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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
* Photons are clean objects; not as messy as QCD
* J/W — ync: Some tension between branching fractions

from lattice QCD and experimental result @

* ne — v less clear
» some lattice calculations exist (but without realistic sea quark

content)
» experimental results give no clear consensus

This work

* Precise calculation by using Highly Improved Staggered Quark (HISQ) action
» Very good action for charm, c.f. previous HPQCD work

* Calculate these decays with realistic sea
» Effect of 24+1+1 quarks

* 1-2% uncertainties, so more accurate now than experiment

Full details in [arXiv:2305.06231] (to appear in Phys. Rev. D. imminently!)



Lattice details

2+ 1+ 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
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Charm mass accurately tuned through measurement of J/1) meson
» (HPQCD '20 [2005.01845])
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Lattice calculation
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Ji & Jung [hep-lat/0101014] & [hep-lat/0103007]:
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* For on-shell photons:
w1 =|q1] = |G| = —=

* Impart momentum (6 in picture) to tune wi

* Currents require renormalisation; we use RI-SMOM scheme



Fitting correlators
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Fit two sets of correlators:
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Extract form factor Fi, (0, qg) by:
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which, when q% = 0, relates to the width for two on-shell photons:
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Ne — 7y in the continuum
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7. Results

Continuum result gives

F(0,0) = 0.08793(29) 5 (26)syst GeV !

From which we can determine the width:

T'(ne — ) = 6.788(45)a¢ (41)syst keV
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PDG fit: 5.15(35) keV <+——————— 2 =118 for 81 d.o.f.; p = 0.005



Nonrelativistic relations

Expectation in nonrelativistic limit:

I(J/Y — ete~ 3 f 1
W 2T W =3 (1 + O(as) + (9(1)2/02)>

J/P
/

(Czarnecki & Melnikov '01 [hep-ph/0109054]):
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Mj/y & fj/y from HPQCD '20 [2005.01845]:



J/W — yne



Lattice calculation
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From which the decay width is found:
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1.90

Viatt(0) = 1.8649(73)gi¢ (75)syst

! 3 % ]
O Set1 A Set4
A Set 2 b Sets
®  Set3 Set 6
@ Set 3A
0.0 0.1 0.2 0.3 0.4 0.5 0.6

a? [GoViQ]
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Summary results: J/¢ — 1.
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Product of fractions

* Product of J/1 — yn. and n. — vy measured at by CLEO and BESIII
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J/VU — nete”



J/U — nee™
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Follow-on study

Follow-on study: 7, — vy



Follow-on study

Follow-on study: @ Prediction



Follow-on study

Follow-on study: Prediction

0.020

&} 21 /M3 H

E/ 2f,,b/M;-,’h
A a=~0.06fm
0 a=~~0.044 fm

0.000 0.001 0.002 0.003 0.004
a? [fmz]




0.090 -
3 o = =8 = 195
0.085
e 1.90
: L
Z 0.080 © —
8 T1ss| o @]% 2 % L
50075 = %
= & mmi=5 o 180{ & setl G Setd
= 0070] & Physical my D Set2 §  Sets
@ Mistuned m, (3A) 175 D set3 Set 6
0.065] @  Ilink vector current o O set3A
00 0T 02 03 04 05 06 —0010 —0.005 0.000 0.005 0010 0.015
a* [Gev?] ¢ (GeV?)

* L(ne — vy) = 6.788(45)5i¢ (41)syst keV
» F(0,0) = 0.08793(29) ¢ (26)syst GeV 1
* T(J/¥ = yne) = 2.219(17) 64 (18)syst (24) expt (4) QED keV
> Viate(0) = 1.8649(73)ge (75)ayet
* T(J/W — eTe™) = 0.01349(15) 1444 (15)expt (13) quD keV
* New/updated information to make picture more clear from experiment side would
be welcome!



Summary
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EXTRA STUFF



I'(n. — ~7y) lattice comparison
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) — yne: lattice results
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