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SUMMARY:

• Radiative transitions: Basics

• Experimental data on J/Y → hc g

• EFT framework: pNRQCD

• Lineshape in J/Y → hc g using pNRQCD

• Summary
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Radiative transitions: Basics

There are two dominant single-photon transition processes:
i) Electric dipole transitions (E1)
ii) Magnetic dipole transitions (M1)
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Radiative transitions: Basics

There are two dominant single-photon transition processes:
i) Electric dipole transitions (E1)
ii) Magnetic dipole transitions (M1)

In the non-relativistic limit

If kγ<r>  << 1

• n = n' Allowed transitions
• n ≠ n' Hindered transitions
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Experimental data on J/Y → hc g

• Only one direct experimental measurement existed for long time:
G(J/Ψ→γ ηc)=(1.14 + 0.23) keV (Crystal Ball '86)

• There were also several measurements of the BR(J/Ψ→γ ηc→γ f f )

and one independent measurement of BR(ηc→ f f)   (Belle '03)
From them, one obtained G(J/Ψ→γ ηc)=(2.9 + 1.5) keV

• Recently, CLEO found G(J/Ψ→γ ηc)=(1.85 + 0.08 + 0.28) keV (CLEO '08)

•The combination of these independent measurements leads to
G(J/Ψ→γ ηc)=(1.44 + 0.18) keV with a 13% error

mηc
= (2977.3 + 1.3) MeV from G(J/Ψ,Ψ(2S)→γ ηc) vs.

mηc
= (2982.6 + 1.0) MeV from g g or pp production
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Experimental data on J/Y → hc g

ηc line shape in the CLEO analysis
CLEO PRL 102(09)011801

 Input: two background sources
• a MC modeled background for spurious
J/Y → X:
bkg(1)(E) = N[exp(−5.720E) +

10.441 exp(−33.567E)+
• a freely fit background for J/Y → p0 X and 
non-signal J/ Y → X:
bkg(2)(E) = A + B E + C E2

 a theoretical line shape
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Experimental data on J/Y → hc g

ηc line shape in the CLEO analysis
CLEO PRL 102(09)011801

 Input: two background sources
• spurious J/Y → X:
bkg(1)(E) = N[exp(−5.720E) +

10.441 exp(−33.567E)+
• J/Y → p0 X and non-signal J/ Y → X:
bkg(2)(E) = A + B E + C E2

 a theoretical line shape given by

E3 × BWrel(E) × damping(E), where

• BWrel(E)-1 =
(M2

J/Y −2 MJ/YE−M2
hc

)2 +(M2
J/Y −2MJ/YE)2Ghc

• damping(E) =
exp*−E2/(8 × ([65.0 ± 2.5] MeV)2)]
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ηc line shape in the CLEO analysis
CLEO PRL 102(09)011801

 Input: two background sources
• spurious J/Y → X:
bkg(1)(E) = N[exp(−5.720E) +

10.441 exp(−33.567E)+
• J/Y → p0 X and non-signal J/ Y → X:
bkg(2)(E) = A + B E + C E2

 a theoretical line shape given by

E3 × BWrel(E) × damping(E), where

• BWrel(E)-1 =
(M2

J/Y −2 MJ/YE−M2
hc

)2 +(M2
J/Y −2MJ/YE)2Ghc

• damping(E) =
exp*−E2/(8 × ([65.0 ± 2.5] MeV)2)]

Experimental data on J/Y → hc g

mηc
= (2982.2 + 0.6) MeV

 Output

One gets this shape assuming harmonic oscillator wf’s and keeping the interaction unexpanded. Then, it
should be ∼ 1/r ∼ p ∼ 800 MeV!!!!
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Experimental data on J/Y → hc g

ηc line shape in the KEDR analysis
KEDR arXiv:1002.2071

 Input: as before, but also
damping′(E) =E2

peak/[E Epeak+(E − Epeak)
2]

 Output:
mηc

Gηc
(2979.7 ± 1.6) MeV   (26.9 ± 4.8) MeV
(2979.4 ± 1.5) MeV (27.8 ± 5.1) MeV
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Experimental data on J/Y → hc g

ηc line shape in the KEDR analysis
KEDR arXiv:1002.2071

 Input: as before, but also
damping′(E) =E2

peak/[E Epeak+(E − Epeak)
2]

 Output KEDR:
mηc

Gηc
(2979.7 ± 1.6) MeV   (26.9 ± 4.8) MeV
(2979.4 ± 1.5) MeV (27.8 ± 5.1) MeV

mηc
= (2982.2 + 0.6) MeV

 Output CLEO:
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EFT framework: pNRQCD
● 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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● 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.

Scales:
• <p> ∼ 1/<r> ∼mcv ∼ (0.7-1) GeV≫ LQCD

• EJ/Y ≡ MJ/Y − 2mc ∼mcv
2 ∼ 400 MeV - 600 MeV≪ 1/<r>

• MJ/Y − Mhc
∼mcv

4 ∼ 120 MeV≪ EJ/Y

• 0 MeV ≤ E ≤ (400 – 500) MeV ≪ 1/<r> 
(E ∼mcv

2 if allowed) (E ∼mcv
4 if hindered)

• Ghc
∼ 30 MeV≪mcv

4



It follows that the system is

(i) non-relativistic,

(ii) weakly-coupled at the scale 1/<r>: v ∼ aS ,

(iii) that we may multipole expand in the external photon energy.
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An EFT approach: degrees of freedom
Degrees of freedom at scales lower than mv:

• c-c states, with energy ∼ LQCD, mcv
2 and momentum < mcv ⇒ (i) singlet S (ii) octet O

• Gluons with energy and momentum ∼ LQCD, mcv
2 

• Photons of energy and momentum lower than mcv

It follows that the system is
(i) non-relativistic,

(ii) weakly-coupled at the scale 1/<r>: v ∼ aS ,
(iii) that we may multipole expand in the external photon energy.
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(Brambilla, Pineda, 
Soto, Vairo ‘06)
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EFT framework: gpNRQCD
(Brambilla, Jia and Vairo ‘06)
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EFT framework: gpNRQCD

E1 at O(1)

M1 at O(1)

The matching procedure gives the coefficients V that appear at a given order in the v-expansion
For the M1 potential (≡V1):
V1=(hard)x(soft);
(hard)=cF

em=1+2aS(mc)/3p+...
(soft) = 1
No large quarkonium anomalous magnetic moment
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EFT framework: gpNRQCD
M1 at O(v2)

To all orders:
(hard) = 2 cF- cS = 1; (soft) = r2 Vs'/2
(due to reparametrization/Poincaré invariance) (Brambilla, Gromes, Vairo '03)
V2 = r2 Vs'/2
V3 = 0 (No scalar interaction)

(≡ V2)

(≡ V3)
(≡ V4)

(hard) = 1(due to reparametrization invariance)(Manohar '97)
V4 = 1 + O(aS soft contributions)
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Lineshape in J/Y → hc g using pNRQCD

Up to O(v2) this transition is completely accessible to perturbation theory

The normalization scale for aS 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).
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Lineshape in J/Y → hc g using pNRQCD

However, the theoretical (EFT) description of the decay J/Ψ→γ ηc is not a priori what 
should be directly compared to CLEO data
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Lineshape in J/Y → hc g using pNRQCD
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Lineshape in J/Y → hc g using pNRQCD

The function ae(kg ) has been discussed in (Manohar, Ruiz-Femenia '03, Ruiz-Femenia '07, '09). 
(Voloshin '03) gave a closed analytical form for it.
We have checked the results in these papers for the orthopositronium decay spectrum in 
(p)NRQED. (Caswell, Lepage ‘86)

ortoPositronium → 3g
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Lineshape in J/Y → hc g using pNRQCD
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Lineshape in J/Y → hc g using pNRQCD
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CLEO way
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CLEO way without exponential suppression
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pNRQCD plus exponential suppression



Lineshape in J/Y → hc g using pNRQCD

hc mass and width in radiative J/Y decays
Pablo Roig

LPT (CNRS), Orsay (France)
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CONCLUSIONS
● Radiative decays of quarkonia are/will be subject of
research in CLEO-c, BaBar, Belle, BES-III.
● One can take advantage of the hierarchy of scales the
problem has and develop an EFT approach (pNRQCD) able to
study them systematically.
● Within pNRQCD at O(v2) one obtains G(J/Ψ→γ ηc) in
agreement with experiment.
● A description of the lineshape of this process is currently in
progress: G(J/Ψ→γ ηc) and mηc

.
● We find that the M1 contribution overcomes completely
that of E1.
● Getting the br from the lineshape is not straightforward.



SKIPPED SLIDES
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Our bad high-energy behaviour
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CLEO bad high-energy behaviour
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Our fit including pseudodata
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CLEO way with pseudodata
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CLEO way with pseudodata
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Multiple expanding or not multiple expanding?
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Not multiple expanding
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Not multiple expanding with pseudodata


