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Motivation to study charmonium resonances

Experimentally discovered exotic hadrons

* Most of them contain cc L. cedu
* All of them are resonances (decay strongly) Pc - ccuud
o | : X (3872) : ccqq
0.8 E 0 \
" o\ T @ %
' m EGH,)

Current study: Charmonium(like) resonances with isospin=0 and J=0,1,2,3
q=u,d DD — D.D,

The first extraction of the scattering matrix for coupled channels
e for me

* besides the Had. Spec. Colll
conventional + exotic ?

Only one previous lattice study took into account decaying nature of charmonium resonances and determined width

Lang, Leskovec, Mohler, Prelovsek, JHEP (2015)
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Charmonium system: experimental status (PDG) and summary of our lattice results
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Most of hadrons and all experimentally discovered exotic hadrons are strongly decaying resonances !

Hadronic resonances and shallow bound states from lattice E hadronic
(near/above one threshold) resonances R

m;+m; T= H,H,

shallow bound
states

En O

S 1}

0.8}

states well

0.6} below threshold

0.4}

— 02 5

A Im[E]
energy of scattering A
eigenstate ~ Matrix B Rel[E]
for real E

exp

' ‘M

E - T(E) = m1+m2 . o
u continuation threshold

. . to complex E
analytic relation:
Luscher 1991

location of poles in complex E plane
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Lattice details ‘

CLS ensebmles with u/d, s dynamical quarks

(Regesnburg)
a=0.086 fm
N, =24, 32
m,, =280 MeV Myqg > mPhy
m; < mgPh
my+mg+mg = my P +myPh +m.Phy
o~ phy
two charm quark mp=1762 MeV me < me
masses analyzed mp=~1927 MeV m. > mPh
b ]
i
lattice
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Charmonium resonances with J?¢=1-,3~ in one-channel DD scattering
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Resonances with J¢=1-,3~ in one-channel DD scattering y
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P=p +p, P: 0
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for mp=1762 MeV

o o _ . s . PC—1-- -
Energies of eigen-states E,, in irreps that contain J*¢=1-,3 irrep total momentum

. . R
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Extraction of scattering amplitude t(E) for one-channel scattering: straightforward
: )
Luscher'seq.  det[l +i t(Eep) F(Eep)] =0 — t(Eem) = aiom
cm

/

known function for each irrep and L

at E.,=E,""
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Extracted scattering amplitude t(E) in complex energy planepartial wave I=1  JP%=1-

|t 21 (s) |2 W(2S) bound state

S{(Eom) =1+ 2i p t)(Eepy) = e2901(Eem)
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Sc : \\ -0007
D D / (a) I Riemann sheet
/
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2 W(3770) resonance
|t 1y () | (3770)

poles in t(s) related to

resonance and bound states >
0.007
23 N
Fig for1=1 and mp=1762 MeV: Re(a’s) : .
24 20,007

one resonance, one bound state, one virtual bound state | (b) 11 Riemann sheet
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Charmonium resonances with J?¢=1-,3"

Resonances

W(3770) JPC=1~
X(3842) JPC=3-

,1=1
,1=3

Mass:
6 1(E.,=mg)=90°

Width or coupling g:
W(3770) = DD, 1=1
Scotd 6
%‘S’sz = 7T(m2 —5)
-4 I
s lat 16 O +
exp 18.7%+0.9

X(3842): to narrow to resolve

Bound state

W(2s) JPC=1- ,1=1

Mass:

|t(Ecm=mB) | = o<

mg given by the pole
on the first sheet

m [MeV]

: results for masses and widths

~J

My, MK, Mp =

280,467,1762 MeV

3850 1
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3750 1

3700 A

3650 -

3600
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Charmonium resonances with JP¢=0**, 2** in coupled DD - D, D, scattering
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these resonances appear at higher energies and both decay channels need to be taken into account
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Resonances with JP¢=0**,2** in coupled-channel scattering
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Energies of eigen-states E, in irreps that contain JP¢=0+,2+ for mp=1927 MeV
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JPC=0** : some expected and unexpected states found DD — D_.D.

S-wave (L=0, JP¢=0**)
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JP¢=2++ . conventional resonance found

D-wave (L=2, JP¢=2+)
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Charmonium resonances with JP¢=0**,2**: results for masses
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Challenges

accurate determination of highly excited E,
several JP contribute to each irrep

extraction of scattering matrices for coupled-channel scattering

Simplifications / assumptions

JPC=0** : assuming that channels M. N and J/tlJ W are decoupled from DD, DsDs

further assumptions: see section 5 of 2011.02541, JHEP
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Kind of a summary ... again a look at the charmonium system

Mass (MeV)
4700
4700 | y(4660) -{09-(- - -)
T T
4500
as00 | Z, (4430) K850
y(4415) E
Thresholds: ::ggg; ------
4300 | (4260)
D' D' ... N Z, (4200)
w4160) || || mmm=-
4100 | ﬁf.l—,ﬁ.s ....... ¥(4040) X (4020)
oD — _n o
g g cecnannns b A1 4 ‘ ++
WOIDD ... £ A9} —
w(3770) "\ w X ,(3860)
o 70, @8) | —2@a Q
amo | n°
= n h. (1P) %, (1P)
3300 4 T TT
T 70
KK n i
3100 | | o S Y
n, 1S)  Jry (18)
2900
JPC= 0—+ 1—— 1+— 0++
our lattice study: postdicted

x_(4274)

x_(4140)

xc1(3872)

1+ +

predicted,

exp discovered

PDG 2019

X, (3930)
¥ ,(3823)
X, (1P)
2+ i 3"

predicted,

exp not (yet) discovered

Sasa Prelovsek, Charmonium resonances from lattice QCD



Backup
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M. Padmanath, S. Collins, D. Mohler, S. Piemonte, S.P., A. Schafer, S. Weishaeupl : 1811.04116, PRD 2019
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