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Charmonium decays

F Decays with photons can be used as tests of our

understanding of internal structure of mesons from strong

interaction physics

F J/Ψ→ γηc: Some tension between branching fractions

from lattice QCD and experimental result

F ηc → γγ less clear:

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

I Lattice results exist for quenched & 2 sea quark flavours: low

decay rate & tension with PDG fit

I Recent Nf = 2 result (Lui et al [2004.03907]) better, but

still 14% error

F This work:

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

◦ Effect of 2+1+1 quarks
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Lattice details

F 2 + 1 + 1 HISQ gauge ensembles provided by MILC Collaboration

F Lattice spacings from ≈ 0.15 fm down to ≈ 0.06 fm

F Combination of ms/ml = 5 and physical ml

F Valence charm quarks also use HISQ formalism

set a [fm] N3
x ×Nt amsea

l amsea
s amsea

c amval
c

1 0.15424(82) 163 × 48 0.013 0.065 0.838 0.888

2 0.15088(79) 323 × 48 0.00235 0.064 0.828 0.873

3 0.12404(66) 243 × 64 0.0102 0.0509 0.635 0.664

3B 0.12404(66) 243 × 64 0.0102 0.0509 0.635 0.654

4 0.12121(64) 483 × 64 0.00184 0.0507 0.628 0.643

5 0.09023(48) 323 × 96 0.0074 0.037 0.440 0.450

6 0.05926(33) 483 × 144 0.0240 0.0240 0.286 0.274
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J/Ψ → γηc



Background

For electromagnetic current jµc = 2e
3
c̄γµc:

〈
ηc
(
p′
)
|jµc | J/ψ(p)

〉
=

V
(
q2
)

MJ/ψ +Mηc

εµαβσp′αpβε
J/ψ
σ

Γ (J/ψ → γηc) =
1

4π

4

3

|~q |3(
Mηc +MJ/ψ

)2 |V (0)|2

|~q | =
(
Mηc +MJ/ψ

) (
MJ/ψ −Mηc

)
2MJ/ψ

For our lattice calculation it is useful to define V̂ :

V (q2) = 2×
2e

3
× V̂ (q2)
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Lattice calculation

×
× ×<latexit sha1_base64="Epg7rDm9j5tpwWAob3YCEhuBLWE=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiS1pXZXdOOygn1AE8JkOmmHziRhZiKUUNz4K25cKOLWr3Dn3zhNY/F1YODcc+7lzj1+zKhUlvVhLC2vrK6tFzaKm1vbO7vm3n5HRonApI0jFomejyRhNCRtRRUjvVgQxH1Guv74cuZ3b4mQNApv1CQmLkfDkAYUI6Ulzzx0hohz5NWgEynKiYRfgmeWrLKVAf4ldk5KIEfLM9+dQYQTTkKFGZKyb1uxclMkFMWMTItOIkmM8BgNSV/TEOltbpqdMIUnWhnAIBL6hQpm6veJFHEpJ9zXnRypkfztzcT/vH6ignM3pWGcKBLi+aIgYVBFcJYHHFBBsGITTRAWVP8V4hESCCudWjELodGo1s8ai5N1CLq0KpWF0qmU7VrZuq6Wmhd5HAVwBI7BKbBBHTTBFWiBNsDgDjyAJ/Bs3BuPxovxOm9dMvKZA/ADxtsnbSOW+g==</latexit>

�5 ⌦ �5

<latexit sha1_base64="MaX3O6d+AjRzHjVZf5rrsTn55TM=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWnpYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUys5l2W5VS43rLI48OkGn6Bw5qIYa6BY1URtRBOgRPaMX6956sl6tt2Vpzsp6jtEPWO9f/LONOg==</latexit>

t
<latexit sha1_base64="w2DSomanrs0xfpB654oFBnLwWWM=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARPYSZGYm5BLx4jmgWSIfR0epImPQvdNUIY8glePCji1S/y5t/YSYbg9qDh9XtVVNXzYik02vantbK6tr6xmdvKb+/s7u0XDg5bOkoU400WyUh1PKq5FCFvokDJO7HiNPAkb3vj65nffuBKiyi8x0nM3YAOQ+ELRtFId9gX/ULRLtlzkL/EyUgRMjT6hY/eIGJJwENkkmrddewY3ZQqFEzyab6XaB5TNqZD3jU0pAHXbjpfdUpOjTIgfqTMC5HM1e8dKQ20ngSeqQwojvRvbyb+53UT9C/dVIRxgjxki0F+IglGZHY3GQjFGcqJIZQpYXYlbEQVZWjSyc9DqNUq1fPa8mQTgvna5fJSaZVLzkXJvq0U61dZHDk4hhM4AweqUIcbaEATGAzhEZ7hxZLWk/VqvS1KV6ys5wh+wHr/AncCjhY=</latexit>

ti
<latexit sha1_base64="GQztDhtP/VFRxlMwjiQO6qlqKc8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARPYSZGYm5BLx4jmgWSIfR0epImPQvdNUIY8glePCji1S/y5t/YSYbg9qDh9XtVVNXzYik02vantbK6tr6xmdvKb+/s7u0XDg5bOkoU400WyUh1PKq5FCFvokDJO7HiNPAkb3vj65nffuBKiyi8x0nM3YAOQ+ELRtFId9j3+4WiXbLnIH+Jk5EiZGj0Cx+9QcSSgIfIJNW669gxuilVKJjk03wv0TymbEyHvGtoSAOu3XS+6pScGmVA/EiZFyKZq987UhpoPQk8UxlQHOnf3kz8z+sm6F+6qQjjBHnIFoP8RBKMyOxuMhCKM5QTQyhTwuxK2IgqytCkk5+HUKtVque15ckmBPO1y+Wl0iqXnIuSfVsp1q+yOHJwDCdwBg5UoQ430IAmMBjCIzzDiyWtJ+vVeluUrlhZzxH8gPX+BXJ2jhM=</latexit>

tf

<latexit sha1_base64="caO5DPn7nhKTpGspucrbYzvZSOM=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiS1UrsrunFZwT6gCWEynbRDZ5IwMxFLKG78FTcuFHHrV7jzb5ymsfg6MHDuOfdy5x4/ZlQqy/owFhaXlldWC2vF9Y3NrW1zZ7cto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX90MfU7N0RIGoXXahwTl6NBSAOKkdKSZ+47A8Q58m6hEynKiYRfgmeWrLKVAf4ldk5KIEfTM9+dfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE/TEOltbpqdMIFHWunDIBL6hQpm6veJFHEpx9zXnRypofztTcX/vF6igjM3pWGcKBLi2aIgYVBFcJoH7FNBsGJjTRAWVP8V4iESCCudWjELoV6v1k7q85N1CLq0KpW50q6U7dOydVUtNc7zOArgAByCY2CDGmiAS9AELYDBHXgAT+DZuDcejRfjdda6YOQze+AHjLdPPL2XgA==</latexit>

�x ⌦ �x

<latexit sha1_base64="lzxrtCDk4In5fF8zJekuNGjUMUs=">AAACFHicbVDLTgIxFO3gC/GFunTTSExMTMiAEGRHdOMSE3kkMCGdUqChnZm0d4w44SPc+CtuXGiMWxfu/BsLDMTXSZqce869ub3HDQTXYNufVmJpeWV1Lbme2tjc2t5J7+7VtR8qymrUF75qukQzwT1WAw6CNQPFiHQFa7jDi4nfuGFKc9+7hlHAHEn6Hu9xSsBInfRJu0+kJJ07HBPAbR+4ZHouFOfktpPO2Fl7CvyX5GKSQTGqnfRHu+vTUDIPqCBat3J2AE5EFHAq2DjVDjULCB2SPmsZ6hGz1ommR43xkVG6uOcr8zzAU/X7RESk1iPpmk5JYKB/exPxP68VQu/MibgXhMA8OlvUCwUGH08Swl2uGAUxMoRQxc1fMR0QRSiYHFPTEMrlQum0vDjZhGBKO59fKPV8NlfM2leFTOU8jiOJDtAhOkY5VEIVdImqqIYoukeP6Bm9WA/Wk/Vqvc1aE1Y8s49+wHr/Am/Inps=</latexit>

�z�t ⌦ �5�x
<latexit sha1_base64="7RRu3NVi8rBFUk8xyQvzf7Slsf8=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsy0xba7ghuXFewD2qFk0kwbm5kMSUYoQ//BjQtF3Po/7vwb0+lQfB0InJxzL/fe40WcKW3bn1ZuY3Nreye/W9jbPzg8Kh6fdJWIJaEdIriQfQ8ryllIO5ppTvuRpDjwOO15s+ul33ugUjER3ul5RN0AT0LmM4K1kbpDqvGIjIolu2ynQH+Jk5ESZGiPih/DsSBxQENNOFZq4NiRdhMsNSOcLgrDWNEIkxme0IGhIQ6ocpN02wW6MMoY+UKaF2qUqt87EhwoNQ88UxlgPVW/vaX4nzeItd9wExZGsaYhWQ3yY460QMvT0ZhJSjSfG4KJZGZXRKZYYqJNQIU0hGazVq821yebEMzXrlTWSrdSdq7K1dtaqdXI4sjDGZzDJThQhxbcQBs6QOAeHuEZXixhPVmv1tuqNGdlPafwA9b7F5csj0o=</latexit>⌘c

<latexit sha1_base64="e6nGhJ+UTT5tRxD28RkZbven+gk=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqk4f2HZXcCOuKtgHtEPJpJk2NjMZkoxQhv6DGxeKuPV/3Pk3ptOh+DoQODnnXu69xw05U9q2P63M2vrG5lZ2O7ezu7d/kD886igRSULbRHAhey5WlLOAtjXTnPZCSbHvctp1p1cLv/tApWIiuNOzkDo+HgfMYwRrI3VuLgahYsN8wS7aCdBfUkpJAVK0hvmPwUiQyKeBJhwr1S/ZoXZiLDUjnM5zg0jREJMpHtO+oQH2qXLiZNs5OjPKCHlCmhdolKjfO2LsKzXzXVPpYz1Rv72F+J/Xj7RXd2IWhJGmAVkO8iKOtECL09GISUo0nxmCiWRmV0QmWGKiTUC5JIRGo1qrNFYnmxDM1y6XV0qnXCxdFiu31UKznsaRhRM4hXMoQQ2acA0taAOBe3iEZ3ixhPVkvVpvy9KMlfYcww9Y719CiI8T</latexit>

J/ 

θ

Set θ T = tf − ti
1 0.1750, 0.3031, 0.3914, 0.4631 12, 13, 14, 15, 16, 17

2 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

F Twist, θ, relates to spatial momenta through: qy = θπ/aNx 5



J/Ψ → γηc: Interpolate to q2 = 0

−0.010 −0.005 0.000 0.005 0.010 0.015
q2 [GeV2]

1.80

1.82

1.84

1.86

1.88

1.90

1.92

1.94

V̂
(q

2
)

V̂ (q2) set 6

V̂ (0)
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J/Ψ → γηc in the continuum: interpolating to V(0)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
(amc)

2

1.80

1.82

1.84

1.86

1.88

1.90

1.92

V̂
(0

)

Preliminary

ms/ml = 5

physical ml

V̂latt(0) = A×
[

1 +
3∑
i=1

κ
(i)
amc

(amc
π

)2i
+ κsea,cδ

sea,c + κval,cδ
val,c

+ κ
(0)
sea,udsδ

sea,uds
{

1 + κ
(1)
sea,uds(Λa)2 + κ

(2)
sea,uds(Λa)4

}]
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J/Ψ → γηc

−0.010 −0.005 0.000 0.005 0.010
q2
[
GeV2

]
1.75

1.80

1.85

1.90

1.95

V̂
( q

2
)

Preliminary

Set 2

Set 3

Set 4

Set 5

Set 6

Set 3B

Cont. fit
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Summary results J/Ψ decays

1.80 1.85 1.90 1.95 2.00

V̂ (0)

ETM ’12

HPQCD ’12

This work

P
re

lim
in

ar
y

0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50
Γ (J/Ψ→ γηc) [keV]

Crystal Ball

CLEO

PDG avg

This work

P
re

lim
in

ar
y

V̂ (0) = 1.879(14) Γ (J/Ψ→ γηc) = 2.256(41) keV

Fitting uncertainty only

HPQCD ’12 [1208.2855]
ETM ’12 [1206.1445]
CLEO [0805.0252]
Crystal Ball Phys. Rev. D 34, 711
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ηc → γγ



Background

For form factor F (Q2
1, Q

2
2):

Mµν = 2

(
2

3
e

)2

F
(
Q2

1, Q
2
2

)
εµνρσq

ρ
1q
σ
2 .

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

Γ(ηc → γγ) = πα2
em

(
2

3

)4

M3
ηc |F (0, 0)|2.
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Lattice calculation

1

×

1

× ×

<latexit sha1_base64="MaX3O6d+AjRzHjVZf5rrsTn55TM=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWnpYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUys5l2W5VS43rLI48OkGn6Bw5qIYa6BY1URtRBOgRPaMX6956sl6tt2Vpzsp6jtEPWO9f/LONOg==</latexit>

t
<latexit sha1_base64="w2DSomanrs0xfpB654oFBnLwWWM=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARPYSZGYm5BLx4jmgWSIfR0epImPQvdNUIY8glePCji1S/y5t/YSYbg9qDh9XtVVNXzYik02vantbK6tr6xmdvKb+/s7u0XDg5bOkoU400WyUh1PKq5FCFvokDJO7HiNPAkb3vj65nffuBKiyi8x0nM3YAOQ+ELRtFId9gX/ULRLtlzkL/EyUgRMjT6hY/eIGJJwENkkmrddewY3ZQqFEzyab6XaB5TNqZD3jU0pAHXbjpfdUpOjTIgfqTMC5HM1e8dKQ20ngSeqQwojvRvbyb+53UT9C/dVIRxgjxki0F+IglGZHY3GQjFGcqJIZQpYXYlbEQVZWjSyc9DqNUq1fPa8mQTgvna5fJSaZVLzkXJvq0U61dZHDk4hhM4AweqUIcbaEATGAzhEZ7hxZLWk/VqvS1KV6ys5wh+wHr/AncCjhY=</latexit>

ti
<latexit sha1_base64="GQztDhtP/VFRxlMwjiQO6qlqKc8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARPYSZGYm5BLx4jmgWSIfR0epImPQvdNUIY8glePCji1S/y5t/YSYbg9qDh9XtVVNXzYik02vantbK6tr6xmdvKb+/s7u0XDg5bOkoU400WyUh1PKq5FCFvokDJO7HiNPAkb3vj65nffuBKiyi8x0nM3YAOQ+ELRtFId9j3+4WiXbLnIH+Jk5EiZGj0Cx+9QcSSgIfIJNW669gxuilVKJjk03wv0TymbEyHvGtoSAOu3XS+6pScGmVA/EiZFyKZq987UhpoPQk8UxlQHOnf3kz8z+sm6F+6qQjjBHnIFoP8RBKMyOxuMhCKM5QTQyhTwuxK2IgqytCkk5+HUKtVque15ckmBPO1y+Wl0iqXnIuSfVsp1q+yOHJwDCdwBg5UoQ430IAmMBjCIzzDiyWtJ+vVeluUrlhZzxH8gPX+BXJ2jhM=</latexit>

tf

<latexit sha1_base64="caO5DPn7nhKTpGspucrbYzvZSOM=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiS1UrsrunFZwT6gCWEynbRDZ5IwMxFLKG78FTcuFHHrV7jzb5ymsfg6MHDuOfdy5x4/ZlQqy/owFhaXlldWC2vF9Y3NrW1zZ7cto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX90MfU7N0RIGoXXahwTl6NBSAOKkdKSZ+47A8Q58m6hEynKiYRfgmeWrLKVAf4ldk5KIEfTM9+dfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE/TEOltbpqdMIFHWunDIBL6hQpm6veJFHEpx9zXnRypofztTcX/vF6igjM3pWGcKBLi2aIgYVBFcJoH7FNBsGJjTRAWVP8V4iESCCudWjELoV6v1k7q85N1CLq0KpW50q6U7dOydVUtNc7zOArgAByCY2CDGmiAS9AELYDBHXgAT+DZuDcejRfjdda6YOQze+AHjLdPPL2XgA==</latexit>

�x ⌦ �x

<latexit sha1_base64="rs70hv97Ytzb6zJZuAmJlK7rJ7M=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiS1UrsrunFZwT6gCWEynbRDZ5IwMxFqKG78FTcuFHHrV7jzb5ymsfg6MHDuOfdy5x4/ZlQqy/owFhaXlldWC2vF9Y3NrW1zZ7cto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX90MfU7N0RIGoXXahwTl6NBSAOKkdKSZ+47A8Q58m6hEynKiYRfgmeWrLKVAf4ldk5KIEfTM9+dfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE/TEOltbpqdMIFHWunDIBL6hQpm6veJFHEpx9zXnRypofztTcX/vF6igjM3pWGcKBLi2aIgYVBFcJoH7FNBsGJjTRAWVP8V4iESCCudWjELoV6v1k7q85N1CLq0KpW50q6U7dOydVUtNc7zOArgAByCY2CDGmiAS9AELYDBHXgAT+DZuDcejRfjdda6YOQze+AHjLdPQu+XhA==</latexit>

�z ⌦ �z
<latexit sha1_base64="YxhiD/WBMCeMsqnQqLpPFOmXm14=">AAACFHicbVDLTgIxFO3gC/GFunTTSExMTMiAEGRHdOMSE3kkMCGdUqChnZm0d4w44SPc+CtuXGiMWxfu/BsLDMTXSZqce869ub3HDQTXYNufVmJpeWV1Lbme2tjc2t5J7+7VtR8qymrUF75qukQzwT1WAw6CNQPFiHQFa7jDi4nfuGFKc9+7hlHAHEn6Hu9xSsBInfRJu0+kJJ0ijgngtg9cMj0XbufkrpPO2Fl7CvyX5GKSQTGqnfRHu+vTUDIPqCBat3J2AE5EFHAq2DjVDjULCB2SPmsZ6hGz1ommR43xkVG6uOcr8zzAU/X7RESk1iPpmk5JYKB/exPxP68VQu/MibgXhMA8OlvUCwUGH08Swl2uGAUxMoRQxc1fMR0QRSiYHFPTEMrlQum0vDjZhGBKO59fKPV8NlfM2leFTOU8jiOJDtAhOkY5VEIVdImqqIYoukeP6Bm9WA/Wk/Vqvc1aE1Y8s49+wHr/Ami0nps=</latexit>

�5�t ⌦ �x�z

set θ

1 5.928

2 11.598

3 7.151

4 13.976

5 6.936

6 6.833

θ

Cηc→γγ (t, ti) =
(2

3
e
)2

lim
tf−t→∞

∫
dti e

−ω1(ti−t)C(ti, t, tf )

Ji et al. [hep-lat/0101014] & [hep-lat/0103007]

For on-shell photons:

ω1 = |~q1| = |~q2| =
Mηc

2

F Twists θ are chosen to give on-shell photons: θ = aNxMηc/2π

I Mηc = 2.9783 GeV
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Fitting correlators

Fit two sets of correlators:

C2pt(t) =

Nn∑
i

(an,i)
2f(En,i, t)−

No∑
i

(ao,i)
2(−1)tf(Eo,i, t)

with

f(E, t) = e−Et + e−E(Nt−t).

and

Cηc→γγ(t) =

Nn∑
i

an,ibn,i exp (−En,it)−
No∑
i

ao,ibo,i(−1)t exp (−Eo,it)

Extract Flatt(0, 0) by:

Flatt(0, 0) =
bn,0(
M2
ηc
2

)

F Mηc corresponds to ‘connected’ ηc (HPQCD ’20 [2005.01845])
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ηc → γγ in the continuum

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
(amc)

2

0.082

0.084

0.086

0.088

0.090

F
(0
,0

)
[ G

eV
−

1
]

Preliminaryms/ml = 5

physical ml

Flatt(0, 0) = F (0, 0)×
[

1 +
3∑
i=1

κ
(i)
amc

(amc
π

)2i
+ κsea,cδ

sea,c + κval,cδ
val,c

+ κ
(0)
sea,udsδ

sea,uds
{

1 + κ
(1)
sea,uds(Λa)2 + κ

(2)
sea,uds(Λa)4

}]
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ηc Results

Continuum result gives

F (0, 0) = 0.08783(84)

From which we can determine the width:

Γ(ηc → γγ) = 6.78(13) keV

Experimental average: 6.1+2.2
−1.9 keV

Expectation in nonrelativistic limit (Czarnecki & Melnikov ’01 [hep-ph/0109054]):

Γ(J/Ψ→ e+e−)

Γ(ηc → γγ)
=

1

3Q2
c

×
(

1 +O(αs) +O
(
v2

c2

))
≈

3

4

Using HPQCD result for Γ(J/Ψ→ e+e−) (HPQCD ’20 [2005.01845]) we find:

Γ(J/Ψ→ e+e−)

Γ(ηc → γγ)
= 0.832(17)
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Summary and outlook
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I F (0, 0) = 0.08783(84)

F
Γ(J/Ψ→ e+e−)

Γ(ηc → γγ)
= 0.832(17)

I Suggests corrections to tree level (≈ 3/4) not substantial: O(10%)

F Results to be finalised in continuum + full error budget
F From full J/Ψ→ γηc we will obtain J/Ψ→ e+e−

F Follow-on studies: ηb → γγ & π0 → γγ
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Th
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!
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Extra stuff



Fitting the data

C3pt(t, T = tf − ti) =

Nn,Nn∑
i,j

aγzγt⊗γ5γxn,i e−Ean,itVnn,ija
γ5⊗γ5
n,j e

−Ean,j (T−t)

−
Nn,No∑
i,j

(−1)T−taγzγt⊗γ5γxn,i e−Ean,itVno,ija
γ5⊗γ5
o,j e

−Eao,j (T−t)

−
No,Nn∑
i,j

(−1)taγzγt⊗γ5γxo,i e
−Eao,i tVon,ija

γ5⊗γ5
n,j e

−Ean,j (T−t)

+

No,No∑
i,j

(−1)T aγzγt⊗γ5γxo,i e
−Eao,i tVoo,ija

γ5⊗γ5
o,j e

−Eao,j (T−t).

C2pt(t) =

Nn∑
i

(an,i)
2f(En,i, t)−

No∑
i

(ao,i)
2(−1)tf(Eo,i, t)
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Integrating over t

Cηc→γγ(tf − t) =
T∑

ti−t=−T
e−ω1(ti−t)C3pt(ti, t, tf )

0 10 20 30 40
T/a

0.10

0.12

0.14

0.16

0.18

F
(0
,0

)/
a

Set 1

Set 3

Set 5
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Ree

We can define the ratio:

Ree =
B
(
J/ψ → ηce+e−

)
B (J/ψ → γηc)

.

dRee

dq2
=

α

3πq2

∣∣∣∣V (q2)

V (0)

∣∣∣∣2 (1−
4m2

e

q2

) 1
2
(

1 +
2m2

e

q2

)

×

(1 +
q2

M2
J/ψ
−M2

ηc

)
−

4m2
J/ψ

q2(
M2
J/ψ
−M2

ηc

)2


3
2

.

Ree can be determined by integrating this function, so as to determine B
(
J/ψ → ηce+e−

)
.
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