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Charmonium decays

* Decays with photons can be used as tests of our
understanding of internal structure of mesons from strong
interaction physics

* J/U — ync: Some tension between branching fractions
from lattice QCD and experimental result <

* ne — v less clear: @

» 40% uncertainty from average in PDG; 7% from fit

» Lattice results exist for quenched & 2 sea quark flavours: low
decay rate & tension with PDG fit

» Recent Ny = 2 result (Lui et al [2004.03907]) better, but
still 14% error

* This work:

» Precise calculation by using Highly Improved Staggered Quark (HISQ) action
» Calculate these decays with realistic sea

o Effect of 24+-1+1 quarks



Lattice details

* 241+ 1 HISQ gauge ensembles provided by MILC Collaboration
* Lattice spacings from & 0.15 fm down to &~ 0.06 fm
* Combination of ms/m; = 5 and physical m;

* Valence charm quarks also use HISQ formalism

set a [fm)] N3 x Ny ami® am®  ams®  am)?
1 0.15424(82) 162 x 48 0.013 0.065 0.838  0.888
0.15088(79) 323 x 48 0.00235 0.064 0.828 0.873
3 0.12404(66) 243 x 64 0.0102 0.0509 0.635 0.664
3B 0.12404(66) 243 x 64 0.0102  0.0509 0.635 0.654
4 0.12121(64) 483 x 64  0.00184 0.0507 0.628  0.643
(
(

5 0.09023(48) 323 x 96 0.0074 0.037 0.440  0.450
6 0.05926(33) 482 x 144  0.0240  0.0240 0.286  0.274




J/U — ne



Background

For electromagnetic current jo = %E’y“c:
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For our lattice calculation it is useful to define V:



Lattice calculation

ti ¢ ty

T/ X7 © V57

Set % T = ty —t;
1 0.1750,0.3031,0.3914, 0.4631 12,13,14,15,16,17
0.6406, 0.9060, 1.1097 13,14,15,16

3 0.2111,0.2986,0.3657,0.4223, 16,17, 18,19, 20, 21
0.4721,0.5172, 0.5586, 0.5972

4 0.7719,1.0918,1.3373 17,18, 19, 20

5 0.2423,0.3427,0.4197, 21,24, 27,30
0.4846,0.5418,0.5936

6 0.3774,0.5338,0.6538 33,36, 39,42

* Twist, 6, relates to spatial momenta through: ¢¥ = 67 /aN, 5



J/W — yn.: Interpolate to ¢* = 0
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J/U — n. in the continuum: interpolating to V(0)
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Summary results J/WU decays

This work —*— This work = 3]
PDG avg X
HPQCD "12 A
CLEO e
ETM "12 e
Crystal Ball —e—i
1.80 1.85 1.90 1.95 2.00 0.75 1.00 1.25 1.50 175 2.00 2.25 2.50
700) T (J/¥ = 3n.) [keV]
V(0) = 1.879(14) L (J/¥ — vne) = 2.256(41) keV

HPQCD '12 [1208.2855]
ETM '12 [1206.1445]
- . CLEO [0805.0252]
Fitting uncertainty only Crystal Ball Phys. Rev. D 34, 711
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Background

For form factor F(Q?%,Q3):

2 2
./Vl;w - (ge) F( %,Q%) G#Vpc’qfqg'

Form factor F'(0,0) then relates to the width:

D) 4
(e = ) = o () 213, 1F0,0)P



Lattice calculation

5.928
11.598
7.151
13.976
6.936
6.833

SO wWw N

N (2 o wi(ti—t) )
Cre—ory (L t) = <§e> . lltm dt; e C(ti,t,ty)
Ji et al. [hep-lat/0101014] & [hep-lat/0103007]
For on-shell photons:
71| = |zl Mo
wi] = = = —
1 1 2 5

* Twists 0 are chosen to give on-shell photons: § = aN; M, /2%
> M,, =2.9783 GeV



Fitting correlators

Fit two sets of correlators:

Nn No
C2Pt(t) = Z(an,i)2f(En,iv &) = Z(ao.,i)Q(_l)tf(EO,i’ t)

with
f(B,t) =e Pt 4 e EWNe—1),

and

Nn
C’r]cﬁw'y t) = Zan A% eXp Z Ao, 7, o, 7, eXP (7Eo,it)

@

Extract Flas(0,0) by:

bn,O

2
A{’Ic
2

* M, corresponds to ‘connected’ n. (HPQCD '20 [2005.01845])

Flatt(0,0) =



Ne — 7y in the continuum
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7. Results

Continuum result gives

F(0,0) = 0.08783(84)

From which we can determine the width:

L(ne = v7) = 6.78(13) keV

. . +2.2
Experimental average: 6.177°5 keV

Expectation in nonrelativistic limit (Czarnecki & Melnikov '01 [hep-ph/0109054]):
D(J/V — etTe 1 2 3
TUwoete) 1 <1+O(a5)+o<%>> o3
I'(ne = v7) 3Q% ¢ 4

Using HPQCD result for T'(J/¥ — etTe™) (HPQCD '20 [2005.01845]) we find:

I(J/¥ — ete™)

= 0.832(17)
T(ne = vY)



Summary and outlook

iy {J———

* T(J/U — yne) = 2.256(41) keV
» V(0) = 1.879(14)
* T'(ne = vy) = 6.78(13) keV
» F(0,0) = 0.08783(84)
T(J/¥ — ete)

L(ne = 77v)
» Suggests corrections to tree level (= 3/4) not substantial: O(10%)

* = 0.832(17)

* Results to be finalised in continuum + full error budget
* From full J/¥ — yn. we will obtain J/¥ — ete~
* Follow-on studies: n, — vy & w0 — 7Y
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Fitting the data

Capt(t, T = ty — &) =

NI)VNIl E T t
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Integrating over ¢

Ja

F(

T
—wi (ti—t
Cpoosyry(ty —1) = Z e 1 (=D Oy (83, 1, 1)
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We can define the ratio:

B (J/w — me*e*)

Ree =
« B (J/"/} - '777(:)
dRee  a V()| (1 4mg>% (1+ 2mg>
dg> ~ 3mq® | V(0) ¢ >

2 2
X <l + ¢’ > _ 4mJ/wq
M2, — M2 2 2
T/ ne (MJ/w - M,2]C>

Ree can be determined by integrating this function, so as to determine B (J/¢ — ncee™).

20



