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New hadrons discovered at LHC

11.0 4 . : L . . L L L L . . s
X0(3P) Xez2(3P)
10.5J, o .)(mliP] L

72 new hadrons at the LHC

7.5 -
7.0 B.(25)" B.(25) Tyol6900) L
o B.(25)" ® 7 16600)
651 (6227 6152 @, (6327)° e
s - h Noteragy (633310 2,(6095)°
25(5945)2 A,(5920)° —M““h B(5970)"° (60870 |
.,\Dtsgu)n . (5935) .s,(saau I,tbue?:* Ag(Eﬂ?ﬂ;i B (611
e 34(6097)~ B.(6063)°
5 5.5 L
o
> 5.0
8 : ® bb X(4700) X{4685)
= ® b Plaas0) Piiaas?)* @ xia630)
n 4.54 aq pl{aaa0) Pl 1433810 F
o Flad (d440) 42201 W
E ® cilgd) 04190 puasany () Phan2) ‘T':M(‘JUDU]‘ oo
= 4.0 ccgq 0413842 [ °® ™ r
® cicé Tocl38751 X(zswj
3.5 7] 2.(3327)° r
e @ 0/(3000)" © (a1 0.(3185)°
® cggg 213000 . . Q.(3090)° 2
3.01 0;(3000)@ D;;(2860F A(2860)" | Q(3066)° Teen(2900)° F
B bag  pizTeorg [ ° 0,(3050}° @7 2300
C D,(2740)°g, D, (2760)° Q.(3000}° oy .
2.5 ?q D,(2580)° D2(2590) L
B ciqaq
2.0 T T T T T T T T T T T T
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
patrick koppenburg@cern,ch 20 316 Date of arXiv submission

Hugo Garcia-Tecocoatzi Istituto Nazionale di Fisica Nucleare Sezione di Genova

Spectrosco



Motivation
oe

Motivation

m Physics motivation:

m The internal configuration of
baryons is still unknown.

m Number of states depend on
the model, i.e. the
combination of the quantum
numbers.

m The three-quark model and
the effective degrees of
freedom

m The quark-diquark model
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Light baryons in the SU(3) flavor symmetry
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" Baryons can be constructed from quarks by using the combination of
(999), (qqqqq) ...", M. Gell-Mann, “A schematic model of baryons and
mesons”, Phys. Lett. 8 (1964) 214
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Heavy baryon with charm quarks

(a) . 270 (b)

Wave function W = >~ wipdy
Three particles of spin 1/2
1/2x1/2x1/2=1/2+1/2+3/2
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Heavy baryon with a singly charm quark

1
=0, r)(‘rf.w“} sde))

V2
- I
=N . M[‘rh‘r‘g suc))
I.‘_'f | Vé
uue/
>‘,,./ AY = —(Jude) — |duc))
S / \/2 ‘
/=
\ c |
\use/
=
7 0 2
() QE ) b 92, = |ss¢)

\.ss¢/ =, %(H,r) b [sde))
= . 1 ) )
=t (Juse) + |suc))

V2
. £ = fuud)
Wave function ¥ = >~ wipdy 50— |dde)
o Ll\mf!') + |ducy)

Three particles of spin 1/2 sl
1/2x1/2x1/2=1/2+1/2+3/2 v

Istituto Nazionale di Fisica Nucleare Sezione di G

Hugo Garcia-Tecocoatzi




Model
000@000

states observed by LHCb, PRL 118 (2017) 18,
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Predictions of €2, excited states

First Observation of Excited ()b States by

.
LHCb collaboration, PRL 124, 082002 (2020) = | LHCP R
In agreement with our predictions s e nd
Eur.Phys.J. €79 (2019) no.12, 1012 3
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6200 Mass  Width (MeV)
6316 <« 2.8 (4.2) 0.50
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Phenomenological model |

m The masses of the heavy singly baryon states are calculated as the
eigenvalues of the Hamiltonian , E. Santopinto, A. Giachino, J.
Ferretti, H. Garcia-Tecocoatzi, M.A. Bedolla, R. Bijker, E.
Ortiz-Pacheco, EPJC 79(12), 1012 (2019), which is modeled as:

H = Hyo + PsS?+ Py S-L+ Py 17+ Pr C2(SU(3),), (1)

S,L, I and C3(SU(3);) are the spin, orbital momentum, isospin and
Casimir operators, respectively.

m We describe the observed excited states of Q., X, A, =¢, and =L
at the same time, PRD107 034031 (2023)

m We recently study the Qp, X, Ap, =p, and =) states

m We work within the quark-model framework H. Garcia-Tecocoatzi,
A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto,
and C. Vaquera e-Print: 2307.00505 [hep-ph] (2024)
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Three-quark model vs quark-diquark model

m Three-quark model

HO Frecuenc
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+al[’(l+1)]+ap%[P(P+3)+q(q+3)+ﬁfﬂ . (2)

m Quark-diquark model

Ground states
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H. Garcia-Tecocoatzi, et al. PRD107 034031 (2023)
H. Garcia-Tecocoatzi, et al. e-Print: 2307.00505 [hep-ph] (2024)
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Results for Q.,PRD107 034031 (2

Three-quark model vs quark-diquark model
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H. Garcia-Tecocoatzi, A. Giachino, J. Li, A. Ramirez-Morales, and E.
Santopinto, PRD107 034031 (2023)
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New . states observed by LHCb, PRL131 131902(2023)

New state £.(3327) with mass=3327.1 £ 1.2 MeV and ' =20+ 5 MeV
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H. Garcia-Tecocoatzi, A. Giachino, J. Li, A. Ramirez-Morales, and E.
Santopinto, PRD107 034031 (2023)
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Results for = and

=, PRD107 034031
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(2023)

Three-quark  Quark-diquark
predicted predicted Experimental Predicted  Experimental
4L, mass (MeV)  mass (MeV) mass (MeV) Ty (MeV) T (MeV)
25712 257750 2578009 (*) 0 t
2640°] 650!y 26459071 () 04303 2254041 ()
289377 289311 1 74 t
2935+ ]¢ 2041417 2923.0 +£0.35 512 7.1+£20
2919° 7 29385 £03 2845 15+9
296611 2964.9+ 033 (*) 1917 141+ 1.6 (9
3009+ 14 i 4342 i
30407 30559+ 0.4 (*) 15743 TRE19 (%)
306710 3078.6+ 2.8 () 10044 46433 (%)
Three-quark  Quark-diquark
predicted predicted Experimental Predicted  Experimental
UL, mass (MeV)  mass (MeV) mass (MeV) I, (MeV) I (MeV)
28y 2466710 247310 2469.42 + 1.77 (%) 0 ~0
27880 278913 2793.3 £0.28 () 9.5+2.0 (*)
2814+ 2818.49 £ 2.07 (%) 24805 (%)
T k]
2968.6 3.3 20£35
+ t
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Decay widths
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Strong decay widths

We can use the decay properties to identify new baryons

m The study of the strong decay channels can help experimentalist to
look for new singly heavy baryons.

m At the moment, there is no decay model from first principles, i.e., a
QCD decay model.

m There are many models inspired by QCD, such as the flux tube, the
elementary emission model, effective Lagrangians, or 3P;.
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Decay widths
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Quark-antiquak pair creation decay model

The gg pair is created with the
vacuum quantum numbers:
ottt

Due to parity conservation, the
pair is created in P-wave

The spin should be S =1 to
couple to J =0

It has only one coupling
constant g
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Decay widths
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Strong decay widths

m The two-body strong decay widths are calculated with the predicted
masses and their predicted quantum numbers

m The 3Py model is used for calculating the strong-decay widths of a
singly heavy baryon A into a singly heavy baryon B plus a meson C,
or a singly heavy baryon A into a light baryon B plus a heavy meson
C,A— BC

27T’y§

r= ®a-58c(q0) Z | MMiaMig |2 (4)
2a+1 e

v
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Decay widths
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Results, partial-decay widths PRD107 034031 (2023)

2K EK EK EK EKT Qp Qn Qb Qg QO ED ED Predicted [y
0 0 0 0 O 0 0 0 0 0 0 0 0 0
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05 52 02 0 0 02 06 0 0 0 0 217 O 304
12 50 16 0 0 03 12 0 0 0 0 469 Ll 623
20 50 26 0 0 08 09 0 0 0 0 82 209 1232
03 01 0 0 0O ol — 0 0 0 0 05 0 12
01 04 02 0 0O — 01 0 0 0 0 21 02 33
10 07 30 16 01 11 05 0 O 0 0 — — 183
01 12 28 10 172 02 14 0 0 — 0 — — 240
o 0o 0 o

6.5 107.0 53.5 0 0 40 270 — — 198.0
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m We calculated the mass spectra of the singly heavy baryons (p and A
mode excitations up to the D-wave.

m The strong decay calculations systematically consider the
(anti-triplet/sextet) heavy baryon-(octet/singlet)
vector/pseudoscalar meson and (octet/decuplet) baryon-(triplet)
pseudoscalar/vector heavy meson as possible final states.

m We calculated the partial decay widths of open-flavor channels.
These baryon-meson channels can be used to search for new states.

m The future experiments will help us to understand the structure of
the hadrons

m The identification of the baryons states is a complex task

m Singly bottom baryons H. Garcia-Tecocoatzi, A. Giachino, , A.
Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C. Vaquera
e-Print: 2307.00505 [hep-ph] (2024)
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Thanks for listening!
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