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Motivation

B The study of the production of Charmonium(-like) Y states in
et e annihilations above open-charm threshold can provide a test for PQCD.

B The anomalous behavior differing from the pQCD prediction at threshold is observed.
PRD 97,032013 (2018)
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B The unexpected features of baryon pair production have driven many
theoretical interests in Ref.[PRC79, 054001 (2009), PLB643, 29 (2006)],
including scenarios that invoke BB bound states or unobserved meson

resonances. To test the hypotheses, a precision measurement of dB(ete” -
AA) beyond the threshold is desired.

B BESIII so far has collected large data sample for above open charm threshold,
it should be a good chance to measure cross section and form factor for
ete™ - AAbeyond threshold, which may provide us more insights into the
nature above the open charm region and experimental evidence .
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Data sets

XYZ Data
16 energy points

Exclusive MC (PHSP)
100k for each energy point

ete” > AA > ppr—r™

BOSS version: 703



Event selection

B Initial selection:

> Charged track : B Further selection:
v' n(Charge)=0 > 2. <100
» PID: Yes!
v N, =1&Np = 1&N,+=1&N, - =1 1 Data ]
» A reconstruction: E, o
v' Using secondary-vertex reconstruction = | Lie. | ] )
strategy by looping pmr with combination E; g .
of Omin = |[Mpr — M- 8 &j‘-"n -
» 4C kinematic fit (AA hypothesis) e
S : 0 Decaylengztoh of A (cm) K
- Data — — ‘ — T ‘
» — Exc. MC Jd ; . Exe. MC
- -
’ _f R  —
200 Decay length of A (cm)




Extraction of signal yields (counting)
I T O T T R

obs _ nS _ T nB T nA
N =N ZN + 4N STTsN Ao sel DAROEE N (21088 p g pRo el B2 9N -

4009 12.073% 1.0%%3 0 11.5%37 73 -

B SRR ' ~ ' 4180 17.0%52 8032 10723 133%60 5 -
1.13-?— A _ 4190  1.0%23 0 0 1.0123 - 3.89
< 1125_ _ 4200 4.0%32  1.0f23 1.0%23 3.8%3% 338 =
= F 1 B, <] 4210 1.0*23 3.0*22 0  —05*31 05 260
. m;k — 4220 1.0%23  1.0%23 0 0.5*#8 0.6 3.89
F A ] 4230 12736 2.0%%§ 0 11.0%32 6.1 —
' _ 4237  4.0%3%2  1.0%23 0 3500 3.1
A R 4246 3.0*22 10723 0  25%32 24  6.68

M, (GeV/c?) ' ' '

pr +3.4 +2.6 F3LY
4260 5.034 %28 0 4.0%39 21 7.99

. . . . g +2.9 +2.9
B The statistics significance for 2 ST | 8 00 1802rs = | 668
counting experiments can be 4280  1.0%53 0 0  L0%E - 3.89
calculated based on Poisson by 4360  4.0%32 O |saens | AmEs | 28 =
: 4420 4.0%32  1.033 0 3.5%3¢ 3.1 —

TMath::Poisson(S,b) =0 oo “
4600 1.0%%3  3.0%%32 0 —-05*28 05 2.30

—2%log TMath::Poisson(S,S)

B Upper limit for counting experiment is estimated by statistics
http://people.na.infn.it/~lista/Statistics/slides/06%20-%20upper%20limits.pdf



Signa

elds extraction
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Detection efficiency (@ KKMC

B [teration method
B Initial state radiation correction

B To be stable
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(a) The curve of (1 + o) - €, (b) and (c) the Born cross section for last two iterations

fitted by second polynomial.
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Nax
generated
NA/_\ 8

The efficiency is defined by: € =
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Calculation of Born cross sections and FFs

B Experimentally, Born cross sections of ete™ — AA are calculated by:

B _ Nobs
LA+8)(1+MeB%(N->pm)’

where N, number of observed events, £ luminosity, 1 + o ISR factor, 1 + Il vacuum polarization
factor, B the branching fraction.

B Theoretically, Born cross section can be expressed as:

ama?C 2m%
F = £ [|GM|2 SA |GE|2]- Gy g electric/magnetic FF
2
T4 velosity

The effective form factor deﬁned by B= [1- 45

1
a = —: fine structure constant

Gul2+(Z28) 652
_ M s E s: the square of CM ener
|Geff (S)l - 1+2m,2\/s ! =

)

Coulomb factor C =1 for neutral mode

is proportional to the square root of the baryon pair production cross section,
to be

3soB

N P
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Numerical results

TR ) o I O 2N il R o OO

3773
4009
4180
4190
4200
4210
4220
4230
4237
4246
4260
4270
4280
4360
4420
4600

3773.0  2917.0 1.06 0.79 33.1240.18  29.1 202%152 611.97359
4007.6  482.0 1.05 1.16 24.3240.16 7.3 11.5%39 - 197.3%852
4178.0  3189.0 1.05 1.49 17.6440.13 5.0 13.3%%F - 37.01 332
41893 5219 1.06 152 17.3240.13 - 1.0*%3 3.89 16.873%7(< 65.6)
4199.6 5237 1.06 1.55 16.92+0.13 3.8 3.8%3; - 63.91 742
4209.7 5112 1.06 157  16.3840.13 0.5 —0.57}% 2.60 —8.8t§28-8(<45.7)
42188 508.2 1.06 1.60 16.49+0.13 0.6 0.57}3 3.89 61%24(< 67.2)
42263 10473 1.06 1.63 16.2840.13 6.1 11.0%34% - 91.433;?;
42358 5089 1.06 166 15524013 3.1 3.5%%F - 61.7+15:3
42439 5327 1.06 1.68  15.34.40.13 24 25731 6.68 42.1733%(<112.8)
4258.0 825.7 1.05 1.73 15.09+0.13 2.1 4.0%3% 7.99  43.3731¢(<86.6)
4266.9 529.3 1.05 1.76 14.48+0.13 - 3.07%2 6.68 51.973%1(<115.9)
4277.8 174.5 1.05 1.79 14.0840.12 - 1.07%23 3.89 53.0%1229(<206.8)
4358.3 539.8 1.05 218  1142+011 3.8 4.3%22 - 74.613233
44156  1028.9 1.05 2.55 9.44 +0.10 31 3.5%2% - 33.0%22¢
4599.5 566.9 1.05 4.79 8.03 +0.10 0.5 —0.5%}3 230 -5.3%13%(<24.6)
Nobs

dB(ete”™ - AN) =

L-e-|1+? - (1+0) B?>(A—- pn)

10.3*2%8
6.2%3%
A
1.9%28(<3.7)
WAL
—1.4%2%(<3.7)
1.3%22(<3.1)
4.4%%2
3.6%33
3.01%27(< 4.9)
3.17%7(<4.3)
3.3%33(<5.0)
3.4%31(<6.7)
41435

2.8%%3

—1.2%33(< 2.5)
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Systematic uncertainty

B Luminosity: the published paper and BESIII preliminary measurement.

B A reconstruction: track, PID are proposed to be combined, quoted by published paper Phys.
Rev. D 87,032007 (2013).

B Branching fraction for A —» pm: 1.1%.
B ISR factor: the difference forlast two iteration.

B A decay length: the difference between the data and MC with and without requirement of A
decay length based on the all data.

B Angular distribution: the difference between the data and PHSP MC
B 4C kinematic fit: Done with control sample Y(3686) — AA

Value(%

Luminosity 1.0
Branching fraction of of A — pm 1.1
ISR factor 1.8
A and A reconstruction 54
A and A decay length 1.8
4C kinematic fit 1.0
Angular distribution 6.3
Total 8.8

12



Systematic uncertainty (¢°) for ISR factor

0-8 N 1 1 1 1 1 T T T 1 i § 5 5
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0.7 - —l— 2nd iteration B E
- —¥— 3rd iteration ] - 3 -
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075859 40 41 42 43 44 45 45 47 7 388 39 4 41 42 43 44 45 46 47
Ecm. (GeV) Ecm. (GeV)

The relative difference of €(1 + o) for each energy point.
2773 [ 4009 | ua | 4120 | 4200 | azuo | 4220 | 4230 | 4237 | ands | 4260 | 4270 | 4260 | 4360 | daz0 | o0
0.0 0.8 1.8 0.5 0.5 0.2 1.7 1.7 0.2 0.3 0.1 0.9 0.9 0.0 0.7 15

Conservatively, we take the largest one 1.8% as the systematic uncertainty on the
ISR factor for each energy point.
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Systematlc uncertamty (O'B ) for angular dlstnbutlon
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, where the subscript i runs over every cos@

interval, N"bs number of events for each cos@interval, N%2* 211 humber of events for whole cos@ interval.

N is the number of cos@ intervals.

Conservatively, 6.3 % is taken as the systematic uncertainty for angular distribution.

The efficiency difference is defined by o; = 1 —

€Data

€Emc

= |X;0% /N=5.1%,

Y07 /IN=6.3%,

The weighted average difference is taken as the systematic uncertainty
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Line shape for Born cross section & FFs
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B The cross section and FFs for ete™ - 2~
are measured for the first time between
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B Due to the limited statistics and energy points, we just perform a smooth fit to the
dressed cross section (including the vacuum polarization effect).



Summary

B Summary

v Using XYZ data for 16 energy points, Born cross section &
FFs for ete™ — AA are measured for the first time in the
center-of-mass energy between 3.773 and 4.6GeV/c?.

v’ A fit to the dressed cross section is performed by exponent
function without consideration of Charmonium(-like)Y states
due to the limited statistics and energy points.

BNext to do

v Improve the details
v" Prepare the memo
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Error calculation

Exact Binomial and Poisson Confidence Intervals

Revised 05/25/2009 -- Excel Add-in Now Available! (read below)

Binomial Il Poisson Il Set Conf Levels

This page computes exact confidence intervals for samples from the Binomial and Poisson distributions.

By default, it calculates symmetrical 95% confidence intervals, but you can change the "tail areas" to anything you'd like.

The formulas used in this web page are also available as Excel macros, which you can download in the file: confint.xls (85k long). This spreadsheet now includes an extra page that can
generate a customized table of confidence limits around the observed numerator (x) and around the observed proportion (x/N), for any value of the denominator (N). My thanks to Prof.
Patrick J. Laycock (University of Manchester) for that enhancement.

If you would like to have the six functions (BinomLow, BinomHigh, BinomP, PoisLow, PoisHigh, and PoisP) which appear in this spreadsheet available all the time (just as if they were
built-in Excel functions), you can download and install the confint.xla Excel "add-in". Save the downloaded file in some reasonably "permanent" location on your computer's hard disk.

Then install it, using the appropriate steps for your version of Excel (see Excel's Help section for "add-ins").

Note: Before using this page for the first time, make sure you read the JavaStat user interface guidelines for important information about interacting with JavaStat pages.

Binomial Confidence Intervals

Enter the observed numerator and denominator counts, then click the Compute button:

Numerator (x): 10
Denominator (N): 20
Compute
Proportion (x/N):

Exact Confidence Interval around Proportion: to



Numerical results
D [VsMeV) | Lpb™) | NP | 148 | Ny |0 | eom) | oteh)

3773 3773.0 2917.0 1.06 0.79 2021132 29.1 33.1140.18 0.16+0.04
4009 4007.6 482.0 1.05 0.75 11.5%33 7.3  30.18+0.17
4180  4178.0 3189.0 1.05 1.00 13.3%%¢ 50 24.4540.16 0.1140.01
4190 41893 521.9 1.06 1.02 1.0123 - 24.2140.16
4200  4199.6 523.7 1.06 1.02 3.8%%¢ 3.8  23.7840.16
4210  4209.7 511.2 1.06 1.03 —0.5453 0.5  23.55%+0.16
4220  4218.8 508.2 1.06 1.04 0.5%53 0.6  23.3240.15
4230  4226.3 1047.3 1.06 1.04 11.0%3% 6.1  23.45+0.15 0.09+0.02
4237 42358 508.9 1.06 1.04 3.5%2% 3.1  22.7740.15
4246 42439 532.7 1.06 1.05 2.5%21 24  22.7540.15
4260  4258.0 825.7 1.05 1.05 4.0%32 2.1  22.4840.15 0.1040.03
4270 42669 529.3 1.05 1.05 3.0%32 - 22.3410.15
4280 42778 174.5 1.05 1.07 1.0723 - 221240.15
4360 43583 539.8 1.05 1.15 4.3%22 3.8 19.26 +0.14
4420 44156 1028.9 1.05 1.19 3.5%%% 31 17.96 +0.13 0.0440.02
4600 45995 566.9 1.05 1.26 —0.5%33 0.5 13.87 +0.12

The statistical significance is calculated tobe 0 =s/+/s + b

Nobs

[1]]

")

gB(ete” - E~

2L -e-|1+M)?2-(14+0): B(E ->mnA) - -B(A - pn)




Numerical results
D [VsMeV) | Lpb™) | NP | 148 | Ny |0 | eom) | oteh)

3773 3773.0 2917.0 1.06 0.79 2021132 143  33.12+40.18 0.16+0.04
4009 4007.6 482.0 1.05 1.15 11.5%33 24.2640.16
4180  4178.0 3189.0 1.05 1.45 13.3% 3¢ 3.8  18.03+0.13 0.11+0.01
4190 418923 521.9 1.06 1.46 1.0%33 17.60+0.13
4200  4199.6 523.7 1.06 1.50 3 17.61+0.13
4210  4209.7 511.2 1.06 1.52 —0.5453 16.8840.13
4220  4218.8 508.2 1.06 1.54 0.5%53 16.75+0.13
4230  4226.3 1047.3 1.06 1.55 11.0%3% 34  16.76+0.13 0.09+0.02
4237 42358 508.9 1.06 1.58 3.5%2% 16.06+0.13
4246 42439 532.7 1.06 1.60 2.5%21 15.64.1£0.13
4260  4258.0 825.7 1.05 1.66 4.0%32 21  15.3940.13 0.1040.03
4270 42669 529.3 1.05 1.68 3.0%32 16.90+ 0.13
4280 42778 174.5 1.05 1.71 1.0723 14.4740.12
4360 43583 539.8 1.05 2.03 4.3%22 11.99 £0.11
4420 44156 1028.9 1.05 2.35 3.5%24 1.6 10.00 +0.10 0.0440.02
4600  4599.5 566.9 1.05 3.59 —0.57%3 8.52 +0.10

The statistical significance is calculated tobe 0 =s/+/s + b

Nobs

[1]]

")

gB(ete” - E~ -
2L -€-|14+M?-(14+0)- B(E->mnA)- B(A—- pn)




Numerical results
IR T 7 P T

3773  3773.0  2917.0 1.06 0.79  33.1240.18 29.1 2021152 0.16+0.04
4009  4007.6 482.0 1.05 1.16  24.1240.16 7.3  11.5%33 -

4180  4178.0  3189.0 1.05 149 17.9640.13 50  13.3%%; - 0.114+0.01
4190 41893 521.9 1.06 1.52  17.4040.13 — 1.0*23  3.89

4200  4199.6 523.7 1.06 154 16.95+0.13 3.8 BiEE -

4210  4209.7 5112 1.06 156  16.52+0.13 0.5 —0.5*1¢ 2.60

4220  4218.8 508.2 1.06 158 16.41+0.13 06 0.5%53 3.89

4230 42263 1047.3 1.06 1.62 16.10+0.13 6.1  11.0%3% -- 0.09+0.02
4237 42358 508.9 1.06 1.64 15.744+0.13 3.1 3.5%3% -

4246 42439 532.7 1.06 167 15484013 24 2.5721 668

4260  4258.0 825.7 1.05 1.72  15.17+0.13 21 4.0%32 799 0.10+0.03
4270  4266.9 529.3 1.05 1.76  14.61+0.13 — 3.0t32  6.68

4280  4277.8 174.5 1.05 1.78 14.03+0.12 - 1.0%%23  3.89

4360 43583 539.8 1.05 216 11534011 3.8 4.3%23 -

4420 44156 10289 1.05 250 9.7040.10 3.1 3.5%24 -- 0.04+0.02
4600  4599.5 566.9 1.05 465 815+010 05 —05%33 230

Nobs

gB(ete™ » AA) =

L-e-|1+10[2-(1+0)-BZ(A > pn)
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