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ete”™ - KK~ near 2.2 GeV

Phys. Rev. D88 (2013), 032013
Phys. Rev. D99 (2019), 032001
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Recently the very precise measurement of the o | | \ |
ete” - KTK~ cross section has been carried £ i
out in the BESIII experiment Q > BABAR
= A resonance structure was observed near 2250 & 300 [ +<> BESIII
MeV. T
= The BESIII data are fitted together with the +3 -
BABAR K*K~data, in which this structure is © 599 |-
also seen with a 3.5c significance. I
203
T i
O-(e e_—)K+K_ = BSﬁ |FK+|2’ 100 +
F+= BW(s) + e'?P(s),
re P(s) is a second order polynomial. | | | |
0 1 1
— _I_ 2 2.2 2.4 2.6
Ores = 39 L 6 pb m(K'K") (GeV/cH
K"K~ PDG ¢(2170) BABARmtm~
Mass (MeV) 2227 +9 2188+ 10 2254+ 722
Width (MeV) 127 + 14 83+ 12 109 + 76
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¢ (2170) properties

» Observed in three processes,

» but in the only decay mode ¢(2170) — ¢f,(980)
» Relatively narrow I' = 100 MeV

» M=2170 MeV, almost definitely less than 2.2 GeV

Process Mass (MeV) Width (MeV)
ete” - ¢f, (BABAR[1], Belle) 2180x8+8 77£15%10

— nofo (BESILBESII2]) 2200t 6+5 104+ 15%15
interference with A onres 217021025 128+x26%10

e*e™ - nof, (BESII3]) 2135+8+9  104+24+ 12

1. BABAR, Phys. Rev. D86, 012008 (2012)

2. BESIII, Phys. Rev. D91, 052017 (2015)

3. BESII, Phys. Rev. D99, 012014 (2019)

BESIII concludes that the parameter of the resonance in the
K*K~ cross section differ from the ¢(2170) PDG parameters
by more than 3o in mass and more than 2c in width.
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In ete™ collisions, the isovector
resonance structure in this energy
region is seen in several processes

M, MeV ', MeV

ete” »n'ntn~ 199080 310140
ete” » fimtn~ 2150160 350+60
ete” -mtn~ 2254122 109176
e e% nmtn~ ~2250 ~80

like structure are seen near the reaction
thresholds (see back up slide).

A relatively narrow interference patterns
are observed in the n*tn~ and nm*n~
final states.

Q A simultaneous fit fo these two cross
sections gives 4.6c significance for the
resonance with M = 2270 + 20 MeV and
I =116%2) MeV.
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Isovector resonance near 2250 MeV

JP.Leesetal., ]
Phys. Rev. D86,
032013 (2012) -

2.2 2.4
m(m') (GeV/c?)

JP.leesetal,
Phys. Rev. D97,
052007 (2018)
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A simultaneous fit tothe K*K—, n'n
and nmT~ cross sections

‘E T 1T~ and K*K=, 1Tt17”
R 300 TN and TN

b Ms (MeV/c?) 2270 +20 223248

%’200 [z (MeV) 116129 133+ 14

o(etfe”— R — K*K7) (pb) 41+ 6

o(etfe"— R — 11'117) (pPb) 34128 3427

100 1 olete— R — ' n) (pb) 33134 2714

X2/v 13.96/12  17.2/14

2 2 m(n+;-)“(GeV,c2) v The dashed curves are the results of
& —— the simultaneous fit.

v It is very likely that the interference
patterns observed in all three cross
sections are manifestations of the
same isovector resonance, p(2240) .

v The decay rates of the p(2240) to

f , K*K-,n*tn~ and nu*n~ are close to

S S each other.
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w-like resonance near 2250 MeV

The indication of o-like resonance near 2250 MeV is seen in
the BABAR data on the reactions ete™ - wrtn™ and wr®x°.
B.Aubert et al., Phys. Rev. D76, 092005 (2007), J.P.Lees et al.,
Phys. Rev. D98, 112015 (2018)

= The fit results are
M = 2265 + 20 MeV
I =75%125 MeV
obtained values of the
esonance mass and width ,
are close to those for the s00 |
iIsovector resonance. [
= The dashed curve represents
the fit without resonance by
a second-order polynomial.
= The significance of the 0l
resonance estimated from
the difference of y? for the
two hypotheses is 2.6c.
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e+e_ — KSKL dOTO

, Phys. Rev. D89 (2014), 092002
A resonance seeninthe ete™ - KtK~

cross secfion should manifestitselfinthe @ [T 7 7T g by | ]

ete” - KgK; Cross sec’rlon 610 |
> For the most precise ete™ — K.K; data, :

obtained at BABAR, the maximum

Vv - DM1
0 — OLYA

presented energy is 2.2 GeV. T A
_ i é , oI ‘
Above 2 GeV the ete™ - KK, Cross b T—P Ti_ ﬁ_
ion is consistent with zero within o hl ﬁ 4
statistical errors of about 20 pb. F JI|
> Thérefore, BABAR datain the range 2.0- 103 1t
(5 GeV should be sensitive fo the F
esonance observed in the ete™ - 0l 1IN i
K+K— Cross SeCﬂOn. 1.2 1.4 1.6 1.8 E2 2.2
em. (GEV)

In this work we expand the energy region of the
BABAR measurement up 1o 2.5 GeV.
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Selection criteria forete™ —
K:K;y events

The ISR technique is used to measure the ete™ —» KK, Cross
section. All the same as in Phys. Rev. D89 (2014), 092002

We select events containing

v' A high energy photon (ISR photon) with E.,, > 3 GeV

v AK; - ntn~ candidate

The decay length in the xy plane is larger than 0.2 cm

he cosine between the KS momentum and flight direction is
larger than 0.9992

The n*tn~ invariant mass is in the range 0.482-0.512 GeV. The

sidebands (0.472,0.482) and (0.512,0.522) GeV are used to
estimate non-KS background

A K, candidate (cluster in the calorimeter with the energy
deposition larger than 0.2 GeV)

v" No other tracks originating from the interaction region

v No other photon candidates with energy greater than 0.5 GeV

ICHEP 2020 Solodov



Selection criteria forete™ —
K:K;y events

The ISR photon, Ks and K, candidates are subjected to a
kinematic fit to the e*e™ - KK,y hypothesis with four constrains of
total energy-momentum balance. Only angular information is
used in the fit for the K, candidate. From the fit we determine the
v2 and the KK, invariant mass. T

2

2= [signal | Control
> Events with y2 < 10 are selected. Sro’pregion | region §
> The sidgband (10 <2< 20)isused to £
estimdte background 0 Data

Np= (N2 — aNs)/D,
Ny, = N; — N, I
where a = 0.2 and b=0.87 + 0.09 are the '}
»/N; ratios for signal and background. ’
hey are determined using simulation.
The K¢K; mass resolution near 2.25 GeV
is about 10 MeV. R SR |

llllll L
0 5 10 15 20 25 30 35 4
X (KgKyp)
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Background subtraction

The background mass The mass distribution in
distribution estimated the signal y2 region and
from the y2 sideband fitted background
% | N§ [ ' [ ' ! ! I
> =
F )
E} S0 e - -
S = N & -o-
5 >IN
88

WY
| T+t
Lo

2 22 24
m(K(K, ) (GeV/c)

1.5 2 2.5 | 3
m(K(K, ) (GeV/c?)

The systematic uncertainty of fitted background above 2 GeV is 12%
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The ete™ - K.K; cross section

N
o
[
|

The measured ete™ — K¢K; Cross

section is consistent with zero.

» The statistical uncertainty is about 20
pb. The correlated systematic
uncertainty is about 6 pb.

» The dashed curve represents the i ad -&-

cross section for the resonance : & |

observed in K*K ™. 20 .

ally, from the y? difference : -
bétween the resonance and non- 40 - -
sonance hypotheses the N 1 L |

resonance interpretation can be 2 2.2 24 )
excluded at 2.3c. m(K¢K;) (GeV/eH

Possible destructive interference between the resonant and
nonresonant ete™ —» K.K; amplitudes may significantly weaken this
constraint

[\]
-
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The ete™ - K.K; cross section

> The measured ete™ - K¢K; Cross 2 [
section is fitted by a coherent sum =40 B
of resonant and nonresonant %) o M
amplitudes - see slide 2. o0 1] e N
» We also take into account the 1 T I\
uncertainty in background +% oLl | \i+ —¢-
subtraction and the statistical error f <7 -*-
resonance cross section [ * _
obidined from the fit fo the eTe™ - 20 - by :
KK~ data. ' :
e fit yields y?/nd = 11.0/12 and 40 |- ;
the following values of parameters: B | o 1
2 2.2 2.4
oyr = 7.3%13 pb, ¢ = (=69 + 23)° m(K(K, ) (GeV/c)

We conclude that the BABAR ete™ — K K; data do not exclude the
resonance observed in K*K~, but restrict the possible range of allowed
values of the relative phase between the resonant and nonresonant
amplitudes. The picture can be even more complicated!
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Two-resonance fit for K¢K;

The isovector and isoscalar amplitudes enter to the ete™ —» K.K;
amplitude (in contrast fo the ete™ - K*K~ case) with opposite

Sgns (11 A(ete™ > KYK™ ) = A; g+ A;-1,
A(eTe™ > KsK;) = Aj—g — Aj=1

The quark model predicts that A, =1/3 A-;. SO, the resonance
amplitude in the ete™ — KK, reaction is about two times smaller than
thatin the ete™ - KK~ reaction. This weakens the constraints on the
nonresonant ete™ — K¢K; cross section and the interference phase. The
sonance fit to the ete™ - K¢K; cross section yields ¥2/nd = 10.6/12
and the values of parameters:

ONR = SOtgé pb, QO = (—51 i 55)0

The fit with zero nonresonant cross section also have the acceptable
v2/nd=12.1/14.

The two-resonance fit allows to simultaneously describe the
ete” »> K*K~ and ete™ — KK, data without strong constraints on the
interference parameters.

1. C.Bruch, A.Khodjamirian and J.H.Kuhn, Eur. Phys. J. C 39, 41 (2005)
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Fit with p(2240) and ¢(2170)

¢$(2170) also can contribute to all these modes.
The ete™ » K*K™, n*tn~ and nm*n~ cross sections
are fitted simultaneously.

m?bﬁ(s)3 . 2
By | /G6BW, + [3,BW, + e P(s)

oglete” > KtK™) =

The inclusion of the ¢(2170) (PDG parameters are
taken and fixed) improves the fit quality

iInsignificantly. The fitted value of the ¢(2170) peak

cross section is found 1o be consistent with zero,
8+Zg pb
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Summary (1)

> The e*te™ - K.K; cross section has been measured in the
energy region 2.0-2.5 GeV.

» The measured cross section is consistent with zero within the
staftistical uncertainties of about 20 pb. The correlated
systematic uncertainty is about é pb.

> The interference patterns seeninthe ete™ - n*n~ and

ete” - nutn~ data near 2.25 GeV provide 4.6 evidence for

the existence of the isovector resonance p(2240). Its mass

nd width are consistent with the parameters of the
resonance observed in the ete™ - K*¥K~ channel.

All three cross sections are well described by the model

with the isovector resonance p(2240) with M = 2236 £ 8

MeV/c?2and T =137 £ 14 MeV. (We d suggest to replace in

PDG the name of p(2150) )
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Summary (2)

The BABAR ete™ — K K, data do not exclude the existence
of the p(2240) resonance, but strongly restrict the possible
range of allowed values of the relative phase between the
resonant and nonresonant ete™ -» K K; amplitudes. This
restriction may be significantly weakened by inclusion in
the fit an additional isoscalar resonance with close mass.

» The2.6c indication of such a w-like resonance is seen in the
e~ — wrm reaction.

heete™ » K*K~, n*n~ and nn*n~ cross sections have
been fitted using a model with an additional contribution of
the ¢(2170) resonance. The inclusion of $(2170) improves
the fit quality insignificantly. The fitted value of the ¢(2170)
contribution is consistent with zero — still only ¢(1020)f,
observed |

Phys.Rev.D 101 (2020) 1, 012011 - Published
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ete" >n'n'n and ete” - fymTw”

B.Aubert et al., Phys. Rev. D 76, 092005 (2007).
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