparison between data and cppgamgam MC. €OSOyn;ss * sign(e) < —0.99;
20 < 8(p,p) < 170;

: . . _ 10 < 8(p/p,e) < 170;
IncMC and Bhabha dimu were scaled by luminosity, sigMC —0.1 < Umiss < 0.1

was scaled to 0.8*data_max/sigMC_max.
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Comparison between data and cppgamgam MC. €0SOpmiss * sign(e) < —0.99;
20 < 8(p,p) < 170;
: : : _ 10 < 6(p/p,e) < 170;
IncMC and Bhabha dimu were scaled by luminosity, sigMC —0.1 < Umiss < 0.1

was scaled to 0.8*data_max/sigMC_max.
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Comparison between data and cppgamgam MC. €OSOnmiss * sign(e) < —0.99;
20 < 6(p,p) < 170;

: : : i 10 < 8(p/p,e) < 170;
IncMC and Bhabha dimu were scaled by luminosity, sigMC —0.1 < Umiss < 0.1

was scaled to 0.8*data_max/sigMC_max.
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Faint structures can be observed. Since the distribution at the MC
truth level (shown in page 6) is flat, this feature is likely caused by
reconstruction effects.



Comparison between data and cppgamgam MC.

IncMC and Bhabha dimu were scaled by luminosity, sigMC
was scaled to 0.8"data_max/sigMC_max.
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Single tag

» Data and MC samples:
BOSS: 712
Data set: full data sat at 3.773GeV, 20.3fb ~1
IncMC sample: Hadron Hybrid; 0.25x Bhabha; 15x dimu; 1x yy — ee, uu, n, KK,n,n’

ExcMC sample: 1.5M yy — pp

» Event selection:
« (Good charged track: « \ertex Fit:

[Viy| < 1em, V| < 10cm, |cos6] <0.93  Vertex fit for ppe, success;
Ngooda = 3, Ncharge = £1
* PID: . Other:
p: prob(p)>prob(e, u, 7, K'),0.001 C0s0,,;<s Xsign(e)<0;
e: prob(e)>prob(u, 7, K, p),0.001
N, =N;=N, =1
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cosB,,;ss * sign(e) < 0;

Further Event selection
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cosB,,;ss * sign(e) < 0;

Further Event selection
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coSB,,iss * sign(e) < 0;

Further Event selection
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Further Event selection

Ek 20<6(p,p) <170,10 < 6(p/p,e) < 170
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cosB,,iss * sign(e) < —0.92;

Further Event selection 20 < 6(p,p) < 170;

— 10 < 8(p/p,e) < 170;
3K €050, * sign(e) < —0.92
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Further Event selection
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cosB,,iss * sign(e) < —0.92;

Further Event selection 20 < 6(p,p) < 170;

10 < 6(p/p,e) < 170;
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Further Event selection

cosB,,iss * sign(e) < —0.92;

20 < 6(p,p) < 170;
10 < 6(p/p,e) < 170;

rowNo decay tree decay final state iDeyTr nEtr nCEtr
1 r— K pAyf A > n7p T K ppy! 5 259 259
2 r— KtpAy!I A =7 p Kt ppy? 1 213 472
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4 z— ra ppyt atappyt 81 119 785
5 x — J/y, I — 7t pp Tt ppy 61 112 897
6 z— KYK ™ pp KYK ™ pp 67 87 984
7 x — J/y, JfL"J — ﬂ'+p5__ A~ =7 p T T ppy 73 8 1062
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Further Event selection Costmis *Sign(€) <092

10 < 8(p/p,e) < 170;
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cosB,,iss * sign(e) < —0.92;

Further Event selection 20 < 6(p,p) < 170;

10 < 6(p/p,e) < 170;

—0.05 < Umiss < 0.05
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Further Event selection

3K €050, * sign(e) < —0.99, —0.1 < Umiss < 0.1
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cosB,,iss * sign(e) < —0.99;
20 < 6(p,p) < 170;
10 < 6(p/p,e) < 170;
—0.1 < Umiss < 0.1
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. cosB,,iss * sign(e) < —0.99;
Further Event selection 20 < 6(p,p) < 170;
— 10 < 6(p/p,e) < 170;
—0.1 < Umiss < 0.1
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040

Events /0

Events / 0.024

Further Event selection

160
140
120
100
80
60
40
20

250

IlI[IlIIIlIIII\I\I\I\I\'\I\'III'I

4+ Data
— SigMC
incMC
[ Bhabha
dimu

%

4 Data
— SigMC
incMC
& Bhabha
dimu

Kedi Hao (iff#3}3e)

Events / 0.036

Events / 0.014

C ¢ Data
60 — } — SigMC
F [ incMC
50 :_ [ Bhabha
40 .
30 -
20 -
10 =
-02 0 02 04 06 08 1 12 14 16
M,..(pP)
500 4+ Data
i‘ — SigMC
C [ incMC
400 R Bhabha
H A dinu
300 [
200
100 H
"
0

Events / 0.054

Events / 0.060

cosB,,iss * sign(e) < —0.99;
20 < 6(p,p) < 170;
10 < 6(p/p,e) < 170;
—0.1 < Umiss < 0.1
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cosB,,iss * sign(e) < —0.99;

Further Event selection 20 < 6(p,p) < 170;

— 10 < 8(p/p,e) < 170;
—0.1 < Umiss < 0.1
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cosB,,iss * sign(e) < —0.99;

Further Event selection 20 < 6(p,p) < 170;

10 < 6(p/p,e) < 170;
—0.1 < Umiss < 0.1

wn
S
TTTTT
n
S
TTTTT

~
o

W
S
TrTrrrr7rTrTT
~
=)

Events / 0.040
I

Events / 0.040

(98]
o
T TTTT TTTT T

Events / 0.126
I

Events /0.126

Kedi Hao (iff#3}3e)



.
)

(@)
o))
o --
_0
O~
<1
<V
N T
e I
=S
9%}
*au
gV
mO
92
)
@)
QL

Further Event selection

.
)

10 < 6(p/p,e) < 170

—0.1 < Umiss < 0.1
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Efficiency

Cut flow 1RIEZE W M,; BB reweight YMCEL

Event Rel eff (%) 0.08 =
total 1490000 \ 0.07 &
N good = 3 113512 7.6 %0-06 ‘ +
Pass PID 88803 78.2 g el }
Pass Vixfit 88391 99.5 = zg‘; HITe T T T ey "’+++“W+++J’++ * !
€050 ,,iss * Sign(e) < —0.99 69708 78.8 0'02 3
1200<<99(1(ol;§)e)< S 62036 89.0 001
0.1 < Umiss < 0.1 59008 95.1 T Ty
eff 3.96% M(pp) GeV/c*
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Summary

s WMEFHIAESMCOE Y, ZFMEMEEEFESMC?
. e, PIDFF5S,
o KERINET{hiF5HA?
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MCtruth information for single-tag acceptance

Mctruth information (before selection), Ecms = 3.773GeV, Generator: cpp_gamgam + TrackGen

o — MCrruth wo - — MCuuth - = MCtruth

Events / 0.068GeV/c
I
Events / 0.068GeV/c
Events / 0.068GeV/c

— MCiruth

Events / 0.034GeV/c
I
Events / 0.040

obael Uyt b e e
0 02 04 06 08 1 12 14 16
PPP
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Mctruth information for single-tag

Mctruth information (no selection), Ecms = 3.77/3GeV, Generator: cpp_gamgam + TrackGen

Events / 0.048GeV/c

Events / 0.030GeV/c

1Ifllflll[ll\llllfll\lfllTllllfl

— MCtruth

— MCtruth

PR o I R B B
0 02 04 06 08
Itagp
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Outline

» Motivation

» MC Generation

> Single-tag method
» Un-tag method

» Summary and Next to do

Light-Hadron-Group



Motivation

> A novel theoretical prediction |1 states that a cos(2¢) azimuthal asymmetry exists in the

Yy — mrr production process, and a similar phenomenon may also occur in yy — pp

duction
8—r—r—F7—7—7—" "+ "+ T 351
—--—--- Belle 2, xPT one loop [
[ ——— Belle 2,Q: [1.2,1.35] GeV
---- Belle 2, xPT tree 4 3.0F
‘ y s —=--- Belle 2, Q: [0.8,0.9] GeV
—— Belle 2, Dispersion 4 +
6 ST e BESIII, xPT one looy A _ r~ N T BESII, Q: [1.2,1.35) GeV
/o N X PN a5 N SN e BESII|, Q: [0.8,0.9) GeV
r Sy meme— BESIII, xPT tree £~ 1 H
3 o == BESII, Dispersion 7 N
E L g 2.0F
g £ |
5t 3 18]
[ 1.0f
2t : X
I W\ 0.5 R ity L S limmmmmo T euloe”
— NS st NGNS | T e et
= \\;___../ X [ Tt e ]
0 L 1 L L L L L L L L L L L 1 L 1 L 1 1 L 1 L 1 1 1 1 1 1 L 1 L 1 0.1\ C L L L L L L L L L L I I L L I I L I L L L L L L L L L L L L L L 1
0 1 2 3 4 5 6 "o 1 2 3 4 5 6
¢ 4

Fig. The differential cross section of ee — yyee — mmee with respect to the azimuthal angle ¢.

> BESIII has collected 41fb ! data samples in the /s = 3.510 — 4.946 GeV.

[1] PHYSICAL REVIEW LETTERS 134, 141901 (2025)

Light-Hadron-Group



Cos(p4miss.theta())*ltagsign<-0.92;
20 < 6(p,p) <170,
10 < 6(p/p,e) <170

Futher event selection
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cosB,,iss * sign(e) < —0.99;
20 < 6(p,p) < 170;

—0.1 < Umiss < 0.1

Futher event selection
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multipurpose #gqi}# %FH- . BESIII: 23~157
e | The Belle Il Detector ZmE)

vertexing, PID, neutrals,
KLong and muon detector: .
electrons, muons and Resistive Plate Chambers (barrel outer layers) KLM: 18~155
hermeticity. Scintillator + WLSF + SiPM’s (end-caps , inner 2 .
.- barrel layers) KLM 24 161

ECL: 12.4~31.4, 32.2~128.7, 130.7~155.1
ECL: 16.4~40.8, 41.8~140.0, 141.7~161.0

EM Calorimeter: .
Csl(Tl), waveform sampling l\‘\\\ g

Jetect fy’st
= | :using Aerogel RICH (fwd)

Wi

V///// L g

W '
B

electrons (7 GeV

ARICH: 14~30
ARICH: 18.5~39.0
TOP: 31~128
TOP: 40~140

Beryllium beam pipe
2cm diameter

<

?\§

\\-\\

Central Drift Chamber
He(50%):C2He(50%), small cells, long lever £ CDC: 17~150

Vertex Detector
2 layers DEPFET + 4 laye

positrons (4 GeV)

arm, fast electronics (Core element), dE

X

BELLE: 22~140 (157)
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Scattered Electron Angular Distribution in Two-Photon Processes
(Equivalent Photon Approximation, Budnev 1975)

Vs = 3.773 GeV

100 .

— M = 2.0 GeV/c?
—_— M= 2.5 GeV/c?
— M = 3.0 GeV/c?

10

20

30 40 50 60 70 80
6 (deg)

P(cos0 > 0.92):
0.84 for 2.0GeV

0.82 for 2.5GeV
0.81 for 3.0GeV

90

f(0) [a.u.]

vs = 10.58 GeV

102 4 —— M= 2.0 GeV/c?
] — M=2.5GeV/c?
—— M = 3.0 GeV/c?
10! 4
10° 5
1071 4
10_2 T T L T T T T T
0 10 20 30 40 50 60 70 80 90

6 (deg)

P(cos0 > 0.92):
0.88 for 2.0GeV
0.87 for 2.5GeV
0.87 for 3.0GeV




q; = (E; —E}, Py — pY),

qi ~ —2P;P;(1 — cos0;) + m?(2 — L Qe
P, P}
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  10 < 𝜃  (  p /  p - , e ) < 170 ;


  − 0 . 1 < U m i s s < 0 . 1


  c o s  𝜃  m i s s ∗ s i g n  ( e ) < − 0 . 99 ;


  20 < 𝜃  (  p ,  p - ) < 170 ;


  10 < 𝜃  (  p /  p - , e ) < 170 ;


  − 0 . 1 < U m i s s < 0 . 1


   𝑵  𝒈 𝒐 𝒐 𝒅 = 𝟑


  𝒄 𝒐 𝒔  𝜽  𝒎 𝒊 𝒔 𝒔 ∗ 𝒔 𝒊 𝒈 𝒏  ( 𝒆 ) < − 𝟎 . 𝟗 𝟗


  𝟐 𝟎 < 𝜽  (  𝒑 ,  𝒑 - ) < 𝟏 𝟕 𝟎  


  𝟏 𝟎 < 𝜽  (  𝒑 /  𝒑 - , 𝒆 ) < 𝟏 𝟕 𝟎


  − 𝟎 . 𝟏 < 𝑼 𝒎 𝒊 𝒔 𝒔 < 𝟎 . 𝟏


   M  p  p -


  𝒆 , 𝝅


      [ 1 ]


  cos ⁡ ( 2 𝜙 )


  𝛾 𝛾 → 𝜋 𝜋


  𝛾 𝛾 → p  p -


      − 1


   s


  e e → 𝛾 𝛾 e e → 𝜋 𝜋 e e


  𝜙


  20 < 𝜃  (  p ,  p - ) < 170


  10 < 𝜃  (  p /  p - , e ) < 170


  c o s  𝜃  m i s s ∗ s i g n  ( e ) < − 0 . 99 ;


  20 < 𝜃  (  p ,  p - ) < 170 ;


  10 < 𝜃  (  p /  p - , e ) < 170 ;


  − 0 . 1 < U m i s s < 0 . 1


  𝑷  (  𝒄 𝒐 𝒔 𝜽 > 𝟎 . 𝟗 𝟐 ) :


  𝑷  (  𝒄 𝒐 𝒔 𝜽 > 𝟎 . 𝟗 𝟐 ) :


   e −


   e −


   e +


   e +


  p


   p -


   𝛾 ∗


   𝛾 ∗


   𝜃 1


   q 1


   𝐪 𝟏 =  (   𝐄 𝟏 −  𝐄 𝟏 ′ ,  𝐏 𝟏 −  𝐩 𝟏 ′ )


   𝐪 𝟏 𝟐 ≈ − 𝟐  𝐏 𝟏  𝐏 𝟏 ′  (  𝟏 − 𝐜 𝐨 𝐬  𝛉 𝟏 ) +  𝐦 𝟐 ( 𝟐 −    𝐏 𝟏 ′   𝐏 𝟏 −    𝐏 𝟏   𝐏 𝟏 ′ )


   P 1


   P 1 ′

