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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.
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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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MC Generation

» MC Generation

1. cppGamGam Generator helps to obtain the momentum of final particles e*e " pp.

2. Simulation: TrackGen

3. Reweight M,,; according to the estimated yield.

noPhotos
Particle vpho 3.773 0.0

Decay vpho
Decay card 1.000 e- e+ p+ anti-p- TrackGen O0;

Enddecay

End

] [ *xxFkxxkkxkkkxxJob options For EvitGenxkkxkkkxkkxkkxk

#1nclude "$BESEVTGENROOT/share/BesEvtGen.txt"

Simulation EvtDecay.userDecayTableName = "gamgamtoppbar.dec”;

EvtDecay.FileForTrackGen = {"../../p4sample/ppbar3773-1.dat"};
EvtDecay.ParentParticle = "vpho";
EvtDecay.statDecays = true;
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MC Generation

e
» Yield Estimation of yy — pp at 3.773GeV p
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Fig. angular distribution of electron
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Scattered Electron Angular Distribution in Two-Photon Processes
(Equivalent Photon Approximation, Budnev 1975)

Vs = 3.773 GeV vs =10.58 GeV
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multipurpose #gqi}# %FH: . BESIII: 23~157
e | The Belle Il Detector 2mIE)

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(T1), waveform sampling l\‘\\\'

electrons (7 GeV - , @gemge[ RICH (fwd) ]

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

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 layefs DS

positrons (4 GeV)

He(50%):C2Hs(50%), small cells, long leve
arm, fast electronics (Core element), dE/dx |

CDC: 17~150

[Central Drift Chamber B
CDC: 22~157

BELLE: 22~140 (157)
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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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Fig. Differential cross section as a function of |cos@7|.



MC Generation

» Yield Estimation of yy — pp at 3.773GeV
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Fig. Wy, distribution of events passing all the selection criteria. Fig. Overall detection efficiency of yy — pp as a

Belle 89fb ~! at 10.58GeV; W, = 2 — 4GeV, 36094 events function of Wy and |cosé|
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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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q; = (E; —E}, Py — pY),

qi ~ —2P,P;(1 — cos0;) + m?(2 — L R o OF
P, P}
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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: 1.5M yy — pp

» Event selection:
« Good charged track: « Vertex Fit:

[Vay| < 1em, V| < 10cm, |cos 6] < 0.93 Vertex fit for ppe, success;
Ngooda = 3, Ncharge = 1
* PID: « Other:
p: prob(p)>prob(e, 1, 7, K),0.001 C0S0,,;<s XSign(e)<0:
e: prob(e)>prob(u, , 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,,;ss * sign(e) < 0;

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

iRESY

B> Svid= l : = | .
=5 $ki% f[FBhabhaZ= 5l fyMctruth: £ ERBhabhaZ 5 AMctruth:
emcos emcos {emcos<-0.7} emcos emcos {emcos<-0.7}
htemp _ htemp htemp _ htemp
E Entries 1342 70— Entries 1278 - _ Entries 10000 - Entries 9264
400 Mean -0.829 - Mean -0.8624 C Mean -0.8556 1600— Mean -0.9155
E Std Dev 0.1874 £ Std Dev_0.04398 6000— Std Dev 02597 - Std Dev 0.04015
350 60— r 1400 :—
E E 5000(— o
300 50— F 1200—
E = 4000F— 1000
2501 a0 E 000 =
200 F 3000/ 800—
= 30— r C
150~ E o 600[—
E 20 2000(— E
100 E = 400[—
E ml 1000 E
50 10 c = Lm 200—
oELL Lo = Y P, PSP ob Ll ™ R SRS SR b | P S
=] ~05 ) 0.5 1 0. .8 -0.75 0.7 -1 05 0 0.5 1 ~0.95 -0.85 ~0.8 —0.75 -0.7
emcos emcos €emcos emcos
epcos
s epcos {epcos>0.7} epcos epcos {epcos>0.7}
4001— Entries 1342 _htemp — _htemp - _htemp
[y Mean 0.8306 E Entries 1278 ~ Entries 10000 = Entries 9292
E F 1600—
E Std Dev_ 0.1781 r Mean 0.8626 F Mean 0.8568 C Mean 0.9147
3501 60— Std Dev 0.04277 6000[— StdDev  0.2561 F Std Dev_0.0409
= £ = 1400
300~ 50 5000— E
F C C 1200—
250 C £ C
E 40— 4000{— 1000—
200— C C E
= 30 3000 800~
150 C E r
E F E 600
100 20— 2000— F
E E E 400 —
50— 10— 1000~ F
= J F F IIJ 200
= L F F r
T 17 E - of i lowlian 1 ¥l m | . PN N T S H U U B M PN I R
epcos 0.7 0.75 0.8 0.85 0.9 0.95 =] 05 0 0.5 1 0.7 0.75
epcos epcos




coSB,,;ss * sign(e) < 0;

Further Event selection 20 < 9(p, p) < 170;

— 10 < 8(p/p,e) < 170;
Ek 20<0(p,p) < 170,10 < 8(p/p,e) < 170
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Further Event selection

3K €050, * sign(e) < —0.92
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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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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 < 8(p,p) < 170;
10 < 6(p/p,e) < 170;

rowNo decay tree decay final state iDeyTr nEtr nCEtr
1 r— K pAyl A - ntp T K~ ppy! 5 259 259
2 r— KtpAy/ A = 7 p 7 K Tppy” 1 213 472
3 r— KYK ppy! KtK ppy! 3 194 666
4 r— wra ppyt atrppy 81 119 785
5 x— J/oy, J/p — 7t pp T ppy 61 112 897
6 z— KYK pp KYK ™ pp 67 87 984
7 x— J/Yy, Jfy = atpA T AT =17 p T ppy 73 78 1062
8 z — ppady’,ad — 7°n,n — 7°x7° 707070 ppry 22 76 1138
9 z— K pAA—atp T K pp 99 68 1206
10 z — ppad~y?,ad = 7. p = 9y wppyyy” 13 a7 1263
11 r— KTpA A = 7 p 7 Ktpp 23 53 1316
12 T ATTA T AT AT S atp AT s p mtr ppy’ 59 51 1367
13 o atpA~ A AT S rp T ppy? 41 50 1417
14 = J/Yy, I/ = 7" ATTATT AT s atp AT o mx T ppy 71 47 1464
15 x — f2(1270)ppy’, f2(1270) — ot~ ntn ppy’ 42 45 1509
16 r — T ppyf atr ppyf 35 44 1553
17 x — ppay, ap — 7w'n,n — 7’70n° ' x 77O pp 40 43 1596
18 x — ppalyf,al = 7 pt, pT — w07 mxtr ppy! 90 41 1637
19 = ATTATT AT Satp AT 5T h T T pp 198 41 1678
20 x— J/oy, J/p = 7" ATAT AT 5 1%, AT — 7% 7707 ppy 14 40 1718
o7 T ST/, I/ 5 ETETLET o am A BT o TE OO0t t r  ppy 1726 1 6225

A= pZE 5 7'AA 7P
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: c0S0,,;cc * sign(e) < —0.92;
Further Event selection T o) < 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 < 6(p/p,e) < 170;
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. coS0,,;cc * sign(e) < —0.99;
Further Event selection T o) < 170,

— 10 < 6(p/p,e) < 170;
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. cosB,,iss * sign(e) < —0.99;
Further Event selection 20 < (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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. 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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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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Efficiency

Cut flow 1RIEZE X M,; FiEreweight YMCEL

Event Rel eff (%) 0.08 |-
total 1490000 \ 0.07
N gooa = 3 113512 7.6 %0-0‘5 ‘ +
Pass PID 88803 78.2 Fhadld el }
Pass Vixfit 88391 99.5 = 23‘; AT T T e, ‘**F‘hf’+++++++ * !
c0s0,,iss * Sign(e) < —0.99 69708 78.8 0'02 3
1200<<90(1(ol;§)e)< S 62036 89.0 o1 -
—0.1 < Umiss < 0.1 59008 95.1 R T T
eff 3.96% M(pp) GeV/c®
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Untag

» 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: 1.5M yy — pp

» Event selection:
« Good charged track: « Vertex Fit:

Viy| < 1em, [V;] < 10cm, |cos 8] < 0.93  Vertex fit for pp, success;
Ngood =2, Ncharge =0
 PID:

p: prob(p)>prob(e, u, , K),0.001
e: prob(e)>prob(u, , K, p),0.001
N, =Nz =1

Light-Hadron-Group



Further Event selection
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Further Event selection
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Further Event selection
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Further Event selection
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angle(p,p) < 165
Pt(pp) < 0.2GeV /c
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angle(p,p) < 165
Pt(pp) < 0.2GeV /c
Umiss > 0.1GeV

Further Event selection
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Further Event selection

BT UmissE{K1R £ 5 F4E 5 ppbar A J&
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Further Event selection

angle(p,p) < 165
Pt(pp) < 0.2GeV /c
Umiss > 0.1GeV

rowNo decay tree decay final state iDeyTr nEtr nCEtr
1 x — ppyE AT ppyEAF 11 6794 6794
2 x — ppayy”’,ad — 79, n — v 7O ppyyy” 156 3265 10059
3 T — f2(1270)pp’r f2(1270) — 7" 7Om0ppy s 68 2032 12991
4 x — ppady’, ad — 7 n n — w0n0x0 ‘?TD?TU?TUTFUPPTf 12 2708 15699
5 x— K pAyf A -7t 7t K~ ppy’ 88 2674 18373
6 = KTpAy! A =7 p 7~ Kt ppy! 2 2467 20840
7 x — J/vy, J)p — P ATAT AT 5 7%, AT = 7% 7m0 70 ppry 26 2079 22919
8 r — KtK~ ppyf KK~ ppy! 61 1753 24672
9 x— J/vy, JJ = AAMA -7 p A= 7tp Tt ppy 9 1751 26423
10 i: i/li’}f I/ = EE,E 2 A E 5w A A o T p, mO0nlnt " ppry 17 1508 27931
1 :c—)J/l!)’)f J/p —3°8° 5% 5 Ay, 2% - Ay, A = 7 p, L 59 1371 29302
A>satp
12 z — w'ppady’, ad — 7n,m — vy 707 ppyyy” 35 1305 30607
13 x — ppf1(1285)~', f1(1285) — 7%, ad — 7°n,n — vy 707 ppyyy” 207 1168 31775
14 x = J/y, Ty = npp,n — Y PPYYY 83 1155 32930
15 z — w07nppyt 700 ppy’ 100 1130 34060
16 x — f2(1270)pp, f2(1270) — 7 7" ' 7’pp 54 1097 35157
17 x — 7 f2(1270)ppy’, f2(1270) — 7°7° ‘?T()?T(]?l'opp")f 112 1045 36202
18 x — J)by, I/ — 7'pp w0 ppry 270 1015 37217
19 T — ppag,ag — 7N, n = vy 7 ppyy 157 998 38215
20 x — wppady’, ad — 7'n,n — 7Oxx° 1000070 ppnyd 13 928 39143
7359 E T Ll X7 5w B0 Ayaf 50T A - 2Ot npy 7358 1 130541

pt — nln*t
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rther Event selection
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angle(p,p) < 165
Pt(pp) < 0.2GeV /c
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Further Event selection
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P(p)(GeV/c)

angle(p,p) < 165
Pt(pp) < 0.05GeV /c
Umiss > 0.5GeV
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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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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 < 8(p,p) < 170;

—0.1 < Umiss < 0.1

Futher event selection
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cosB,,iss * sign(e) < —0.99;
20 < 8(p,p) < 170;

—_— 10 < 0(p/p, €) < 170;

—0.1 < Umiss < 0.1

Futher event selection
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Mctruth information

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

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

Mectruth information (no selection), Ecms = 3.773GeV,
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Mctruth information

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

eppx eppy eppz
105 htemp 100 htemp htemp
E Entries 90000 E Entries 90000 E Entries 90000
= Mean 0007644 F Mean  6.003e-06 22001~ Mean 06719
C StdDev  0.07004 E Std Dev_ 0.06813 2000F- SidDev 03688
10° = 10° F
E E 18001
E r 1600
3L t] - E
10 = 10 E 1400
r C 1200
w’;— 107 1000
= F 800
10 10 6001—
E E 400
L e 200
A . . E. P P I NN B R
-1 -0.5 0 0.5 1 -1 -05 0 0.5 1 1 05 0 . 15
eppx eppy eppz
epp epe epcos
htemp _ htemp . htemp
L Entries 90000 C Entries 90000 10 Entries 90000
- Mean 0.6801 = Mean 0.6801 E Mean 0.9763
12001— Sid Dev 03668 1200— Sid Dev  0.3668 E Std Dev__ 0.1107
r C 10
1000— 1000(— 3
800 800 10
600 800 10
400/ 400 r
» n 10
200~ 200— E
P B BRI PRI B SR BRI | C 1 L L I Ll E
% 0.2 4 . 1 12 14 % 0.2 0.4 0.6 0.8 1 12 1.4
epp epe

Kedi Hao (ffi#}H8) Light-Hadron-Group



