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Outline : conventional and exotic charmonia CC : quC

* motivation
* glimpse of the results
e path to the results

* results (again)

comparison to exp, implications

- challenges & how we addressed them

- challenges that remain open
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Charmonium(like) states
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Charmonium(like) system: experimental status (PDG) and summary of our lattice results

Mass (MeV)
4700 (4660) Kql4700) X468
T
4500
4500 7, (4430) %300
¥(4415) -
Thresholds: 60
4300 xc1(4274)
D¢ Es* ...... (4230 Zc 4200
(4160) { ) x (4140)
4100 D¢ _Bs _______ o0
D*D* ........ —_—
DD;........
L N R ——
¥(3770) | )
DD o N vy
3700 7 (2S) S
JUT
3500 n
3300 o
T nO
KK n T, @
3100 o Y ¥
n, (1S)  Jiyp (18)
2900
JPC= () 1 1+~ 0+ 1+
our lattice study: postdicted predicted,

exp discovered

Sasa Prelovsek

cc, cqqc

2r 2" 3"

predicted,

exp not (yet) discovered
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Outline of results:
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Path to results
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Lattice setup

CLS ensembles with u/d, s dynamical quarks
a=~0.086 fm, m,,=280(3) MeV
L=2.1fm, 2.7 fm

U101 H105

lat exp
mu/d > mu/dexp
ms < msexp

mu+md_|_mS — muexp +mdexp +msexp

two values of m, (relativistic charm quarks)

mp [MeV] 1(my, +3myy) [MeV]
at(me = w2 T 997(1) 3103(3)
lat (m. < me) 1762(1) 2820(3)
exp 1864.85(5) 3068.6(1)
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Quantity extracted from lattice: eigen-energy E,

c,n={0jan g O0)=Y z' 7" "

e correlators evaluated using distillation method [Peardon et al, 2009]
* eigen-energies extracted using GeVP

e for strongly stable state well below threshold : E,(P=0)=m

* ingeneral: Egm — T(Egm)

Luscher’s relation
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O Initial step: consider charmonia to be strongly stable O: eWre(x), ¢@Djc(x),  ¢(x)D;Dye(x).

(up to 30 interpolators in given irrep)
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O Initial step: consider charmonia to be strongly stable

' Charmonia with momentum p! O :

Challenge

Motivation to study p! 0: extraction of scattering matrix

Challenge: identify J? of charmonium in flight

ES™ = (ESM)2! P2
Bt - T(E")
N
© ©
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S & S |

"#$%H&E'

(@)

: good p/‘
P: NOT good -V )

inversion

Rotations/reflections:

transformations that leave p invariant

rotations around p; little group U(1)

spin J: not good

S _J1p
helicity : good ° — Ip' |

1 : good (only for A=0 states)

! \p,J",/>:'!

7 = P(—1)’

p,J",!/>

1&(% )*$$%!+,

(@)

: good
P: NOT good

Rotations/reflections:

transformations that leave box and p invariant:

T ®e

TABLE VIL. Choice of representation matrices for the Dic, little group. / denotes the identify transformation, R(¢) denotes a
rotation around the z-axis by ¢ and Il denotes a reflection in the yz plane (x — —x).

p=(0,0,1): group Dic,4, 8 elements

Irrep 1 R(m) R(3m/2) R(m/2) I1 R(m)I1 R(m/2)I1 R(B#/2)11

p=(1,1,0); group Dic, , 4 elements

- /

Irrep I R(m) I1 R(m)I1

irreps: good quantum numbers

helicity: not good

n good (only for A=0 states)
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following strategy by HadSpec
employed for light mesons PRD 2012

— construction of operators

considering

- overlaps of eigenstates
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Taking strong decays into account

- 3
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Relation between E and 6(E), T(E): 1D quantum mechanics
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strong decay
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Charmonia with J?=1~and 3~
from one-channel DD scattering =1 and mp=1762 MeV
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"H#B%&'(9%:5(;2<+T7*#*27+) (%&£ 0% [+> %%

1$8%+4&97BR#"25+74#2$(8 D! DM,

the only available coupled-channel study for charmonia with =0
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Charmonia with JP¢=0** and 2+

from coupled-channel scattering D! D [, pRaD
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D-wave (L=2, JF&=26C)
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S-wave (L=0, JF=06¢6)
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Charmonium(like) states: poles and masses
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https://arxiv.org/abs/2210.15153
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Challenges, caveats, ...

see: Assumptions and simplifications (Section 5, 2011.02542, JHEP 2021 )

I caveat: lattice simulation at unphysical quark masses and single lattice spacing

I further channels:
| i ith i : J/" D'®
! incorporated with interpolators, treated as decoupled: S

! omitted 'c !

I charm annihilation omitted c = 4 ':D éf““‘%"-.w’”'d;
C &
v, d

‘

@

s
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Instead of conclusions

ec ,eogq (ggq= @u + &, ss) | =0 this talk

ool | =1

further exciting studies with Regensburg group

cof

Thanks to prof. Andreas Schafer for

involvement, support, effort, patience, enthusiasm, .... |
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likely related to X(3915) / #,.,(3930) / X(3960)
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X (3960)!

| .0(3930)!

X (3915)!

all three likely the same state

currently named y (3914) in PDG
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