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Outline

 |Introduction

* A lot of experimental activities, concentrate on:

— Area where LHC experiments contribute:
e Study of the X(3872)

* Study of the X(4140)

— Z.(3900)* at BESII|



Charmonium

asoo| | m.(4S) (4415)
e Charmonium (cc) spectrum JP¢:
h, (3P) Xe2(3P)
Xc1(3P) — J=S+L
4200 T Xz0(3P) 1 B " . .
s — P =(-1)"! (spatial parity)
oo WAL0) - — C=(-1)"*% (charge parity)
he ) = o) Xi(2P) [y (2P)
------------------ .. _wme o Observed states match very
- o) loar, well predicted states, most
o5 " recently discovered: h_(1P),
h, (1P) 1P Xe2(1P) XCO(ZP)
— * All states below open charm
threshold (8) observed
. e 6 states above threshold
J/9(18) predicted, discovered * Everything seems understood
3000 NG predicted, undiscovered and We” estab|IShEd...

ot 1 1t ot 1ttt 2tt 9 Charged



X, Y, Z exotics

e After 2003, many new unexpected
states discovered:

2(4430)"
e . Xcz(gp)- — They decay with a charmonium in the final
¥(4140)
7(4050)*

as0of | 1.(4S) “4415

4200

state or to 2 charmed hadrons
— But they cannot be obviously associated
with a predicted charmonium state.
* Some of them have not been
uy . confirmed, or don’t have well
sa00f ) - measured properties, but for sure

o29) some of them are not conventional
2 3000| LS _ charmonia (charged states)

A xaa(1P) * They can be produced by different
ool r | mechanisms (B decay, ISR, hadron
collisions, ...) so can be studied by
different experiments: important to
confirm them and measure
unambigously their properties and
3000 NG predicted, undiscovered decay mOdes.

B unoredicted, discoverpd * Interpretation not yet established:
200l hybrid, tetraquarks, molecules, ...

o+ 1= 1+~ 0+ 1+ 9++ 277

4000 -

3200 |

J/(1S) predicted, discovered
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X(3872)

* First exotic observed, studied now in details:
— Mass = 3871.68 + 0.17 MeV [PDG], Width < 1.2 MeV | Belle, 2003, PR

91 262001.

- JPC - 1++ [NEW LHCb] °°°- 140 fbl
— Production: F ]
* In B decays, rate of B* — X(3872) K* similar to /
other charmonium, B — X(3872) K" smaller wof-
compared to conventional charmonium. :

* In pp/pp collisions ., M(ch/lp) “M{/1) [GeV]
— Decays: open charm (~50%), charmonium (J/ym*m, ...)
e But interpretation not clear:

— Loosely bound D°D™® molecule [Tornqgvist (2004), Voloshin (2004),
Swanson (2004), Braaten (2004), Close & Page (2005)]

— Mixture of %, and D°D™® bound state [Meng, Gao, Chao (2005)]
— Many other possibilities
— Need of experimental inputs



X(3872) quantum numbers

* Observation of X(3872)—J/y "/ [BaBar PRD74 (2006) 071101, BELLE

PRL107 (2011) 091803]

_ C=.|.

* Spin-parity possibilities reduced to 1** and 2 by
CDF [prL 98, 132002 (2007)] and BELLE [hep-ex/0505038]
measurements.

* Important observable to confirm exotic nature of
X(3872):

— My 3g7) Close to two unobserved conventional
charmonium states [tichten, Lane, Quigg, PRD69, 094019 (2004)]:

* %c1(2P) [1++]
* N,(1D) [2-+]



X(3872) quantum numbers

* LHCb: Use B* — X(3872) K* decays, with X(3872) = J/y ", J/yy = utw
[PRL 110, 222001 (2013)]

* In 1fb*? of data, 313+26 signal events (and 5642176 B* — )(2S) K* control
channel)

* 5-dimension angular analysis to benefit from all angular correlations and
constraints in the B* decay chain.
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X(3872) quantum numbers

e Likelihood ratio between 1** and 2+ hypotheses
2" hypothesis rejected at >80.

* This result favours the exotic explanation of the
X(3872):
— Conventional n,(1D)
* ruled out
— Conventional ,(2P)

* still possible

* but expected mass higher 2
by 100 MeV and small 10
X(3872) — _]/w Y ratio S 0* T

* very disfavoured hypothesis t=-2n[ LE")/L()]
— 1** expected from tetraquark and molecular models

10’ T T T T T T T T T T T

_F [PRL110, 222001 (2013)] LHCb

¢ Simulated J7°=2* + Simulated J°=1"*

Number of experiments / bin
3 3

10°




PDG Average 1864.92+0.16 e

average 1864.84 = 0.12 ==

X(3872) mass

Interpretation as bound D°D™ molecule model requires
comparison between X(3872) mass and M(D%)+M(D™). If
molecule, X(3872) mass should be below threshold.

Precise D° mass determination from LHCb [HEePos, 065 (2013)]
— From D°® — K'K*Kt* decays
Using PDG averages of AM and X(3872):

— Myzg72(Mpo+Mpsg) = -0.09 £ 0.28 MeV.
— Require improved X mass measurements to distinguish from threshold
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X(3872) production

e X(3872) production in hadron collisions reported by CDF [pRrL93, 072001 (2004)], DO
[PRL93, 162002 (2004)], LHCb [EPJC72, 1972 (2012)] and CMS [JHEP 1304, 154 (2013)].

* X(3872) reconstructed in the J/y * w decay mode, in the central region (CMS,

|ly|<1.2) orin the forward region (LHCb 2.5<y<4.5)
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Candidates/(3 MeV/c?)

X(3872) decay

* CMS: wm* spectrum in X(3872) = J/ip "
decays, consistent with p° pHep 1304, 154 (2013);

* LHCb: search for X(3872)—pp decays,

1/c do/dm,_, [GeV]
o

4
in Bt*=K*pp with 1 fb™! (eric73, 2642 (2013)] of
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X(4140)

* CDF observed a narrow (J/IP ) ©"°IcoF a?)g;dfcﬁ.g:sy;
structure in B* — J/y S sl | X(4148) 1916 events
decays (with ¢ = K*K- J/xp — 2 56
wt w) [PRL102, 242002 (2009)] 2 (=197 Vel
— Called X(4140): 5

M=4143.2+3+0.6 MeV 'g 2
— 1916 events for a total of D
115+12 B*—J/y ¢ K* 2 ol X(4274) ?
— Necessarily exotic since it is T .
narrow and above the DD &
threshold 5 *
— [cscs] tetraquark ? g2
— Hint of a second structure: " op N :
X(4274) MR-

B(BT—X(4140)K™) x B(X(4140)—J/+)¢)

B(BT =1/ oK) =0.149+0.039+0.024,



Candidates / 2.5 MeV

X(4140)

In multibody decays like B* — J/1p ¢ K*, reflexions from intermediate
resonances or threshold effects can cause apparent structures: crucial to
confirm all exotic states by a different experiment.

Analysis of the same decay by LHCb and CMS, with larger statistics:

— CMS Preliminary, Vs=7 TeV, L=5.2 fb”
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X(4140)

LHCb: no observation of the X(4140)
and X(4274) [pross, 091103 (2012)]

Fit with I'=15 MeV, 2.40 disagreement
with CDF result.

B(BT—X(4140)K™) x B(X(4140)—J/:) ¢)
B(BT—=J/ oKT)

<0.07

CMS: >50 observation of a near-
threshold structure (>30 of the
second one) [Preliminary]

My (4140 = 4148.2£2.01£4.6 MeV
More data needed to conclude
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Z.(4430)*: charged exotics

* Charged structure seen in
B+ — [y(2S) m°] K* by BELLE
[PRL100, 142001], but not confirmed
(nor excluded) by BaBar . |

e Clear signature of exotic:

— Decay to charmonium: contains a cc
pair

— Has electric charge: has 2 more
light quarks, Ny a4 >=4 !

— [cdcu] tetraquark, D*D, molecule ?

e Needs confirmation.




Z.(3900)*: charged exotics

« BESIII: reconstruct Y(4260) — J/4 «t* 7t running at Vs(e*e’)=4.26 GeV.
* Vector exotic state already seen at B factories through ISR production and CLEO:
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* LHCb: non-observation of Y(4260) > u*u decays in B* =K*u*u decays iinco-raper-2013-039)

« BESIII: Reconstruct J/ap with muons or electrons, very clean sample, with cross-
section in good agreement with BaBar and BELLE results [PRrL110, 252001 (2013)].
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Z.(3900)*: charged exotics

o —4 Data
100: BESIII — Total fit
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S-wave Breit-Wigner with efficiency correction
Mass = (3899.0+3.614.9) MeV

Width = (46+10+£20) MeV

Fraction = (21.5+3.3+7.5)%



Z.(3900)*: confirmation

CLEOc data at 4.17 GeV:

Belle with ISR in Y(4260) decays:
[PRL110, 252002 (2013)]
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Conclusions

* Experimental analysis of charmonium-like exotics
states is a very active field of particle physics.

* Growing contributions from LHC experiments,
which will become even more important in the
future.

* New states continue to be observed at e*e"
colliders, including the first charged confirmed
state (growing importance of BESIII data:
observation of Z_(4024)* in & recoil mass
spectrum in 4.26 GeV collisions during the

suMmmMmer [arxiv:1308.2760])



Z.(3900)*: charged exotics

* Dalitz plot of J/y «t* w: one structure (plus the corresponding reflections
observed)
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