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ATLAS Results on Exotic Heavy Hadrons Cahverety &

Content:

Tetraquarks in ATLAS Run | data:
Searches for the X(5568) state, [Phys. Rev. Lett. 120, 202007].

Pentaquarks in ATLAS Run | data:
Searching for hidden charm in A, decays, [ATLAS-CONF-2019-048].

Perspective for extracting for Z_(4200) during Run 2.


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.202007
http://cdsweb.cern.ch/record/2693957

Heavy Flavour Physics with ATLAS

Mostly based on di-muon triggers:

4 or 6 GeV muon p; threshold.

Vertexing + di-muon mass cuts.

No 1t/K/p separation.

Run 2 upgrades included:
IBL pixel detector.
Trigger upgrades.
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Searches for the X(5568)* State - 1 At

DO evidence of a 4-quark X(5568): osol
X(5568)->B, mt. i
[Phys. Rev. Lett. 117, 022003]
[Phys. Rev. D 97, 092004] ‘;e 2001~
> i
=
150 K
Not observed at: -:i i ' DO Run II, 10.4 fb*
CDF, [Phys. Rev. Lett. 120, 202006]. S 100 | |
LHCb, [Phys. Rev. Lett. 117, 152003]. 5 ¢ ;‘fm"ep‘c’”'c Data
Z —
CMS, [Phys. Rev. Lett. 120, 202005]. 50 I Background
L Signal
ATLAS search performed in Run 1 data. - Y TS B - N Ty
Vs=7 TeV (4.9 fb1), Vvs=8 TeV (19.5 fb1). m(B3 [GeV/c?]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.022003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.092004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.202006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.152003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.202005

Searches for the X(5568)* State - 2 At

The ATLAS search:
B, candidates: > 3 == g
pr(k) > 4 GeV, p(K) > 1 GeV. E 90005— ATLAS S== e Data _g
Di-muon, di-kaon, and 4-track mass cuts. P 8000; s=7TeV, 491"  J=H o S’E‘C”;;},g?,)nd | 3
Di-muon and 4-track vertex cuts. g 7000F S8 Tev. 19517 o — S E
T(B,) > 0.2 ps. 1 6000E- E
BTt reconstruction: 2382* =
p7() > 500 MeV + PV cut. 2000 =
5346.6 < m(B,) < 5386.6 GeV. 2000 — Eg:g
10006 = = 7 e ——
Set limits on: 0="5500 5300~ 5400 5500 5600
ny, signal event count. m(J/y K'K') [MeV]

Py, B, fraction from X(5568).



Searches for the X(5568)* State - 3
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Searches for the X(5568)* State - 4 sy

The ATLAS results: 0.051
Q. - -
Ny: B o L]
n, = 60 + 140, with p(B,) > 10 GeV. 004 TS o . Expected 95% oL limit
ny = 30 £ 150, with p(B,) > 15 GeV. - (s=8 TeV: 19.5 fb™ 5 :—:;c; .
No evidence of signal events. 0.03 B -
py @ 95% CL: E 1
Py < 1.5%, with p(B,) > 10 GeV. 0.02F
Py < 1.6%, with p(B,) > 15 GeV. E
Limits compatible with LHCb & CMS. 0_01—
I

Alternate candidate masses? Q550 Be00 5650 'M'5\700
No evidence in CLs scan. m, [MeV]



Pentaquarks in the J/{ p K State - 1

Overview of LHCb results:
2 pentaquarkin A, 2 J/U p K.
[Phys. Rev. Lett. 115, 072001]

Later seenin A, 2 J/Y p T
[Phys. Rev. Lett. 117, 082003]

2 additional states seen in Run 2.
[Phys. Rev. Lett. 122, 222001]

Not observed by GLUEX:
See [Phys. Rev. Lett. 123, 072001].

Limits set on model independent production.

DO observe a 3 o evidence in J/{ p events:
See [arXiv:1910.11767].
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.072001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.082003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.222001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.072001
https://arxiv.org/abs/1910.11767
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Pentaquarks in the J/y p K™ State - 2 University 8

No hadronic identification in ATLAS. Mass Range (GeV)

Lots of states to consider!

A, Signal Region 5.59<m(J/Y p K)<5.65
IJTETRTS B, Control Region 5.25<m(J/Y K* ) <5.31
pT(K) >4 GeV, |n (K] <2.3. B, Control Region 5.337 <m(J/y K+ K) < 5.397
|M{U/$pps) = M(uK)| < 290 MeV. Background Shape 5.35<m(J/Y p K)<5.45

B-hadron reconstruction:
In (hy)] <2.5.
4-track vertex cuts on (p*, w, hy, h,).
pT(H,) >12 GeV, |n (H,)| <2.1.
m(H,) cuts dependent on mass of h,.
L,, decay length and helicity cuts.



Pentaquarks in the J/{ p K State - 3

Fits of:

N, = /WA orPFK > )/LpK.
By > J/W K orz K=/ K.

B> J/yforl/bd > I/P K K.

Background suppression via:
Same-sign subtraction.
m(mt K) and m(K it) > 1.55 GeV.

B-hadron reconstruction:
m(J/Y p K).
m(J/P mtK).
m(J/¥ K* K.
m(J/P ).
m(J/¥ h,) & m(h, h,) in a B, CR.
m(J/P h,) & m(h; h,) in a B, CR.
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Pentaquarks in the J/ p K State - 4 Uavereity 8

Fitted yields: _ e
A, = )/ p K =2270 £ 300. 2 [ ATLAS Preliminary = rowmisignal ]
Bd 9 J/l.IJ K+ o~ 10770. § 300:_ s=7,8TeV;4.9,20.6 fb™ % g:;n‘:';r’l;t;rial BGE
Bs % J/LIJ K+ K_ ~ 2290. _g o5 :_5.59 < M(J/W,D,K) < 5.65 GeV E Ez:§§$:t(7lt( E
Bd - .J/LIJ nt rt~ 1070. t i + + AEj)J/:JJT\?E-l-refI. f
B, > J/Y t* K~ 1390. 200/ . -
150 —
P. signal regions fits: 100E- E
Ab(Right) 9 J/LIJ p K_ = 1010 i 140. E E
Npwrong) = I/ p K =160 + 20. SO E
05 4 4.2 4.4 4.6 4.8 -=- — 15‘-2
No P_-state hypothesis: My, h=p) [GeV]

P-value =9.1 * 103.
11



Pentaquarks in the J/y p K State - 5

2 P_-state hypothesis: P-value = 55.7%.
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4 P_-state hypothesis: P-value = 68.6%.
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Pentaquarks in the J/{ p K State - 6 ancastert

University # ¢

Good agreement with LHCb.

Some tension in P, properties.

Parameter Value LHCb value [5]
N(P.) 4001730 (stat) Zigo(syst) -
. . N(P.,) 1501100 (stat) £oo (syst)
Alternative fit: N(Py + P.y) 540450 (stat) 710 (syst) -
Ao 2.81 776 (stat) 151 (syst) rad
2 Pc-states - fixed to LHCb values. m(P.) 428233 (stat) 25 (syst) MeV 4380 + 8 + 29 MeV
I(P.) 140777 (stat) T35 (syst) MeV | 205 + 18 + 86 MeV
P-value = 24.5% m(P.s) 4449%2) (stat)T18 (syst) MeV | 4449.8 & 1.7 4+ 2.5 MeV
I(P.) 51195 (stat)T15 (syst) MeV 39 + 5+ 19 MeV
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Run 2 Searches for the Z_(4200) pancaster &=

Run 2 searches for exotic Z_ states.

Belle observes Z_(4200)* - J/Y mt*.
See [Phys. Rev. D 90, 112009].

Seen in By = J/U K* v decays.
Large m(K ).

14


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112009

Z.(4200) Hints in the Run 1 Analysis %%%%%é’}fyr
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ATLAS Results on Exotic Heavy Hadrons University © @

Summary:

Search for a X(5568) resonance:
No evidence of the state claimed by DO.
Strong limits on production set from Run 1 data.

Pentaquarks with A,>J/b p K :

0-pentaquark model strongly disfavoured (not excluded) by data.
Run 2 statistics required.

2-pentaquark model consistent with data and LHCb.

4-pentaquark model also consistent with data (with parameters fixed from LHCb).
Poor mass resolution limits analysis.

Run 2 analysis offers better statistics, better resolution...
Underway - expect results soon!

Z.(4200) searches in Run 2:
Running in parallel with the Run 2 pentaquark analysis.
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ATLAS:

The Detector

Muon chambers

Toroid magnets

=
Pixel de’rector

Solenoid magnet | Transition radiation tracker

Semiconductor tfracker

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

LAr eleciromagnetic calorimeters
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B-Physics Triggers: Lancaster £2
Run 1 and Run 2 niversity
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Pentaquarks in the J/{ p K State: Lancaster £22
2 Pc State Fits niversity

Parameter Value LHCb value [5]

N(Py) 4002 140 (stat) £1go(syst) -
N(P.) 1501390 (stat) To (syst) -

N(Pcl + Pc?) 5401—%8 (Stat) +gg(sy3t) -

A¢ 2.8 1 a(stat) T 7 (syst) rad -

m(P,,) 4282733 (stat) 723 (syst) MeV 4380 + 8 4 29 MeV
I'(P,;) 140717 (stat) T35 (syst) MeV | 205 + 18 + 86 MeV
m(P.o) 4449130 (stat) 715 (syst) MeV | 4449.8 + 1.7 + 2.5 MeV
['(P.;) 51793 (stat)_46 (syst) MeV 39 £ 5+ 19 MeV
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Pentaquarks in the J/ p K State: Lancaster E=

it University ¢ 2
Initial LHCb Results Y
= —a— data 800
2000 = —p—toial fil
background
1800 : [Ei] LHCb S P(4450) 700
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LL . L
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Pentaquarks in the J/{ p K State: Lancaster E=

Systematics University = °

Source N(Pa) | N(Pe) | N(Pey + Pe2) Ag
Number of Ay — J/¢pK ™~ decays 8o | T889 o S% 0%
Pentaquark modelling +_23% __Eé% ti:z% té:g%
Non-pentaquark A} — .J /¥pK ™~ modelling +_1§ % 2% tgﬁ% i—?f:g%
Combinatorial background 7% 8o 29 %
B meson decays modelling 2% 2% T9:3% 1%
Total systematic uncertainty T23% % % 2%
Source m(Pe1) | T(Per) | m(Pe2) | D(Pe2)
Number of Aj — J/ypK ™~ decays | T005% | T33% | T00i% | 5%
Pentaquark modelling tg:g% +_1§ % tg%% __E%%
Non-pentaquark AE — J/YpK ™~ modelling fg%ﬁ% _‘__g{%% tg%%% __E%%
Combinatorial background 8%l % | %% | 5%
B meson decays modelling T2ty | 2o | T02Tgr | e
Total systematic uncertainty HOTo% | P09 | t8i% | TE%
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