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First P_observation in Ag — J /¢ p K~ decays (2015)

The decay A} — J/¢pK~ was first

observed at LHCb and used for lifetime _ PRL 111 (2013) 102003
measurements in 2013 [PRL 111 102003]. B 7000 ﬁ =
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20 The Dalitz plot shows a clear
e horizontal band that points towards
- : some activity in the J/y p dynamics.
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2013-032.html

Amplitude analysis: model dependent observation

. . PRL 115 (2015) 072001
Full amplitude analysis, demonstrated the No pentaquark Only 1 pentaquark

need of two interfering resonance-like LHCb

Events/(15 MeV)
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structures to accommodate that J/y p band.

The six-dimensional fit (including masses and
angles) brought to the following statements:
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- - - - Two pentaquark resonances
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and predicted A* resonances is excluded with a %1000_— =data  Mgal 5 My,>2 GeV §
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Amplitude analysis: conclusions

When describing the data with a model
including two pentaquark resonances,

these must have the following properties:

® A narrow resonance, with
o Mass: 43808 +£29 MeV
o Width: 205+ 18 + 86 MeV

® A broader resonance, with
o Mass: 4449.8+ 1.7 +2.5 MeV
o  Width: 39+5+19 MeV

With opposite parity, and spin % and g

(b)
L K
P.

Lucio Anderlini (INFN Firenze)

)

L]
i
!
3 |
Sl
g

100240 (ST0Z) STT Tdd

S 250) =
21000}~ all 2
S -+ data 200 =
- . o
w | -e-total fit S
S b packground 1% 4
b — backgroun
8 soof- 100 3]
£ F = Pgaas0) f 5
S [ wpes0) ' b ‘_ 1
= 6001 4+ A(1405) i o
S 4 4.

S
o
O

400=r=r=—r-r

A(1520) W‘ ' &
A(1600) t“: *M ’

[ and other p*

300

200

100

300

200

100}

300

200
Lo

100]

AR

w“xwwﬁa Eigads

i
»x*m'n:w:v‘m‘h‘ﬁ *T‘me. .

M\&\\\‘\\\\‘ <ol
oo E T b g T e ;suxmmm n.suni#ﬁliu:
1 -0.5 0 0.5 .

o L NN NN
I e

- data
-@- total fit =3e- " 1690
— background “*-

= P 4450) 7N }:;g
= P(4380) T4
-+-A(1405) ... A(1890
-0-A(1520)  -o.A
2,

L RES ‘?‘\‘:}\\

SN



https://doi.org/10.1103/PhysRevLett.115.072001

— Quarkonium Working Group Meeting 2019, Torino

>
Model independent confirmation of J/¢ P resonances

To strengthen the evidence of pentaquarks,

LHCb has developed an analysis independent of

any assumption on the pK dynamics, encoded

above as known or predicted A* resonances.
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In fine bins of m, the decay is
decomposed in partial wave, with or
without unphysical orbital momentum.

PRL 117 (2016) 082002
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Yield / (20 MeV)

Model independent confirmation of J/¢ P resonances

Comparing the model for the M Jhip obtained with and without unphysical orbital
momentum we assessed the statistical significance of J/y p dynamicsin a

model-independent way.

PRL 117 (2016) 082002
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(The statistical significance is assessed with pseudo-experiments (MC toys),
generated according to the null hypothesis, rejected with more than 9 o.

Distributions for some model-dependent hypotheses are also shown.
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0 —
Pentaquarks beyond Ab — Jhp pK

In the meanwhile, during the long shutdown (2013, 2014), LHCb started to explore
b-baryon decays with lower statistics to confirm the existence of pentaquarks.

PRL 117 (2016) 082003 PLB 772 (2017) 265 PRL 119 (2017) 062001
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While no unambiguous observation has been achieved because of limited statistics,
these new decays pave the way for the upcoming high-luminosity runs of the LHC.

A great effort to perfect the selection strategy of final states involving protons.
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Improvement in the selection

Motivated by the need of statistics to achieve
observation of Ag — Xel,c2 P K7, we selected

~ 30000 A} — JippK ~ decay candidates in
the datasets collected in 2011 and 2012.

Significant improvement in the Signal—-Background
separation including the particle identification in
the multivariate selection algorithm (Gradient BDT),
but larger uncertainty on the selection efficiency
come from small imperfections in the Simulation,

mitigated through resampling from the distributions

of detector response in calibration samples (real data).
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Upgrade of the data processing: improving Particle ID
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Upgrade of the data processing: improving Particle ID

Nove
the

Allows selection of pure and abundant

Pions
‘Q(I]OI - 3(1)0 - I-’1OO
Pion p [GeV/(]|

calibration samples to measure and -

. 1072
100

101]

model the PID detector response.

LHCb

Kaon n
A

Selecting the samples at trigger level ,
allows to shape the kinematic coverage il __Kaons

100 200 300 400
Kaon p [GeV/(|

1072

on the needs of heavy hadron physics

LHCb

Proton n

downscaling selectively.

COM A ~ Protons
- 0

1072

200 300 400
Proton p [GeV/(]

T~ JEPJTI6 1. :
Lucio Anderlini (INFN Firenze) Pentaquark Studies at LHCb



https://doi.org/10.1016/j.cpc.2016.07.022
https://cds.cern.ch/record/2308409
https://cds.cern.ch/record/2308409

_ Quarkonium Working Group Meeting 2019, Torino _
New sample of Ag — Jhp pK ~decays: x10 larger

arXiv:1904.03947
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In the Dalitz plot it is now evident a second
horizontal stripe.
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2
A new narrow peak at 4312 MeV/c myx > 1.9GeV/c?
arXiv:1904.03947
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Another two peaks

Significance of the two-peak
interpretation: 5.4 0

Fitting well with or without a
broad resonance:
not conclusive on P (4380)

Ongoing full amplitude analysis
to measure properties and
guantum numbers.

PRL 115, 072001 (2015)
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Properties of the peaks

—
N
o
(=)

Best model: three relativistic Breit-Wigner
convolved with the resolution function.

All the three peaks are too narrow to
resolve their natural width.

Weighted candidates/(2 MeV)

Despite the large statistics, the properties
of the fits are affected by large
uncertainties, dominated by the unknown
interference pattern, and model of the
“non-resonant-or-large-resonance”

IiD biad o i
: :arXiv:1904.03947
— data LHCb
— total fit :
— background

4200 4250 4300 4350 4400 4450 4500 4550 4600

m ., IMeV]

component.
State M | MeV | ' [ MeV | (95% CL) R %]
P.(4312)* | 4311.94+0.775% | 98+27F 3T (<27) | 0.30£0.0770:34
P.(4440)% | 4440.3 +1.3757 | 20.6 + 4. 9+10 i (<49) | 1.11+£0.3370%2
P.(4457)" | 44573 +0.67%41 | 6.4+£2.07 57 (<20) | 0.53+£0.167513

Suggestive proximity to thresholds of the ZCD system
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Non-resonant interpretation: worse but not excluded.

arXiv:1904.03947
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Pentaquarks from beauty mesons
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Full amplitude analysis is ongoing exploiting 2230

the full dataset (9 fb™2).
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Conclusion

LHCb is currently leading the studies on pentaquarks: discovering a new narrow state
and observing several decays to be studied with more statistics, in the future Runs.

Data processing and calibration are critical to the study of these states.
LHCb is focussing on these aspects, both on LS1 and for the upcoming upgrade pushing
the software trigger to 30 MHz with upfront data reconstruction.

Amplitude analyses are necessary (and ongoing) to draw conclusions on the nature of
broad pentaquarks, but they depend on the hadronic scattering model for both
development and interpretation. Large statistics challenges the assumptions underlying

the isobar model.
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