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Multi-quark states in quark model
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o Both papers mentioned explicitly the
possibility for penta-quark states: gqqq4

o Later in context of specific QCD models:
Jafee (76), Hogaasen & Sorba (78),
Strottman (79)
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Pentaquark
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@ No obvious reasons for their non-existence
o Fertilize our understanding of QCD

@ No convinced experimental evidence for light pentaquark
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Pentaquark states in A) — ]/ pK ™~ [prL115(2015)072001]

@ 2015: Two pentaquarks discovered by LHCb

@ A six-dimensional amplitude fit was done. 90 and 120
significances for two P, states.

?.4 1.6 18 “ “

—=a— data
—e— total fit

—=— P,(4380)
- A(1405)

22

>>>>>2>2>2>>>

background

A(1520)
1600)
1670)
1690)
1800)
1810)
1820)
1830)
1890)
2100)
2110)

24 26
my, [GeV]

o However, J¥ have three possibilities (3/2—,5/21), (3/2%1,5/27)

and (5/27,3/27) which need further check.

Xuesong Liu(Tsinghua University)

Exotic baryons at LHCb

December 18, 2016

5/17



Search for exotics in A) — J/yppr~
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@ Observing the same P, states in a different decay mode could
indicate they are really resonances and not some kinematical
effects [PRD 93,094001(2016)]

e Cabibbo-suppressed A% decays to baryonic exotic resonances
are predicted to have

_ B}~ o P)

Ry-jx- =
B(AY — K—P)

o R = 0.07 — 0.08 Fig(a)(b) [PRD 92,096009(2015)]
e R = 0.58 £ 0.05 Fig(c) [PLB 572-575,751(2015)]
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Studies of AY — J/ypprr~ decays [PRL117, 082003(2016)]

e Analysis: six-dimensional amplitude fit(invariant masses, helicity
and decay planes angles)
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Possible exotic contribution in A) — J/ypr~

@ More complex due to possible Z_~ states

o Exotic hadron contributions examined are:

P.(4380) ", P.(4450) " — J/yp and Z.(4200)~ — J/pm™

o Z.(4200) : my = 4196"35 MeV, I = 37013, MeV
J¥ =11 by Belle(6.2¢) in B® — J/¢p7r~ KT decays
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Nucleon excitations

1 P.(4380)*

my+ Ty
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Amplitude analysis of A) — J/ppr~
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o No obvious structure in m(J/ypp).

o Breit-Wigners for all resonances. Flatte for N(1535) to account
for the threshold of n#y channel.

— RM N*+Z_+2P,
- EMN* E

e Check consistency with the two P, states from A} — J/ippK—
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Amplitude analysis of A) — J/ppr~
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@ Introduce exotic states can significantly improve N* fit quality.

o Significance of two P, is 3.30, if assume production of

Z.(4200) is negligible. No independent confirmation of P+

states.

o Significance of both type of exotics taken together is 3.90, with
syst. considerated is 3.10
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Amplitude analysis of A) — J/ppr~

o 15 established N* states
e Reduced(RM): central values
o Extended(EM): syst. +signif.
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Futher results of A) — J/yppr~

State Fit fraction(%) B(A) — 7w~ PF)/B(A] — K P)
Z.(42007) 7.7 +£2.8737 --
P.(4380)* 5.1+£1573° 0.050 4= 0.016 70026 + 0.025

P.(4450)" 1.6708+0¢ 0.033 10 016+0-005 & 0.009

— B(A)—r~Pt)
— B(A)—K-PF)
o R ~0.07—0.08v
o R=10.58+0.05 X

e Overall outlook: J/ypprm data is consistent with P.’s seen in
JippK

o R, /k- tests P;" production mechnism
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Search for Z, — J/PpAK™

e Z, — JIPpAK™ decays is similar to that of A) — J/ppK~
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o A strange hidden-charm pentaquark state, decaying into J/{pA

can be searched through E, — J/{pAK™ decays.
[PRL 105,232001(2010)][PRC 93,065203(2016)]
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Analysis strategy for Z,° — J/PpAK™

Using 3 fb~! full Run-I data
o Measure the branching fraction related to A) — J/ypA

R— fe- o BE SIPAKT) _ N(=, SJIpAK") eﬁx"gt
- ng BAY—JlpA) T N(A)—]lpA) efof’
b

fE;/ f A0 is the ratio of fragmentation fractions

Fiducial range: pt < 25 GeV, 2.0 < y < 4.5 on b-baryons

BDTG is used to futher discriminate between signal and
combinatorial background

Efficiencies estimated with simulation and data
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Signal yield of the two modes

Upstream track

Long track

Downstream {

Two types of tracks used to

reconstruct A.
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Observation of Z,° — J/Pp AK™ decays

@ Results

fs; “ B(E, — JIpAK™)

R__, o= = (4.19 % 0.29(stat.) & 0.14(syst.)) x 1072
=y, /A?) fA‘t’, B(A[})g N ]/IIJA) ( ( ) ( Y ))

M = M(Z; ) — M(A)) = 177.08 £ 0.47 + 0.16 MeV/c*

@ A simultaneous fit is performed to the four samples, and the fit
gives an identical results for the ratio Rz, 0-
“b b

o Consistent with the LHCb measurement using open-charm
decays: §M = 178.36 4 0.46 1= 0.16 MeV/c>.
[PRL 113,242002(2014)]

Most precise!!!
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Conclusions

° Ag — J/ypprr~ analysis supports the pentaquark states
observed in the amplitude analysis in A?, — JIppK~ decays

e E, — JIYAK™ decay is first observed, the M between A‘l’,

and Z, is measured. Full amplitude analysis will perform after
LHC Run-I1'!

o Several analysis processing are digging the structure and
physics nature of pentaquarks in LHCb

Ay — JIpprK?

o Ap — xa1(1P)pK

o A, — ATD°K

o

o Looking forward to Runll to obtain further exciting results!

Thanks and stay tuned!
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Back up
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The LHCb Experiment [1ump A30(2015)1530022]

e LHCb is single-arm(2 < 5 < 5) spectrometer at the LHC

o CP violation measurements, rare decays,
heavy flavour decays as source for exotic hadrons
o Exploit the correlated production of bb pairs in LHC environment

RunI: 3fb™"

10 bb pairs
B:Ay:BY
4:2:1

[PRD85(2012)032008]

@ Clean B-hadron samples through excellent vertex
resolution: O (o057 ) <m(VELO)

@ Flavor tagging, final state discrimination needs excellent particle ID (RICH)
@ Highly efficient trigger: di-muons, displaced vertices (topological B-hadron),
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Pentaquark states in AY — J/1p p K~ [PRL115(2015)072001]
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State Mass(MeV) Width(MeV) Fit fraction(%)
P.(4380)" 4380+ 8+ 29 205+ 18+86 8.410.7+4.2

P.(4450)* 44498 +£1.74+25 39+5+19 41+05+1.1

o Obtain good fits with reduced A* 4 2 Pentaquarks model.

o Best fits has J¥ = (3/27,5/21), also (3/21,5/27) and
(5/21,3/27) are preferred.

o Interference of two states of opposite parity required by
forward-backward asymmetry in P. helicity angle
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Some details of AY — J/pprr~ analysis

o Six-dimensional amplitude fit: resonance invariant mass, three
helicities angles, and two differences between decay planes

o Lorentz transformations relates the two helicity representantions
A, rest frame (I) —

Y rest frame

lab frame

@ Resonances described by Breit-Wigner

@ Angular distribution calculated using helicity formalism.
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