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Introduction

@ The rare decay J/¢ — 3 acts as a probe of higher-order QCD
effects.

@ Experimental difficulties: poor knowledge of matrix element
o Crystal Ball, B <5.5x107%,
e CLEOc, B=(12+034+02)x 1072,
e BESIII, B=(1.1340.18 +0.2) x 1077,

@ Theoretical difficulties: perturbation fails

o For n. — 27, both photons are hard with half energies of the charmonium,
perturbation is expected to work better;

e For J/1) — 37, there exits a soft photon, hindering the perturbation
calculation.

We present the first lattice calculation for rare decay J/¢ — 3.

2/18



Decay amplitude on lattice
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@ Local current j,(z) = Zv Qceyuc(x);

@ Using 'sequential’ method to calculate the four-point function;

@ The three photons can’t be on-shell simultaneously, with virtualities Q2.
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Decay amplitude — decay width

o Conventional: amplitude parameterization. For 1, — 27v:
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@ For three-photon case: Muvpa(q1,a2,a3) = 5. Muvpa(a1,a2,93)
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@ It is a redundant process for lattice simulation.
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Decay amplitude — decay width

@ The three-body decay width:
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@ New approach: amplitude summation, define 7 —function
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@ The decay width of J/¢ — 3:
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Input parameters

@ Photon momenta:
@ On-shell as possible: fix photon 1 and 3 on-shell exactly, minimize Q2;
@ The (z,y) cover the physical region as possible, i.e. = € [0,1],y € [1 — z,1];
o Fewer momenta to meet above requirements.

Ensemble Q3 Q% n1 n3 n2 w1 w3 w2 x y Q3(GeV?)
0 0 111 -1-1-2 001 0.4680 0.6527 0.2134 0.7017 0.9783 -0.1541
I 0 0 111 -20-1 1-10 0.4680 0.5967 0.2692 0.7017 0.8946 -0.4096
0 0 002 11-1 -1-1-1 0.5343 0.4680 0.3316 0.8011 0.7017 -0.6077
0 0 002 11-2 -1-10 0.5343 0.6525 0.1471 0.8011 0.9783 -0.5690
0 0 210 -1-11 -10-1 0.4257 0.2905 0.8123 0.6335 0.0932
11 0 0 002 10-2 -100 0.3810 0.4257 0.2415 0.7269 0.8123 0.1857
0 0 002 11-1 -1-1-1 0.3810 0.3320 0.3352 0.7269 0.6335 0.0187

@ On-shell fitting:

T(w,y, Q1 Q3,Q3) = T(2,y) +const x » Q7

@ Twisted Mass Ensembles:

Ens B a(fm) V/a4 Aptsea My (MeV) Neonf
| 3.9 0.085 243 x 48 0.004 315 40
Il 4.05 0.067 323 x 64 0.003 300 20
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Input parameters

@ xy—distribution
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@ Exchange symmetry: T(z,y,2) =T (y,z,2) = ...

@ Current renormalization constant: Z‘I/’” = 0.6347(26), 0.6640(27).
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@ Four-point function M. pa:
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@ On-shell fitting: T(z,y,Q%,Q3, Q%)
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Cubic spline interpolation

@ Decay width:
D(J/4 — 37) = 1.530(15)6V, 1.715(47)eV

Ens.l Ens.ll

T ()

@ Existing problems:

@ The intermediate contribution J/v — vn. — 3v to be removed;

@ Estimate the systematical error caused by cubic spline interpplation, for the region
without data covered.
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Dalitz analysis

o Dalitz variables:

MO ig/sm _ max{m, Vi \/m}

mJ/w min

@ Dalitz plot is the direct observable for the experiments.

@ Bands in Dalitz plot indicate the intermediate two-body states.

e Dalitz plot

M(x7)iy(GeV)

0 0.1 0.2 03 04 0.5 0.6 0.7 08 09 1 0 0.2 0.4 08 0.8 1 12 14 16 18 2
x M(¥7)em(GeV)

10/18



Dalitz analysis

@ Removing the yn. contribution by setting the cut Mcut = my,

(@) : VI—x> Meut/my/y
(b) : \/1—y>Mcut/mJ/w
() : Vz+y—1> Mcus/my/y

= 0.031eV(Ens.I), 0.034eV (Ens.II)

@ Regarding the region without (z,y) covered as systematic error, i.e.
(A) z€]0.1,03],y € [1 —x,1]
(B) ze€[l—y,1],x€[0.1,0.3]

= 0.243eV(Ens.I), 0.274eV (Ens.II)

@ The pure decay width:

T(J/¢ — 3y) = 1.499(15)(243) ¢V; 1.681(47)(274) &V
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Naive continuum extrapolation
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B(J/¢ — 3v) = 2.13(14)(89) x 107°
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Dalitz plot in experiments
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Dalitz plot on lattice

@ Normalized T-function distribution:
~ Ti'nt ,
Tloy) = ot
Jy dz [, dyTint(z,y)

N=383
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@ No obvious bands on vertical region for the range M (v7y)sm € [0.1,0.16]
.[0.5,0.6],[0.9, 1], which correspond to the dominant sources fy'rro/n/n/ in

experiments.
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Importance of Dalitz analysis

TABLE III. Summary of the relative systematic uncertain-

") Providing a direct com parison ties. Bsy and B, stand for the measurements of branching

. . fractions B(J/v¥ — 3v) and B(J/{¥ — yne, ne — ¥7Y), respec-
with the experiments. tively. A dash (-) means the uncertainty is negligible.

Uncertainties (%)

@ The parametric analytical ex- Souree By, B,
pression for the 771_>0(ZL', y) Signal model 15 -
could be used as the theoret- 1e width 5
ical input for the matrix ele- ’Rk“‘Ie:h“Pe ; i

esolution . =

mer:lt of J/¢ — 3 for the ex- M (1= )secen window i 4
perlments. °, 7, 77' rejection 0.5 5
PWA model 2] 2

@ The J/1 events in BESIII are Photon detection : 3

100 times greater than ever Tracking - 2
. . Number of good photons 0.5 0.5
before, a higher precision re- . . 1E e
Kinematic fit and xj¢ requirement 2 2
sult of J/1¥p — 3v could be Fitting . ;
expected with T,—0(z,y) utl- Number of 4(3686) 08 0.8
ized. B(4(3686) — 7r+W7J/L‘!) 1.9 1.2
Total 18 14
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New result for 1. — 2

@ Previous results:

Methods Bx10—T B x10~1 Refs
Quenched Wilson 0.83 0.50 J.J.Dudek et at.(2006)
Ny = 2 twisted mass 0.351 0.004 CLQCD(2016)
NRQCD 3.1 ~32 R F.Feng(2017)
Exp 1.57 0.12 PDG(2018)
o Amplitude summation:
T
@ I':eper — —guv 5
@ Ty :epey — —guu-&-(qlq’i-&-qlqi)/Zuf s

I(keV)

B(ne — 2v) = 1.29(3)(18) x 1074

a*(fm?) “102
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Conclusion and Outlook

@ Conclusion

We present the first lattice calculation for J/v — 3~;

e A new method is proposed to calculate multi-photon decay directly, by
summing over final and initial state polarizations.

The Dalitz analysis on lattice is suggested.

e The new method is applied for 1. — 27, and a most reliable result is
obtained.

@ Outlook

o A new strategy is in progress for J/¢ — 37, the large systematic error
can be avoided.

e The Ta—o(x,y) is our next target, be applied for the experiments to
avoid the large systematic uncertainty.
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