Study of Z,.(3900) Production in pp Collisions

P. Gutierrez
for the D@ Collaboration

Homer L. Dodge Department of Physics & Astronomy

University of Oklahoma

July 31, 2019

P. Gutierrez (University of Oklahoma) DPF 2019, Boston July 31, 2019



Introduction
Charmonium

@ Charmonium cc states with radial & angular excitation.

Charmonium
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Introduction
Motivation

@ Number of states discovered that don’t fit the charmonium
model (cc).
e For example ( state discussed in this presentation):
@ Z.(3900) discovered by BELLE and BESII

ete” =Y (4260)
Y (4260) —  ZF(3900)n T
ZE(3900) —J/ymT
Belle: Phys. Rev. Lett. 110, 252001 (2013)
BESII: Phys. Rev. Lett. 110, 252002 (2013)

@ Decay is similar to a charmonium excited state
for example: ¥(28) — J/pr w~

@ Z.(3900) cannot be charmonium since it is charged and
decays via the strong interaction to charmonium.

w @ Minimum quark content ccud. Q’
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Models

Strongly bound:

Tetraquarks cé - gluon hybrid

Weakly bound:

Hadroncharmonium Hadroncharmonium Mesonic Molecule
Color Singlet cc Color Octet cc QC) D
1
T,0,0,...

1
1
1
1
1
1

Dy Qo g

P. Gutierrez (University of Oklahoma) DPF 2019, Boston July 31, 2019



Charmonuim & Charmonuim-Like States
Rev. Mod. Phys 90 (2018)
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Evidence for H, — Z:(3900)n" + X

Introduction

@ DO has performed a search for Z,.(3900) from b hadrons
(H,) decays at /s = 1.96 TeV using [ Ldt =10.4fb~"
Phys. Rev. D 98, 052010 (2018)

@ Previous searches using exclusive hadronic decays proved
inconclusive:
e Belle — Not observed B® — (J/yr ") K~
Phys. Rev. D 90, 112009 (2014)
e LHCb — Not observed B® — (J/yr)n~
Phys. Rev. D 90, 012003 (2014)

e BaBar — Maybe observed B® — J/¢nnK
Phys. Rev. D 73, 011101 (2006)

@ Since the process may be spread over many channels DY
used a semi-inclusive search H;, — Y (4260) + X.
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Evidence for H, — Z:(3900)n" + X

Search Strategy

Phys. Rev. D 98, 052010 (2018)
e Search topology Y (4260) — Z(3900)7T — (J/wi) T

e Hence a secondary vertex comprised of J/v — u* ™ plus
2 opposite sign charged particle tracks.

@ Vertex requirements: secondary vertex pointing at primary
vertex; impact parameter in added tracks.

. . Transverse Decay Length
@ Invariant mass requirement
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Evidence for H, — Z:(3900)n" + X

J/¢m 7~ Invariant Mass

41 < M(J/onEnT) < 4.2GeV 4.2 < M(J/bntnT) < 4.25GeV  4.25 < M(J/bntaT) < 4.3Gev
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Evidence for H, — Z:(3900)n" + X

Z.(3900) Signal

e Signal at M (J/Wri> = 3895.0 + 5.2 (stat) 29 (syst) MeV

@ Significance of 4.60 (with syst.)
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Evidence for H, — Z:(3900)n" + X

D@ Results

e Rate relative to By — J/iK*

N [Hb = (Zci(3900) = J/q,zmi) T+ X]

= 0.085 £ 0.019

N [33 N J/@z;K*}

B(d' — J/YKT, zf:(sgoo) — J/ym
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Prompt Production Y (4260) — Z."(3900)7

Qutline

Phy. Rev. D 100 012005
@ Same channel Y (4260) — <J/z_'7r:> .

@ Data is reprocessed to optimize low p track reconstruction
(50%) increase in sample.

@ Split data into 2 non-overlapping subsets:
e Consistent with primary vertex.
e Displaced vertex.
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Prompt Production Y (4260) — Z."(3900)7

Invariant Mass

Primary vertex
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Prompt Production Y (4260) — Z."(3900)7

Results Z.(3900) properties

@ For the Y (4260) displaced vertex mass range
4.2 < M(J/ypr*aT) < 4.3 GeV
e Signal significance 5.40

o M =3902.6 & 5.2 (stat) >4 (syst) MeV
o I'=32737 (stat)*2° (syst) MeV
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Prompt Production Y (4260) — Z."(3900)7

Results prompt production

State Nprompt/Nnon-prompt
Y (4260) — ZE(3900)7F <0.7at95% C.L.
X(3872) — J/yninT ~ 2.5 CMS & ATLAS
X (4140) — J /¢ ~ 1.5 DG
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@ Measured the properties of the Z.(3900)

@ Observed Y (4260) — Zf(3900)7r¥ in semi-inclusive H,
decays.
e Butnotin By — J/¢yn K~

@ Prompt production of the Y (4260) — Z=(3900)x™ is not
observed.

e Significantly less than X (3872) abd X (4140).

Do nabs Z:(3900)

Following first observations of the
charmonium-like state Z:(3900) at
e'e” colliders in 2013, the D@ col-
laboration has published 5.40evi-
dence foritspresencein the decay
chain of b-quarksin pp collisions
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