) FRAzLLxE

%/ University of Science and Technology of China

Cross Section Measurements of
ete” - K"K via tagged ISR technique

and study of Bose-Einstein

correlations by w’n? pairs at BESIII

Yijing Wang (E{55
Supervisor: Guangshun Huang
Thesis mid-term report
October 14, 2026



Outline

> Introduction

O Overview
O Background
O BEPCII and BESIII

» Cross Section Measurements of e*e”™ » K"K~ via tagged ISR technique

0 Motivation
O Analysis Strategy
O Summary

> Study of Bose-Einstein Correlations (BEC) by n? pairs at BESIII

O Motivation
O Analysis Strategy
O Summary

» Summary and prospect

Yijing Wang(E#H =) Introduction



Introduction

Yijing Wang(E#H =) Introduction



Overview

» Process of hadron production:
: ® The hadron source structure:

O Model dependent and requires
experimental constraints.

0 Bose-Einstein correlations :
constrain effective emission
scales

® Final hadron production for
low energy process:

“ — QI YT RaE— o g O Cross section measurement
e (muon anomaly a,, ,
O QED process (e*e™ annihilation, ISR process, etc) hardronic spectroscopy...)
O Parton evolution in pQCD O Electromagnetic form factor
O Non-pQCD hardronization, formation of hadron source O Fragmentation Function.

O Production of final hadrons
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Muon anomaly

»Measurement of muon anomaly (a,,)

. . ' ® M — ,UED EW Had (,HVP LBL
O Precise experimental and theoretical value of a,,: A G ta +ay (@, +ai™™)
stringent test of the SM.
Item Method aﬁM portion 5aﬁMp0rti0n
O Hleg)g?precmon for .both expenrpental Z}a\l/llue . L QED perturbative 99 99% 0.001%
(a,”") and theoretical calculations (a;") = 107°% [-£
aEW Perturbative ~lppm ~0.2%
BINII_ EI82Il T " oo ajiV? | Non-perturbative | ~59ppm ~84%
Run-l """"""""" o N . S a,’;B L Non-perturbative ~1lppm ~16%
Run-2/3 : 0 :
Run-4/5/6 +——+ O a;]""is the largest contributor to §a;"
Run-1-6 48— Physical Review Latter O Two methods are used:
EXp. averalge | | | * Data driven, dispersive approach
20.0 20.5 21.0 21.5 * A first-principle, lattice-QCD

a,- 10° - 1165900
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Muon anomaly

. exp
»>Tension between a, ~ and aM
HVP .

O Prediction given by LQCD shows ? How to calculate a;; "~ by data driven

consistency with the experimental value. a’? (t®ds

y p giveLo _ = T RHK(s)
K 3 2 m2 S

O 5.8 o tension between data driven prediction onag(s) . ™ .

(excluding CMD3 results) and a;xp R(s) = ana?)(3s) is the hadronic R ratio

v" Precise measured data required !
O Results by CMD3 larger than others’ and

. . exp < . 1 . ( )
consistent with a, < 2 GeV: exclusive final states (2m, 3m, 4m, 2K ...
SNDO6  e——— WP20
ID- —— P . 1
vy SNDO06 4 (93.8%) T -+ (CHKLS
BaBar | se—f— N 4+ DHMZ
KLOE - s ) o — ;
BESIII - —— CMD-2 (88.6%) —— =  KNTW
- |
SND20 BaBar{ (99.9%)
CMD-3 s
H——t+—O—+—H . P —
T Physics Report KLOE{(07.2%) =—g—roif
Lattice HVP Avg. 1 1143 (2025) 1-1 o
WP25 BESIT{ (728%) | e
FNAL-25 SND20 { (80.3%) g e
FNAL-23 "
FNAL-21 — CMD-3 (98.9%) 5::1'_‘_‘
BNL-06 % &
-40 -30 -20 -10 0 10 20 490 500 510 520 530 540
1010 % (aiM _ G‘pr) 1010 x u}',wp' LO[am,ete”)
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Bose-Einstein correlations

» String Fragmentation and the Hadronic Source

Hadron formation Emission function S(x, p)
ete” - qq sl
) s
* /4 /4
= Space time ® - B
q 0 0 q emission 2 PY & AXx >/ o
\ —) e X CEMNGE X
— @
o2t 9% 0% 5 Moy ~t ’
>
qq pair Creation EPJC 78. 983 (2018)
* The space-time distribution of
hadron emission points is the so-
Tn K n mw -- called “hadronic source”, which
1s described by :
Prompt hadrons + resonance decays S(x,p) = |f(x)|? fora fixed p
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https://link.springer.com/article/10.1140/epjc/s10052-018-6459-8

Bose-Einstein correlations

»What and why Bose-Einstein correlations

O Origin: Wave function (WF) of a system of identical bosons symmetric under exchanging

O Higher probability of finding identical bosons in a O 4 \\
Bose-Einstein correlations (BEC) @ © ® ,/ O :' ®)
O O D ’O ®’.\ / |

O Space-time structure described by f(x) @ C b — | N@Z
Az = (PGP fx)e w4 flxetin flx)emy @ D g 0 Q"‘/ EN
o | © 800 g N
O Probability distributions of two particles: + \@_ /

Py, = —p(xi)zp(xj) (2 + ele4x + e=12%) = p(x)p(x;)(1 + cos(q . Ax)
Chin.Phys.C 48 (2024) 11, 113106
= d*x;d*x;p(x)p(x;)[1 + cos(q . Ax)] e (2024)
=|R(0)I2 + Re((J d*x;p(x)e' @) ([ d*x;p(x;)e9*1)=|R(0)|? + |R(q)|?

R(0): uncorrelated part, got by unidentical bosons

O The correlation function is defined by:
2 2 2
C(q) = P12 _ |IR(0)I*+|R(q)I 14+ R(q) >

PiP,  |R(0)|2 R(0) /v

BEC term, which straightly reflects the
space-time structure of source!
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eljing lectron and ositron ollider 11

(BEPCII) 11ng pectrometer 111 (BESIII)

Electromagnetic Calorimeter = Muon Counter  RPC

CsI(Tl): .= 28 cm Barrel: 9 layers
Barrel o = 2.5% Endcaps: 8 layers
Endcap o = 5.0% Ospatiar=148 cm

BESIII Detector

Main Drift Chamber Time Of Flight
Ecm =1.84 — 4.95 GeV Small cell, 43 layer Plastic scintillator
. . — - Oxy=130 um or(barrel) = 68 ps
Peak luminosity 3@3Ecm 5 3_.1773 GeV: e o S ol i o
1.1x10°° cm™“s 0, /P = 0.5% at 1GeV (update to 60 ps with MRPC)

Circumference: 237.53 m
Crossing angle: 2X11 mrad
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Topicl:Cross Section Measurements of
ete” - KK~ via tagged ISR technique
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Motivation

>»Why e*e” - K"K~ channel?

O The third contribution for HVP

Channel HVP contribution (10719) Channel | HVP contribution (10719)
mtm” 5078.5 + 33.8 ntnntn~ 180.3 + 5.5
ntnn° 462.1 + 14.5 ntn nnY 136.8 + 3.0
KTK~ 230.8 + 4.4 K.K; 128.2 + 2.4

O The accuracy can be obtained in BESIII with 20 fb~! datasets at 1)(3770) peak

v The most accuracy results are from BaBar

v Around ¢(1020) : statistical uncertainty with 1.4% - ~1.0%

v 1.2 —2.0GeV : statistical uncertainty with 2.2% - ~1.5%

v 2.0 —-3.2GeV : statistical uncertainty with 10% - ~4.5%
BESIII expected
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Motivation

»Puzzle ee” - K"K~ channel
* Many results focusing on the ¢p(1020) peak region (SND, CMD-2, CMD-3, BABAR).

[0 Tension between the CMD-3’s result and other groups’,

O ngh prec1s10n Cross check could be offered by BESIII

similar with the case for m¥m™

2200 + LA\IL) 3 —+— '
¢ CMD-§ - —3$— BESIII 0k N
2000 : ¥ B%I%cll:i —H @ ..... & BABAR 2E
1800 3y flt 0.3 — Fit =10 £l E
x G Y
g 10007 I ; - m=22392+71MeVic® | £ 10E|~ E
£ 1400 ¢ : ) - : O T
bt : © %2 I'=139.8 +12.3 MeV A " E
< 1200 - £ % F IAIIM‘NW R'I" E
1000 S 10 | || |H+H+ 3
B F ST AN
I 0.1 it
800 i 102 i f Hﬁﬁr E
600 3 e i X g -+ E
100 R PP TR B 44 LK 0o o 2 10‘3¢‘...l....l....|....|..u|....|,H.|Jr._.fﬁ
1016 1017 1018 1019 1020 1021  1.022 22 24 26 28 3 82 b2 23 ) 335 4 4SS
/3 in GeV {s (GeV) Vs (GeV)

Physics Reports 1143 (2025) 1-158

Phys. Rev. D 99,032001(2019)

* Also fruitful results beyond the ¢(1020)

O Substantial structure is evident in the center-of-mass energy range 1.1-2.4 GeV .

O New resonance found in results by BESIII from 2.0-3.08 GeV

Phys. Rev. D 88, 032013 (2013)
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Event Selection

O Data Sets:y/s=3.773 and 4.178 GeV, total luminosity: 23.452 fb~!

> Good charged tracks: > PID (% + TOF):
|cos@| < 0.93 . 1x
e V. <1lcm,|V,] <10cm ) E pr_Ol;\gK)fi)rob(e)
Kkt — Ng= =

*  P/Pveam < 0.81,
Ppeam1S beam momentum

«  Depth in MUC < 40 cm » Vertex fit and Kinematic fit

*  Ngooq = 2 * Successful Vertex fit by two Kaons

e 4c kinematic fit and y2, < 50

* Looping good photon pairs to do 4c
kinematic fit, choose the combination
with minimum )(%Y,mm

» Good photons:
EMC time: 0<t<700 ns
e 42 5,2

* |cos8,| < 0.8,E, > 25 MeV for barrel Xzymin = Xac
|cosB, | € (0.86,0.92),E, > 50 MeV for

end cap

«  Angle from the nearest charged track>20"

*  Good photon with the largest energy is
the nominal ISR photon

» Special selection
« For round03,04, v/s=3.773 GeV data the
E /p<0.8 for the good charged tracks
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Unfolding

» Why and how to do unfolding?

O High precision needed near ¢ reasonance
[ Singular Value Decomposition (SVD) is used to correct the smearing effects.

- . Unfolded Pseudo Data 6000 — ¢
20000 __ Truth of Pseudo Data [~ UnfOIded Data
: === Reconstructed Pseudo Data | :':
- L1
415000 [— o i o e Raw Data
> B 2 :
g : % 4000 — E
£10000 [ = L
f s
B % i ;
5000 [— 4
5 M 5000 —
0 i R ]
T { D
g H* i 5 -
E 00| T ittt H# H+ # ‘H + . .
§= o1 l-’l + ++ +m+ H o U _.n-‘r" L M
02 66" o1 103 103 1.04 105 106 107 108 109 1,10 1.00 %.05 5 1.10

O SVD Effectively corrected the smearing effects, especially near the ¢ peak.
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Systematic uncertainty

> Systematic uncertainty are listed below (+/s = 3.773 GeV:

M g+p- (GeV)

Threshold-1.1 1.1-2.5 2.5-3 Method
Uncertainty type
K ¥ tracking efficiency 0.1% 1.2% 2.0% Control sample:J /Y —» K;Km
K= PID efficiency 0.1% 0.8% 2.0% Control sample:J /Y —» K;Km
Photon efficiency 0.2% 0.2% 0.2% Control sample:ete™ - utu~y,sr
MUC efficiency 0.1% 0.4% 1.0% Control sample:J /Y > KTK ™
Unfolding 0.2% 0.0% 0.0% Alternative line shape
Kinematic fit 0.5% 0.5% 0.5% Correct the helicity parameters
ISR photon simluation 0.4% 0.4% 0.4% Control sample: eTe™ - KTK~
VP correction 0.2% 0.2% 0.2% Given by the theoretical calculation
overall 1.0% 1.7% 3.3%
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Cross section measurement

» In each interval, cross section is calculated by:

K M.+.-) = —— = W(s.x)L;
K™K ,dressed ( K™K ) e'dﬁint/dMK'FK— ) dMK‘l‘K— ( ) Iint
o _ Og+K-~ dressed
+ —_— —
K™K~ ,Bare (a(s)/a(O))2
10° @ 10° :
102 g\ x
H 10? s
10 M . :\
i 1 ;* IIIIII ".\é’ 10 % "-n___‘m%
o) -1 - gl i, b B ""'"b'*
10 ? I]IHI”’IIII 1 "'-.._._‘
- T 8 v
1072 ¢ B # N%Wﬁ**ﬂ
o F 107t i
10° ¢ : R
o i 1
—4 | 1 | | 1 | I 1 1 1 | I L 1 1 | 1 I L L -2 | 1 | | 1 | I 1 I I | | | 1 L | 1 I 1 1
10
10 1.0 1.5 2.0 2.5 3.0 1.0 1.5 2.0 2.5 3.0
M (GeV/c?) My~ (GeV/c?)
Og+K~ dressed Ok+K— Bare
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Cross section measurement

» Fit the lineshape

O The form factor is correlated to the oy +g— gressed bY:

201\ — 3s’ UK+K_,dressed(S’)
IFiel™(s7) = ma2(0) B CFs
O The lineshape is fitted by the following model:

, Crg 1s the final-state radiation correction factor

gy + dy + dgr = 1,
FK(S) = (H¢BW¢ + a¢rBW¢r + a¢,nBW¢u) /3

+ (apBW, + ay BWy + ay BW, + ayr BWipr) /2 With constraints dp + Ay + apr + apr = 1,
+ (aBW,, + dg BW,y + g BW,yr + agym BWyn) 16 Ay + Ao + oy + doyr = 1.
r wmar=26101171 o T east y? method is used to fit
= o 1 the line shape
! ' * Reliable parameters of
I Ifj i resonance near 2.2 is not
L ‘ . ‘ . . obtained for the low statistics
E o Rty bt
<Rt L *ﬁ e R A %+ #jﬁ ity ++H
“E - J- .

75 (GeV) " ® 3 (GeV)
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Summary of K™K~

> Progress of K"K~

Based on 23.452 fb™! data sets, cross section for process ete™ » KTK ™~ is from 2my to
3.00 GeV/c? with tagged ISR technique

Being reviewed by the collaboration and preparing the draft

Between results of BaBar and CMD3’s and having improved precision near the
$(1020) (0.7% for statistics and 1.0% for systematics)

v" Unable to yield reliable parameters of resonance near 2.2 GeV/c? due to low statistics.

AN

S 2500 B
= ¥
© 2000 — +1['l"} —— BESII
- A —— Babar
. ~—— CMD3
1500 S
C il
L - i
= o
1000 - ; Z.'E
B 4 .
- . i
500 — ol de
- = =
B e SR
oL T RS Mt smne et
1 1.01 1.02 1.03 1.04
/s (GeV)

> Next to do

O Publish the result
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Topic2:Study of BEC by n°n? pairs
at BESIII
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Motivation

»Previous measurement of BEC

| Representative measurements
nfn* :  MARKII, AMY, OPAL; ZEUS, CMS, ATLAS
Ak A L3 and OPAL in hadronic Z decays

O Studied by different experiments (MARKII, ZEUS, CMS...... )
O Fruitful results at high energy but rare results at low energy and w97 ? pairs

CMS PbPb 0.607 nb™' (5.02 TeV)
yr v ¥ T TVYY TvYy L

s B A L B B B T T
Centrality o _ +5.0% E tC 1.5D
3 0-5% h™ h Correlated syst.= .. h'h" 3 |

+-5-10%

+10-20%
-+-20-30%
-+ 30-40%
-+ 40-60%

Fitted function:

: ::jiﬁ-
=i 3
0.5

1 1 1 1

r (fm)

i | A YN
HHHTHH T

I B B2 - - O B B R ey °° Ry °°
m; [GeV/c?] m; [GeV/c?]
Phys. Rev. C 109 (24914 (2024) BESIII’s preliminary results of m*mn* pairs

v" BESIII fill the gap at few GeV based on the R-scan data from 2.0-3.08 GeV
v Preliminary results: by m¥n® pairs ( Participate)
v" Different trend found indicating different source structures

Yijing Wang(E+# 5= BEC by 7°m° pairs



Motivation

> Why r? pairs

O Different pictures in Lund fragmentation (M; = q;q;1)
O Neighboring mesons inherit the flavor created at a string break.

Like-sign charged pions Neutral pions
T = ud n0 = (utt — dd)/V2

If M; = ud, the next meson starts with d. Adjacent flavor-neutral mesons can both
It cannot be another ud at the adjacent rank. project onto 7°.

Allowed example: 7t — 7~ — n* Adjacent 707 ranks are allowed

For Consequence in BEC:

v" Broader neutral correlation in Q: rgg < 744

v' Additional strength prediction: 499 > 444

v BESIII: compare both states with matched kinematics and controlled backgrounds.

Yijing Wang(E+# 5= BEC by 7°m° pairs



Modulation and measurement of R (Qz)

O Two models often used:
«  Gaussian source: |R(Q?)|? « Ae_TZQZ, Exponential source: |R(Q?)|? & 1~
* A, the correlation coefficient; r is the radius of the hadron source
« Long distance interaction parameter: 1 + §Q*

R(@?)|*

=2 = N(1+602)(1 + 2e 7% for gaussian source and

e Thus1+ R(0)

N(1+60%)(1+ e 7?) for exponential source

O Measurement method:
* Using the two identical particle correlation function:

. pQ%) 2 N2
c(Q )_Po(QZ)’ Q (g1 — a2)%,

p(Q?): distribution of Q2and p,(Q?): distribution of Q?from reference sample

* Reference sample:
*  Like-sign pairs but opposite momentum of one particle (OHP)
*  Like-sign pairs but opposite transverse momentum of one particle(ROTA)
*  Particle pairs in different events (MIX)
*  Mix: mix events randomly
MixN: mix events with similar multiplicity of 7°
«  MixE: mix events with similar invariant mass of all 7°

. S N i ()
Double ratio: R(Q%) = CMC(Q2)

to remove other possible correlations

Yijing Wang(E = BEC by n°7° pairs



Event Selection

O Data Sets: 1/s=2.125, 2.396, 2.645, 2.900, 3.080 GeV, total luminosity: ~500 pb~?,
O Two kinds of hadron MC samples used for analysis: Hybrid and Luarlw

» Good charged tracks

 J|cosf| < 0.93
e V. <05cm,|V,] <5cm
*  P/Ppeam < 0.94, Dpeamis beam momentum

» Veto Bhabha and Di-gamma:

*  Choose the two largest showers in EMC
Elargest <0.65 Ebeam

i iE - 166| =6, + 6, — 180°| < 10°
) Xprob = ( ameasured B Eproton )/O-proton > 10
Ngooa > 0
» Good photons: » 10 reconstruction

* EMC time: 0<t<700 ns « All pairs of photons used to reconstruct 7°
. |C059y| < 0.8,E, > 25 MeV for barrel list. For each m%: m_o € [120,150] MeV

|cos@,| € (0.86,0.92),E, > 50 MeV forend cap * 1C kinematic fit applied to each 70.
* N, =4 * Finding the largest m° subset without

repeating photon and minimum Yy,
* Nyo=2
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Comparisons of data and MC

> Distributions of m* and n° at+/s = 2.125 GeV as an example

%10
20000 —
200 ; + Data 8000 L + Data [ 4 Data
L — MC (Luarlw 2125) — MC (Luarlw 2125) _l_;ooo I —MC (Luarlw 2125)
—— r - ',
- 6000 38 .
- =] —
g > < [ .
5 L k4 0000 — o
= b=} w I .
00— F1000 £
L 8 [
2000 5000 N
o . . f N
5 1] 05
N_. p_. (GeV/c)
t e
x10°
i 10000 |~ I
3001 L 20000
B 4 D L + Data C
. —MC (Luarlw 2125) —.MCEL\mr]w 2125) 3;“5000 [
o L“J-’ r
22000 = a
g = g |
£ B 0000
i3} g P |
I & £
100 z F
B 5000 -
s HU B | -
0 o 5 I 0_| -5 0 0
N, cosb_,

0

O First row is distributions of ¥, and second row is °’s.
M

O Luarlw MC describes data well
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Comparisons of data and MC

> Distributions of Q2

Entries

Entries

x10°

Vs =2.125 GeV

0

x10*

T R
0.5 1

1.5 —
Q*(n°n®) [Ge V7]

Vs =2.125 GeV

ol—
[¢]

I IO!SI - 1 I1.5
Q}, (1) [Ge V7]
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Entries

20

Entries

x10°

Vs =2.125 GeV

0

0.5

1 1.5

Q2 (') [GeV?]

x10°

Vs =2.125 GeV

ol——
0

| IO.S‘ - 1 1.5
Q2. (1) [GeV?]
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Entries

x10°
[ Vs =2.125 GeV
0_. N .. e
0 0.5 1 1.5
2 0.0 2
Q. () [Ge V7]
x10°

Vs =2.125 GeV

ol 1
0 0.5 1

I L5
Q2 (n'n°) [GeV?]




Comparisons of data and MC

» Double ratio

OO0 Most reference samples are consistent with data (except for the OHP)

Vs =2.125 GeV
2
L } Dauble ratio 2/Rota
B RQY,
RIQ%),,
1.5
o, W
1 N*MM*” +*+ M
0.5 k
ol ! !
0 0.5 1 1.5
Q2
Vs =2.125 GeV
2 -
L 4 Double ratio 1rmixE

R(QY,

O BEC effect is observed
O Distinction between data and MC near Q% ~ 0.8

Yijing Wang(E #H =

R(Q

R(Q?)

L.5

0.5

Vs =2.125 GeV

+ Double rati
RO,
R@Y,

o T mix

R
Gttty ¢

0 0.5 1 1.5
Q2
{s=2.125 GeV
2 -
L t Double ratio xx/mixN
I R(QY),,,

Q2
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MC corrections: momentum corrections

VS = 2.645 GeV

4 4000 4 Duin
o MC Luarlw 2645 (no corr)
Vs =2.645 GeV C N —MC Luarlw 2645 (E _ corr)
8000 - ¢ bua 000 3
< -
2
6000 2000
A 5
‘E
L'E [
4000 1000
2000 — C |
Oll 1
2
ol Q
* Dan
4000 — == MC Luarlw 2645 (no corr)

—MC Luarlw 2645 (E _ corn)

(Entries / 0.01

Reweighting the MC by E o

o

Rota

O Tensions are found when the v/s comes up

C =N . . .
O Event-by-event We1ght1ng:]_[;= ) 0 w; , w; is the weight factor of it" m°
O Eliminating most differences between data and MC
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Study of fake 7°

> Match of ° and photons

x10° 10°
400007 m;é 10°
[ 30000# Wl F W » ] I
E E E Ew ?/\N Emz \
8 gl oo} i | ~ ] T,
. : ) " o
| y W ki
ol . FTIR ‘ | Y, e T I
Particle type ! 0‘5 m;:gﬂ " : Angle Angle |
. o
. Rn? e = 7.0%, Ry, . = 8.8% , here the “fake” means the truth match angle is larger than 20
akKe

 Mainly caused by the wrong combination of photons from different 7°

» Check the effect of fake m°

L 40000 — L
15000 — L = r
L + Dua L 4 Daia S + Data 20000 — + Daa
—Me 3 —MC 15000 — —MC r
L —MC_corr i = MC_corr
Eooo - 3 [
- Eo00 -
=] r = L
2 m L
5000 — 5000 [
L 1 | 1
0 w 100 |5|o 05 0 100 0
m, angle
i’ sec 3l'lgl eneu gl Y

e The m°%reconstruction of data and MC is similar after the correcions
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MC corrections: resonance eftect

Channel 2.125 (%)
ntn 270 42.0
mtn~3n° 13.8
ntn 4n0 6.3
ntn 50 4.5
21+ 21~ 270 14.3
27+27~ 370 3.8
21t 21~ 4n0 1.2
27+ 277570 0.4
K*K— 270 0.6
K*=n*3r0 2.4
n*an=2n%(n = yy) 1.7
mta~37%(n — yy) 0.3
37377270 0.2
37*37~ 370 0.1
Sum over 91.6

Two major channels contributing to the

resonances are checked:

ntm 2n%and wtm 3m°

Yijing Wang(E #H =

» PWA analysis of this two channels:

0.03 Vs=2.125 GeV
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MC corrections: resonance eftect

s =2.125 GeV s =2.125 GeV M Vs=2.125 GeV
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O Replacing the corresponding parts with DIYMC.
O The tension near 0.8 GeV become much smaller
O Other points are still ongoing
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Summary of BEC

» Progress of BEC

v" Feasibility study has been performed at 2.396 GeV and obvious BEC effect is observed.
v' Effect of fake m“has been checked.

v" Five Ref. samples have been checked

v MC tunning is performed by reweighting and DIY MC

» Next to do

O Finish the MC tunning and efficiency corrections
O Check the dependences on K, which is meaningful for the electron-positron collider.
O Systematic uncertainty and so on.
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Summary and prospects

v Cross section measurement of e"e~ — K1 K~ via initial state radiation
technique has been completed and drat is being prepared

O Study of two-particle Bose-Einstein Correlations
» Efficiencies corrections is ongoing
« Dependence of KT or other observable will be studied
* Systematic uncertainties will be studied

Yijing Wang(E#H =) Summary and prospects
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Back up: Selection of KK ~r"

» Good charged tracks: > PID (£ + TOF):
. 6] < 0.93 dx
y lfioi lcrn, [V,| <10 cm x : Prgb](VK) >_rirob(ﬂ),pr0b(K)>prob(p)
*  Ngood =2 kt = Ng- =

» Vertex fit and Kinematic fit
* Successful Vertex fit by two Kaons
e 4c kinematic fit and y2, < 60
* Looping single good photon to do 4c
kinematic fit, choose the combination

with minimum )()f’min

» Good photons:
*  EMC time: 0<t<700 ns
. |c050y| < 0.8,E, > 25 MeV for barrel

|cos8,| € (0.86,0.92),E, > 50 MeV for

end cap R
* Angle from the nearest charged track>10 ymin 4c
e N, =2 .

! » Further selection

« My, €[120,150] MeV
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Backup:J/ /Y - KTK~

-- Signal

-+ Background
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-} |
1 1 | 1

. . il I . -
3.06 3.08 3.10 3.12 3.14
My - (GeV/c?)
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Back up:J/Y » KK~

» An unbinned maximum likelihood fit used to extract signal yield:

x10°
300 |~

— Good reconstruct

200 1

Entries

100 |-

10
S,

* Total fit= signal model®Gaussain+combined background model
 Summary of cross section of ete™ - y*RJ /) - yBRKYK ™!

VsGeV) | Ny e | Weaxo) [TU/—ete)(keV) | BU/p - KK
3.773 71.1+12.7 | 1.4% 0.171 5.52940.106 (2.57 +£ 0.46)x10~*

« PDG:(2.86 + 0.21)x10~*
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Back up: efforts to suppress the fake "

» Kinematic fit:

800

—

* IData

— Viell reconstructed NC

— Bad reconstructed hiC

2 2
5)(2 = |Xfull no/nfuu — Xone less no/(nflﬂl_l)l
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Back up: efforts to suppress the fake "
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Back up: Q“ and reference samples
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Back up: Q“ and reference samples

Vs = 2.645 GeV

T R
0.5 1

1.5 2

Q*(n°n?) [GeV?]

— Entries

Vs = 2.645 GeV

0 0.5 1

Q> (n'n®) [GeV?]
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1.5 2
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Back up: Q“ and reference samples

Entries

Vs = 2.900 GeV

T R
0.5 1

M
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Back up: Q“ and reference samples

Vs = 3.080 GeV
10000
7]
.2
=
==
m F
5000
O_\..I.\..I.\\\I..\
0 0.5 1 1.5 2
2 2
Q- (n°x?) [GeV~7)
i Vs = 3.080 GeV
40000
T R R !
1 1.5

0 0.5

Q> (n°n%) [GeV?]

Yijing Wang(E #H =

[ Vs = 3.080 GeV
15000
7] .
0000
b L
= B
m |
5000
% 0.5 1 L5 2
2 Q) 2
Q7 (m'n?) [GeV~7]
. Vs =3.080 GeV
40000
0000
2 f
B [
= B
20000}
10000}
O:"'l""l"""
2 0.5 1 L5 2

Q. _(n°n%) [GeV?]

15000~

Entriesg

5000

Vs = 3.080 GeV

0 0.5 1

1.5 2

Q2 (n°n%) [GeV?]

Vs = 3.080 GeV

0.5 1 1.5 2

Q> (1% [GeV?]



Back up: Q* and reference samples (corr)

Vs =2.396 GeV
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Back up: Q* and reference samples (corr)

Vs = 2.645 GeV
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Back up: Q* and reference samples (corr)

Vs = 2.900 GeV
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Back up: Q* and reference samples (corr)

Vs = 3.080 GeV

D‘ 0|5|11|52
Q*(n°n®) [GeV?]
Vs = 3.080 GeV

T R
0.5 1

1.5

Q> (n°n%) [GeV?]

Yijing Wang(E #H =

2

15000

Entri%

5000

{s = 3.080 GeV

0 I IO.SI 1 1.5 2
2 2
Q’, (1Y) [GeV7]
{s = 3.080 GeV

40000}

0.5 1 L5 2

Q. _(n°n%) [GeV?]

Entries g

Vs = 3.080 GeV

R R N R T R P
0 0.5 1 1.5 2
Q2 (n°n%) [GeV?]
400001 Vs = 3.080 GeV
0 : PRI R T R R B RN | !
0.5 1 1.5

Q> (1% [GeV?]

2



Back up: Double ratio
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R(Q%)
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Back up: Double ratio

s =2.645 GeV s = 2.645 GeV
2 _ 2 .
| + Double ratio '1/Rota = + Double ratio 1°7/mix
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Back up: Double ratio
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Back up: Double ratio

s = 3.080 GeV s = 3.080 GeV
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Back up: event selection for exclusive channels

> Event selection:

Channel 2.125 (%)
T A0 O Good charged tracks:
TR 2w 42.0
+ —2.-0 * |cosf| < 0.93
ntn3m 13.8 . <l V1< 10
ntn~ 4n° 6.3 - q £< (.:m, zI < 10 em
=570 45 Goodp oton§. |
2+ 2= 270 14.3 EMC time: 0<t<700 ns
27+ 370 38 * E, > 25MeV for barrel ,E,, > 50 MeV for end
27+ 21~ 470 1.2 cap .
ot~ 570 0.4 *  Angle from the nearest charged track>10
K+ K-270 0.6 * N, =4for ntn 2n0, N, = 6 for ntr =510
K* 7% 370 2.4 O PID (5 + TOF),
7r+7r‘27rgn(n — YY) 1.7 e 1 prob(m) > prob(e)
7T+7T_37I n(_n —0> YY) 0.3 © Na+=Npi-=1
3n +37T _277 0 0.2 O Kinematic fit:
3n"3n"3n 0.1 «  4C kinematic fit, y2 < 200
Sum over 91.6 O 7%mass window
. o m_o € [0.117,0.153] GeV/c? for n*tn~2n°,
Two major channels contributing to the m.o € [0.115,0.155] GeV/c? for m*m~3n°,

resonances are checked:
ntm 2n%and wtm 3m°
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   𝜎   K +  K − , Bare


   𝜎   K +  K − , dressed


     |   F k | 2  (   s ′ ) =   3  s ′    𝜋  𝛼 2  ( 0 )  𝛽 K 3    𝜎   K +  K − , dressed (  s ′ )   C  F S


   C  F S


   𝜒 2


   𝑲 +  𝑲 −


  f  b  − 1


   e +  e − →  K +  K −


   m K


   c 2


  𝜙 ( 1020 )


   c 2


   K +  K −


   𝜋 0  𝜋 0


   𝜋 0  𝜋 0


   𝜋 ±  𝜋 ±


   𝛑 ±  𝛑 ±


   𝝅 𝟎  𝝅 𝟎


   𝑴 𝒊 =  𝒒 𝒊    𝒒  𝒊 + 𝟏 -


  Q :  𝐫  𝟎 𝟎 <  𝒓  ± ±


   𝝀  𝟎 𝟎 >  𝝀  ± ±


  R (  Q 2 )


     |  R  (   Q 2 ) | 2 ∝ 𝜆  e  −  r 2  Q 2


     |  R  (   Q 2 ) | 2 ∝ 𝜆  e  − r Q


  r


  1 + 𝛿  Q 2


  1 +    |    R  (   Q 2 )  R  ( 0 ) | 2 = N ( 1 + 𝛿  Q 2 ) ( 1 + 𝜆  e  −  r 2  Q 2 )


  N ( 1 + 𝛿  Q 2 ) ( 1 + 𝜆  e  − r Q )


  C  (   Q 2 ) =   𝜌 (  Q 2 )   𝜌 0 (  Q 2 ) ,      Q 2 = −    (   q 1 −  q 2 ) 2 ,    


  𝜌  (   Q 2 ) :  


   Q 2


   𝜌 0 (  Q 2 )


   Q 2


   𝜋 0


   𝜋 0


  R  (   Q 2 ) =    C  d a t a (  Q 2 )   C  M C (  Q 2 )  


   |  cos 𝜃 | < 0 . 93


   V r < 0 . 5


   |   V z | < 5


  p /  p  beam < 0 . 94


   p  bea m


   𝜒  prob =  (   |      d E  d x  measured −     d E  d x  proton | ) /  𝜎  proton > 10  


   N  good > 0


   |  c o s  𝜃 𝛾 | < 0 . 8 ,    E 𝛾 > 25


   |  c o s  𝜃 𝛾 | ∈ ( 0 . 86 , 0 . 92 ) ,    E 𝛾 > 50


   N 𝛾 ≥ 4


   E  largest


   E  bea m


   |  𝛿 𝜃 | =  |   𝜃 1 +  𝜃 2 −   180 ° | <   10 °


   𝜋 0


   𝜋 0


   𝜋 0


   m   𝜋 0 ∈  [  120 , 150 ]   MeV


   𝜋 0


  ∑  𝜒  1 c 2


   N   𝜋 0 ≥ 2


   s


  p  b  − 1


   𝜋 ±


   𝜋 0


   s = 2 . 125


   𝜋 ±


   𝜋 0


   Q 2


   Q 2 ≈ 0 . 8


   s


   ∏  i = 1  i =  N   𝜋 0   w i ,    w i


   i  t h    𝜋 0


   E   𝜋 0


   s = 2 . 645


   𝝅 𝟎


   𝜋 0


   R   𝜋  fake 0 = 𝟕 . 𝟎 % ,    R   𝛾  fake = 𝟖 . 𝟖 %


    20 °


   𝜋 0


   𝝅 𝟎


   𝜋 0


   𝝅 +  𝝅 −   𝟐 𝝅 𝟎


   𝝅 +  𝝅 −   𝟑 𝝅 𝟎


  𝝆 , 𝝎 ,  𝒇 𝟎  (  𝟓 𝟎 𝟎 ) ,  𝒇 𝟎  (  𝟗 𝟖 𝟎 ) ,


   𝒇 𝟐  (  𝟏 𝟐 𝟕 𝟎 ) ,  𝒂 𝟏 ( 𝟏 𝟐 𝟔 𝟎 ) …


  𝝆 , 𝝎 , 𝜼


   𝒇 𝟎  (  𝟗 𝟖 𝟎 ) , 𝝓 …


  0 . 8


   𝜋 0


   K T


   e +  e − →  K +  K −


   K T


   K +  K −  𝜋 0


   |  cos 𝜃 | < 0 . 93


   V r < 1


   |   V z | <  


   N  Good = 2


   |  c o s  𝜃 𝛾 | < 0 . 8 ,    E 𝛾 > 25


   |  c o s  𝜃 𝛾 | ∈ ( 0 . 86 , 0 . 92 ) ,    E 𝛾 > 50


    10 °


   N 𝛾 ≥ 2


    d E  d x + TOF


  K : prob  ( K ) > prob  ( 𝜋 )


   N   K + =  N   K − = 1


   𝜒  4 c 2 < 60


   𝜒  𝛾 , m i n   2


   𝜒  𝛾 , m i n 2 >  𝜒  4 c 2


   M  2 𝛾 ∈  [  120 , 150 ]   MeV


  J / 𝜓 →  K +  K −


  J / 𝜓 →  K +  K −


  ⨂ Gaussain


   e +  e − →  𝛾  I S R J /   𝜓 →  𝛾  I S R  K +  K −


   s


   N  J /   𝜓


  𝜖


   x 0


  Γ ( J / 𝜓 →  e +  e − )


  ℬ ( J / 𝜓 →  K +  K − )


  ±


  ±


  ( 2 . 57 ± 0 . 46 ) ×   10  − 4


  ( 2 . 86 ± 0 . 21 ) ×   10  − 4


   𝜋 0


   𝛿   𝜒 2 =  |   𝜒  full    𝜋 0 2 /  n  full −  𝜒  one   less      𝜋 0 2 /   ( n  full − 1 ) |


   𝜋 0


   Q 2


   Q 2


   Q 2


   Q 2


   Q 2


   Q 2


   Q 2


   Q 2


   𝝅 +  𝝅 −   𝟐 𝝅 𝟎


   𝝅 +  𝝅 −   𝟑 𝝅 𝟎


   |  cos 𝜃 | < 0 . 93


   V r < 1


   |   V z | <  


   E 𝛾 > 25


   E 𝛾 > 50


    10 °


   N 𝛾 ≥ 4


   𝜋 +  𝜋 − 2  𝜋 0


   N 𝛾 ≥ 6


   𝜋 +  𝜋 − 5  𝜋 0


    d E  d x + TOF


  𝜋 :   prob  ( 𝜋 ) > prob  ( e )


   N   𝜋 + =  N   𝜋 − = 1


  4 C  


   𝜒 2 < 200


   𝜋 0


   𝒎   𝝅 𝟎 ∈ [ 𝟎 . 𝟏 𝟏 𝟕 , 𝟎 . 𝟏 𝟓 𝟑 ]


   c 2


   𝜋 +  𝜋 − 2  𝜋 0 ,


   𝒎   𝝅 𝟎 ∈ [ 𝟎 . 𝟏 𝟏 𝟓 , 𝟎 . 𝟏 𝟓 𝟓 ]


   c 2


   𝜋 +  𝜋 − 3  𝜋 0 ,

