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MC Truth Info
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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,nm, KK,n,n’
ExcMC sample: 1M yy — pp TT-only, 10M yy — pp

» Event selection:

« Good charged track: « Vertex Fit: « Good Photon
Vey| < 1em, V] < 10cm, |cos 6] < 0.93  Vertex fit for ppe, success; 10 degree away from charged
Ngooa = 3, Ncnarge = £1 tracks and 20 for p
 PID: » Other:
p: prob(p)>prob(e, u, , K),0.001 C0S0,,;ss XSign(e)<0;

e: prob(e)>prob(u, , K, p),0.001
N, =N;=N, =1
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Further Event selection
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. coS0,,;s * sign(e) < 0;
Further Event selection I
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Further Event selection

B3R €050, * sign(e) < —0.93;
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' 0s0,,;.c * sign(e) < —0.93;
Further Event selection gnle) <

B3R €050, * sign(e) < —0.93;
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cosB,,iss * sign(e) < —0.93;

Further Event selection Umiss < —0.2

K c0S0pis5 * sign(e) < —0.93; B Umiss<-0.2 89541
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Further Event selection

K c0S0pis5 * sign(e) < —0.93; B Umiss<-0.2 89541
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cosB,,iss * sign(e) < —0.93;

Further Event selection Umiss > —0.2

EkUmiss > —0.2
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: c0S0,,;ss * sSign(e —0.93;
Further Event selection e 0

EkUmiss > —0.2
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cosB,,iss * sign(e) < —0.93;

Further Event selection Umiss > —0.2

EkUmiss > —0.2
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Umiss > —0.2

cosB,,iss * sign(e) < —0.93;
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cosB,,;ss * sign(e) < —0.93;

Further Event selection Umiss > —0.2

Reject cos@, > 0.8 & cosf; < —0.8

Veto Bhabha by reject events satisfy cos6, > 0.8 & cosf; < —0.8
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cosB,,;ss * sign(e) < —0.93;

Further Event selection Umiss > —0.2

Reject cos@, > 0.8 & cosf; < —0.8
Veto Bhabha by reject events satisfy cos6, > 0.8 & cosf; < —0.8
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cosB,,;ss * sign(e) < —0.93;

Further Event selection Umiss > —0.2

Reject cos@, > 0.8 & cosf; < —0.8

INCMCH RN EFER B{kai=e piir< 7!

160
140 140
- 100 100
né = 80
]0
: :
= 60 s 60
40 40
20 20
0.2_"‘I‘H“”“"""""'"'l' 0 0-2\\\\.\.I\.\I...\...I...I...\. O
0 02 04 06 08 1 1.2 14 0 02 04 06 08 1 1.2 14
P, (GeV/c) P, (GeV/c)
500 900
800
400 700
§ 600
= 300 S 500
E 2 400
o
g 200 S
m 300
b 1o 200
O 100
0_2_..‘|‘Hm”m.m.‘.\..m...m 0 0 .
0 02 04 06 08 1 1.2 14 0 02 04 06 08 1 12 14 16 18
P, (GeV/c) P,

Kedi Hao (iff#3}3e)




: cos0,,;ss * sign(e —0.93;
Further Event selection e 0

Reject cos@, > 0.8 & cosf; < —0.8
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: cos0,,;ss * sign(e —0.93;
Further Event selection e 0

Reject cos@, > 0.8 & cosf; < —0.8
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cosB,,;ss * sign(e) < —0.99;

Further Event selection Umiss > —0.2

Reject cos8, > 0.8 & cosf; < —0.8

SF—FH U EcosO,,;¢s * sign(e) < —0.99
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cosB,,;ss * sign(e) < —0.99;

Further Event selection Umiss > —0.2

SF—FH U EcosO,,;¢s * sign(e) < —0.99
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: cos0,,;ss * sign(e —0.99;
Further Event selection e 0

Reject cos@, > 0.8 & cosf; < —0.8
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cosB,,;ss * sign(e) < —0.99;

Further Event selection Umiss| < 0.2

Reject cos@, > 0.8 & cosf; < —0.8
Focus on |Umiss| < 0.2 Reject |[M(prt) — M(A)| < 10MeV
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: cos0,,;ss * sign(e —0.99;
Further Event selection e 0

Reject cos@, > 0.8 & cosf; < —0.8

Focus on |Umiss| < 0.2 Reject |[M(prt) — M(A)| < 10MeV
600
¢ Data
] SigMC 100 300 |
500 incMC
Bhabha 80 250
S 400 dimu 2 3 B
S S S 200 S
S S 60 S S
2 300 . 2 2
2 2 £ 150 2
g g a0 2 2
m 200 m D 100 53|
100 20 50
—0.998 —0.996 —0.994 —0992  —0.99 0 05 1 15 2 25 3 35
cos(8,,)*sign(e) E(emc sum)
= 300 —
600 - B
I 100 180 £ i
500 160 F- 250
80 E C
~ g o 140 g 200 &
g 4 2 S 120 S UE
(= S 60 = F = F
2 300 2 2 100 2 150
= = - = - = -
(5] L 40 L — L C
- = = 7 =
0 200 s} i} - @ 100 &
100 20 50 -
0 0.1 0.2 0.3 0.4 0.5 0.6 005 01 015 02 025 03 035 04 2 2.5 3 3.5 02 -0.15 -0.1 -0.05 0 005 01 015 02
EOP(p) M(yY) (GeV/c?) M(pp) Umiss

Kedi Hao (iff#3}3e)




. cosB,,;ss * sign(e) < —0.99;
Further Event selection [Umiss| < 0.2

Reject cos@, > 0.8 & cosf; < —0.8
Focus on |Umiss| < 0.2 Reject |[M(prt) — M(A)| < 10MeV
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. cosB,,;ss * sign(e) < —0.99;
Further Event selection Umiss > 0.2

Reject cos@, > 0.8 & cosf; < —0.8
Focus on Umiss > 0.2 Reject IM(pm) — M(A)| < 10MeV
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: c0S0,,;cc * sign(e) < —0.99;
Further Event selection i

Umiss > 0.2
Reject cos@, > 0.8 & cosf; < —0.8
Focus on Umiss > 0.2 Reject [M(pmt) — M(A)| < 10MeV
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Efficiency
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Further Event selection
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Further Event selection
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: c0S0,,;cc * sign(e) < —0.99;
Further Event selection e
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cosB,,;ss * sign(e) < —0.99;

Further Event selection Umiss| < 0.2

Reject cos@, > 0.8 & cosf; < —0.8
Reject IM(pm) — M(A)| < 10MeV
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Further Event selection
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. cosB,,;ss * sign(e) < —0.99;

Further Event selection Umiss > 0.2
e — Reject cos6, > 0.8 & cost; < —0.8
Reject IM(pm) — M(A)| < 10MeV
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Further Event selection
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. cosB,,;ss * sign(e) < —0.99;
Further Event selection Umiss > 0.2
Reject cos@, > 0.8 & cosf; < —0.8
Reject IM(pm) — M(A)| < 10MeV

FFINcMCZ [B] AV ELER - Hadron_Hybrid

rowNo decay tree decay final state iDcyTr nEtr nCEtr
1 x — J/py, )y — 1 1 pp T ppy 4 39 39
2 x = J/py, I = nTpATT ATT T p T ppy 5 28 67
3 > ATTATT AT S atp AT s p Tt pp 17 15 82
4 x — ppytAF ppyE At 12 14 96
5 x — J/py, I/ — 1 pATT AT s xtp T ppy 10 14 110
6 z—=a pAT A AT S5 p atn ppy! 8 12 122
7 x — 7T ppy? atr " ppy! 1 11 133
8 z— ATTAT A AT S atp AT S atr ppy’ 3 10 143
9 x = J/py, I/ = ATTATT AT s atp AT s ap T ppy 11 10 153
10 x — J/py, Jp — 7 A%, A® = 1t p nt T ppy 14 7 160
CharmIncMC
rowNo decay tree decay final state iDcyTr nEtr nCEtr
1 string > 7 pATT AT s p Tt pp 9 834 834
2 string — T pp " pp 7 788 1622
3 string — 7 pATT AT 5 xtp " pp 4 T46 2368
4 string — pp pp 19 620 2988
5 string — 7'pp 7pp 5 498 3486
6 string — pAT AT = 7% 7pp 2 264 3750
7 string — pA~,A” = 75 7 pp 12 224 3974
8 string — 7pp, 70 = ete " ete ppy” 15 177 4151
9 string = KTpA, A — 77 p 7 K'pp 1 174 4325
10 cluster — 1)(3770), 9 (3770) — J/y, J /o — 777 pp Tt ppy 6 170 4495
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Summary

Summary:

1.5E BT NEHIBE.

Next to do:

1. 28 %% 5 = AN JE 4T
2. %4 M & 3T 93358 = & exclusive MCHE{THEE

e
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MC Generation

e
» Yield Estimation of yy — pp at 3.773GeV p
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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 * )(fiyl/gfy YW) AWy

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

Event Number Distribution
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MCtruth information for single-tag acceptance

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

Mctruth information (no selection), Ecms = 3.773GeV, Generator: cpp_gamgam + TrackGen
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Outline

» Motivation

» MC Generation

» Single-tag method
» Un-tag method

» Summary and Next to do
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Motivation

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

Yy — mm production process, and a similar pnenomenon may also occur in yy — pp

production.
Br——— T 35
—--—--- Belle 2, xPT one loop r
L — Belle 2, Q: [1.2,1.35] GeV
--- Belle 2, xPT tree 1 aof
o or -= === Belle2, Q: [0.8,0.9] GeV
—— Belle 2, Dispersion 1 E
RahH TN e BESIII, Q: [1.2,1.35) GeV
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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)
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multipurpose #gqi}# %FH: . BESIII: 23~157
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Scattered Electron Angular Distribution in Two-Photon Processes
(Equivalent Photon Approximation, Budnev 1975)
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— M = 3.0 GeV/c? 1 — M = 3.0 GeV/c?
101 - 101 -
3 3
© (1]
— 10°; — 10°4
2 S ]
10715 1071 4
10-2 . | | . | | . . 102 . . | . . | | .
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
6 (deg) 6 (deg)
P(cosB > 0.92): P(cos6 > 0.92):
0.84 for 2.0GeV 0.88 for 2.0GeV
0.82 for 2.5GeV 0.87 for 2.5GeV
0.81 for 3.0GeV 0.87 for 3.0GeV
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q; = (E; —E}, Py — pY),

qi ~ —2P,P;(1 — cos0;) + m?(2 — L R o OF
P, P}
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Comparison between TT and TL+LT
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coSB,,;ss * sign(e) < 0;

Further Event selection
At 4Bhabha MCHEIA AR T £ R4 T7TEWESE

iRESY

B> Svid= l : = | .
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: o ; 2= c0s0,,iss * sign(e) < —0.92;
Further Event selection := %" 20 < (p, p) < 170;
S EE_emc_sum~0# &R S E(emc sum) < 0.3GeV
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: c0S0,,;cc * sign(e) < —0.92;
Further Event selection T o) < 170,

10 < 6(p/p,e) < 170;
&Ep/pbarAnH Umiss < —0.2GeV
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Events / 3.600

Events / 0.040

Events / 0.032

Further Event selection.
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cosB,,iss * sign(e) < —0.92;
20 < 8(p,p) < 170;
10 < 6(p/p,e) < 170;
P, < 0.3GeV




Further Event selection

cosB,,iss * sign(e) < —0.99;
20 < 8(p,p) < 170;
10 < 6(p/p,e) < 170;

rowNo

decay tree

decay final state
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iDeyTr nEtr nCEtr
20 95 95
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. cosB,,iss * sign(e) < —0.99;
Further Event selection 20 < 6(p, p) < 170;
— 10 < 6(p/p,e) < 170;
II— P UmissE TR B & |Umiss| < 0.2

rowNo decay tree decay final state iDecyTr nEtr nCEtr

1 x = J/ Yy, T/ — mtn T pp 7T ppy 2 37 37
2 = J/Yy, I = 1T pATT AT ST p 7t ppry 3 27 64

3 x — wtn ppy” atr ppy " ) 22 86

4 z — ppyFAF ppyEAF 10 14 100
5 x — J/y, I/ — T pATT AT 5 7t ppry 12 13 113
6 = atpA AT AT s p atr ppryt 9 12 125
7 x — whn ppyt a T ppy! 1 11 136
8 x = J/Yy, I = ATTATT AT s atp AT a7 p 7t ppry 13 10 146
9 = ATTATT AT St AT s p 7t pp 35 8 154
10 x— K pAy/ A -7 p 7t K ppy! 36 8 162
11 x — J/py, T/ — 7pp 7 ppry 57 8 170
12 x = J/py, T/ — ppyF ppy 29 7 177
13 =Py, = ataTJ/Y, I/ — pp 7t ppry 37 7 184
14 x — J/Yy, T/ — - A%, A = 7T p Tt ppy 15 7 191
15 x — KtpAyS A — 77 p 7~ Kt ppy! 53 6 197
16 = ATTAT Y AT ST, AT s aTp atr ppry! 24 6 203
17 x = J/py, T/ = 7t A% A = 1 p Tt ppy 31 5 208
18 x — f2(1270)pp, f2(1270) — 7rm~ 7t pp 41 5 213
19 z — 1 pATTA AT S oty atr ppyt 42 ) 218
87 x — f2(1270)ppy”, f2(1270) — 707° 707 ppry? 86 1 321
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cosB,,iss * sign(e) < —0.99;

Further Event selection 20 < 6(p, p) < 170;
10 < 6(p/p,e) < 170;
2 aEH cosb,+ < —0.8,cosh,- > 0.8H9Z=1 |Umiss| < 0.2
D REH cosh,+ > 0.8, cosh,- < —0.8A9ZE1]
160 C
140 [ + 120 - +
o o 100 -
= S -
S S wr
: £ 60
200
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0
. -1 .
cos0,- cosf,_.
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. cosB,,iss * sign(e) < —0.99;
Further Event selection 20 < 6(p, p) < 170;

10 < 6(p/p,e) < 170;
cosf,+ < —0.8 |Umiss| < 0.2;
cosf,+ < —0.8

4+ Data F = 4 Daa
48 [ER SigMC 3iF 4= 10 &R SigMC
35 B8 Bhabha 25F 3.5 E sl [ Bhabha
o 3 4 [ dimu = r o 3E 44 = dimu
3 S af & E 8
[=] [= o o 25 = =]
: g sp FAEY g
b} S F b} = S
- - C - 1.5 il -
] @ g @ L5t i
r 1=
051 055
0 |- 0 E & = -
-1 -0998 -09% 0994 -0.992 -0.99 -1 -1 1 0 0.2 0.4 0.6 0.8 1 1.2
cos(8, . )¥sign(e) EOP(e)
4% 54 5 :— 3 +
3500 [E8 Bhabha i [ Bhabha 4 E [E8 Bhabha 25F [ Bhabha
o 3 + dimu -+ dimu Vo) - dimu o~ F
B a1 b F o« E
= = = r = F
o 25 S 3l S 3L = F
z 2C ] r =] r ] F
b} = S r b} = S F
= E = - = = F
@ L5E @ o o @ F
1E ke F
= g F
05E H E
ot + o B . L 1 b
0 0.5 1.5 2 25 3 0.8 1 1.2 .2
EOP(p)
s C r g E 16 —
s 3 S s
g 4 :_ 3 dimu - 2.5 F 2 6 é 3 dimu o 12 :_ E3 dimu
S F g .t F _E S wk
9_ - = 2 T S 5E E F
2 s 2 4C 2z 8F
g r 2 15F o E = E
b} - = F b} = S F
> 2 o = > 30 = 6
o F & F o E is F
C 1= = 4 [
1 - E -
F 0.5 [ 1F 2r
oL I il it (JE i ok I (J: [ 1 L
02 L4 16 18 =02 015 -0.1 005 0 005 01 015 02 -0 - 10 -l 03 0 05 !

: cosf ,
Umiss <




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

Further Event selection

cosf,+ < —0.8

10 < 6(p/p,e) < 170;
|Umiss| < 0.2;

2 . 4 cosf_,+ < —0.8
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Events / 0.040

Events / 0.076

Events / 0.040

Further Event selection

cosf,- < —0.8

© [T T r r

25

15 2 2.5 35
E(emc sum)
4+ Daa
[E SigMC
ineMC
[EEH Bhabha

[ dimu

M(pp)

35

di Hao (#B#hE)

Events / 0.000

Events / 0.024

Events / 0.032

0—1 -0.998 -0.996 -0994 0992 0.
cos(8_ . )*sign(e)
45 E + Daia
40 B3 sigM)
] inc!
35 8 Bhal

30

25

¢ Data
B3 SigMC
ineMC
E8 Bhabha

99

Events / 0.040

Events / 0.060

Events / 0.032

30

25

=
BRARERERRRE

=0.5 0 0.5 1

¢ Data
[ SigMC
) ineMC
B8 Bhabha

Events / 0.040

Events / 0.024

Events / 0.008

cosB,,iss * sign(e) < —0.99;
20 < 6(p,p) < 170;
10 < 6(p/p,e) < 170;
|Umiss| < 0.2;
cosf,- < —0.8

Events / 0.040

g
. -

0 0.2

+ Data
B SigMC
incMC
B Bhabha
dimu

Events / 0.036

0.6 0.8

EOP(p)
45 ¢ Dat
B SigMC
40 [ ineMC
35 Bhubha
L] dimu
30

S LAARN AR LRI AR AR AR AR N A

e

-02 -0.15 -0.1 005 O

005 0.1

Umiss




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

Further Event selection

$%c0s6,binM EEOPe

4 Da

|Umiss| < 0.2;
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Further Event selection

2P, bin W EEOPe
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cosB,,iss * sign(e) < —0.99;
20 < 6(p,p) < 170;
10 < 6(p/p,e) < 170;
|Umiss| < 0.2;
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. cosB,,iss * sign(e) < —0.99;
Further Event selection 20 < 8(p, ) < 170;

10 < 6(p/p,e) < 170;
F&MppbarsbingUmissitt M(pp) < 2.0GeV 2.0 < M(pp) < 2.2 |Umiss| < 0.2;
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. c0S0,,;cc * sign(e) < —0.99;
Further Event selection T ota ) < 170,
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. cosB,,iss * sign(e) < —0.99;
Further Event selection 20 < 6(p, p) < 170;
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Further Event selection

XFEOPZEEK: EOPItag>0.6

80 £
70 -
60
O C (=3
S 5o =
< C o
w40 =
= E =
g 30 2
8a] C 4]
20 -
10 -
0 C v
0 0.5 1 1.5 2 2.5 3 3.5 0 0.5 1 1.5 2 2.5 3
E(emc sum) EOP(p)
22 - =
C C Data
20 70 =
18 & E
16 = 60
N E [ele] =
S 14 8 0¢
< il =) C
= E =
g 8- g 30
3 E 3
6 = 20
4t
2F 10
0~ 0 |
1.05 1.1 1.15 125 1.3 135 1. 1.5 0 0.1 015 o. 025 03 035 04
M(pr/pn*) M(yY) (GeV/ic?)

Kedi Hao (iff#3}3e)

Events / 0.024

Events / 0.040

140
120
100
80
60
40
20

35

Events / 0.009

Events / 0.008

cosB,,iss * sign(e) < —0.99;
20 < 8(p,p) < 170;
10 < 6(p/p,e) < 170;
|Umiss| < 0.2;
EOP(e) > 0.6

—_
(=]
T[T T[T [T [T T[T T [TIT[TTT

05 1.1 115 12 125 13 135 14 145 15
M(pmt/pr)

250

Data

200

150

100

50

0
-0.2 -0.15 0.1 =005 O
Umiss



. c0S0,,;cc * sign(e) < —0.99;
Further Event selection T ota ) < 170,

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

SEOP{ZE K : EOPltag>0.6 |Umiss| < 0.2;
EOP(e) > 0.6
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