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Motivation

® In 2015 charmed pentaquark state P:r in the spectrum
N+ J/

® |n 2019 additional anaysis showed one additional peak

°

upper P.(4450) peak are in fact two peaks
® no additional info about P.(4380)
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Strong decay of P

* F= By + B, =0
° P;r:uuch

® Simulation are made in approximation of 1 channel
scattering for J /¢ — p

® |t should be sufficient to study scattering until

2 _ +
\le_| = 2, we could be able to see both P states

® other possible channels: (DD — Z;ﬂﬁ*o - Z:r
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Single hadron results
N3 x Nt N a[fm] L[fm] #config m;[MeV]

16> x32 2 0.1239(13) 1.98 280 266(3)
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e
Both hadrons o5t 1
(nucleon and J /4 os0p ' ox . pi2=0

085 . . Ioj2=1
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Example: Scattering in P pentaquark candidate channel:
for irrep H™ and J = %,S = %,L =0and |p>=0

An. Op: OlPl/my LS — Z,g”&v”;sz LmL Smg Cssl’"ssl samsg 22REO YLmL(Rp)H(l) (RP)H(Z) (=Re)
sl»77s.
T ] irrep
continuum cubic lattice- discrete ﬂg_ G1
Infinite number of elements 24 or 48 or 96 elements 2 H
5 H® G
2 G ®HD G

E—

Anihilation operator for this example is: _
d 4.d d 4.11
off 7ty (0 =N_1(0) (Vx(0) — iVy(0)
Creation operator for this example is: : . .C E . .C
éH:% 5:1%1L:0(0) — N% (O) (VX(O) + ny(O)) contraction 1 contraction 2
Correlation functi cV"’ H- = Qlof, H™ Q
orrelation function: % 57% (|p\ 0) = ( \O 3 53 1 OOJ—— 5——,L:0‘ )
VN;H™ V. _ N v v
C gs:%,L: (\p|—0)—C1 1CXﬁX /C% %Cxﬁy+'C%‘)%Cyﬂx+c%%%6yay'
Cpols,cﬁpolsnk <Q| 0lsnk HP°/src 1)
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Results for scattering in irrep G; (pentaquark candidate

channel)

degeneration due to the spin of the particles
# of states in the non-interacting limit

® state with [p|2 =0: (J = %,S: %,L:O)
® statewith [p>=1: (J=1,5=1,L=0),
(U=1is=%1=2
® states with [p|2 =2: (J = %,S = %,L:O),
(U=is=31=2),(u=5,5=31L=2
Result Prediction
Irrep Gi~ P.*(4312) with S7=1/2"
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t =01
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Phase shift:
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Th: cotd = M Exp: cotd/(E) = %

VrLpl
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All calculated energies J/v

s 3s
22 22
rr-o v 1 5T r I
S 2’2 2’2 2’2 22 2 2
>
1.6 3 3 3 3 6 6
3 m “ ------- ﬂ ﬂ m----[‘--N[z]J/w[-z]
= 15
é?
1 o o e e e et e m = P.*(4457)
+ e e e il SLTizin ._.p+(4440)c(
S 7 1 1 3 c
E 13i=TE _'_ : :2l P I e I_ T _ﬂ;“.“;g'!':':':‘pc+(4380)N[1]J/(,U[—1]
oD 19 P;*(4312)
— < 1 1
Ae. i N[oL/g0]
W .
Irrep: G1_ G1+ Gg_ Gg+ H H*
o Gl_ GlJr GZ_ G;r H HY ®  We see all states expected by the
|F'|2 =0 1 0 0 0 1 0 non-interacting limit
IIF::Z z ; ; g ; ; 2 Z ® No additional states
# states 6 5 4 4 10 9 ® No strong indication of P;r

8/11



All calculated energies n.N
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Comparation between lattice and exp results

GlueX experiment

LHCb and DO experiment
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® P_is not observed
Comment:

® the P. is probably not coupled only to the J/¢¥ — N channel
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® experimental results and our lattice results agree

e Lattice study of coupled channels (D°%.,D*°%, J/¥N,...) is needed

J/v — N channel

® P_is observed
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Conclusion

Results of one channel approximation for J/¢ — N scattering
including the P channels

Degeneration of states is caused by spin of particles, all these
states are observed

In our approximation there is no sign of extra eigenstate or
significant energy shift, which would indicate to P state

P is probably a result of other neglected effects (coupled
channels effect,...)
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Prediction of spectrum for P. coupled only to J/i) — N

channel
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Combining single hadron correlators

P =pp, +pr, =0
Operators in Partial wave method:

Jomy, LS _ Jmy Smg
OlPIImits = 52 g met sz Cimy vSmg ot samsy LRe0 Yiom, (ROYHS), (ROVHSE), (—Rp)

. nlLLS] J,m J,my,L,S
Subduction to irrep: O, =2m, St s OlPlSimy

pl,T,r
J irrep
T
5 G
g
2
% He Gy
flGeHea G

All explicit expressions for Hy(p)H2(—p) operators :
(S. Prelovsek, U.S., C.B. Lang ; JHEP 2017(1), 129.).

Subduction coefficients S '™ are given in:

(J. Dudek, et.all; PRD 2010(82) 034508)
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Results for the H™ irrep

N[2]J/y[-2]
N[1]J/gf-1]

Irrep H-

|

|

U‘

HH--+---1N[0]JJ/y[0]

|

I
= 1 1
—r ] 1
= 1
il a—
—t— | }
— i 1
by -ﬁ ]
o) »
1 1
i 1
o ]
S
ert ! 1
1 1 1
B P e
= 1 1
Laa | 1 1
1~} 1 1
1 ket |
1 1 1
By ! 1 1
U T DO
© v T o o -«
N N N N N N

i3
W

"

10

2 3 4 5 6 7 8 9 10

|1

A N~ AN ol

A 1IN <t MmN
AN 1IN M
AN OINAN [N
AN MmN M
Al MNO MmN
— MINA M
— MNO MmN

I MmN N

(9]
T —Wn

O MNO MmN

16/11



Quantum number basis for J /1) — N-part 1
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Quantum number basis for J /1 — N-part 2
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Quantum number basis for n. — N
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