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P.(4380) and P.(4450)

LHCb amplitude analysis of the three-body decay A, — J/YpK™—.
[LHCb,PRL115,072001,2015]

%gp

—QE K-

Cc

T-QCc

Two JADp states, the flavour of the proton with hidden charm
(uudct).



P.(4380) and P.(4450)

P.(4380)" P.(4450)"
Mass 4380 + 8+29 44498+ 1.7+25
Width 205+ 18 + 86 35+5+19
Assignment 1 3/2° 5/2%
Assignment 2 3/2% 5/2~
Assignment 3 5/2% 3/2~
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Compact pentaquark

The uudcC combination in S-wave gives:
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Compact pentaquark

CM model 1/2- 3/2- 5/2-

4600 N

4500 N

4400 |- g

4300 N

4200 N

4100 N

4000 N

3900




Compact pentaquark

FS model 1/2- 3/2- 5/2-
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Compact pentaquark

Inst. model 1/2- 3/2- 5/2-
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P.(4380)" P.(4450)"
Mass 4380 + 8+29 44498+ 1.7+25
Width 205+ 18 + 86 35+5+19
Assignment 1 3/2° 5/2%
Assignment 2 3/2% 5/2~
Assignment 3 5/2% 3/2~




Threshold effect

P.(4380)* P (4450)*
Mass 4380 + 8+29 44498 +1.7+25
Width 205 + 18 + 86 354+5419
Assignment 1 3/2° 5/2%
Assignment 2 3/2% 5/2~
Assignment 3 5/2% 3/2~
Do (udc)(uc) 4382.3+2.4
LID* (udc)(ud) 4459.9 + 0.5
AF(1P)D®  (udc)(ug) 4457.09 £+ 0.35
Xc1P (udu)(cc) 4448.93 4+ 0.07
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Threshold effect

Enhancements expected at

s J
AcD=1/2" A /b
AcD* =1/2-,3/2~ b
not seen at LHCb p

J
Ap
A P p
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Threshold effect
Ac(1P)D ~ P.(4450) mass, but

J
- S-wave = 1/27 A /b
- P-wave =1/27,3/2~ b
- why no A¢(1P)D* states? p
K-
Xc1p = P.(4450) mass, but
- doubly suppressed J/
- S-wave = 1/2%,3/2" Ap
- P-wave =1/27,3/27,5/2— A p p
K-

Zj;D ~ P.(4380) mass, and

L .D* ~ P.(4450) mass, but

- doubly suppressed Ap
- what restricts J©?

- why not Z.D, Z*;D*?
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Hadronic molecule

Consider the deuteron, a 0(17) state 2.2 MeV below pn threshold.



Hadronic molecule

P.(4380)" P.(4450)"
Mass 4380 4+ 8+29 44498+ 17425
Width 205+ 18+ 86 35+5+19
Assignment 1 3/2° 5/2%
Assignment 2 3/2" 5/2~
Assignment 3 5/2% 3/2~
Do (udc)(uc) 4382.3+2.4
LID* (udc)(uc) 4459.9 4+ 0.5
AF(IP)D°  (udc)(ug) 4457.09 + 0.35
Xc1p (udu)(cc) 4448.93 4+ 0.07




Hadronic molecule

P.(4380)* P (4450)*
Mass 4380 + 8+29 44498 £1.7+25
Width 205 + 18 4 86 3545419
Assignment 1 3/2° 5/2%
Assignment 2 3/2" 5/2~
Assignment 3 5/2% 3/2~
et DO (udc)(uc) 4382.3+2.4
IED* (udc)(ug) 44599405
AF(1P)D®  (udc)(uc) 4457.09 +0.35
Xc1p (udu)(cc) 4448.93 + 0.07




Hadronic molecule

P.(4380)* P.(4450)*
Mass 4380 £ 8+29 44498 +£1.7+£25
Width 205+ 18 + 86 35+£5+£19
Assignment 1 3/2° 5/2%
Assignment 2 3/2" 5/2~
Assignment 3 5/2F 3/2~
et DO (udc)(uc) 4382.3+2.4
IED* (udc)(ug) 44599405
AF(IP)D°  (udc)(ug) 4457.09 + 0.35
Xc1p (udu)(cc) 4448.93 4+ 0.07




Hadronic molecule

The (udc)(uc) combinations in S-wave are:

1(JP) AcD | AD* r.D D r.D* | Z:D*
()| v v v v v
1 (%—) v v v v
15 ‘
1(4) v v v
3 <%*) v v v
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Hadronic molecule

Forbidden vertices:

Ac

0 - 0+ 1 (isospin)

ﬁ amEE mo

0~ - 0~ + 0 (spin-parity)
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Hadronic molecule

c c
u T u Ac, Ze, LE

T d : d

: |

| 7T | 7T

i i

I u : u D, D*
c c

V(A =) [C(ng;- &+ T(rS;(A]T T
ij

All I = 3/2 potentials suppressed by —1/2.



Hadronic molecule

c c
u . v AaZe I
T d : d
' '
|7 | 7T
i i
I u : u D, D*
c c

V(A =) [C(ng;- &+ T(rS;(A]T T
i

All I = 3/2 potentials suppressed by —1/2.

Coefficient of C(r) is important.
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Hadronic molecule
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Hadronic molecule
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Hadronic molecule
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Hadronic molecule
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A= 1100 MeV
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Summary

R o

‘ exotic-ness ‘ high! medium ‘
] d.o.f. \ quarks hadrons hadrons ‘
‘ interactions ‘ g exchange rescattering 7t exchange ‘
| colour | leD)o(8®s) (1x1) (1®1) |
‘ size ‘ compact extended ‘
‘ masses ‘ model dependent  at thresholds at thresholds ‘
] JPe \ all restricted restricted ‘
‘ flavours ‘ all restricted restricted(/-mix) ‘
] channels \ most restricted HQ restricted ‘
‘ falsifiability ‘ low medium high ‘
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=:D* molecules
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Xc
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Joc)1 /2
((ud)1c)i 2
27 = ((ud)1c)z/2
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The potential matrices (central + tensor) are directly related.

Predict loosely bound 0(5/27) EiD* state, observable in

NAp — J/L|)/\n



Isospin mixing: P.(4380) and P.(4450)
uudcC comes in two charge combinations {

Isospin-conserving interactions would produce |/, /3) eigenstates,

(w)_ 3 3 <|zC+D°> )
EIE R NRVE BV ANl

but only if the masses 7 = £+ and D = D~

Otherwise, isospin is not a good quantum number.



Isospin mixing: P.(4380) and P.(4450)

Y:TDY =4382.3+2.4 Y D*® =4459.94 0.5
ISHYDT =43875+07 LITD* =4464.24 +£0.23
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Isospin mixing: P.(4380) and P.(4450)

P.(4380) = 4380 £8 £ 29  P.(4450) = 4449 +174+25
Y:TDY =4382.3+2.4 Y D*® =4459.940.5
ISHYDT =43875+0.7 LITD* =4464.24 +£0.23

The P, states have mixed isospin:

|Pc) =cosdl3, 3) +sindl3, 1)

They should decay also into JAPA™T and AT, with weights:

JAp - JWWAT AT =2cos® ¢ :5sin?d : 3sin>d [P.(4380)]
JAp - JWWAT AT =cos? 1 10sin® ¢ : 6sin’p  [P.(4450)]



Isospin mixing: predicted 5/2~ states
TED* 1/2(5/27)

Y D*0 = 45244424
TETTD T =4528240.7

Mixed isopsin:
IP) =cos |3, 3) +sindl3, 1)

Decays:
— JAbp: D-wave, spin flip
Reason for absence at LHCb?

— JAPA: S-wave, spin cons.
= | = 3/2 decay enhanced.



Isospin mixing: predicted 5/2~ states

TED* 1/2(5/27)

Y D*0 = 45244424
I D*T =4528.240.7

Mixed isopsin:
IP) =cos |3, 3) +sindl3, 1)

Decays:
— JAbp: D-wave, spin flip
Reason for absence at LHCb?

— JAPA: S-wave, spin cons.
= | = 3/2 decay enhanced.

=*D* 0(5/27)

=0D*0 = 4652.94+0.6
ZEPD* = 4656.2+0.7

Mixed isopsin:
|P) = cos $|0,0) + sin |1, 0)

Decays:
— JADA: D-wave, spin flip
e.g. A) — JAAN, JHAD

— JAPX*: S-wave, spin cons.
= | =1 decay enhanced.



Pion exchange: central potential
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Pion exchange: central potential

—C(r) without delta term —C(r) with delta term
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1 GeV

2 GeV Yukawa



Pion exchange: central potential

—C(r) without delta term —C(r) with delta term

BN

T0

1 GeV

2 GeV Yukawa
+C(r) +C(r)
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