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Abstract

We study the process of ete™ — A}A_ at center-of-mass energies(/s) of 4.574, 4.580, 4.590 and
4.599 GeV with the data sample collected with BESIII detector at BEPCII. The energy dependence of
the cross section of e*e™ — A} A7 is measured in two ways: by reconstructing A} with the golden mode
A} — p*K~x* and by reconstructing A with the multiple decay modes. The A is reconstructed indepen-
dently and the Born cross section is obtained from the weighted average of that obtained from tagging A}
and tagging A_. The very weak energy dependence of the cross section near threshold indicates that the tra-
ditional theoretical prediction, which did not take account the strong interaction, needs to be modified. With
the large statistic of multiple decay modes, we estimate the |G /G y| ratio to be 1.47 + 0.22 at /s = 4.574
GeV and 1.23 + 0.06 at /s = 4.599 GeV by fitting the angular distribution of A} and A;. By assuming a
uniform magnetic form factor (|G y|) near threshold, a fit is performed on the cross section line-shape and
the form factor |G| is yield to be 1.073 + 0.022 near threshold.

PACS numbers: 14.40.Pq, 13.25.Gv, 13.40.Hq
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CROSS SECTION MEASUREMENT OF e¢*e™ — AYA. BY TAGGING MULTIPLE DECAY

MODES

A. Decay modes and event selection

TABLE I. The tagged decay modes of A/ in this analysis.

Decay modes Intermediate BR | Absolute BR(%) | Total BR(%)
1.A} - p*Kn* - 5.64 +0.35 5.64 +0.35
2. Af > p*KY, KY > ntn” 69.2% 1.47 +0.09 1.02 + 0.06
3.AF > At A - prT 63.9% 1.19 +0.08 0.76 + 0.05
4. Af - pt Kt 10 — yy 98.8% 4.22 +0.36 4.17 +0.36
5.AF - ptKIn® KY — ntnm, 70 - yy|69.2%x98.8% |1.75 +0.13 1.20 + 0.09
6. Ay = Ar* ', A = pta, 7" > yy  |63.9%x98.8% |6.67 +0.40 421 +0.25
7.Af - p*Kntn™, KY - ntn- 69.2% 1.46 +0.13 1.01 +0.09
8. A} - Antntn, A — ptn 63.9% 3.66 +0.27 2.34+0.17
9. A} - 207,20 5 Ay, A — p n 63.9% 1.21 +£0.08 0.77 +0.05
10.A} - =nta, 2% — pr®, 2% = yy [51.6%x98.8% |4.05 +0.30 2.06 +0.15

TABLE II. The resolution of AE for each mode and the resolution of the intermediate state invariant mass
at v/s = 4.6 in MeV.

Mode AE requirement(GeV) | Intermediate state requirement(GeV)
pKrt (-0.02,0.02) — -

Pk} (-0.02,0.02) K! (0.487,0.511)

An* (-0.02,0.02) A (1.111,1.121)
pK~ntn (-0.03,0.02) 0 (0.115,0.150)
pKn’ (-0.03,0.02) Kon (0.487,0.511),(0.115,0.150)
An*r® (-0.03,0.02) A (1.111,1.121),(0.115,0.150)
pKomtn (-0.02,0.02) K? (0.487,0.511)
AntataT (-0.02,0.02) A (1.111,1.121)

Y0+ (-0.02,0.02) Y0 A (1.179,1.203),(1.111,1.121)
Tttt (-0.03,0.02) * a0 (1.176,1.200),(0.115,0.150)
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FIG. 1. The distribution of AE of each mode at /s = 4.599 GeV, where the red arrows indicate the signal
region.
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FIG. 2. The distribution of AE of each mode at /s = 4.599 GeV, where the red arrows indicate the signal
region.
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FIG. 3. The distribution of AE of each mode at /s = 4.599 GeV, where the red arrows indicate the signal
region.
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TABLE III. The cross feed yields of each mode at /s = 4.600. We list in percent.

Modes |pK #* ng Ant|pK~ntn ngﬂ'O Antn® pK27r+7r_ Artrta |20t | Xt
pKn* — 10.0(0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0
ng 01 |—10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ar* 0.1 |00 |— 0.1 0.0 0.1 0.0 0.0 0.3 0.0
pKntn® 28 0202 —— 0.4 1.2 0.3 0.8 02| 0.6
pKon° 20 102/02] 14 —-— | 23 0.6 0.7 |02 08
Anta® 1.3 102102 1.0 0.4 - 0.2 0.8 1.4 0.6
pK27T+7T_ 22 103103 2.6 1.0 1.6 - 2.5 0.2 0.8
Antntn=| 1.1 |0.2]0.1 0.9 0.2 1.5 0.3 —— 0.1 0.4
07+ 04 |0.1]0.7 0.3 0.1 0.4 0.1 0.1 — 0.2
Strtn 20 [02]0.1 0.8 0.4 1.3 0.2 0.7 0.1 ] —
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FIG. 19. The fit results of Mpc at /s = 4.574 GeV for angular distribution.
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FIG. 25. The fit results of Mpc at /s = 4.574 GeV for angular distribution.
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FIG. 26. The fit results of Mpc at /s = 4.574 GeV for angular distribution.
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TABLE 1V. The calculated cross section for each mode by tagging A} at /s = 4.574.

Mode Nigm exr (%) BR(%) aﬁgm (pb)

pK~nt [161.8+12.8 50.9 5.64+0.35(236.1 +18.7+17.7
Pk 363+6.1 562 1.02+0.06/265.1 +44.4+16.6
At 169+4.1 428 0.76+0.05/217.7 +53.1 + 16.0
pKntnl| 527+79 147 417 +£0.36(360.1 +53.7 + 38.4
pKn° 8.6 +3.1 17.3 1.20+0.09/172.7 +63.4 + 12.6
Antn 420+67 129 4.21+025/323.8+51.7+22.1
pKim*n| 9.7+32  19.1 1.01£0.09/209.7 +69.5 +21.5
Antntn| 100+34 108 2.34+0.17[166.2 +55.9 + 14.8
0x+ 90+3.0 23.6 0.77+0.05/206.5 + 68.9 + 15.1
Statn | 264+55 172 2.06+0.16/312.2 + 65.3 +28.3
summary 241.8 +13.8+94

TABLE V. The calculated cross section for each mode by tagging A at /s = 4.574.

Mode N e (%) BR(%) 22 (pb)

pK™m* [1725+13.5 50.1 5.64+0.35/255.7+20.0+19.1
Pk} 423+£6.5 552 1.02+0.06314.4+48.6 +19.7
Ar* 120+£35 421 0.76+0.05/156.7 459 £ 11.5
pK m*n’| 23155 154 4.17+0.36/150.7 +36.1 + 16.1
pKm" | 19.1+45 172 1.20+0.09/386.6 +91.1 +28.1
Artn® | 447+69 130 421+0.25[342.2+£52.8+233
pKn*r~| 94+33 189 1.01£0.09/206.7 +£722+21.1
Ar*ztn~| 16.8+42 104 234+0.17|289.0 723 +258
20n* 69+27 242 0.77£0.05[155.1+60.0+ 113
Statn | 20.7+48 173 2.06+0.16/242.8 £ 56.3 +22.0
summary 2349 +13.8+9.1
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TABLE VI. The calculated cross section for each mode by tagging A} at /s = 4.574.

Mode N en; (%) BR(%) o™ (pb)
pK=nt [292+54 493 564+0.35|174.4+322+13.1
Pk} 109+33 540 1.02+0.06]327.4+99.8 +20.5
Ant 30+1.7 413 0.76+0.05 158.7+91.5+11.6
pKntn’ (114 +35 142 4.17+0.36| 320.2 +98.7 + 34.1
pKIn® |45£23 169 1.20+0.09369.2 + 188.3 +26.9
Antnd  |33+22 125 4212025 104.1 +68.1+7.1
pKon*n[29+17 186 1.01+0.09/251.9 +153.8+25.8
Antntn | 3.8+2.0 102 234+0.17(262.3 + 142.6 +23.4
07+ 1.8+13 202 0.77+0.05[190.0 + 140.9 + 13.9
Ytrtam |3.3+27 168 2.06+0.16(158.8 + 131.0 + 14.4
summary 188.8 +24.1 + 8.4

TABLE VII. The calculated cross section for each mode by tagging A7 at +/s = 4.58.

Mode N/‘{‘Cf"“ ex: (%)  BR(%) aﬁ’;’" (pb)
pK~n* 450+£6.8 49.8 5.64+0.35| 259.5+39.1+194
pK(S) 9.0+£3.0 539 1.02+0.06] 264.1 +88.1 £16.5
Arn* 89+30 404 0.76 +£0.05| 467.6 £ 158.3 +£34.3
pKnta’| 10.7+3.6 139 4.17+0.36 298.9 + 101.8 + 31.9
ngiTO 3.7+£20 164 1.20+0.09| 306.3 + 165.5 +22.3
Antr® 89+3.6 124 4.21+£0.25|2754+1133+18.8
pK27T+7T_ 28+1.8 18.5 1.01 £0.09| 238.5 + 1544 +24.4
Arn*ntn™| 4.6+23 10.3 2.34+0.17| 308.6 + 153.3 £27.5
>Ont 1.0£9999.0 21.5 0.77 £0.05(97.9 £ 978807.3 + 7.1
Ttntn 24+23 169 2.06+0.16] 110.3 +108.0 + 10.0
summary 2623 +289+11.8
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TABLE VIII. The calculated cross section for each mode by tagging A at /s = 4.59.

Mode N en; (%) BR(%) o™ (pb)

pK=nt |46.7+7.0 50.8 5.64+0.35264.4+393+19.8
Pk} 88+3.0 553 1.02+0.06]253.7+859+15.9
Ant 27+21 415 0.76+0.05/138.2 + 108.4 + 10.1
pKntn’ 62+3.0 15.1 4.17+0.36| 160.9 +77.0 + 17.1
pKIn® | 78+28 17.1 120+0.09613.6 +223.5+44.6
Antnd  [11.1+£3.9 13.1 421+0.25(325.0+114.6 £22.2
pKom*n[34+£23 189 1.01+0.09/292.0 +197.0+29.9
Artntn |29+17 104 234+0.17(195.8 + 1152+ 17.4
07+ 30+1.7 226 0.77£0.05277.5 + 160.2 +20.2
Ytrtam |27+1.8 175 2.06+0.16] 120.5 + 80.9 + 10.9
summary 230.4 £26.6 + 10.0

TABLE IX. The calculated cross section for each mode by tagging A_ at +/s = 4.59.

Mode N;{‘;’“ &x- (%) BR(%) o-/l{?r” (pb)
pK~nt [435+6.6 509 5.64+0.35/251.3+38.2+18.8
pK? 80+28 556 1.02+0.06]233.3+82.6=+14.6
An* 59+24 408 0.76+0.05/314.9 + 128.5 +23.1
pK 7t 7%[109+3.3 153 4.17+0.36| 283.4 + 86.4 + 30.2
pKon® |42+23 174 1.20+0.09|338.0 + 180.5 + 24.6
Antn® [63+28 12.8 421+025/195.0+87.5+13.3
pKIntn™| 1913 179 1.01+0.09/169.9 + 120.3 + 17.4
Artntn | 49+22 104 2.34+0.17|337.0 + 150.8 + 30.0
07+ 1.0+1.0 228 0.77+0.05| 92.7+92.7+6.8
Ytrtn | 8.8+29 174 2.06+0.16/406.2 + 135.3 + 36.8
summary 2412 +262+10.3
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TABLE X. The calculated cross section for each mode by tagging A} at +/s = 4.599.

Mode N enr (%) BR(%) o™ (pb)
pK—nt 29738+ 604 513 5.64+0.35/231.8+47+17.4
pK} 618.8 +26.3 554 1.02+0.06/247.0 +10.5+15.5
Ant 3544 +19.1 414 0.76+0.05/254.0 +13.7 + 18.6
pKntn’| 654.6 +358 144 4.17+0.36(245.9 + 13.4 +26.2
pKIn® 12247+198 169 1.20+0.09/249.9 £22.1 +18.2
Antn® | 6344+32.0 13.0 4.21+0.25(261.4+13.2+17.8
pKom*n[223.6£19.1 19.5 1.01+0.09/256.1 +21.9 +26.2
Amtntn | 270.8 £202 112 2.34+0.17(233.0 + 17.4 +20.8
Y07+ 1739+ 143 223 0.77 +0.05(228.4 + 18.8 + 16.7
TtatnT | 4433 +264 172 2.06+0.16(282.2 + 16.8 +25.6
summary 246.1+44+£79

TABLE XI. The calculated cross section for each mode by tagging A, at /s = 4.599.

Mode Ndaa g5 (%)  BR(%) 22" (pb)
pK—nt  [3216.0 +60.1 494 564+0352604+49+195
Pk} 625.0+26.0 53.8 1.02+0.06/256.9 +10.7 + 16.1
Ant 342.0+20.1 40.0 0.76+0.05/253.7+14.9 +18.6
pK~ntn%| 722.0+363 151 4.17 +0.36(258.6 + 13.0 + 27.6
pKIn® 12504+185 168 1.20+0.09]280.1 +20.7 +20.4
Antn® 1 6329+31.2 125 421+0.25]2712+13.4+185
pKon*n| 187.6+18.4 188 1.01+0.09/222.8 +£21.9+22.8
Amtntn | 2512+19.4 109 234+0.17(2222+17.2+19.8
Y0+ 2147 +149 222 0.77 +0.05(283.3 + 19.7 +20.7
TtataT 13662 +250 17.1 2.06+0.16(234.5+16.0 +21.2
summary 2559 +45+82

TABLE XII. The result from tagging the multiple decay modes.

Born

Vs(GeV)
4.574
4.580
4.590
4.599

fisr| o

0.47
0.67
0.72
0.74

A (PD)

242+ 14 +£9
189 +24 + 8
262 +29 + 12
246 +4 + 8

B (pb)
235+ 14 +9
241 26 +£ 10
230 £27 £ 10

256 4+ 8
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