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The spectroscopy programme at LHCb
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The spectroscopy programme at LHCb
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Today: focus on the mostrecentresults on tetraquark states




Exotic hadrons as multiquark states

Mesonic/baryonic molecule
e Low binding energy, narrow states
e Orbital excitations suppressed
e Independently decaying components
e Mass close to two-body thresholds

Compact tetraquark/pentaquark
e Tightly bound states
e Large prompt production at high p,
e Rich isospin splitting
e Charged isospin partners predicted

[Phys. Rep. 668 (2017) 1-97], [arXiv:1905.13156]
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Hidden and explicit heavy exotics

Hidden exotics

Minimal quark content “mimics”

regular hadronic structure
[ccuitl, |cedd |...
Careful study needed

Establish quantum numbers

Measure production cross-section

Unusual mass and/or width

Explicitexotics

* Minimal quark content shows up as
manifestly exotic
e “Charged quarkonia” suchas Z, Z,

with [chJ ] or [bBuJ ]
e Open-flavour tetraquarks: [ciucf ]
e Doubly charm tetraquarks: [cﬁccf ]

* Fully charm tetraquarks: [cccc]
e Pentaquarks: [chud], [céuds]
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Neutral isospin partner of the Z. (4000)" (aka
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* Search for an isospin partner of the Z_(4000)* in the

isospin-conjugate decay channel BT — J/ypK™*

Z.(4000)°

* Amplitude model includes 9 excited K* states and the 9 already observed exotics

* Evidence for a new state at 40 significance!
e Mass difference AM = 12+11+¢

~10—4

MeV is consistent with isospin partners

[PRL 127 (2021) 082001], [PRL 131 (2023) 13901]
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Radiative decays of the y.,(3872)

Measurement of the ratio #

First observation of the 101(3 872) - w(2S)y decay (60)
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The first open-charm tetraquarks: X(2900)

Minimal quark content
[ed5ul

Amplitude analysis of the BY — D*D~K™ channel shows discrepancies

Known excited charmonia cannot explain

the mass spectrum

No conventional resonance is expected in

the D~ K™ final state

Two new states are needed to describe

the data!
- X(2900) aka T* (2870)"
- X,(2900) aka T* (2900)°

First observation of an exotic state without

heavy quark-antiquark

[PRD 102 (2020) 112003]
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Amplitude analysis of BT — D DT+ decays Minimal quark content
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Amphtude dIIaIYSlS of B —» DD decays

Minimal quark content
[cidﬁ] , [ciu d_]

_ LN\ 7N\
= = Y ARRPR '
L 100 - LHCb [5) . . . .
S o Hﬁ Sut ght H 1 Joint amplitude analysis linked through isospin symmetry
g | preliminary } S | preliminary l
}1_3 ol %6() B
% w0 i * l { # %40— *H H ‘B+ - D D;_T[-l_ (left)
O n - va V*iﬂj 0207 I * f v B BO — DOD;—ﬂ.— (rlght)
. :ﬁ%.g__";,ﬁ:_i,.lufh‘ft;jlj‘ . “‘ ,.,,‘.,,L[X*m‘ :}r"fA A‘?.km:-fH -
2.2 24 2.6 2.8 3.0 32 34 22 2.4 2.6 2.8 3.0 32
I SR - 10706 Tywo new exolic States necessary to describe the
&' LHCb ) S | LHCb
3 | on I =9 o resonant structure (one per channel)
§ preliminary It % | preliminary
2, Sl % 0
z E ° TC§0(2900)
T ° * (29()0)++

o 32
MDD} x )(GeV)

O+

"(D ) (GeV) ® Quantum numbers J P

T(2900)°

Not the same as the T;‘; 0(287())0 observed in
BT - D*D™K™ decays
Different quark content: [cd sﬁ]

T(2900)++

[PRL 131 (2023) 041902], [PRD 102 (2020) 112003]



Amplitude analysis of Bt — D "Dfz* dec

The T(2900)* ™ state has been also searched in
BT — D*"D}nt decays

No strong evidence of exotics states contributing to the
total decay amplitude

Fit fraction of T;’;O(29OO)++ — Dzt is found to be less
than 2.3% at 90% CL

[arXiv:2405.00098], submitted to JHEP
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Amphtude dlldlySIS of BJr — y/(ZS K +7r+7r decays
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8 known excited K’ —» Krnx
3 known excited y* — w(2S)zx
No exotic states

6 known excited K’ —» Knx

1 known excited y* — w(2S)zx
8 “known” T — w(2S)zm,w(2S)wory (2S)K

6 known excited K’ = Knx

1 known excited y* — w(2S)zn
8 “known” T — w(2S)wn,w(2S)wory (2S)K

3 new exotic states

T,::1(4600)° — yw(2S)Kn
m(4900)0 — w(2S)Kn
(5200)° —» w(2S)Kx

7D amplitude analysis, using a model-building algorithm to
iteratively add contributions to the total amplitude.

"]

Interpretation of results is not straightforward.
Solid groundwork for subsequent investigations into similar decay modes.
[arXiv:2407.12475], submitted to JHEP

15



CONCLUSIONS
AND
PROSPECTS



Conclusions and prospects

After more than 20 years, the field of exotic spectroscopy is still mostly an unexplored territory!

 Unvelil the true nature of X(3872): are the observed exotics molecules, compact states or
something else?

* Tetraquarks, pentaquarks and more: do six-quark bound states exist?

* Direct line with open-flavour exotics: the removal of the hardware trigger in LHCD allows
studies on fully-hadronic final states starting from Run 3 data

* Increased sensitivity: sensitivity of spectroscopy studies is highly increased due to the
higher efficiency of the LHCD topological trigger in Run 3

e Heavyweight championship: the T, state has been observed, how about 7, and 7}, ?

* Production mechanisms: what is the connection between exotics production and event
multiplicity? Do all exotics form through coalescence?

More than 30% of the new hadrons discovered at LHC experiments are exotics
Exotic hadrons are not rare!

Plenty of new exciting results are guaranteed in the near future! |,
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Amplitude analysis of BT — w(2S)K 7"z~ decays

Fit projections
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Amplitude analysis of BT —

Fit projections
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Amplitude analysis of BT — w(2S)K 7"z~ decays
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