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Background

@ LHCb discovered a new state X(6900) that could be fully charmed
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o Later CMS reported X(6600), X(6900) and X(7200), ATLAS reported
X(6900) and X(7200)2

@ A possible X(6200) near the physical di-J/1 threshold is predicted on LHCb
data’

@ Possible Jr¢ = 0+ 2F+

@ As a preliminary work, we study 7.7, and J/1J/1 scattering

1Sci.Bull. 65 (2020) 23

2|CHEP (2022)

3PRL 126 (2021) 132001
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Operator construction

The interpolators for J/1¢ and 7. are
Vi(t) = e(t)vic(t), P = e(t)ysc(t) (1)

We consider A,, E, T, representations of the Oy group®
The zero-momentum operators are chosen as

o4t () =POP(1)

di—ne
E Vi) = Va(i)ve(t)
Odi—ayp(t) = { % Va(H)Va2(t) — Va(1)Vs(t)] )
Vo (1) Vs(t)
O(iij/l/,(t) = V3(t)vl(t)
Vi(H)Va(1)

The Z4 -stochastic wall source is adopted

4The O(3) symmetry is broken into Oj, symmetry on the lattice.
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Correlation function

Construct the correlation function, e.g. the simplest being OCO

Cp(B,t) = (P(B, )P (B, 1))
_Zezpf?7<

= Ze"’ ¥, )75 (T, )e(Z, 0)75.¢(Z,0)) p) @ 3)

%, )P 1) r) G

:_Z B (tr[ST (7, 1, 0,0)8(F, £ 3,0)]) ¢

Other correlators are similarly put into this propagator form, by Wick's theorem
In this single-channel study, only 7 = 0 is considered
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Correlation function

The n.n. two-particle correlator:

CIBO‘ < MNeNe (

MNeNe

O3 (0)

t)
< (pﬁ7) ( pﬁ?) ( Pas ),P(# 70)>
= Y ePe (CIHATEC TR (P(i, t)P(Z, 1)P(5, 0)P(0))

Z,Y, 2,0

= 3 P CTDHB D) (o (@, 1) eys e(F, 1)er5 ¢(F, 0) 5 ¢(F, 0))
%,70,2,9

=Y e (4)
+ t1[ST(Z, £ Pa, 0)S(Z, £ 0,0)] - tr[ST (@, £, 0, 0)S(i, t; Pa, 0)]
+ tr[ St (@, & Pa, 0)S(w, £; 0,0)] - tr[S'(Z, 0, 0)S(Z, & Pa, 0)]
— tr[ST(@, t; P, 0)S(10, £, 0,0) ST (Z, ; B, 0)S(Z, £; 0, 0)]
— t2[ST (@, t; Bur, 0)S(i, & Par, 0) ST (Z, £, 0,0)S(Z, ; 0, 0)]),

We still take g, =
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Diagrams

Among those Wick contractions, the following diagrams are considered:

0@
0

The disconnected diagrams are suppressed, e.g.

: e 8¢

The following annihilation diagrams are also suppressed either by OZI rule® or the
similar mechanism (scale like as (m.), also consider the large- N, limit)

o el

5Any strongly occurring process will be suppressed if, through only the removal of internal
gluon lines, its Feynman diagram can be separated into two disconnected diagrams.
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Ratio

The correlators are related to the energy levels:

C§l2)(t) _ Ah {efmht + efmh(Tft)} +o

(5)
C(;L)(t) = Ar [e_EFt e BT 2e_m’lT} +...

To deal with the constant thermal pollution and systematic error, construct a ratio
__q'o-a"u+y
(G2 (1) = (G 1+ 1)

2L AR [cosh (§E"'t') + sinh (§E" ) coth (2my?)] (6)
>t OBt
SE/2m k1

RY(#)

)

where ¥ = t+1/2 — T/2 and 6E" = E'' — 2my,
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Single-particle analysis

Ensembles used in this work:

Ensemble a (fm)

aph L*xT

Noont X T mz(MeV)

a67
a8b
a98

0.0667(20)
0.085(2)
0.098(3)

323 x 64
243 x 48
243 x 48

0.0030
0.0040
0.0060

200 x 64
200 x 48
236 x 48

300
315
365

Effective mass extraction:

Reconstructed fit plot of J/y™ mass

Reconstructed fit plot of J/y™ mass

Reconstructed fit plot of J/y™ mass

@

=r
0o
oe
oo

@

@ e

.
oo
PV o oo o
ot s
i g09°° s0°® 00
000 0e°® 60®
® \ °
. \} R
e g d .
LY ag
1088 “Hakbing eag0 i
1535
3 ) 3 0 s B S
. .
Reconstructed fit plot of n mass Reconstructed fit plot of 1 mass
¢ = oo 8
eee@eeae e
o
el oo
000° o
000° s
60® 5 ©
Y X
A e
'p e
g, o
aga, ag
9200099 0.gq t| o
0200000l
1 1
3 ) 3 o T E) S 3 0 s B S
. i i
Haobo Yan (PKU) Nene and J/ap J /1) scattering Oct 8, 2022

9/14



Two-particle analysis

The ratio "correlator”

174—75[2
m

i

T
a98

This behavior indicates positive energy shifts (or negative scattering lengths)
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Two-particle analysis

For this single-channel scattering, the scattering lengths can be extracted either
from Lischer finite size method or the effective range expansion
We report the former as the results

dmwa® at at 2
' = ——— |1+ce—+c | — oL 7
s |ltaT C2(L)+ (L) (7)
Ensemble T Aq E Ts
a98 adE" x 10*  2.94(35) 5.31(83) 5.88(68)
a85 adE" x 10*  6.03(46)  10.47(1.09)  10.29(87)
a67 adE" x 10*  4.81(23) 8.44(66) 8.67(52)
a98 mypa -0.705(81)  -1.22(17)  -1.34(14)
a85 mypd -1.042(72)  -1.70(15)  -1.68(12)
ab7 mypat  -1.202(51)  -1.97(13)  -2.01(10)
Cont.Limit a"[fm] -0.104(09)  -0.168(20)  -0.165(16)
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Extrapolation

Twisted mass fermion has Automatic O(a) improvement

I -
* =
é -157¢ } )—Eﬂ
o &
3T nm, T=A4

257 | 3 JWJOT=E
§ J/J/HT =T

0 2 4 6 8 10
a’[fm?] %1073
af and a2 are consistent at the continuum limit, we take the result of I' = T as
final estimation
0+

a, , = —0.104(09) fm

NeMe

(8)
+
@%py/5 = —0.165(16) fm
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Summary

In this work, we have
@ performed the calculation of s-wave J/v¢ and 7. scattering energy shifts
@ extract the scattering length and extrapolate to the continuum limit

@ observed weakly repulsive interaction between the two charmonia systems
(see e.g. PRD 97 (2018) 054505 for b system)

Possible improvements:
@ takes care of the coupled channel effects

@ takes care of the OZl-suppressed diagrams
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Thank you

Thank you!
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