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e Motivation

e Recent works

o Two-body sector: 1. — 27, J/1 — 1.

o Three-body sector: J/1) — 3

e Summary and outlook
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Why charmonia decays ?

@ Test the interplay of pert and non-pert QCD
— intermediate energy scale

@ More possibilites for the search of new physics
— invisible decay of charmoinum

@ cooperation,cooperation,cooperation
— BESIII
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Toward precision test for QCD

Two-photon decay of charmonia[n. — 27]

@ Tension between therories and experiments
o Inconsistency of different theories NRQCD,DSE, Lattice - - -

e Major uncertainties of experiments  ~ 50% errors

Three-photon decay of charmonia[J/1 — 37]

@ Model-dependent errors[unknown matrix element]
e CLEO, B=(12+034+02)x107°,
e BESIII, B=(1.1340.18+0.2) x 1077,

@ Pert troubles[soft photon], crucial role of lattice QCD
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Toward precision test for QCD

Two-photon decay of charmonia[n, — 27]

@ Tension between therories and experiments
e Inconsistency of different theories NRQCD,DSE, Lattice - - -

o Major uncertainties of experiments  ~ 50% errors
Three-photon decay of charmonia[.J/1 — 37]

@ Model-dependent errors[unknown matrix element]
e CLEO, B=(12+034+02)x107°,
e BESIII, B=(1.1340.1840.2) x 107°,

@ Pert troubles[soft photon], crucial role of lattice QCD

Necessity of high precision study on charmonia decays I
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Search for new physics

Invisible decay of charmoinum

@ BSM predict CP-odd pseudoscalar higgs boson Ag, which can be
coupled with SM particle

@ Dark matter from collider

qq — 7y + invisible

@ SM background: J/v¢ — v+ vv

o Perturbative calculation

o No lattice study yet
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Recent works

@ Two-body .
AANANAN Y
Ne/Xe0 I e
NANNAN T
YM et al,in preparation
YM et al,2109.09381;
@ Three-body
AANANAN T v
I VYV
NN T <~

YM,C.Liu, K-L.Zhang,Phys.Rev.D.102,054506(2020)
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o Amplitude:
M = eeu(p)es(p))Hu(p,q)
Hyu(p,q) = /d4we_ip”7rluu(w,q), Hyw = (0| Tx[Ju ()]0 (0)][ne(q))
@ Form factor: Hyu(p, q) = €uvaspaasF (p°)
o Decay width:
i
Loeyy = agmzmiJFncw‘za Fiony = F(0)
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Traditional method for on-shell form factor

@ Off-shell form factors by projecting discrete momentum p'= 2%77

F(pg) Cont.Limit F(O)

e Leading to additional computation cost and systematic source.

@ Without considering various systematic effects

o Lattice discretization effect: only one or two lattice spacings used

o Excited-state contamination: without considering the excited-state
effect on the lattice
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Direct approach to on-shell form factor

“2= directly[infinite volume]

/dtem”ct/Q/d‘n’i’]l(lp‘lm')euyagxaﬂuy(w,At)

Calculate the form factor at |p] =

Fpov~y(AL) = —

Mo |P|Z]

Replaced by finite-volume version
EuuaoxaHuu (:C7 q) — EuuaoxaHﬁu (ZU, Q)
o Exponentially supressed with the distance
@ Remove excited-state effects

Py (AL) = Fpy oy + £ X g7 (mi—m)as

Finite-volume effects: R-dependence of F), ,(At) & Y —
& |d<R
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Ny = 2 twisted-mass

Ens  a(fm) V/a4 aptsea  Neont X T At/a

298 0.098 24% x 48 0.0060 235 x 48 7:1:17
a85 0.085 243 x 48  0.0040 197 x 48 8:1:18
a67  0.0667 322 x 64 0.0030 197 x 64 10:2:24

@ All ensembles have similar physical spatial volume: 2.04 ~ 2.35 fm.

@ All ensembles have similar pion mass: 300 ~ 365 MeV.

A series of At(0.7~1.6fm) to extract the ground-state contribution.

Charm quark mass is tuned by physical 7. and J/1¢ mass, respectively, and take
the difference as our systematic error.
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Form factor on lattice
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@ An obvious dependene on excited-state of ..
@ Dashed black line: a suitable time truncation tcyt ~ 1 fm.

@ The right: an extrapolation for the form factors at tcut.
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Finite volume effect

|
il

@ Examine the possibility F x [ d*zw(@)epwaota Hu (T), Y —
& |@I<R
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Continuous limit

8.5
8 & m, =mP¥S  § PDG-it
¥ mJ’w:m}:/hys 1 PDG-aver

@ NRQCD ~ 6.2

o

@ NRQCD(NNLO) ~ 10 7r

@ Soft gluon factorization ~ < 6r 3

@ DSE ~ 6.4 45¢

6.57(15)(8) keV
T(ne —2y) =4 5.15(35)keV PDG-fit
6.11732keV PDG-aver

@ The tension with PDG-fit is beyond 3 o
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& Experiments
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@ OUR FIT: a minimum x>2-fit for the branching ratios from lots of experimental
measurements on different decay channels.

@ Otbher fitting errors are consistent with world average, except for n. — 2.
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@ Matrix element

(ne(P2)13 (0)[[J/9]u(P1)) =  CuvapPlaP2s V(@)

e Traditional: extrapolation for various V (Q? # 0)

o leads to model-dependent uncertainty;
o Q3 = —8?m at |g| = |p1| — |p2| = 0 is unreachable.

o Model-independent: V/(Q3) <2xection, {(q)

o Q%2 — 0, the precision can be much improved;
e no model-dependent extrapolation.

V(0) = V(@) + mae 238  xo%m

my/y 914l |g]2=0
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Nf=2,Twm(2012)
Nf=2+1,HPQCD(2012) —
> Quench,Y.Chen(2019)
O PDG(2021)

O This work(2021)

o)

@ Only show the results using at least three lattice spacings;

o New method reduces the error greatly.
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J/
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Approach to decay width

@ Decay width

1 1
M/
r = d dyT (z,
8 15367r3/0 x/l yT (@)
—T

1 2

T = g Z |M,uypa|
Hrpo

z = 1-2¢-q3/m%y=1-2q -q2/m?

@ On-shell fitting

T(w,y, @3, Q3,Q3) = T(w,y)+constx > Q?
@ Choose discrete photon momenta

@ On-shell as possible, @Q; — 0
o The (x,y) cover the physical region
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The first lattice result
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@ Naive continuum extrapolation;

@ The intermediate contribution J/v¢ — yn. — 37;

@ Excited-state contamination;

@ Systematical error by the region without data covered;
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Toward systematic
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@ Naive continuum extrapolation; ] Three lattice spacings
@ The intermediate contribution J/v — yn. — 37;
@ Excited-state contamination;

@ Systematical error by the region without data covered;
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Toward systematic study
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@ Naive continuum extrapolation; U Three lattice spacings
@ The intermediate contribution J/v — yn. — 37; 7 Experienced studies
@ Excited-state contamination; vl Experienced studies

@ Systematical error by the region without data covered;

21/23



Toward systematic study
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@ Naive continuum extrapolation; U Three lattice spacings
@ The intermediate contribution J/v — yn. — 37; 7 Experienced studies
@ Excited-state contamination; vl Experienced studies

@ Systematical error by the region without data covered; vl Challenging
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Summary and outlook

e Summary

e Model-independent calculation on 7./x., — 2y and J/¢ — yn,
e Various systematic effects included
o An explorative study on J/v — 3, potential improvements

e Outlook

o Model-independent calculation on J/¢ — yvv and J/¢ — 3y
e Toward high precision calculation in charmonia decays
o Extensive cooperation with BESIII in charmonia physics

o Model-independent matix element input for experimental analysis
eg. J/Y— 3y

o Test the validity of PDG-fit in the channel . — 2+

@ Possible theoretical support for DM search
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