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Preamble

What and Why How

Study of two exotic states through the chain

ete- = (Y(4660) =) Z:(4430) T = Y(2S) T 1T

JOW T TTTT T = 22410 The study will make use of the ~5 fb-1data

@+/s > 4.6 GeV

Z+.(4430) was observed and studied in the B meson
decays in the TTP(2S) invariant mass by BELLE
[PRD 88, 074026] (and by LHCb [PRL 112, 222002])

No Z+-(4430) signal was observed in the mono-
energetic datasets,
so the main idea is to merge all the data

Y(4660), already observed by BaBar [PRD 89, @+/s > 4.6 GeV to use the whole statistics

111103(R)] and BELLE [PRD 91, 112007], was
hypothesised to be a baryonium
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Signal MC Studies

Y and Z.Resonant

noPhotos Y(4660)
Decay dummy@@_1 — - — MY — 4633 i 7 Mev

0.5000 dummyl@_1 pi- PHSP;

0.5000 anti-dummyl@_1 pi+ PHSP; O'Y — 64 i 9 Mev

Enddecay

Z:(4430)
Deic.}g(ag;mgz/i@;iiCZS) PHSP; o I ’ MY = 4478+15'18 Mev

Enddecay L ’ O Y — 181 i 31 M eV

Decay anti-dummyl@_1
1.0000 pi- psi(2S) PHSP;
Enddecay

Decay psi(2S)
1.0000 pi+ pi- J/psi PHSP;
Enddecay

Signal MC sample

Decay J/psi

0.5000 e+ e- PHSP: 300k events

0.5000 mu+ mu- PHSP;
Enddecay

End
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(Signal) MC Studies

Non-resonant Continuum

noPhotos

noPhotos
Particle vpho 4.633 0

Decay dummy@@_1
Q. 5000 dummyl@_1 p1PHSP;
0.5%00 anti-dummyl&_1 pi+ PHSP;

Enddecay
Decay vpho

1.0000 pi1+ pi1- psi(2S) PHSP;
Enddecay

Decay dummylOS£
1.0000 pi4psi$2S) PHSP;
Enddecay

Decay psi(2S)
1.0000 pi1+ pi1- J/psi PHSP;
Enddecay

Decay /nt1i-dummyl1@_1
1 /0000 pi- psi(2S) PHSP;
Enddecay

Decay psi(2S)
1.0000 pi+ pi- J/psi PHSP;
Enddecay

Decay J/psi
0.5000 e+ e- PHSP;

0.5000 mu+ mu- PHSP;

Decay J/psi
Enddecay

0.5000 e+ e- PHSP;
0.5000 mu+ mu- PHSP;

Enddecay MC samples
End 300k events

End
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Signal MC Studies

Vertex: R; Vertex: Ryy
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Signal MC Studies
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Signal MC Studies

Event Selection (1)

Goodness Cuts

Vertex: Rxy <1cm & Rz <10 cm

Polar angle: |cos 6| < 0.93
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Signal MC Studies

Event Selection (1)
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Signal MC Studies

Goodness Cuts

Vertex: Rxy <1cm & Rz <10 cm

Polar angle: |cos 6| < 0.93

Channel ID

# charged tracks > 4
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Leptons
pr>1GeV
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Goodness Cuts

Polar angle: |cos 6| < 0.93

Signal MC Studies

Event Selection (1)

Vertex: Rxy <1cm & Rz <10 cm

Channel ID

# charged tracks > 4
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Leptons
pr>1GeV
E/p (e) > 0.7
E/po (4) < 0.6
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Goodness Cuts

Polar angle: |cos 6| < 0.93

Channel ID

# charged tracks > 4

Signal MC Studies

Vertex: Rxy <1cm & Rz <10 cm

Pions
pT < 0.85 GeV

Event Selection (1)
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Leptons
pr>1GeV
E/p (e) > 0.7
E/po (4) < 0.6
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Goodness Cuts

Polar angle: |cos 6| < 0.93

Signal MC Studies

Event Selection (1)

Vertex: Rxy <1cm & Rz <10 cm

Channel ID

# charged tracks > 4

Pions
pT < 0.85 GeV
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Signal MC Studies

2UAT

5C Kalman fit

AC on the prot = (0.051, O, 0, Myes0))

1C on the My(2s)

The 11T couples are selected via the best chi2
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Event Selection (2)

Topology dependent KALMAN Fits
205m

2C Kalman fit

1C on the My
1C on the |pTot|

TTMiss can come either from the Zc-Pp(2S) system
(i.e. Y(4660) decay) or from the P(2S) decay

The 11T and TTTTmiss couples are selected by
minimising the MRecoy,x5)-MPDG, x5y difference

BESIII Italia - November 2021

14



Signal MC Studies

Event Selection (2)

Topology dependent KALMAN Fits
24T

5C Kalman fit

AC on the prot = (0.051, O, 0, Mye60))
1C on the My(2s)

The 11T couples are selected via the best chi2
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Signal MC Studies

24T

> 4000 —
= — EXT PARAMETER STEP
s 3500 — NO.  NAME VALUE ERROR SIZE
qC) — Constant 3.57722e+03 2.16524e+01 2.84844e-01
ﬁj :: Mean 3.09722e+00 9.82976e-05 1.70117e-06
3000 — Sigma 2.13644e-02 8.47885e-05 1.55335e-05
2500 [—
2000 [—
1500 —
1000 —
500 —
: ] ] I ] ] ] ]
29 2.95 3 3.05 3.1 3.15 3.2 3.25 3.3
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M(JAp) (GeV/cd)
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FIRST
DERIVATIVE
3.29742e-06
2.21873e-01
-2.05473e-01

Reconstructed My

The distribution follows a gaussian shape
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Signal MC Studies

24T

= 4500 —
= — EXT PARAMETER STEP FIRST
'.f\_.) 4000 — NO. NAME VALUE ERROR SIZE DERIVATIVE
qC) — 1 Constant 3.97921e+03 2.49133e+01 3.60052e-01 9.47429e-07
Lﬁ — 2 Mean 3.68618e+00 1.09354e-04 2.15862e-06 2.39300e+00
3500 :— 3 Sigma 2.38553e-02 1.01704e-04 1.80527e-05 2.85206e-02
3000 —
= Reconstructed Mys)
2500 —
2000 — : : : :
= The distribution follows a gaussian shape
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1000 |-
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E_l | ] ] | | I | | | | I | | | | | L | I | | | I | ] | | I | | | |
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Signal MC Studies

24T

3500

Event/5MeV

3000

2500

2000

1500

1000

500

EXT PARAMETER
NO. NAME
1 Constant

2 Mean
3 Sigma

4.4 4.45 4.5 4.55
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4.6

4.65

4.7

VALUE

STEP
ERROR SIZE

3.23141e+03 1.95290e+01 2.30776e-01
4.63543e+00 1.35545e-04 2.21035e-06
2.97585e-02 1.18192e-04 1.44009e-05

4.75

] | I ] ] ] ]

4.8 4.85 4.9
M(Vs) (GeV/c?)
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FIRST
DERIVATIVE
4.54423e-05
7.44838e+00
6.64915e-01

Reconstructed total invariant mass

The distribution follows a gaussian shape
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Signal MC Studies

24T

Reconstructed Zc resonance invariant mass
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M(mhyp(2S)) (GeV/c?)
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Signal MC Studies

24T

Reconstructed Zc resonance invariant mass
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Signal MC Studies

Event Selection (2)

Topology dependent KALMAN Fits
205m

2C Kalman fit

1C on the My
1C on the |pTot|

TTMiss can come either from the Zc-Pp(2S) system
(i.e. Y(4660) decay) or from the P(2S) decay

The 11T and TTTTmiss couples are selected by
minimising the MRecoy,x5)-MPDG, x5y difference
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Signal MC Studies

2037

Entries 98807
Mean 3.677
Std Dev 0.04778
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Signal MC Studies

2037
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Signal MC Studies

2037t
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Tiviss energy (GeV/c2)
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Signal MC Studies
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4.5

4.6

4.7

Entries : 64949
Mean 4.628
Std Dev 0.04918
Removing all the events with
E(Ttmiss ) > 0.5 GeV/c? and with p(1Tmiss) > E(TTmiss)
Hard to kinematically Unphysical
constrain the event, events
If the TTmiss comes from the
Z-(4430) decay
4.8 4.9 — 5
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4.8

Signal MC Studies

2037t

Reconstructed Zc resonance invariant mass
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Summary

A search for the Z.(4430) state via the Y(4660) decay was started

Aim of the analysis is to confirm BELLE’s findings and to investigate a possible connection
between the Z:(4430) and Y(4660) states

The analysis will use the ~5 fb-1data @+/s > 4.6 GeV

The event and topology selection can be considered finalised
Off-peak datasets (e.g. /s = 4.6/4.7 GeV) are under study

Now one can move towards the background studies
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