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Hadronic production in ete- annihilation
charmonia decays

In ete” annihilation in the vicinity of a charmonium resonance

/ Interplay between three possible diagrams
\ (depending on final state) at least,
\ With both resonant and non-resonant contributions
Continuum process is produced directly in the annihilation.

StYOl’lg, A_a,g Relative phases between the amplitudes
/ should be taken into account.

Based on pQCD:
\ Asg and A, amplitudes are real, ¢, ;4 between strong
and electromagnetic amplitudes must be 0° or 180°

EM’ AV / [V.L. Chernyak and I.R. Zhinitsky, Nuclear Physics B 246, 52 (1998)]
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Model dependent evidences
(exclusive J/iY decays)

Based on SU(3) and SU(3) breaking amplitudes models, for ¢, s,

W PP(0-07)(m*n—,K*K~,KsK;) (89 + 10)° /(73+5) " [1]

W vP(1707)(pm, wn®, ¢, pn, wn, ¢m, pn’, wn’, dn’, K*K) — (76175)° [2]

W VP(1707)(K{ (1400)KF, K:F(1270)K ) ~tends to 90° [3]

W VvV (1717)(p o, KK, K*°K*°) tends to 90° [4]

W BB(pp,nn, AA, 050,52, 5050 5+5~, 504+ 2°A) - (89° + 9)°[5](73 + 8) °[5*]
(—89.2940.9)°, or (+90.71+0.93)° [6]

[1] M. Suzuki, Phys. Rev. D 60, 051501(R) (1999); Metreveli et al.Phys. Rev. D 85, 092007 (2012),
[2] M.Suzuki, Phys. Rev. D 58, 111504 (1998). J. L. Rosner, Phys. Rev. D 60, 074029 (1999).

[3] M. Suzuki, Phys. Rev. D63, 054021 (2001)

[4] L. Kopke and N. Wermes, Phys. Rep.174, 67 (1989).

[5] BESIIl, Phys. Rev. D 86, 032014 (2012) [pp, nn only]

[5*] R. Baldini Ferroli et al. Phys. Lett. B 799 135041 (2019)

[6] X.H.Mo, lY. Zhang, Physics Letters B, Volume 826, 136927 (2022)



https://dx.doi.org/10.1103/PhysRevD.58.111504
https://dx.doi.org/10.1103/PhysRevD.58.111504
https://dx.doi.org/10.1103/PhysRevD.58.111504
https://dx.doi.org/10.1103/PhysRevD.60.074029
https://dx.doi.org/10.1103/PhysRevD.60.074029
https://dx.doi.org/10.1103/PhysRevD.60.074029

Model dependent evidences
(exclusive Y(2S) decays)

Phenomenological SU(3) models

« PP(0-07)(m*n~,K*K~,KsK;) (95 + 15) " (110+36) [1]
« VP(1707)~—90 [2]

* BB (—98 + 25)° or (+134 + 25)°[3][4], (87 + 15)[4]

More recent phenomenological works seem to rule out big differences in phase with J/ v,
found previously

P(3770) Ozi suppressed decays ~ — 90 [5]

[1] Metreveli et al.,Phys. Rev. D 74, 011105, Metreveli et al. Phys. Rev. D 85, 092007(2012
[2] PWang et al, Phys. Rev. D 69,057502 (2004).

[3] K. Zhu, X. H. Mo, C. Z. Yuan, Inter. J. Mod. Phys. A, 30, 1550148 (2015)

[4] R. Baldini et al., PhysRevD.103.016005 (2021)

[5] P. Wang hep-ph/0410028 (2004)
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The long standing questions are:
is this relative phase universal for all qq?

or dependent on final states?
Which is its sign?

Experimentally , the interference can affect the cross section and the measured
branching fraction of the decays.

OB = |A3961¢9’T + A—yﬂ'“’b?’mm + Acont|2 How much?

An evaluation of the contribution of interference between continuum and resonant
amplitudes has been done accounting for a few percent level, depending on the final states
for narrow resonances and more for broad ones.[C.ZYuan and Y. Guo, Phys. Rev. D 105 (2022) 114001]

Xy :
5B — 2 —A3983ﬂ¢g,7 BaBar, PhysRevD.92.072008 (2015)

0¢ 0¢ = (12 /m?)B(yp — ete™)

In the high statistics era of BESIII, high precision of branching fraction
measurements is reached (few %) in many final states. It’s crucial to khow
the interference contribution (at the same level).

. Non-resonant cross section



The approach BGS]]I

THE IDEA: an approach independent on SU(3) amplitudes models, fitting the cross
section lineshape around the resonance

) ] COTL 2
OB = ‘ASQEZ%’T T A,},e“‘i”ﬂ ‘4 Acont

Needed data samples both on resonance and off resonance to constrain the continuum
(and EM ) amplitudes

Data samples BGS]]I

Direct scans around the o, Y’, Y’ resonances were collected (dedicated data takings +others).
This allows the fit of the lineshape for various exclusive channels.

* J/Y > 2012 scan around 100 pb~t (16 cme) +additional CME points (2015-2018-2019)

* Y(2S) 22018 scan around 499 pb=t (9 cme)+2018 T mass sample (6 cme) 138 pb-?

+fast scan on peak 75 pb-1t

* P(3770) >26.5 fb~! from 3.51 GeV to 4.95 GeV




Cross-section lineshape fit-method

o= B T

JB p— ‘Aggei’qsga'}’ _I_ ATBE¢T’CDﬂt _I_ Aﬂﬂnt‘2
— ' 2
e qbfy,cﬂﬂ,t =0 ) O = ‘A.?:geuﬁgﬁ + A’}f + Acﬁ)ﬂ,t‘
F

assume

1: ’JA39|

Ta e |A’Y|
8 5o (W) = ( A )2471'032 m 3W?,/Teel'uu(1+ Ce 9.7)

wn' W2 aM (W2 — M2 + i{MT)

W depbpendence depending on final state



« To take into account the effects of energy spread and initial state
radiation, a two-fold numerical integration of the Born cross section

Og IS done:

l‘J[’rrnin ) 2

W

1—(

W)= [

deF(x, W)

oy (WyT=2),

-radiator function

F(x,W) By Kuraev and Fadin

Yad. Fiz. 41, 733 (1985)
[Sov. J. Nucl. Phys. 41, 466(1985)];

Energy spread of the colliding beams
included by convolution

with a Gaussian function with width Sg
assumed to be constant in limitated
energy range

Used to fit the experlmental observed cross section (in most of the cases)

' Typical fitted parameters are relative phase and ratio
between the strong and EM amplitudes, continuum

parameters and energy spread.

S‘Lg

Oobs =— £E

Multiple solutions are mathematically expected.
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L L | L L L | L L 1 | L 1 L |
3060 3080 3100 3120
W (MeV)
Pure electromagnetic process.
The relative phase btw A, and Ay, can be measured

: 2
0 o 431'&'2 BWZ,;’FEEFH#QHI)}J,mnt
o (W)= 14+ . |
w2 | " aM(W? — M2 +iMI) |

D, cont. = (3.0 £ 10.0)°
. Sz =(0.90 £ 0.03) MeV

BESIII Collaboration, Phys. Lett. B 791, 375 (2019)

e e - nn*n‘

=" 1 =
= - —e— data I .
E [ f z
S _
- ¥2/ndf=9.06/12 .
=
= m" — .
t J :
M " | M M i 1 L
3060 1DSG 5100 3120
W (MeV)
. 12
U'O(W) _ A 2 471'(1’2 W2 ‘\freerppC]eI@?'mm(l + CEEI(I})
w2) w2 aM(W2 — M2 + iMT)

® represents the interference between
J/W > np® and ]/ - nw

* cI)y,cont. =

* Br(/y -

(=2+36)°0or (—22+36)°
nmtn™) =(3.78 + 0.66) x 10~*

* Bropc(J/WY - nutn™) =(4.0+1.7) x 1074

the phase between A, and A is compatible with zero, as expected.

(bqf,cont =0 Assumption is confirmed! 12


https://www.sciencedirect.com/science/article/pii/S0370269319301558
https://www.sciencedirect.com/science/article/pii/S0370269319301558
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BESII ete” - 2(mtn )’

%_'%I'I}2 - —e— data 4 Detection efficiency is simulated with
= - . - MCGPJ generator for the ISR effect around
= I ] narrow peak
S /ndf=11.62/12 I . | |
@2 10F 4 ¢ Intermediate resonances are considered in
W - -
4 n i simulation without interference
h -
N (b) ' —
a3 E Dg EM | Bsx (%)
i ] Solution I | (84.943.6)° 4.73 +0.44
i . . Solution II (—84.7 +£3.1)° 4.854+0.45
10_] :_I [ 1 I 1 1 1 I 1 1 1 I 1 1 1 I l_: J
3060 3080 3100 3120
B = (4.1 + 0.5)%
W(MEV) PDG ( L ) 0

The phase between A, and A;, is found being consistent with 90°.

14
BESIII Collaboration, Phys. Lett. B 791, 375 (2019)
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G (pb)

BESII
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- —— data
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= Total ! 10°
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B continuum B'ES =
= - interference 2102
: ©
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3 3.02 3.04 3.06 3.08 3.1 3.12

Vs (GeV)

Positive phase @;,,= (107.9 £ 24.9)°

BF = (1.14 + 0.04) x 1073

1.07 +0.04 OUR AVERAGE

1.061 +0.004 £0.036

1.50 £0.10 £0.22

etam—o L3S

Around J/y
E —e— data
[ —— Total ® ISR ® Es !
= Total
E e Iy f
§ continuum BES
= - interference !
T ‘f % ?_ — _i' |_| ‘___--
L I D B DA S B
3 3.02 3.04 3.06 3.08 3.1 3.12
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BF = (1.1940.04) x 1073
(x 1073)
87k ABLIKIM 2021AT BES3 J/b — prpn®
399 ABLIKIM 20080 BES2 et e — J/Y 15



2012 scan+2015/2018/2019
BGS]]I e+ e— y ¢n additional data points at 26 CM
Energies, total 452 pb-!

JHEP11(2025)077 first direct measurement in VP decay channel
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BESII

ete pp Around ¢ (3686)

03 0 - 0.3 .
i BESTT o BESIT
— fit . — fit
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Around ¥ (3686)

ete > K"K~
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C 3.18 +£0.16 3.77+0.15 26794 2.875% -
F (GeV?) 0.467 £ 0.009 0.467 £+ 0.009 — — w/o interference
B (1[]_5) 7.49 + 0.41 10.94 +0.49 6.1 +=2.1 6.3 £ 0.7 7.48 + 0.45 correction

Interference effect accounts for ~30% difference in the branching fraction,

hegative solution is in agreement with PDG value

https://doi.org/10.1103/PhysRevD.85.092007
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... analyses with lineshape fitting w/o disantengling EM and strong contributions
both for Y(3686) and y(3770) can give other pieces of information..

/ﬁ | 1[.‘{1[] T An:_x X fwﬁlj\ %Sm

’Born — £

Acon(s) = a/s"
Experimentally measured parameters are o,
r-and
A es (5) = \/"’""fI ot R
A\ S . "
res s — M2+ :MI - They can be rewritten in terms of

2
\ / s (an) Teell + Cers? By =T'¢/Ttot

: F\° 4ra?
_ zqﬁ ’ — 2[+1
qb = a’r'g(l -+ Ce g 39) Ocont — /8 ( ) 3s

Sﬂ
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ete” - ppn/n’

BESIII Collaboration, Phys. Rev. D 111, 032011 (2025)

[ o
<, <,

Cross Section (pb)
[y
(=]

: b)
: —+ Data a | I +Data (
L ndt=5666 | i e @] 1o = ndt=1.36/6 fi=ienePR
- - (3686) peak - y(3686) peak
---- Continuum ---- Continuum
2
C
=10°E
=2 -
2 r
m -
2 L
£
O 10k
| L | | | 1 1 | K| ] ]
4
L = 0+ -~
3 368 35 35 35 35 3.68 3.69 37 371

Vs (GeV)

Br (x 1079)

Ve ((2aV)

D(2S) > ppr0 | B50E67 133911122523 | 825 +89
—689+57 [183.7+13.7+3.2 | -838+7.1

5(2S) > ppy | SB9E14L | 61565211 | 77.3 4221
—638+121 | 844+69+14 |-795+175

> The interference changes branching fraction results.

> Relative phase between strong and EM amplitudes is consistent with +90° after

conversion

T

Around Y (3686)

PWA performed

ACDH(S) - a/'g”
\/1211'11,{,1—101{5}
s —=M*+ IMT,,

Ares(s)

Brppc(x 1079)

153 +7

60 + 4

Courtesy dott. F. Rosini
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e*e” - pp

BESIII Collaboration, Phys. Lett. B 735, 101 (2014)
12

N
tn

%]

10

—y
o

oy(e’e” > pp)(pb)

:_"'I"'I"'I"'Iyl"'

o,(e’e > pP)(pb)

o
tn

;, ™ ™

3745753.76 3.77 3.78 3.70 3.8 3.81
\s(GeV/c?)

BaBar+BESII|
3.1 3.2 3.3 3.4 35 3.6 3.7 3.8 3.9
\s(GeV/c?)

BESII

Around ¥(3770)

ete” - ppr’

BESIII Collaboration, Phys. Rev. D 90, 032007 (2014)

Br(x10™%) ()

. Resonhant cross

section and
continuum cross
section are floating
parameters as well

7.1%86 25587300 +4.38

6.1
3.1+0.3 26697¢3+09

13:
121
5z E
o - ']
= 10
= 95_\+\.
|: E SN
T 8K
2 7E
9 =
o 6
| = AR B N R RN EPRPETE PP B SR B
3.64 366 3.68 3.7 3.72 3.74 3.76 3.78 3.8
Vs [GeV]
Solution e ]
1 269.81335 +11.0
2 269.7 £2.34+0.3

* The phase ®;,, is still close to —90°
assuming Az, is much larger than 4,

The phase @5, is still close to —90° with
large uncertainties assuming As, is much
larger than A4,

« Significance for ¥ (3770) resonance™~ 1.5 ¢



BGS]]I ete™ — K¢K; Around ¥(3770)

BESIII Collaboration, Phys. Rev. Lett. 132, 131901 (2024) 51 energy points; total integrated Iuminosity of 26.5 fb!
L L 0.2 ' t s ! '
= 09 _, _______________ _______________ +Data - | % :
f‘.}: 0.8 ... ............... ............... — Fit result ] 03
E‘; AT A S s S T -0.4
X 06 - (?cmtml_m;,n N
R 1 R NS S o — £ 05
- i \e® | ; : : <
3 0.3 I gt g e
ﬁ 0.2 g |:| 30 contour
g . i ; 0.7~ 7 .20 contour
© 01 : : Q‘ : : B ‘5 contour
: : '@ : : H 1 1 | "
0 6 38 | % 3 4 5
34 36 38 4 42 44 46 48 5 0u0 5
Vs (GeV) B(y(3770) = KK{) (107)

a . « B=(2.63"14)x 1075 and ¢ = (-0.391393)a within 1o
(/) likelihood contour.

/—12nreerB o(s) « Significance of ¥(3770) resonance contribution
s MZ2iMT ,/q,(M P(s) = determined to be 100.

« First observation the charmless decay (3770) —
Here, the relative phase is between resonant KK,

and not resonant amplitudes

Assuming negligible contribution of EM mechanism in resonant amplitude, phase
between STRONG and EM amplitudes is found consistent with —90°

dl’f:S‘iE:d ‘BW €"¢—|—
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https://scoap3-prod-backend.s3.cern.ch/media/files/84270/10.1103/PhysRevLett.132.131901.pdf

Summary and prospects

¥ The relative phase between strong and EM amplitudes ¢, s, can be measured
with scan method in BESIIL This allows a model independent approach and relies
on all data collected by the BESIII experiment. From the fit procedure two
solutions are mathematically found.

® Experimental results of direct scan of J/y, Y(3686) and ¥(3770) decays were
shown.

¥ More analyses are on-going on 2 and 3-body exclusive channels and the results
are close to comel!!!

¥ Most of our experimental results point to an orthogonal relative phase
®y,34 » €xcept the two VP decays of J/ .

¥ |n some cases the issue of the sign of the phase can be solved by precise BF

measurements with channels in which the interference with the continuum is

negligible...e.g. using the J/Y produced in the ¥(2S) decay to nr ]/

® Large statistical samples of charmonia in BESIIl require the precise khowledge
of the interference to get accurate results! 25






attention!!!







Phasein /iy — PP

A triangle composed by three amplitudes With only two KK amplitudes
BABAR, PRD 92, 072008 (2015)  J/y — KK, 0 o(x = 0)
BES [35] (97 £5)° (98 £4)°

2

By = KTK™) = |[AK'K" + Ae”
By - KsK;) = \KAfK_ + A e

—(97 £5)° —(96 £ 4)°

2| Seth et al. [18] (111 £5)° (108 £4)°
—(109 £5)° —(107 +4)°

By — KtK~) x 10 Iy
Measured value 3.36 20.20 = 0.12
Corrected with sing > 0 3.22+0.20£0.12
Corrected with singp < 0 3.50+£0.20 £0.12
A [Br(Jhw—KgK,)]"2 P
Beg & o ete~ — KtK~ average 2.43 + 0.26 [3,31,32]
5() _1(B(K3‘KL) + pB(mta) — B(K+K_)) w(2S) - J/yr"n, J/w — K"K~ CLEO 2012 2.86 + 0.21
= COS
o 2JB(KsK;) X p X Bz 7)) Y(2S) - /Yt ] /P > KT K™ (3.072 £ 0.023 + 0.050)
Mark III [10] BES [16] CLEO 2012 I

B/ — 77~ X 104 1.58 + 0.25 1.47 = 0.18

B(J/ ¢ — K*K) X 10° 239 + 0,33 286+ 0.21 BESIII recent result

B(J/y — KsK;) X 10* 1.01 = 0.18 1.82 +0.13 2.62 +0.21 PRD 110, 032006 (2024)

8(J/ ) (88 = 11)° (73.6 = 5.6)°

Z. Metreveli, PRD 85, 092007 (2012)
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Model dependent experimental evidences

from J /1 decays
R. Baldini, A. Mangoni, S. Pacetti, K. Zhu; — exp 3 3
Phy. Lett. B 799, 135041 (2019) BB BR . x 10 BRzz x 10
I TR »0F0 1.164 + 0.004 1.160 + 0.041
AN 1.943 + 0.003 1.940 + 0.055
AT+ cc 0.0283 + 0.0023 0.0280 + 0.0024
pp 2.121 4 0.029 2.10+0.16
999 nf 2.09+0.16 2.10+0.12
Y+ 1.50+0.24 1.110 £ 0.086
YTt / 0.857 +0.051
N =0ZE 1.17 £ 0.04 1.180 +0.072
B =- 5+ 0.97 +0.08 0.979 + 0.065
* Consider the small contribution from 4,4, b = (7 3 4 8) o

* Assume A,y has the same phase as A3, to 4,
* Perform SU(3) analysis based on experimental

branching ratios of / /1 decaying to baryons

Br result from SU(3) &

very close to PDG




The so called “pm puzzle”

Analyses on-going. Stay tuned!
pQCD expectation of the ratio between J/P

BR(v)" — hadrons)
’ : R = '
and y decays. BR(J/I;"' — hadrons)
BR(W' —ete) .
“pmt puzzle” , . ~ BR(J/% = ete-) ~ 12%,
12% rule is severly violeted J/Y -

in pr, K*K and more VP decay modes as well as VT decay modes

ﬂ/ y - enhancement :
« J/ ¢ -glueball mixing:
Freund and Nambu, Hou and Soni, Brodsky, dominance in J/

Lepage and Tuan « Rosnher J/Y and ¢’ mixing
- Final state interaction:Li, Bugg and Zou
 Intrinsic charmonium component within

light vectors:Brodsky and Karliner, Feldman
and Kroll

Y’ — suppression:

Chen and Braaten: color octet Fock state




) 4

Event selection J/p - EtE-

O Final state : ppr’m
* Good Charged Tracks:

0

> |cosB| < 0.93
» V. <2cm,|V,] < 10cm
> Ncharged = 2

 PID(dE/dX + TOF):

> prob(p) > prob(m) & prob(p) > prob(k)
> prob(p) > prob(m) & prob(p) > prob(k)
> Ny=N;=1

e Good Neutral Tracks:

> Barrel: [cosf| < 0.8,E, = 25MeV

> Endcap: 0.86 < |cosf| < 0.92,E, = 50MeV
» EMCTDC:0<t<700ns
>

NShOWe‘r 2 2 Xﬁ=(MP"0 - MEPDG)Z+ (Mﬁngm'ss - ME""'-)Z

x§=(Mpn9m-SS - M):mu,)z+ (MTJTL'O - M)-"pm:)z

« 1C fit for °:

>

>

Y VY

M,, € (M;0 — 0.06, M0 + 0.04) GeV/c?; x7¢ < 25;Npo =1

2C Kinematic Fit: Loop all 7° candidate and miss the other 7°. Do kinematic fit on
ppr®m® hypothesis = Constraint on % (1C) invariant mass
Add ° (miss) invariant mass

The smallest fitting %2 is applied to select the best 7°.

After kinematic fit. select the ¥ candidate from best combination with minimum Y2 /v2.

Real data sample: 2012 J /1 scan data

0 80

70
60
50
40
30
20
10

Events/(0.001 GeV/c?

2015 R scan data
2017 T scan data

@3.095726 GeV

Nsignal = 630.5 +29.2

Nbkg = 250.4 +21.7

.__,.._.‘:' et 2w '7-'-""|-""i]-2' o
ME+(GeV/c2)

O Unbinned maximum likelihood is
performed to X% invariant mass.

O Total Fit (Blue) =

32

MC shape ® Gaussian + Bkg (2"¢ order Polynomial



Phase Measurement (The Born cross section)

:| N Seiq’+E
O Mjpy-W—il /2

a(W) + CJ?

1. Incorporating the radiative correction F(x, W) as
Wmin)2
0’(W)=f01_( ") dxF(x, W)o(WN1 — x)
2. Energy spread Sg 1s included by convolving with Gaussian function by
set the width of Sg, expected cross section becomes

y _ (W+nSg 1 —(W=W"D*\ _, rcars ’
o (W)—fw_nSE Toes, &XP (—zsg )G (w"dw

® Minimization Function:

® The fitting parameters are obtained by means of x* —minimization ﬁmctiork

defined as y?= AXTM~1AX

» AX is difference between the measured and observed value.

> M 1s the covariance matrix.

W,
/O-cont(W) = 0Op (WO) 10 = 2

W, = 3.0 GeV

gy + (Wo)'°
C=- Wwio

BEM _ C?
out o

ee-ptp~

WO 1 1\4]/4J
E = ,/BEM = |op( )10 ( )2B;
out j M;,,~ 86.8°1000" "

BJ/IP—m*u‘

Ny =

\/ 3nT2B;, (hc)?- 1010

T
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e L 3
€-€ - “=29DD

® 2 good charged tracks
-|Rxy| < 1cm, |R;| < 10cm 600

-|c0s0]<0.8
® veto bhabha

500

400

Events (0.005 GeV/c)

-each track has energy deposit in EMC 300

-Exmc/Puvpc<0.5 (only for proton) 20
® Particle Identification for both p and p combining with dE/dx 100
and TOF information 0

-Prob(p)>prob(n)& & Prob(p)>prob(m) && Prob(p)>prob( 0~ )& &Prob(p)>prob(mt™)

® veto cosmic rays or beam related background 0

-each track has TOF information

| AT|=|Tof (p)-Tof(7)|<3 ns

25

20

Events (0.005 GeV/c)

® veto multi-tracks
-178°< 6,,,< 180° 0

0,5 is the polar angle between the two tracks 5

=

The background is negligible in the signal region.

3686MeV

0

L\ N

4 15 1.7
Pp GeVie

F |

- ~(ata

= 3710MeV —sigMC

3 | E

C ' .

SRR .J/+ ]

4 1.5 1.6 1.7
Pp GeVie



+ —
ete” — KTK™ vy, e ¢ At ¢n

at least two candidate
charged kaons with opposite charge and at least two candidate photons

|cosf| < 0.93 For charged tracks
ny<1 Ocm ; RZ<1 100l Vs = 3096.986 MeV
r ¢ Data

PID TOF/dE/dx T gl —— Total fit

photon candidates in the barrel region (| cos 6] <0.80) of the EMC s | Background

with at least 25 MeV (and 0.86 < | cos 8] < 0.92) with at least 50 MeV s [ sidebands of Mery)

of energy deposition. & s

Opening angle between a candidate shower and the closest charged- 20[-

than 10° &f TUOPO AT L WENTYRTONE YW
A four-constraint (4C) kinematic fit under the hypothesis e+e— > K+K-y M(K*K') (GeV/c?)
constraining the measured four-moment, y<85

|M () — M| < 30 MeV/¢? 0.98 < M(KtTK~) < 1.08 GeV/c?

Background negligible
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ete~ > KYK- BESIII Prellmlnarv

% 3580 MeV ] % 3670 MeV + - “1, 250:— 3681 MeV >
.L-D 230 i E E 200 ] E r +J ]
= [ | 1 =7 i 1 =.,..F it
< 200F t I it ] = 200F /1 3
> E [ 1 i 3 r i 1 = r ¢
2 S [ 1 £ 15p [oe 1 £ a [ E
Flttln on My+,- =0 L1 AN
K™K 100 AT R Pt R T
Two good charged tracks: sof Py 1 sf ﬂ' ¢ : ; :
A : S :ﬁ.ﬁ ]
|ny| < Icm, |Rz| < 10cm L 3 455 37 38 Gevieh®
KK
« E/p < 0.7 for both tracks; L e e e B A e e T e
v ot ] 2 100r 1 5 F . E
«  PID with de/dx+TOF for both tracks: § o J0BIMeV Hl 1 & BNV + +ﬂ | §10p HBME + 5
2 [ [ i sor al ] E F
e Py > Py Py > P, Py > 0.001; | 1 AR 46w
, _ £ [ £ o0 [ £ 100,
« vertex fiton K+ and K~ tracks: 2ok (12 b 2 sof
L '1’ 1 - t ! 60:
2 . ] : ] :
* Xutx < 100; ol by R
 |AT| = |TOFy+ — TOFg-| < 3ns; g:5 e X 4&&9 2‘:5
 Back-to-backangle: ' KK‘G"""“% '
N ° ° . . ,i;‘ F E N‘:‘ ) 7ﬁ [ T T ] N; 250__' L I A L L R LR __
O+ > 177°(178°@5th, 6th, 7th points); Eijzf i 50E b NN + L3 o # ]
* residual momentum: = { 3 200F ” 1 z2%F /1 E
- : SN 1= f [ 1 = _F t ]
Fitting on M g+~ spectrums with model: g loof 1z 1sof b1 1 g 1of Fy
= sof 4 2 C [ ] 2 - ¢ 1 ]
= r ] = C H 4 1 = 100 / \ ]
MCK+K— ® GSK+K— + MCP’-+M_ ® GS‘u+”— j(;E — 100: __-'f E 5 *‘ :
: E 4 ] sor t Yoo
The MC shapes (MCg+g- and MC+,-) are 20 : , : » \, ] : N* ﬂ*ﬂ :
. . L1 4= ey L1 L PR S W S A TR TR T .-I-.‘ " 0 loe al PN IR e SN I ST SR T}
extracted from simulation samples. 3 ' T M @evich’ 63 38MKK CATS ECIEY 3R @)
The mass resolution functions (GSk+k- and GS,+,,-) only u*u~ channel contributes as backgound
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An evaluation of the contribution of interference between continuum and
resonant amplitudes has been done accounting for a few percent level,
depending on the final states for narrow resonances and more for broad ones.

[C.ZYuan and Y. Guo, Phys. Rev. D 105 (2022) 114001]

With the high statistics of BESIII, high precision of branching fraction
measurements is reached (few %) in many final states. It’s crucial to know
the interference contribution (at the same level).

For narrow resonances (extreme case)

Non-resonant cross section

0 :
0B =2 ASg S?'ngbg;}f Az, should be determined
T4
B oy = (12r/m?)B(y) — ete™)
BaBar, PhysRevD.92.072008 (2015) ¢ , cont. =0
Found 5% fO}’ J/¢ — K+K— cos ¢ and A; from a combined analysis of the Y — K'K™ and

) + - b — KK, decays, whose branching fractions depend on the
And 15% ]COY ?,b(?S) KK same strong amplitude
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Counting for the total yield of J /1) » KJK*m~, PWA extract the subdecay yield

IM[* =

My,

H

ZPA A

AN

0—1+2

a)\ls)\Q

R

KO_O)‘K+ 0)\

JU*

0—>1—|—2
=H >\0, 1— A2

A1,z

(¢,0,0),

20+1 q
S =D giey/ 55— (10,56 | Jo, ) (T2, At — A2 | 5,6) (—
) 2J0 + 1 qo
S
Vi (MeV)  an2NTT (pb)  oBUKT (ob)  oKTE (o)
3000.00 £ 0.20 67.0£4.1 104.2 £ 9.5 1.4+1.6
3020.00 £ 0.20 58.0+ 3.7 82.14+94 1.5+22
3049.64 + 0.06 62.0 4.0 87.0+ 8.6 6.7+ 3.1
3058.69 £ 0.06 56.3 + 3.8 92.1 £ 8.8 33=x£21
3080.00 £ 0.20 61.0£0.9 95.2+ 2.1 9.6 +£0.8
3082.50 £ 0.06 50.1 £6.5 55.7+12.1 7.7+4.9
3087.59 £0.13 58.4+9.7 82.2 +23.5 20.7+11.5
3088.85 £ 0.06 78.3+4.4 135.0 £10.4 31.6+5.5
3091.76 £+ 0.06 94.7+4.9 155.9+12.9 73.0 4 9}
3094.70 £ 0.10 1022.7 £ 40.7 1073.4 £ 98.9 128
309543 £0.10  3887.4 4+ 86.2 3227.9 £ 162.9
3095.73 £0.08  6779.0 £ 91.7

3095.83 £ 0.09
3096.20 £ 0.07
3096.99 £ 0.08
3097.21 £ 0.09
3097.23 £ 0.10
3097.65 £ 0.08
3098.34 £ 0.09
3098.73 £ 0.08
3099.04 £ 0.11
3101.36 £ 0.12
3104.00 £ 0.08
3105.58 £ 0.10
3112.05 £ 0.11
3119.88 £0.13

9870.4 £ 126.5
13089.1 £97.8
17377.8 &
17123.7 +

18566.4 + 321.8
10406.1 + 317.5
6192.6 £179.4

Tt 4 M, BT +M
K ’ K+’)‘1r- ’\Kg,’AK"'”\n_

570.4 +19.3
484.1 £28.5
315.9 £ 25.8
228.5 £ 26.0

655.2 £ 77.5
497.3 £ 38.3
387.4 £ 51.5
225.9+£41.0
2529+ 52.1

2838.1 £233.1

3534.8 £ 290.0

1026.4 +115.9
766.6 +51.4
563.3 + 66.9
254.5 £ 56.3
178.0 £57.3

R
A

0
KSK+
A

Kg’ /\1\'_

K+

)lBZ(qﬂ qo,

Events / (0.019 GeV/c?)

2

9

d),

IS

2o - (GeVZich)

N W

w

Mo, - (GevZ/c?)

~—— Total Fit

— K"(892)%?
— K'(892)°K*
— K (1430)%2

— K;(1430)-K*
K*(1680)°?
— K;(1780)°k2
K, (2045)7K*
— &(1320)*n~

+ Data
— Total Fit

K*(892)°k?
— K'(892)K*
— K; (1430)%?
— K;(1430)7K*

K" (16801°2

— K'(1680)K*
K; (1980)%K2

— K;(1980)"K*
Ry - (KK * )

— (1320 1"
0(1450)* 1~

Events / (0.019 GeV/c?)

1407
120}
1007

N Bse o @
o o o o

1808 r
1600f
1400¢
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1000¢
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30
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2
MKS"rr’
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2
MKS"n'

4 6
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