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Motivation

> The significant double charmonium processes, e*e™ — J /1 + (¢t),.s, Was observed by
Belle, then confirmed by Belle and BaBar with higher significance.
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» Except J /¢, Belle also investigated the other charmonium states(tag side), such as
ete™ > P + (¢0)yres.
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Motivation

» The processes of e"e™ — J/1y + (cc) were also investigated above open
charm.
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Motivation

» The experiment and QCD(NLO) have some discrepancy, especially in cross

section(3~50).
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» The dominant mechanism for J /3 production in e*e™ annihilationis e*e™ —

J/Y + cc.
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» We would like to perform studies with BESIII data to investigate the properties

of strong interaction.

» BESIII had accumulated huge e*e™ collision data from 2 to 4.95 GeV. Due to
the lower C.M.S. energy, we cannot measure the double charmonium

processes.

> S0, we try to measure the double strangeonium processes, ete™ - ¢ + s5 +
X with BESIII data.

« We will study the ee™ — ¢ + s5 + X processes with the e*e™ collision

data@3.08GeV by measuring a ratio,

ag(ete” = b+ (55)+X)
o(ete” — ¢ + anything)

}?si —
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Methodology

> We investigate the e*e™ - ¢ + s5 + X processes in both hidden and open

strange. The following processes are taken into our account,

cete > p+n Open strange Hidden strange

cete > p+ K"+ K™ 7 ,
X7 X1

cete  >p+K + K" Y A -

c ete > p+K°/K°+ KO/K°

e e
cefe" >+ K +KF fe—
) ¢ Kaon

I(’_t’o,“‘ K_ K‘_l_“o“‘ K_
+ ete” - ¢+ K°/K® + K*O(K*?) " 3 o

> The ¢ is reconstructed via ¢ —» K*K~ decay mode, that gives better resolution.
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Data and MC

> Boss version : 708.
> Data : eTe™ collision data @3080 MeV.

» MC samples:
cee” > P+
cete > p+K"+K~
cefe > p+ K"+ K"
cefe" >+ K +KT
c ete” > ¢p+K°K°+ KO/K°
« ete” - ¢+ K°/KO + K*O(K*?)
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Event selection

» The event candidates are required to satisfy,

« Good charged tracks not originating from K2 : |Ryxy| < 1cm, |Rz| <

10cm, |cosf| < 0.93
« Good charged tracks originating from K9 : [cosf| < 0.93

 Good photon : 0 < TDC <14(50)ns ,E, > 25/50 MeV for |cos6| < 0.8/
0.86 < |cosf]| < 0.92
 PID for pion/kaon/proton, Prob(K) > Prob(m), Prob(K) > Prob(p)

- K2 reconstruction : secondary vertex fit is used, and a requirement on

significance of decay length is applied.

L/O'L > 2
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Event selection

» Vetoes are applied to suppress possible backgrounds,

« At least 2 good charged tracks with opposite charge, which are
identified as a pair of K*K~.

« All of the combinations of K*K~ are used to reconstruct ¢ candidate.

> Further selections on K9 candidates are applied to suppress possible

backgrounds,

- A pre-selection of KJ candidate is adopted by requiring K& mass

window, M_+_- € [485,515] MeV, ~30.
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Event selection

> If there are more than 1 pair of K* K~ passing the selection criteria, multiply

entries will be stored.

» The signal mass window of ¢ is determined to be [1.01, 1.03] GeV.

« The signal model is BW @Double sides CB, and the background model

is 2"d polynomial. The width of ¢ is fixed to PDG values.
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The distribution of M,...i1(¢)

» The distribution of M,...,;; against ¢ is shown in data.
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Events in M,...,i;(¢p) < 0.4 GeV region

» The fit results of the simultaneous fit to N, and cos8;.¢¢0i;(¢).
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» The Phokhara MC could also describe the data much better than the other
MC sample.

» From the fit results, all of the photons are ISR photons.

» Because we focus on strong interaction part, the ISR process need to be

removed. .
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DATA&MC comparison of ete™ - ¢K* + X,

» The K*/K** are observed in the distribution of M,,.,;; against ¢ + K.

» From the inclusive MC studies, the possible backgrounds are only from

non-¢ processes, suchasete™ » KTK"K*K"™.
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DATA&MC comparison of ete™ - K9 + X,

> The neutral kaon and K* are observed in the distribution of M,...,; against ¢ + K¢.

> The non-K? and non-¢ backgrounds are estimated by a 2D sideband method and

subtracted in the recoil mass distribution.

2D Sldeband method > 80 LA B — 1 1 T
< 140 - g BESIII ¢ Data ¢ signal region
[ LAY RRALE RAAR LARRY LRLAS RRRRN LARR RAR o R R R R R R
[ L ] @140 = .
3120_— rom 1= +on 1 8 | ete” S KK- KO +X Data ¢(sideband subtractlon)
S ata Z 120 thata 7 R 0KO
2 00k —Total 1 2 | —Total 1 —~ 60L e*e” - ¢K’K" MC |
et . -0, Ky 1 2100F gk 1 o KOO MG
W gof- z -, non-K_ 4 W gob b nonK, 1 € - — e'e" ¢
C --non-, K ] £ --non-g, K 1 o
60 --non-j, non-K_ ] B0 --non-g, non-K_ . >
: : 40: : Ll i
: E 40+ i
20F . |
FATHIR WS LA M40 1 ¥ g
.99 1 1.011.021.031.041.051.061.071.081.C 846 0.47 0.48 0.49 0.5 051 0.52 0.£
My [GeV] M.... [GeV] B

— o b o Tot T " Cod U ..
P65 555050 075 100 1.5 150
Mcon(K*K-K2) [GeV]

2025/4/2 14



Fit results of M,...,;;1(d) < 1.2GeV

» The distribution of M,...,;; against ¢ is shown in data, and a mass spectrum
fitting is performed to determine the number of events for ete™ - ¢ + 1 and
ete” > ¢p+n.

« MC shapes are used to describe the signal of n, n’ and f,(980).
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Fit results of M,...,;1(¢p + K + X)

> The fit results of M,..,;; against ¢ K* and ¢pK?, where the signal is described by MC
shape®gaussian and the background is described by 2" order polynomial.
> The numbers of events for ete™ - pKTKT/K*F ete™ - ¢KIKL /KO and ete™ —

HKIK*°/K*° are determined from the mass spectrum fitting.
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Preliminary results

glete >p+ss+x")
oglete —>¢p+X)

» The ratio (Rs = ) is calculated as

_o(ete 29+ (s5)+X)  N(eem > d+(s5)+X) ;""(m_ ¢+ D+ X/

~ o(ete- — ¢ + anything) N(ete- — ¢ + anything)  n(ete- — ¢ + anything)/e

5§

xniete” = ¢+ (s5)+X)/(6/e)  Yni(ete” - ¢+ X])/€ X f°

n(ete- — ¢ + anything) ~ n(ete- — ¢ + anything)

S Ni(ete > ¢+ X)X fF T NS(ete” > ¢+ X))

i

n(ete~ — ¢ + anything) - n(ete~ — ¢ + anything)

»n;(ete” - ¢ + X;) is the fitted number of events for the ith process.

N :
>E’ _ After all selection
i

= — IS the relative efficiency.
NAfter selectionof ¢

> f;°% is the fraction of s components in the ith process.
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Preliminary results

glete >p+ss+x")
oglete —>¢p+X)

» The ratio (Rs = ) is determined to be (38.4+1.4)%.

Table 3: The values of €/, n;, N;, f*, and N**.

2025/4/2

Process €/ (%) n; N; 1 N?S

e"e” — ¢ + anything 1 11333 £ 117 11333 £+ 117 - -

ete” = ¢ + Yisr | 1264 1264 - -
ete” >+ 1 877 + 39 877+39  0.607 +0.006 533 +24
ete” s o+ 1 435 + 33 435+33  0.794+0.004 346 +26
ete” - ¢K* + X(K") 88.1+0.8 1017+38 1154 +44 1 1154 + 44
efe” - ¢K* + X(K*7) 852409  304+29 357 + 34 1 357 + 34
ete” = ¢K~ + X(K*) 80.4+08 1045+38 1169 +44 1 1169 + 44
efe” - ¢k~ +X(K*7)  863+0.9  315+29 365 + 34 1 365 + 34
ete” - ¢K) + X(K)/KJ) 305+04 12213 400 + 43 1 400 + 43
ete” — ¢K? + X(K*°/K%) 19304  135x21 669 + 110 1 669 + 110
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Systematic uncertainties

» Since we utilize relative efficiencies to determine the R,;, the systematic

uncertainties related to ¢ selection are canceled.

» The remaining sources of systematic uncertainties are caused by

> The detection and PID efficiency of additional K*, 1% for each.

> Reconstruction of K2, 1.5% per K2, Ks systematic uncertainty

» Mis-modeling of MC is estimated by the difference of selection
efficiency between the nominal and average of the MC samples with

Intermediate states.

» Background description is estimated by changing the orders of

polynomial functions.
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Systematic uncertainties

» The systematic uncertainties caused by mis-modeling of MC are estimated

Process € € Ac
as e*e” = ¢ + f5(980), f5(980) — K* + X(K") (76.5 + 0.8)%
ete” = ¢+ f>(1270), (1270) » K* + X(K™)  (88.2+0.9)%
ete” — ¢+ fo(1500), fr(1500) - K* + X(K~)  (88.2+0.8)% (#5.4+04H% 3.1%
ete” > ¢+ £1(1525), £1(1525) > K* + X(K*)  (88.8 £0.9)%
ete” = ¢ + f5(980), £5(980) — K~ + X(K*) (78.2 + 0.8)%
ete™ > ¢+ f(1270), £(1270) - K~ + X(K*)  (88.9+0.9)%
ete” > ¢+ fo(1500), fo(1500) » K~ + X(K*)  (89.3 +0.8)% (865£04)% 3.2%
ete” = ¢+ f;(1525), £1(1525) -» K~ + X(K*)  (89.4 +0.8)%
e"e” — ¢+ £5(980), fr(980) = K°K° (29.7 + 0.4)%
ete” = ¢+ £-(1270), /,(1270) — K°KO (31.1 +0.4)%
ete = ¢+ fo(1500), £o(1500) — KOK? (308 +04)5% CO7*02% 0.7%
ete” o ¢+ £,(1525), £,(1525) - K°K° (31.3+0.4)%
e*e” — K(1410)* + X(K**), K(1410)*~ - ¢K~ (85.1+£0.8)% 1.4%
e*e” — K(1410)** + X(K*™), K(1410)** - ¢K* (84.5+0.8)% 0.8%
ete” - K*9(1410)/K*°(1410) + K0/ K*0),
K*0(1410)/ R-9(1410) — $KO/ K0 (17.9 + 0.3)% 7.2%
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Systematic uncertainties

» The systematic uncertainties caused by background description are

Table 6: The order of polynomial function in the recoil mass spectrum fitting.
Process Order of nominal Order of variation Relative systematic uncertainty

ete” — ¢ + X(anything) 1 2 1.8%
ete” = ¢+ X(n) 2 3 1.5%

ete” - ¢+ X(17) 2 3 0.5%

ete” > ¢+ K"+ X(K) 2 3 0.8%
ete” = ¢+ K* + X(K*) 2 3 4.6%
ete” = ¢+ K+ X(KY) 2 3 0.3%
ete” > p+ K+ X(K*) 2 3 0.9%
ete” - ¢+ KQ + X(K)/K?D) 2 3 0.0%
ete” > ¢+ KJ + X(K*0/R) 2 3 11.8%

» The summary of systematic uncertainties are shown as below, which are

less than the corresponding statistic uncertainty.

Process Tracking  PID K; Background Efficiency Total on Ry
e*e” — ¢ + X(anything) - - - 0.78% - 0.78%
ete” > o+ X(n) - - - 0.08% - 0.08%
efe” > ¢+ X(') - - - 0.02% - 0.02%
efe” > o+ KT+ X(KD) 0.06% 0.06% - 0.05% 0.18% 0.21%
efe” > ¢+ KT+ X(K) 0.04% 0.04% - 0.16% 0.03% 0.17%
ete” > ¢+ K+ X(KY) 0.06% 0.06% - 0.02% 0.19% 0.21%
ete” > ¢+ K™+ X(K*) 0.04% 0.04% - 0.03% 0.05% 0.08%
ete” — ¢+ KO + X(KY/KY) - - 006%  0.00% 0.03% 0.07%
ete” - ¢+ Ky + X(K*V/K*) - - 0.10% 0.82% 0.50% 0.97%
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> Using 167pb~! data @3080 MeV, we study ee —» ¢ + s5 + X processes and

measure the R:.

» Currently, R¢s Is determined to be (38 + 1444 T 1.3Syst)% by considering
sS+ X asKK,KK*,nandn'.

» In future studies, we will include more processes of ss + X to calculate R;.

» Memo is ready.

Thanks for attention!
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M., in Miecoi(@p) < 0.4 GeV region

» A mass spectra fitting on the distribution of M,,, is performed to determine

the numbers of ete™ - ¢pn® and ete™ - ¢y.

\
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» Almost all of events (>99.99%) in the region of M,...,;;(¢) < 0.4 GeV are

from ete™ - ¢y from the fitting results.

» An additional fit is used to distinguish if the photons are ISR photons or not.
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N, and c0s80,...,i1(P) IN Myoci(P) < 0.4 GeV region

» The distributions of N,, and cos8,...,;;(¢) for the events in the region of

M, ecoit(P) < 0.4 GeV.
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] g | ¢ sideband substracted — e'e” - ¢y PhokharaMC |

L|J |

102?' . ?

1 01 F * E
[1.01 < M-k~ < 1.03 GeV ]
" ¢ sideband substracted

10% 3

I [ T H R S s
1075 2 4 6 8 10

Ny

» The Phokhara MC could describe the data better than the other two MC

samples for both N,, and cos6,...,i;1(¢), which are related to each other.

» A simultaneous fit to N, and cos8,....i;(¢) is performed.
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Preliminary results

> Boss version : 708.

> Data : eTe™ collision data @3080 MeV.

» MC samples:
« Inclusive MC : same statistic with data 1
- ete” - ¢ + % with ConExc generator, X ,,
« ete” - ¢ + y with ConExc generator, ot ,’ -
« ete™ - ¢ + y with Phokhara generator, [ PEE——
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2D sideband method for ete™ — ¢K?o + X,

— ‘ U U U U U T ‘ U U T T T T T T T
>0.5301 .,
o} -1 2 3 1
IF | N
£0.516] .
o ¢ and KV signal region, 1.01 < Mgrg- < 1.03 and 0485 < M- < 0515 GeV, which is = i 4 5 6 1 5
highlighted with green box. - 1
0.502f — 5
e ¢ side-band and Kg signal regions, 0.990 < Mg+g- < 0.997 U 1.046 < Mg+g- < 1.066 and i ‘ 1
0.485 < Mz+,- < 0.515 GeV, which are highlighted with black boxes. : - . ,EI::I‘ i
0.488|- LA 11t
e ¢ signal anng side-band regions, 1.01 < Mg+g- < 1.03 and 0.461 < Mg+g- < 0478 U 0.516 < ) L i E
Mg+k- < 0.529 GeV, which are highlighted with red boxes. _:3
e ¢ side-band and Kg side-band regions, 0.990 < Mg+g- < 0.997 U 1.046 < Mg+x- < 1.066 and 0474__ 7 8 9 __ —:2
0461 < Mg+g- < 0478 U 0.516 < Mg+g- < 0.529 GeV, which are highlighted with purple E
boxes. 11
0.460 I RS RS S R ]
099 101 1.083 1.05 1.07 1.09 Lo
Mk-k- [GeV]
fla,s)
wh = ‘ = 0.6661
fla,4) + f(a,6)
f(b,5)
Wy = = 0.5000
J(b,2) + f(b,8)
f(CaS) —wp X (f(C,4) +f(C,6)) — Wy X (f(C,Z) +f(ca 8)
Wy = — —0.3331

fle. )+ f(e,3) + f(e,7) + f(c,9)
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n~n' mixing angle

» The mixing angle between n and n’ is (37.4 + 0.4)° from link.
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Fit results of M,ecoi(¢ + Ko + X)

> The fit results of M,.,;; against ¢ K2, where the signal is described
by MC shape®gaussian and the background is described by 2nd

order polynomial.

> : |||||||| | llllllll | |||||||| | LU | |||||||| :
(D 30 [ BESI” +Data ]
= ¢ | %2/ ndof = 0.9 — Total -
‘9 25 |- «=107 %27 MeV e K -
[ *0 -
- - co=27+x14Mev K ]
» 20p ﬂ N =122 + 13 - Background -
S 150 No = 135 + 21 E
Lﬁ - ]
N |
n W Mt LA
- - 5 | A CHH el .::..:‘....}: -.E‘ -t -'- )
0: + ¢ 1’ + {+‘ -
5 B L1 1 | | I . | I | | L1 1 1 | | I | L1 11 | L1 11 | L1 11 | Ll I1:
04 05 06 0.7 08 0.9 1 1(;I 1.2 1.3
reCOII((I) K ) [GeV
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Preliminary results ofete™ —» ¢pK9 + X,

> The K¢ is reconstructed using w*m~ decay mode, that causes the non-K?2

background, suchasete™ » ¢pntn ntn~

» We perform 2D mass spectra fit of My +,- VS M_+

and non-¢ backgrounds.

- to estimate the non-K§

Components Myg+k- M-
X | ¢ and Kg Breit-Winger ® Gaussian | Breit-Winger ® Gaussian
X 2 4 Non-¢ and K3 2nd Chebyshev Breit-Winger ® Gaussian

4 ¢ and non-Kg Breit-Winger ® Gaussian 2nd Chebyshev

et /4 e~ Non-¢ and non-Kg 2nd Chebyshev 2nd Chebyshev

140 Fro T T T T e q > T ]

KO E : I I I I I I I I E} 140 a I I I I ]

¢ S ~ 120F ¢ . - 0
iy r +Data 1 T 120 +Data KS ]
..g 100F —Total E J’E’ 100 g —Total

4 oo e Ky T b K E
K7 s K~ W gof -~ ¢, non-K_ 4 @ gb -0 nonK, ]
.0‘ . r -=non-¢, KS [ --non-o, KS ]
‘.“ S 60 --non-p, non-K, 7 60 --non-g, non-K .
N 40 40 —

20F 20 .

e pim ez e 4.':'_:::.-:::- =101 44 N4 ’ PRIy,

TR R S TN R W e T A o U LT 2
099 1 1.011.021.031.041.051 061 071.081.¢ 846 047 0.48 049 05 051 052 0.
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