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LHCb: JHEP 10 (2012) 151, JHEP 09 (2013) 145, PRD 91 (2015) 092002, PRD 92 (2015) 032002, PRD 92 (2015) 012012,
JHEP 10 (2012) 151, PRL 113 (2014) 162001, PRD 90 (2014) 072003
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EXCITED B, MESONS

Bta Bon*
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4 Y4

» Observation of the B_,*>B"K- decay

v First evidence of B,*(56747)> B**r- decay » Measurements of the B_,* natural
v Observation of 4 broad structures B;(5840)%* and width
B;(5960)%* consistent with the B(2S) and B*(2S) > Br(B,,">B*K)/Br(B,,">BK)

» The measured branching ratio and B,,"
width favour J* = 2*

- AN /

LHCb: JHEP 1504 (2015) 024, PRL 110 (2013) 151803
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r
B, MESON

/§ Only few B, decay modes observed before the LHC era: \
B.,*2>dJ/¢Y ot and B,*>J/ ¢ p*v
» LHCDb is largely increasing the knowledge about the B.* meson Most
precise measurements of mass and lifetime
New decays modes have been discovering:
B.,f2>J/¢Y oo, B 2>J/ Y K Kot B.*> ¢ (25) o*
> First observation of the CS decay: B,">J/ ¢ K*
> First observation of the c=>s decay: B> B, i*
Q First observation of a decay to open charmed meson: B,*>J/¢¥ D)/
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LHCb: PRL 111 (2013) 181801, PRL 108, (2012) 251802, PRL 109, (2012) 232001 , JHEP 09 (2013) 075, JHEP 1311 (2013) 094
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BARYONS
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First observation of two narrow peaks in the =,°n- mass spectrum

interpreted as =, and =,*

> First observation of excited beauty baryons decaying to A, m*m-

» Search for = >A K~ 11t performed in wide ranges of mass
(3300<M<3700 MeV) and lifetime (100<1<400 fs) by using 0.65 fb-!

\_ v" No signal found. SELEX signal still possible

(>

\

LHCb: PRL114, 062004 (2015) , JHEP 12 (2013) 090 , PRL 109 (2012) 172003
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X(3872)

LHCD is largely contributing to shed light on the nature of the X(3872) state

» Determination of the quantum numbers J¥ =1** [PRL 110, 222001 (2013)][PRD92, 011102 (20%\
» Measurement of B(X(3872)>W(2S) Y)/B(X(3872)>J/P Y) [Nucl.Phys.B886 (2014) 665]
> Precise mass measurement [EPJC 72 (2012) 1972] [JHEP 06 (2013) 065 ]

Ep = m(DOD*O) _ m(X(3872)) — 34192 kev/cz- Loosely bound in the

molecule scenario
» Production cross-section in pp collisions at Vs = 7 TeV [EPJC 72 (2012) 1972]

0 x(3872) X BR(X(3972) — J/thnTn)2-5<v<45pr>5GeV] — 54 4 1.3 4+ 0.8nb
» Search for X(3872)-> pp [EPJC 73 (2013) 2462]

BR(X(3872) — pp) .
\BR(X(SS?Q) S Jgmtan) S0 /
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7.(4330)*
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/> Model independent analysis: Reflections of K* mesons can’t explain R
the excess at ~4.4 GeV
» Amplitude analysis: Confirmation of Z(4430)+
» Determination of spin-parity: J¥*=1*
» Observation of phase shift

\_ y

[LHCb: arXiv: 1510.01951, PRL 112, 222002 (2014)]
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PENTAQUARK P_*

/\*(1520) - [LHCb: PRL 115, 07201 (2015)]
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Mass (MeV) | Width (MeV) | Fit fraction (%)
P_(4380)* 4380 +8+29 205+18+86 8.4+0.7+4.2
P.(4450)* 4449.8+1.7+2.5 39 £ 5+19 4.1+0.5+1.1
4 )

» Observation of 2 pentaquarks: P,* 2J/Y pin Ay 2J/P p K decays
> Best fit J¥=(3/2-, 5/2%), also (3/2%, 5/2°) & (5/2*, 3/2°) are preferred

\> Good evidence for the resonant character of P,(4450)*
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r
EXOTIC D(S)/B(S) MESONS %

Charmed mesons

ﬁ Studies of excited mesons from B decays continue \
v' Nature of D" (2317) and D,,(2460):
» Search for new decays modes
» Production studies (e.g. D,;(2460) 2D, y production cross-section)
> Studies from B, decays (e.g. B’, 2 D, o’ ")
» Determination of D(2317) (and D.*) spin-parity
» Measurement of BR

k » Search for D(2317)° 2D, o* /

Beauty mesons

4 v Inelusi : liesof BEr/K (m(B*)-m(B)=45 MeV and B*-> By) h
v Exclusive studies of B,* 2B** X (?)
g v' Search for B,,* and B, /
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(EXCITED) B. MESONS

or A

c

v' Search for new decay modes (charmless, radiative, etc)
v' Excited B,

g v’ Search for/confirmation of excited B, **
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> No efficiency (This prevents to disprove
it in case of null signal from other

o 2t o \ collaborations)
[ATLAS, arXiv:1407.1032] /(
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X(3872) & CHARMONIUM-LIKE STATES

/5> X(3872)

» Search for new decay modes: X, I It
» Confirmation of J/\Pp w or D°D*? decay modes
» Charmonium-like states
» Exploration of D(S)D_(S)mass spectra from B decays
» Determination of spin-parity
» Central Exclusive Production (?)
\> Search for X

LHC Heavy Flavour Meeting M. Pappagallo
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X(4140): A BIT OF HISTORY

{CDF: Evidence/“Observation” in B*>J/p & K]
[PRL 102, 242002 (2009), arXiv: 1101.6058]

X(4140) X(4274)

m = 4143.0*29 , +0.6 MeV | | m = 4274.4*84 , +1.9 MeV
[=15.3*104 . +25MeV || I=32.3219_ "L7.6 MeV

> Belle: No evidence of X(4140) in YY=2dJ/P &. Observation of a
new state X(4350) [PRL 104, 112004 (2010)]
» DO: “Threshold enhancement consistent with the X(4140)

(3.10) ...Second structure consistent with X(4350)” [PRD89
012004 (2014)]

» CMS: Peak in JY ¢ consistent with X(4140). Evidence of a

» BaBar: No evidence of X(4140)/X(4274) [arXiv: 1407.7244]

2nd peak affected by reflections [PLB 734 (2014) 261]

.
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X(4140) & AMPLITUDE ANALYSIS

[LHCb, PRD 85, 091103(R) (2012

10
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{ Why an amplitude analysis is strongly recommended? ]

hd
(e.g.) Natural width of Z(4430) (MeV)

___

Belle 45 18 +30 . 107+86 . +74 . 200 *41_, 26
LIE(C 175,413 +37_34
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BARYONS

g Search for =, ** & =, - " observed by CMS A
» Search for the missing 3, %> A, n®baryons
» Search for excited charmed/beauty baryons
» Doubly heavy baryons:
» ="M 1is under attack!
» =, . might appear in RUN I+II as well
» Generally baryons spectroscopy will benefit of an

\improved trigger configuration in RUN II /
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TETRA/PENTAQUARKS

/ N
» Search for Z +

» Study of B 2J/p K 11
» Pentaquarks
» RUN II data will help to determine spin-parity of the
two P_"'s
» The hunt to the next pentaquark is open!

>Xcl p .
»Y(1S5)2d/P pp
>D 2,

\ >Triple charged pentaquarks?
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I
SUMMARY

(LHCb collaboration 1s very active in spectroscopy(+production}
(~20% of LHCDb papers)

\http://lhcbnroiect.web.cern.ch/lhcbbroiect/Publications/LHCbProiectPublic/SummarV all.html

RUN I data not fully exploited so far....

/> The proliferation of charmonium-like states, and observations \
of tetra/pentaquarks challenges our knowledge of QCD

> Determinations of J* from b hadron decays is crucial

» Testing the predictions of “simple” quark model is important

_ to spot other “failures” (e.g. D ,*(2317)) y

....and RUN II has just started
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