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 Overview of the current situation;

* Asimple model for pentaquarks

o A different point of view
o Our ‘Hadro-Charmonia’ model: the role of the exchange interaction
o Spin assignment and Mass prediction

o Possible new processes

®

Suppression Mechanism in Baryons
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Current situation

E State Mass [MeV] Width [MeV] || Observed Process | Year
: P(4312) [ 43119+0.7708 [ 9827757 [A) » (J/pp) K | 2019
P.(4337) 433715 15 2920 1 BY — (J/yp) P 2022

3 P.(4440) | 44403 +1.3'51 | 206 £4.9"5], | AY = (J/yp) K~ | 2019
- P.(4457) | 44573 +0.6"71 | 64+20"70 | A) = (J/yp) K- | 2019
N Poy(4338)7 | 43382407404 | 70412413 | B~ — (J/vA)p | 2022
| P, (4459) | 4458.9+£2.9"17 | 173+65% . || 2 — (J/YpA) K | 2021

0 —L e el E S S e L |
4.2 4.25 4.3 4.35 Y .
m(J/w A) [GeV] =D D
— — T T [ T T T T [ T T T T [ T T T T ] : E E
- - - 1200 |-
. . — . L 60 - [ —— data i LHCDb
! ' ; : g ) . ] = L — total fit £
151 E :3313 9o - i i E 1000 backgrou:nd
S‘ | LHCb &= . h; without 77, ] ‘:2 i 7 E ook :
2 1w} m,, >22GeV ==Fe 8,40__ i g
AK ) S [
o, - ‘% - s S 600}
~ I = =8 -} = r -1 8
= s Ll 1 < 20 £
2 + _I. - i 2 400ff
- - l t | 5 g sl TS . o ! E - = B
of L 44 = M- - 200 |
i + ¥ + : O o —— :
TG40 A as 4.1 4.2 4.3 4.4 0 P ——
. i, -(.(ieV) - ??I( J’/ w p) [G’GV] 4200 4250 4300 4350 44?& :1;]150 4500 4550 4600
Jga \MEV, myyp LVIE

08/04/2024 LHCb presentation



A different point of view

P} [ccuud]

N 7 > p
. . A3)0\ 4335 4360 4385 4410 AR Ie‘,o MeV
* We divide the spectrum according to |/ | : L VI
strangness content. E ' — J/Yp K~ i ! E
| | -- J/¥pp O O
 Data suggests two different type of ‘\ /’ . ‘\ ,,' ‘\ )
production: in association with a K~ | 4312 4337 2330 4457
or with an p.
O —
* Pentaquark seems to appear in triplet Pcs [ccuds] .
43| 10 43|35I 43|60 43|85 44|10 44|35 4£I50 MeV
Can we build a model to account |s =1 — }'ﬁi K
. - - p
for these properties? -
I
4338 4459
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An ‘Hadro-Charmonia’ Model

* The starting point is more or less the same of the Born-Oppenheimer
approach. We consider the cc system in a color octet as well as the three
light quarks sysyem;

* Fermi statistics for ligth quarks;

Interacting fermions...
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Exchange Interaction! Three Fermions Case

1
V = — E Ju,b (2 + QSG g Sb Generalization of the well known two fermions case

> Jab = /[ﬁf’u{l‘ljﬁﬁb(l‘z)] U(ry —12) [¢p(r1)da(ra2)] d’ry d’ro

The potential has three distinct eigenvalues

AFE) = i\/J%Q + Jis + J5y — JioJiz — JiaJaz — JigJos

AFE3/0 = —J12 — J13 — Joz
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An ‘Hadro-Charmonia’ Model

* The starting point is more or less the same of the Born-Oppenheimer
approach. We consider the cc system in a color octet as well as the three
light quarks sysyem;

* Fermi statistics for ligth quarks;

* Exchange Interaction. But to use to use the exchange interaction, we
need to have a precise symmetry on the spin-orbital part which means
a complete symmetry in the color-flavor sector

323®3 =1 ==== 10 (flavor)
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Symmetric and Antisymmetric Combination

abc a bl ¢ a bl ¢ a C a C a.i ' a.i
1. |S7ji =6 (m[ nj]nk - 3[ 771@]77@') =0 (77[@-77?]?7;@ - n[j??;?]m) P il ="

gl

wa,iwb,j _ _wb,jwa,i

2. |AS =6 (wi“w?wz - wﬁ“wﬁﬂ Vi ) =0 (WW?)‘/’E — YU ¥ )

A) — (J/vp) K~

b _
Q‘ The diquark ud has initially [ud]gg o (8ood diquark) so it means that
A0 is in @ symmetric configuration wrt color-flavor. We assume that the
’ d color-flavor symmetry is preserved in the process so we choose the S
/ tensor for the pentaquarks produced in association with K —.
u
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Our ‘Hadro-Charmonia’ model

* Fermi statistics for ligth quarks

Color-Flavour + Spin-Orbital
S A

A S

* Exchange Interaction

1
V—Zjab(2+28a.sb)

pairs

* J couplings:

Experimental qq interactions in one gluon

. . Spin assignment
Data exchange approximation + P &
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J parameters: how do we fit?

P} [ccuud]

-1 1 >
4340 43'35 4360 4385 4410 4435 4'50 MeV
udu — 4 d g + und g
ijk %51 [k g]
43112 4440 4457
_1 _3 1
5=3 S=3 573
1. J§' = J >0, Jud = Ju <0
1 _ We search for a solution of the sistem
2. JS — _§JA > 2(0(6) — 20(3)) — _(0(3) - 20(3)) that respects the constraints on the
sign an ratio of the couplings.
r
M+ (4457) — M+ (4312) = 2|JE — J¢
3. < M), (4457)+ M, + (4312) w0 oo
| M+ (4440) — —= — — —2J% &
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Spin assignment and Mass prediction

Symmetric [MeV] | Antysimmetric [MeV] | No symmetry [MeV] | | we have the spin prediction for these
Ja4 29.9752 —42.87%¢ - particles. Each triplet is ordered from
J4* 179+ 2 —20.7T % 2 —3.9+2 top to bottomwith S =1/2,3/2,1/2.
Mass [MeV] Mass [MeV]
AEl/Q = :i:\/JIQQ + J123 + J223 — J19J13 — J19J23 — J13J93 .
P.(4312) (4311.917 ) P.(4459) | (4458.81%,)
AE39 = —Jig—Jiz—J
K P.(4440) (4440.077) P 4541 + 6
P.(4457) (4457.377 ) P/, 4565 + 6
P/ 4187+ 7 P.,(4338) | (4338.2+0.8)
P 4276 + 12 P’ 4387 + 4
P.(4337) | 433247 (433717 12 P/, 4435 + 4
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Spin assignment and Mass predictions

Mass [MeV] Mass [MeV]
P.(4312) (4311.917 ) P.s(4459) | (4458.87%))
P,(4440) (4440.0*1) P 4541 + 6
P.(4457) (4457.317 ) P 4565 + 6 | P9 (4459) 5 (J/UA)K"
f”é 4187+ 7 §c3(4338) (4338.2 = 0.8) T i 3 RN R EEEREEE
P 4276 + 12 P/ 4387 + 4 o0t § |
P.(4337) | 4332+ 7 (433777 12 P/ 4435 + 4 50 § , {
5wl 1 |
We have the spin prediction for these particles. Each triplet is = 1 m i |
ordered from top to bottom withS = 1/2,3/2,1/2. % 30 : { { |
| _— Yol ull | |
Symmetric [MeV] | Antysimmetric [MeV] | No symmetry [MeV] H *
S 29.9753 —42.8775 - 10} + Theoretically
qs — — .
J 179 £ 2 25.7+ 2 3.9+ 2 Oi . predicted
22 a4 46 48 50 52
R. Aaij et al. arXiv:2012.10380v2 [hep-ex] M (GeV)
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Spin assignment and Mass predictions

Mass [MeV] Mass [MeV]
P.(4312) (4311.917 ) Pes(4459) | (4458.8%% )
P,(4440) (4440.0*1) P’ 4541 + 6
P.(4457) (4457.317 ) P”. 4565 + 6
P/ 4187 + 7 P.,(4338) | (4338.2 £ 0.8)
P, 4276 + 12 P’ 4387 + 4 o
P.(4337) | 4332+ 7 (433717 +2 Pl ga35+4 | Notallowedin B~ decay

We have the spin prediction for these particles. Each triplet is
ordered from top to bottom with S = 1/2,3/2,1/2.

Symmetric [MeV] | Antysimmetric [MeV] | No symmetry [MeV]
Ja4 29.9752 —42.877¢ -
J 17.9+2 —-25.7+2 -3.9+2
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Good vs Bad diquarks

[
[

Triplet produces P pentaquarks Sextet produces P pentaquarks!
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Good vs Bad diquarks

Dominant Channel

Cabibbo suppressed Channel

»F - Prt ¥ P Kt
%0 — P.yn¥ 30 — P K"
S — Pegm™ 2 s PK~
=0 5 P K =0 5 P
=, — P. K~ = — P~

- Q, — P K~
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Sextet produces P pentaquarks!



Suppression Mechanism in Baryons

0 — —
Ab - PCK - (]/LDp)K
Suppression of the antisimmetric
color-flavor part

!

We do not observe

I

A > P K™
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This is the only possible diagram in this case,
but there are processes with other diagrams

Ep = FesK™ = (/UMK




Suppression Mechanism in Baryons

B = PoK™ = (/YMK™

Suppression of the antisimmetric color-flavor part
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Suppression Mechanism in Baryons

(A > P(4312) K7)*

— A 6 —
|4 (2, — Pes(4459) K—)|?

<

5, — P.,K~ - (J/YA)K~ Suppressed

Suppression of the antisimmetric color-flavor part
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e
Conclusions

* By exploiting Fermi statistics and exchange interaction, we are able to provide a prediction for the
spin of the observed pentaquarks and make predictions for the masses of the remaining pentaquarks

to complete the triplets;
* The data suggests two different types of production for pentaquarks. Our model, based on the

existence of two tensors in color-flavor space, could provide a way to account for this experimental
fact. Further studies are necessary, particularly to determine the value of the ratio

B | (A — P.(4312) K)|? .
| A(E, — P.s(4459) K)|?

* The decay of heavy baryons containing the bottom quark and belonging to the baryonic sextet can be
used to study the pentaquarks P.,, which are not visible in the decay of B™.

08/04/2024 LHCb presentation






Backup
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Young Tableau

ﬂ{r{abc — (Tabc? a|b ) _ Ta;bc + Tbac - cha - Tbc:a ﬂ:fabc = (Tab(:j a|c ) _ Tﬂ,bc + cha . Tba;c o Tca,b

Eﬂlbc — (Tabcj (12 b ) _ Tﬂ,bc o Tbﬂ,c _I_ cha, o Tbca

C

abe _ w7k yvrabe | itk 4 rach
S’&jk} — M M M2 Ml

(Anti-) Symmetric
| under the exchange of
any pair

Aa,bkc: _ M’&jkﬁ Mabc M?/k] Macb e.g. (i,a) © (b, ))
1]
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Sk = updy sk + upd;)si -

JdS:JqS_JgerJf_lJrk gs
2 2
rzqs
ke = ,@_5% ~0.60 — JV =k, JY
— A

Symmetric [MeV]

Antysimmetric [MeV]

No symmetry [MeV]

Jdd

J4*

+2.0
20.972%
17.9 4+ 2

F24
—42.877
—20.7+ 2

—-3.9t2
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Baryon Octet Matrix

We consider the greek letters to be spin indices and the latin letters to be flavor ones

ijk

B = e ( 3%7) — Bgf}% = €jk (%bfba?/)g}?/)g - wﬁawzﬂ/)g)

Baryon Operator

a 1 cda V6 i V2 AO $0 P

Bb — §EdeB —> By = Y- 5 n
—_— —0 2 AO

- - V6

1 UU
P +g) ocululd? —ulutd! B, = duwyur = wrugdy — upuydy

H. Georgi, Lie algebras in particle physics. From isospin to unified theories
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