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Updating

* Boss version : 6.6.5.p01 — 7.0.3 .
* Add data points.
e Checked the generator model of ConExc at+/s = 2.125GeV.
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Motivation

> Perturbative QCD theory fails to describe this energy region. Therefore 1t 1s vitally important to gain
suthcient information from experiment to be used as mput for various QCD-based theoretical models.

> In particular, precise measurements of light hadron production cross section 1s mandatory for getting
knowledge about vacuum polarization effects, so that the hadronic contribution to the running fine-
structure constant a(s) can be estimated, and further to extend to the Z—boson mass point and to get the

value a (¥ 2), which 1s a key value to precisely test on standard model.

> The cross sections are used to extract the resonance parameters for excited p and ¢ states. Recently,
charmonium-like states, such as the Y(4260), Y(4360) and so on, have been observed in e e ~collisions,
and measurements of their decay modes, masses and widths are desirable.



Data set

>BOSS version: 7.0.3.
>Signal MC :e*te”™ - ne, p » KTK~, - yy (500000 for each energy point).' who

>ISRMC :efe™ = ¢ysp, ¢ = KK~ (500000 for each energy point). éﬁgdecaita s AEEEE

> Data Sets : The search of ete™ — n¢ based on data samples collected with

Decay eta

1.0 gamma gamma FHSH

the BESIII detector at center-of-mass energy above 4 GeV.

Enddecay
Table 1: Data sets used in this analysis and corresponding integrated luminosity Decay phi
V5 (GeV) Luminosity(pb~') \/s (GeV) Luminosity(pb™") Vs (GeV) Luminosity(pb™") 1.0 K+ - AngSam 1 -1;
4.009 481.96 4237 530.6 4.360 539.84 Enddecay
4.090 52.63 4.245 55.59 4.390 55.18
4.180 3189.00 4.246 537.40 4.420 1073.56 We checked the generator model of ConExc at
4.190 522.50 4.260 824.67 4.470 109.94 5 =2.125GeV. The angle distribution and
4.200 524.60 4.270 825.67 4.530 109.98 momentum distribution of it shown in backups.
4.210 518.10 4.280 175.50 4.575 47.67
4.220 514.30 4.310 44.90 4.600 566.93

4.230 1091.74




Event selection

>(Charged Tracks : >PID

¢ |Viy [<1.0em  |V,|<10.0 cm * Only Kaon

* |c0s0|<0.93 > :

o N, 0> 2&& ¥ Q=0 o mass : [y —1.019|<20,,,,
e N(+)=1&& N(-) =1 >

> Neutral Tracks : * mass: 0.4 <M, <0.7 GeV/c?
* Epin > 25 MeV for |cosO|< 0.8 * 0,y : 0, < 1.5 radian

* Ein > 50 MeV for 0.86< | cosf|< 0.92

e TDC: 0 <t<14 (with a unit of 50 ns)
e N >=9

good



Event selection
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Event selection

The distribution of invariant mass of ¢ ( |myy, — 1.019 <20y, ,)
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Event selection

xZC distribution (xZC<IOO)
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Event selection

The distribution of 8 between y and y (angle < 1.5 radian)

&3 V5=4.040GeV b 15=4.090GeV e IS=4.180GeV e V5=4.190Gev {5-4.300Ge 5-4.420GeV
a -+ Data «+ Data C -~ Data P -+ Data T Data Dat
o — SampleMc b — SampleMc T — SampleMc F — SampleMc q — SampleMe
— SignalMc b — SignalMc r — SignalMe: 14| ;— — SignalMc E — SignalMe
s . 2t o F 3
H =F . NS g s
g 5 goF 5 Zosf
@ o2 @ g o F
F [l =
151 a0 L= s E
3 : Hi Rt N
20— E 1=
5 r o E
[ ] 7 2 25 3 [ [X3 T 15 2 25 a E n |
o, L o ] 3 z 25 3
n 'y
=
af VS-4.200GeV E (5=4.210GeV 3 I5=4.220GeV 8 ¥5=4.230GeV F
o (e) -+ Data 18 (f) -+ Data 18 (g) - Data e (h) + Data wsbe V5-4.470GeV b {5-4.530GeV
— SampleMc wof- — Samplehic 5 - ‘g‘ampl;Mc F - gamplaMc S - g::plem E t he g::pleMc
- ignali: ignal = | F ignalMc - - 4= -
164 SignalMc W SignalMe s ignaliic af g 4 ~Signaitte E ~Signainte
4 12— E 35~ 35F
gwe— 5'2_ S Ezi'_ o g s af
= 2 = F =3 e
gw— %m— % E z o gzs— “5257
g 3 3 B o H gesf
5= E ER
& s F w2 IS
s 15[ 15
4 a £ 3
£ - ;:, 1= + 15—
F LE= 05
o s o L T L g
e [ 1 1.5a 25 3
e ( l) fsatgs?esv b (J ) @Btgsasv ( k) @Etamaeeev 25 (1) @:Daétzasoeev a s- ( @E‘i.;:.?s Gov 1af ) s =+ gnoesv
ya  SampleMc £ — Samplelc — SampleMe F — SampleMc i u 2 Sampletic E v — Samplec
— SignalMe ~ SignalMe — SignalMe 20l ~ SignalMc L — SignalMe F — SignalMe
asf E 9 1 9
y L 250 F
2 £ 2 2ab g E 2
I @ @ t = 2 =
g Easp E = g F g "
g 3 g Sl il g
15F F £ b
| FoRlas L
0sf F + 05
0. ] 15 : 7 3 0.5 1 15 H ES El £ B £ L
[ L 05 1
nE V8=4.270GeV 154 280GeV *E /5-4.310GeV i V5-4.360GeV
o (m) - Data o (n) - Dala E (0) -~ Data e (p) - Data
— SampleMc -E — SampleMc Rl — SampleMc/ F — SampleMc
18 — SignalMc — SignalMa F — SignalMc .- — SignalMc
f- LS e uE-
5 AL 5 5 s 2 F ] 12 :—
£ EE Es £ ol
af- £ F
i L=
2 r ‘:_
£ m [ 11 z;
0.5 1 |.5a 2 25 3 [E} 1 15 H 25 a




Event selection

The distribution of mvariant mass of . (with and without requirement of the cut on the two photon open angle

for the data)
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Data analysis

The fitting result of my,, (The signal shape : the signal MC line shape convolving with a Gaussian function. The
background shape : taken as a first order Chebychev function.)
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Summary of fitting

Summary of signal yield and the statistical significance

\/s (GeV) signal yields significance

Vs (GeV) signal yields significance

4.009 108 + 11 12.730 4.260 102+ 11 11.340
4090  7+3(<13) 2540 4.270 68 + 8 9390
4.180 435 + 22 25.500 4280 21 +4(<34)  4.060
4.190 58 + 8 8300 4310 4+3(<9) 1.760
4200 63 + 8 8.690 4.360 56 + 8 8.020r
4210 66 + 8 0.48c 4390 7 +6(< 13) 2770
4220 55+ 8 8300 4.420 103 + 11 11.750
4.230 160 + 13 14.530 4470 10+3(<16)  3.150
4237 67 + 8 9390 4530  5+2(<11) 1.070
4245  5+2(<10) 1.880 4575 2+ 1(< 6) 0.560
4246 67 + 8 O1lc 4.600 28 + 6 5.360




Born cross section

N Vs (GeV) N Ly (pb71) (%) (1+6)-06" T Born (Pb)
O-B - ’

4090  7+3(<13) 5263 3.3 7.40 2.80 + 1.24 (< 5.36)

4.180 435 + 22 3189.00  3.33 7.10 299 +0.15

obs B 4.190 58+ 8 52250  3.40 7.06 2.40 + 0.33

(1 +6) - 6% = o _ 1 f o’ (s(1 —x)) F(x, s)dx, _*2% 63 £ 8 524.60  3.42 7.03 2.59 + 0.33

oB oB(s) 1 + II(s) 4210 66 + 8 518.10  3.41 6.99 277 + 0.34

4220 55+ 8 51430 342 6.96 233 + 0.34

.. 4230 160 + 13 1091.74  3.46 6.92 3.18 + 0.26

vac .

> (1 + 5) -0 : radiative 4.237 67 =8 530.60  3.48 6.89 2.69 + 0.33
- 4245  5+2(<10) 5559  3.48 6.83 1.96 + 0.79 (< 3.92)

correction factor. 4.246 67 +8 537.40 355 6.85 2.66 + 0.32

> ( ) . . 4.260 102 + 11 825.67 349 6.80 270 £ 0.29

H ) h the vacuum polarlzatlon 4270 68 + 8 52970  3.54 6.76 279 + 0.33
contribution. 4280 21+4(<34) 17550  3.52 6.72 2.62 + 0.50(< 4.24)
, , 4310 4+3(<9) 4490  3.59 6.61 1.05 = 1.46 (< 4.38)

> F ( X, S) : radiator function 4.360 56 + 8 539.84  3.69 6.42 227 +0.32
: . 4390 7+6(<13) 5518  3.74 6.32 278 = 2.39(< 5.17)

taken from QED calculation with i00 10311 107356 377 623 2121023
4470  10+3(<16) 111.09  3.83 6.07 2.03 = 0.61(< 3.25)
accuracy 0.1%. 4530 5+2(<11) 11212 3.5 5.90 1.01 = 0.40(< 2.23)
> O'B ( S) - Born cross section 4.575 2+1(<6) 4893  4.00 578 0.94 + 0.47(< 3.77)

4.600 28 + 6 566.93  4.05 571 .11 +0.24




Systematic uncertainty |

>Photon reconstruction : 1% .
>'I'racking Etficiency and PID for kaon : Determined to be 19 and 2% per track, respectively.
>[vent selection criteria

e Kinematic fit : By the track-parameter-corrected method.

*  mass window : enlarging its width by one standard deviation.

* 0,, window : changing to 1.3, 1.4, 1.6 and 1.7 radian.

/
e . . . o — O
The uncertainties in the Born cross sections are estimated with: 5 = 17 Born Born|

b

O Born

where Born cross section difference, . 0%, - o, correspond to the change of the differences.



Systematic uncertainty |l

> Intting : Due to the difference between the signal yields and the nominal ones.
> Integrated luminosity : Determined to be 1.1% at /s =4.040 GeV, 1.0% at other energy points.

> Radiative correction factor : Associating with radiative correction factor 1s esimated with different
parametrization of mmput cross sections.

> Branching fraction : The total uncertainty from the two branching fractions comes to be 1.149% for all the
energy points.



Summary of systematic uncertainties(%) |

PR, TE, KF, pMW, BS, FR, IL,, RCF and BR is photon reconstruction, tracking etficiency, kinematic fit, ¢
mass window, background shape, fitting range, integrated luminosity, radiative correction factor and branching
ratio, respectively.

Vs(GeV) PR TE PID KF ¢MW 6, BS FR IL RCF BR Total
4.009 200 2.00 4.00 0.15 021 334 000 1.25 1.10 0.84 1.14 6.32
4.180 200 200 4.00 0.00 1.00 134 0.00 067 100 033 1.14 545
4.190 200 200 4.00 0.15 250 292 1.67 208 1.00 1.25 1.14 7.06
4.200 200 200 4.00 044 039 386 656 154 1.00 039 1.14 933
4.210 200 200 4.00 0.00 036 253 289 036 1.00 1.31 1.14 6.68
4.220 200 200 4.00 0.15 3.00 343 386 386 1.00 086 1.14 8.81
4.230 200 200 4.00 058 031 220 126 031 1.00 031 1.14 5.78
4.237 200 200 4.00 0.00 149 409 149 149 1.00 037 1.14 7.06
4.246 200 200 4.00 0.14 188 188 3.38 038 1.00 0.00 1.14 6.70
4.260 200 2.00 4.00 000 0.00 1.11 0.00 037 100 0.74 1.14 531
4.270 200 200 4.00 0.14 143 430 287 1.79 1.00 036 1.14 7.64
4.360 200 200 4.00 0.14 529 220 1.76 044 1.00 220 1.14 8.20
4.420 200 2.00 4.00 0.13 283 094 094 142 100 094 1.14 6.24
4.600 200 200 4.00 0.12 180 541 721 360 1.00 090 1.14 10.65




Summary of systematic uncertainties(%) |l

Vs (GeV) 4.000 4.245 4280 4310 4390 4470 4.530 4575
Photon reconstruction 200 200 200 200 2.00 200 200 2.00
Tracking efficiency 200 200 200 2.00 200 200 200 2.00
PID 400 400 400 400 400 400 4.00 4.00
Kinematic fit 0.00 0.00 0.14 000 0.00 0.13 0.13 0.13
¢ mass window 0.67 067 067 0.67 067 067 0.67 0.67
6y | DA U7 A 0 A OV A DA A OV A BV A
Background shape Ignore
Fitting range Ignore

Integrated luminosity 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Radiative correction factor 0.35 0.51 1298 0.51 0.00 0.99 0.99 0.00
Branching ratio 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14

Total 548 549 14.08 549 547 556 556 547




Cross section for e"e™ - ng

> To extract the Born cross section for the resonance Y(4220) or Y(4260) production 1n this decay
mode, the measured cross sections around 4.2196 GeV or 4.230 GeV are assumed due to the continuum

process and the Y (4220)/Y(4260) resonance.

> We fit the distribution of Born cross sections measured at these energy points with the following formula,
with the orbit angular momentum L = 1 between the final state ¢ and n particles:

. . 2
o(Vs) = |Lem@VS 4+ ¢ BW(+s) + 626“’ZBW2(\/§)| P3(s),
with BWi(Vs) = V12aT/(s = M7 + iM;T)

where ¢, are taken as real constants, which imply that the phase angles ¢; and ¢, for two resonances are
relative to the continuum component. M, and I, fixed to the masses and widths of Y (4220) or Y(4260) resonances,
respectively, the ¢ 1s the relative phase angle between the Breit-Wigner function and exponential function. P(s) 1s

the magnitude of ¢ momentum in e*e~ CM system.



Cross section for e"e™ - ng

> Fit results of the distribution for Born cross section.

Graph Graph Graph
=) [ o) [~ @ [ I
ﬁ 5 ‘é 5 —_— Al ﬁ 5 — Al
lg % — Continuum lg = Continuum
1 4 = 1 4 = —— Resonan ce_Y(4220) T 4 — Resonance_Y (4220}
_;m 'Jn —— Resonance_Y/{4260) ;m =—— Resonance_Y(4260)
% s b % 3 £ - .Itesonance_(\'{4210]+\‘{426l!}} % 3 E - _nmmme_{r{mw Yi4260))
||||| ference interference
2 — 2 - 2 L
1B 1 - | B
0 0
o, oo e S E O TR R
4.0 4.2 4.4 4.6 4.0 42 44 4.6 4.0 4.2 4.4 4.6
M, (GeV) M,, (GeV) M,, (GeV)

The left shows fit results with continuum alone. The middle plot show the fitting results of Born cross sections with

significance larger than 5o (points with error bars). The right plot show the fit to all measured cross sections, include energy
points with significance less than 50.

> The Born cross section of Y(4220) at 4.2196 GeV 1s determined to be o, (/s =4.22) = (3.20 + 3.18) x 1072 pb with phase
angle @1= (5.63 + 0.39) radian; the Born cross section of Y(4260) at 4.230 GeV 1s o, /s =4.26) = (0.00 + 9.34) x 107 Pb
with phase angle @, = (0.19+4.75) radian with statistical significance of resonance 1.200.



Next to do

> (Continue answering questions and updating the memo.

> Run the process of ete™ > ng, ¢ > K*K- ,nontr nandete” > np, ¢ > K*'K~,n - n'n%=O.



Thanks for your attention:



Backups



Checked the generator model of ConExc

Event selection

> In order to check the rehability of the generator model of Conkxc on the measurements of cross section
For n¢ production, we use data taken at 2.125 GeV and to compare various distribution between the data and

Monte Carlo simulation.

>(Charged Tracks :

* |[Viy [<1.Oecm |V, [<10.0 cm

* |c0s60|<0.93

o Ngood >=2 && Z Qi=0

e N+H=1&&N() =1

>Neutral Tracks :

* Epin > 25 MeV for |cosf|< 0.8

o Epin> 50 MeV for 0.86< | cosf|< 0.92
e TDC:0<t< 14 (with a unit of 50 ns)

e N . >=9

good

>PID

e Only Kaon

>a¢ .

* mass : | My —1.019|<0.030GeV
e 4C kinematic fit : x2, < 100



Checked the generator model of ConExc

Event selection

> We generate MC samples for eTe™ — ¢y,sp process, containing 5 x 10° events for this energy point, with
generator model VECTORISR, but only 20 events by the event selection.

2500

2000

EVENTS

1500

1000

S

< IIII|IIII|IIII|IIII|IIII|

| (£2 III (£4 | Eié — (£8 - 1
rrlry1 ((363\/)

The yy, invariant mass spectrum of MC events for for e¥e™ — ¢y;sg at 2.125 GeV.
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Checked the generator model of ConExc

Data/MC comparison for selection criteria

EVENTS

180 2.125GeV 1503_ 2.125GeV
C = Data : = Data
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. - -
Comeead™®F , o v v s s b v v e v v ba g v bg g » | L1 1 1 I I | I 1 1 I 1 1 I 1 1 |
15" 02 025 03 035 04 045 05 055 d5 o2 025 03 035 04 045 05 055

g2 8 & 8
%_llllllII||||I||IIII||||I|IIII||

g

(#)]
(=]

S

2.125GeV
-+ Data
— SignalMc

L, S P ———

07z 073 074

Py

Momentum of K * and ¢ distribution at the e*e™ center-of-mass.
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EVENTS

Checked the generator model

of ConExc

Data/MC comparison for selection criteria

- 2.125GeV
20 < Data
- —SignalMc
IUD_—
aoE—
60—
405—
205—
+4%)
ey B VT Y-y TR AT

"055"'§é'
YI

EVENTS

2.125GeV

~ Data
+ H + — SignalMc

A L
0.1 015 02 025 g.3 035 04 045 05
",

g 8

g
R R

EVENTS
S

2.125GeV
= Data
— SignalMc

TR T W N S SR S T S T
0.885 0.89 0.895 0.9 0.905

0875 088

Momentum of y distribution at the e*e™ center-of-mass, Y, , Y, and yy, respectively.



EVENTS

Checked the generator model of ConExc

Data/MC comparison for selection criteria

140:_ 2.125GeV 140:— 2.125GeV
- = Data N < Data
n — SignalMc 120{— — SignalMc
120— -
100~ 1001~
- »
80— = 80—
- WL
- > L
50__ 60 —
40— 40
20~ 20— t
03 0.5 0 0.5 1 03 0.5 0 0.5 1
cos, . cosB,

Helicity angle of cosBy distribution.



Checked the generator model of ConExc

EVENTS

Data/MC comparison for selection criteria

140=
- 2.125GeV

- < Data

120~ —SignalMc

100:— + +
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so:—

40—
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0_ ‘I!.— 1 | | 1 | I | 1 1 | 1 I | | 1 1 1 I | 1 1
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COSBT,

140

120

100

EVENTS
o
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(o]
o

20

- 2.125GeV
- < Data
n — SignalMc
: 1 1 | | 1 I 1 1 | | 1 1 | | 1 | 1

1 0.8 0.6 0 0.2 0 0.2

Helicity angle of cos8, distribution at the e e center-of-mass, Y, , Y, and Yy, respectively.



Checked the generator model of ConExc

Data/MC comparison for selection criteria

2.125GeV
< Data
—‘l‘(i — SignalMc

120

100

80

20

EVENTS
IIIIIII|III_T;_III|III|III|I
e

4
|

0 I | | | 1 | 1 | 1 | | | 1 | 1 | 1 | | | I

COS@n

Angular distribution of 1 meson, COSGrl , at the eTe™ center-of-mass.



Checked the generator model of ConExc

Data/MC comparison for selection criteria

2.125GeV
= Data
—SignalMc j’ }f

EVENTS
III|III|III|IIIO|III|IIIIIII
—
—
__+__.
__+___

60

40

20

T - T S
C089¢

Angular distribution of ¢p meson, cos0 4,at the eTe™ center-of-mass.



Background check from Inclusive MC

At 4.230GeV

@ 90
G F ¥S=4.230GeV
& 80 :gt_rg?bkg
WNo.  decay chain final states iTopo nEwt nlot = = 1SA=main bkg
0 ele —npq—y, ¢p—K KT, S — e 0 420 429 0
L elte™ — v, v —md, =y, d— KK, | ete” = ey KT K™ 1 152 581 60:—
2 ete™ — vt At = K Kt 5 — v, ete™ = o K YK~ ] a4 G14 -
a ete™ = ~g, ¢ — K-KT, ete” = v KYK™ 4 20 Ga4 50—
4 ete™ = m,, v, = KK, ete” = qKtK- 2 13 647 -
5 ete™ —no, n—aa'wl, = K KT, ete™ = vy KTK~ | 5 3 6o 40
i ff'tf'—}’:-ff;e,_.. ’:-fl,—}K_K",H*'—}:rr”I{H ﬁ'ﬁ_—":rﬁff;-.{{'.f{_ T 2 G52 -
i ete™ — ~w, w— o alnt, ete™ — pyymto™ G 1 653 30:_
8 elte”™ — v, v — KKV, K*7 — K~ 7", ete” — pyy K YK~ S 1 54 20:_
i ete™ — v, v — g, ¢ — K KT, ete™ =y KTK~ 9 1 G55 =
10
Table 1: c
B%ﬂ.@nnﬁﬂam R S - T

0.45 0.5 0.55 0.6 0.65 0.7
My



Parametrization of input cross sections

Graph

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

oc(e’e” = no) (nb)

s GeV

The fit results of cross section and used as input of Conkxc model. The
dots with errors are measured cross sections, and curve 1s the fitted result.



Event selection

The distribution of cosK ™
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Event selection

The distribution of cosK™*
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Event selection

The distribution of momentum of ¢ meson
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