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Motivation and existing results

C-odd

Br[J/¥(1S) — ete™] = 5.971%
Br[Y(18) — eTe™] = 2.38%

Kiithn, Kaplan, Safiani 1979
generdlized VDM model

[[xe1 — ete™] ~0.46 eV
T[xe2 — ete™] ~0.014 eV

Denig, Guo, Hahnhart, Nefediev 2014

VDM model T'[x.1 — e+e_] ~ (0.1 eV
[[X(3872) — eTe™] 2 0.03 eV
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NRQCD factorisation framework

There are 3 well separated scales mv < mu <€ m vee @l

integrate out hard modes Bodwin, Braaten,Lepage 1994

QCD NRQCD
-
QED NRQED

eff. Lagrangian + power counting

= systematic approach

essential regions of loop momentum Beneke, Smirnov 1997

hard Ty D TS
k

soft ko ~ muv

potential ko ~mv®  k ~ mu

ultrasoft ko ~mv® k~mu



NRQCD factorisation framework

If the soft scale is quite large mv > Agep one can integrate over
soft modes and potential gluons

NRQCD PNRQCD
NRQED . pNRQED

This step can also be  Pineda, Soto 1998,
done systematically Brambilla, Pineda, Soto, Vairo 1999,2000



Decay amplitude within the NRQCD factorisation

—

A ~ mu < |l

A= / BAT(A)T[ae(A) = ete

expansion with respect to small U

soft hard



NRQCD factorisation: hard configuration

soft part is described within the NRQCD
HQET ﬁelds XI} 9Z) S _XIM (p?vbw = ww Wao = (176)
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power counting O(°P;) ~ v*

# of the non-perturbative constants is reduced Bodwin, Braaten,Lepage 1994
to one due to the heavy-quark spin symmetry
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NRQCD factorisation: hard configuration

A o~ U d3 A \IJ(A)A] T'[c(0) — ete™]

hard contributions are computed in pQCD

Kiithn, Kaplan, Safiani 1979
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” IR-sensitive | <

@ IR divergence indicates that correct factorisation formula
Includes one more fterm



NRQCD factorisation: ultrasoft configuration

additional contribution: k is ultrasoft kg~ mv? k ~ mu?

A% — [ / BAY(A) Ts[ec(PPy) = 72, 6e(3S1)]
pPNQCD

x H[ ce(°Sh) — een i an Soame=scn

pQCD soft-collinear QED

collinear lepton
|~ (F,0,0,F)

E~m



NRQCD factorisation: ultrasoft configuration

H[Ec(gsl) — ete |Ti[vE.e™ — e]
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soft-collinear QED

interaction of collinear leptons and soft photons = the soft Wilson lines
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NRQCD factorisation: ultrasoft configuration

additional contribution: k is ultrasoft kg~ mv? k ~ mu?

Al = [ / d*AW(A) Ts[ec(PPr) — iy ce(®S1))]

NQCD
P x H[ ce(°Sh) — een i an Soame=scn

pQCD soft-collinear QED
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NRQCD factorisation: matching
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Complete NRQCD factorisation

NK, Vanderhaeghen 2015
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Low energy effective theory for (0|O07(3S))Y1Y: [xes)

low energy effective theory

soft photon cannot resolve the quark degrees of freedom

NRQCD ===l |ow energy effective theory

degrees of freedom: soft photons & mesons: J/¥, x.;,7,...

Leff includes exact and approximates symmetries of NRQCD
in a systematic way using 1/m expansion



Effective Lagrangian

Casalbuoni et al, 1993
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Low energy effective theory

operator matching
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Low energy effective theory
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Effective Lagrangian

Vs / this term can be
‘ /4 associated with
Soft photon sector ~
P v QAQY)

N\

corresponding eff. coupling e :g" Xeg —> 1717 4+ s
‘y

N\

E, ~ A

UV divergent, scaleless and can be understood as the QED
renormalization of the contact term in effective theory

- in the following we
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The results for widths

_ 1 o
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Buchmiller-Tye potential
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Numerical estimates

mc=1.5GeV NK, Vanderhaeghen 2015

-

1o, MeV [[xc1 — e~ et], eV ['[xe2 — e eT], eV
300 0.060, - 0200973 - 0:023;, —= 0.091 | 0.036, +}0:02053 -+ 0:016;, = 0.072
400 0.063, - DI0OT33Y - 020117, 0.087 | [0.038, --00T7AY - 0:0135] = 0.068
500 0.0665 + DM0OTT,Y +0:004;, = 0.082 | 0.040, +10:015,5 + 0.0105 = 0.065

Comparison with other estimates:
E : . Ilxer — etTe ] ~0.46 eV
Kiihn, Kaplan, Safiani 1979 generalized VDM model e €+€_] 00l

Denig, Guo, Hahnhart, Nefediev 2014 VDM model T'[x.1 — eTe™] ~ 0.1 eV

Czyz, Kithn, Tracz , 2016  phenom. model (VDM?) I'xe1 — e+e_] ~ (0.078 eV
T[xez — eTe ] ~1.35 eV

vy + /|y | /| QED+ZT
I'(xe, =+ €7 e ) [eV]| 0.078 [0.073[0.003| 0.071
I'(xe, - €eTe”) [eV]] 135 [0.032/0.975 -




Summary

® The decay rate I'[x.; —eTe”] is computed using effective filed
theory framework

® There are two different contributions: hard (both photons
are hard) and ultrasoft (one photon is ultrasoft) which can
be described unambiguiosly

® Ultrasoft contribution can be computed within the low energy
effective theory framework (em sector of HH X PT)

® Nonperturbative contributions are presented in terms of matrix
elements in NRQCD. All these matrix elements are known and
related to the radial wave functions at zero.

® Higher order corrections in hard term are of order v¢ and can
not be very large numerically (expectation)






Suppressed decays 7. —!Tl" & xoo—>e'e”

dominant regions

—

hard ko~m k~m

collinear &k ~1; or s

ultrasoft & —1; ~ mv?

NK, Kupsc 2016

soft hard
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G 0> Br [nc — €+€_] — 2.5 < 10m
Br [ne = 7]




Suppressed decays 7. —!Tl" & xoo—>e'e”

dominant regions
hard ko~m  k~m

collinear k-~ 1 or s

Ist ultrasoft Kk — 11 ~ my

2nd ultrasoft k ~ mo”

NK, Kupsc 2016
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