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Two dominant singe-photon transition processes:
1) Electric dipole transitions (E1)
1) Magnetic dipole transitions (M1)
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In the non-relativistic limit
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Two dominant singe-photon transition processes:
1) Electric dipole transitions (E1)
ii) Magnetic dipole transitions (M1)

In the non-relativistic limit
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Two dominant singe-photon transition processes:
1) Electric dipole transitions (E1)
1) Magnetic dipole transitions (M1)

In the non-relativistic limit
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n = n' Allowed transitions
n # n' Hindered transitions
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Only one direct experimental measurement existed for long time:

There were also several measurements of the
and one independent measurement of
From them, one obtained

Recently, CLEO found

The combination of these independent measurements leads to
with a 13% error

from I'(J/¥,¥(2S)—yn )
from yy or pp production
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The LO NR expressions for the M1 transitions do not account well
enough for the data.

So one needs to supplement them with higher order corrections.

EFT provide a systematic and controlled way of doing that.

In the case of Quarkonia they are NRQCD (Caswell, Lepage '86) (Bodwin,
Braaten and Lepage '95), PNRQCD (Pineda, Soto '97) (Brambilla, Pineda, Soto, Vairo '99)
that exploit the hierarchy of scales the problem has.
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The LO NR expressions for the M1 transitions do not account well
enough for the data.

So one needs to supplement them with higher order corrections.

EFT provide a systematic and controlled way of doing that.

In the case of Quarkonia they are NRQCD (Caswell, Lepage '86) (Bodwin,
Braaten and Lepage '95), PNRQCD (Pineda, Soto '97) (Brambilla, Pineda, Soto, Vairo '99)
that exploit the hierarchy of scales the problem has.

PNRQCD already introduced by Antonio
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-'E: pNRQCD = ] r.'li.r:?".'r‘ Tr {I:m ":1.1-1 - eeg | DS

The matching procedure gives the coefficients that appear at a given order in the v expansion

VIS

|
No large quarkonium anomalous magnetic moment
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(due to reparametrization/Poincaré invariance)

6" VIENNA CeENTRAL FEUROPEAN SEMINAR J/q’_’\mc

ON ParTICLE PHYSICS AND QUANTUM FIELD THEORY Pablo Roig (LPT, Orsay)



J\ -/J ’J ; ' S o ;] S ' {-.:]Jr o f_F_QBHm} g

(due to reparametrization/Poincaré invariance)

6" VIENNA CeENTRAL FEUROPEAN SEMINAR J/q’_’\mc

ON ParTICLE PHYSICS AND QUANTUM FIELD THEORY Pablo Roig (LPT, Orsay)



Vid

ST, - eegB™} S

(due to reparametrization/Poincaré invariance)

(due to reparametrization invariance)
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The normalization scale for a_ is the charm quark mass (in the contribution inherited from the
quark magnetic moment) and the typical momentum transfer (for that one coming from the
Coulomb potential). .

o T/ ) /2 = 0.8 GeV
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The function ae(ky) has been discussed in (Manohar, Ruiz-Femenia '03, Ruiz-
Femenia '07, '09) (Voloshin '03)
We have checked the results in these papers for the orthopositronium
decay spectrum in (p)NRQED.
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— EI1 transition
—— M1 transition
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function. Total hackeround i=s given bw the dashed line. The dot-dashed curves indicate two major
backgroumd components described in the text.
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Radiative decays of quarkonia are/will be subject of research in

One can take advantage of fhe hierarchy of scales the problem

has and develop an EFT approach ( ) able to study them
systematically.
Within pNRQCD at O(v*) one obtains in agreement

with experiment.
A description of the lineshape of this process is currently in

progress: and
We find that the contribution overcomes completely that of
We still have to get the background subtracted data to compare

our predictions to it.
We are also considering the importance of fragmentation

contributions in the low-E region.
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