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* Overview of recent LHCb publications for exotic hadrons

* Selected topics
arXiv:2009.00025, arXiv:2009.00026

e Exotic D" K™ structurein Bt - D*DK*
LHCb-PAPER-2020-035 In preparation
e Observation of X(4740) in B -» J/WK K n*n~
LHCb-PAPER-2020-039 In preparation
* Evidence of P candidate in £, — J/YK™A

* Summary and prospects
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Overview of recent LHCb
publications for exotic hadrons




a

Weighted Candidates / (28 MeV/c?

arXiv:2007.11292

« AY) > n.pK~ observation and search for P. contribution
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* Xc1(3872)

* Mass measurement
° Line Shape Study arXiv:2005.13419

JHEP 08 (2020) 123

== = Threshold BW1
= = Threshold BW2
B3 prs

= NRSPS

= = DPS+NRSPS

Mgy, [MeV/c?]

My 1 (3872) — My (28)
=1.39+0.24 4+ 0.10 MeV

I'sw

* Multiplicity-dependent production
(See Jana’s slides on Wednesday)
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Exotic D”K ™ structure in the
Bt - DTD™K™ decays

Link to CERN seminar:
https://indico.cern.ch/event/900975/



The BY - DTD™K™ data sample

 Run-l1 + Run-Il, lumi~9fb~1
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* Model-independent study accepted by prL

« Hypothesis with only D¥D~ resonances
(J;max = 2) is rejected by 3.9¢

* Indicate the existence of exotic

contributions
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Candidates / (17.3 MeV/c?)

arXiv:2009.00026
Accepted by PRD

Amplitude analysis

e Add two D™ K™ states (BW) at ~2.9GeV

80
70
60
50
40
30
20
10

E T T L E— T o~ T T — T T T T
E R J .
5— o ‘”‘?%‘é’g *Dgog ::D K* LHCb 12 2 LHCb 4 The 2nd state:
N E 2.75GeV/c? < m(D~K*) < 3.05GeV/c? | _
E s o | DK 3§ g 2 Asymmetry m(D~K™)
E X,(2900) — DK* 3 ,_g
= o o 12 55 peak to match data
3 X. (2900 18 | X1(2900)
3 1(2900) E I Better description on
= i cosf -+ distribution
oF st HE N ST e Ao I I b e — x(2900)
25 3 ’% 5 0 0 5 1
m(D K" [GeV/c?] cos(6(D"K™))

* Need more intricate theoretical studies

* Very close to D*K*, D, K thresholds. Rescattering ?

Candidates for the 1t open-charm tetraquarks (four different flavors)!

X0(2900) : M =2.866 + 0.007 £0.002GeV/c*, T = 57+124+4MeV
X1(2900) : M =2.904 £0.005 4 0.001 GeV/c*, T =110 114 4MeV
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arXiv:2009.00026
Accepted by PRD

Amplitude analysis

* Require two y, states with m(D*D~)~3.93GeV
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new | X«(3930)  3.9238 £ 0.0015 + 0.0004 174 + 5.1 £ 0.8
Xe2(3930)  3.9268 + 0.0024 4+ 0.0008 34.2 + 6.6 + 1.1

The same as the X(3915) state?

X(3915) MASS 3918.4 + 1.9 MeV
X(3915) WIDTH 20 +5 MeV (S = 1.1)
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LHCb-PAPER-2020-035 In preparation

Observation of X(4740) in the
B) - J/WKtK ntn~ (new)
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LHCb-PAPER-2020-035 LHCb preliminary

The B » J/WKYK ntm™ sample

* Study the contribution of y.;(3872)
and conventional resonances

Bsp - x-1(3871)¢

BY - ¥ (28)¢

Branching fraction ratio measurement:

BY - J/YK'K*
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LHCb-PAPER-2020-035 LHCb preliminary
The BY - J/WKYK " ntm™ sample

e 15t observation of non—¢ BY = y.1(3872)K* K~ decays
m(K*tK™) for bkg-subtracted B — y.1(3872)K*K~ sample
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Amplitude analysis at above ¢ region:
Very challenging, but an interesting topic after LHCb upgrade !
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LHCb-PAPER-2020-035 LHCb preliminary

X(4740) in J /Y structure

* An excess observed in background-subtracted m(J /Yy ¢)
spectrum of B? - J/yontn~ decays
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LHCb-PAPER-2020-039 In preparation

Evidence of a J /YA resonance in
Z, — J/WK ™A decay (new)
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LHCb-PAPER-2020-039 LHCb preliminary

J/WK~ A data sample

PRC93(2016)065203

 Used to search for predicted [udscc]| pentaquark P,
* Run-l + Run-Il data: ~1750 signals, purity ~80%
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(next slide)
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LHCb-PAPER-2020-039 LHCb preliminary

Full 6D amplitude analysis

* Adding a P., improves —2InL by 43 units, ~4.30 significance

e 3.10 significance when syst. uncertainty considered

Two E” states Zooms in to P signal region for better visibility
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P.. mass 19MeV below the Z2D*? threshold. Statistic not enough for J¥ determination.
State My [MeV | ['[MeV |

P,.(4459)° 44588 £2.9117T 17.34+6.515)
Z(1690) 16920+ 1.3752 25.9+95+140 | Consistent with PDG,
Z(1820)~ 18227+ 1510 36.04+4.471%5 with improved precision
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Conclusions & open guestions

 Fruitful results about exotic hadrons from LHCb

e Observation of A} — n.pK ™ for pentaquark search

* Evidence of a strangeness pentaquarkin ) — J/PK™A

Theoritical predictions of P, J¥ ?
Inspirations to search for other P, states / search for P.¢ in other channels ?

What’s the nature of those near-threshold states ?

* X(6900) in dl_]/lp spetrum Resonance? Rescattering effect ?
* X,(2900),X,(2900) inthe B* > D*D~™K™ decay
e Candidates of 15t open-charm tetraquark states
* X(4740) inthe BY -» J/YK*K n*tn~ decays
* More results about y . (3872): Closeto X(4700)in 5™ = J /iK™

. Same state ? Other connections ?
 The mass measurement, line shape study
* The multiplicity-dependent production (See Jana’s talk on

Wednesday)
10/29/20 Implications workshop 2020 16



arXiv:1808.08865

Prospects

LHC ERA HL-LHC ERA
—
3fb +6 b1 23 b 50 fb? 300 b
2011-2012 2015-2018 - 2027-2029 2031-...
Run1 Run 2 Run 3 Run 4 Run5...
Current LHCb LHCb Upgrade 1(a) LHCb Upgrade 1(b) LHCb Upgrade 2
— -
* LHCb is boosting the data to
LHCD
d New Ievel Decay mode 23fb~! 50~ 300fb~!

* 7x data by 2029 than current
(14x) for hadronic decays

e Half of these by 2024
* Another 6x increase from SR T 7k 15k 90k

—cc

Upgrade |l EF— JpEr 50 100 600
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Thank you for your attention |
Any guestions or comments ?
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Back up
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arXiv:2007.11292

Pentaquark search in A} — nCpK‘
* Pentaquarks P. observed in A} = ] /ypK~ ”°°§'::*;:m

10001 __ 1ackground
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* AY - n.pK~ for P. search
* Run-Il data, n, — pp, observe this decay
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~170 A) - n.pK~ signals; R(P.(4312)*%) < 0.24 @ 95% C.L.
No significant P. contribution seen in m(n.p) spectrum.
Stay tuned with LHCb upgrade data ! R S N R
4000 4500 5000
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Significance test of DTK ™ structure
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Figure 15: Distributions of the test-statistic ¢ in ensembles of pseudoexperiments generated
according to various hypotheses and compared to values found in data (indicated by dashed
vertical lines). In (a), the Hy hypothesis is a model fit to data without D~ K resonances. In
(b), (c) and (d) plots, the Hy hypothesis assumes a single x.7(3930) state, which has spin-0,
spin-1 and spin-2, respectively.
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B —» J/WKYK " wtm™ analysis

* /Y and ¢ w™ mass spectra
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Figure 9: Background-subtracted (left) JAb¢ and (right) ¢dmtn~ mass distributions
from B?— JAbntni~¢ decays (points with error bars). The expectation from simulated
B? — JApmtm— ¢ decays is overlaid (green solid line). In the right figure, the background-
subtracted ¢p7rt7t™ mass distribution in the region 4.68 < myu,e < 4.78 GeV/ c? is shown (red open
circles with error bars) together with corresponding expectation for simulated B — JAbmtt 7t~ ¢ de-
cays (blue dashed line).
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arXiv:2009.00025

The model-independent study

* Moments analysis:
* Inm(D*D7) slice, expend cos(6p+p-) distribution in terms of P,
« DTD™ resonances contribute only to L < 2/ .

— Simulation — 701 Simulation
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Hypothesis with only D* D~ resonances (J,ax = 2) is rejected by 3.90

Amplitude analysis for further investigations
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