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Abstract

Recently, Belle and BaBar Collaborations observed surprising suppression in the endpointJ/ψ spectrum, which stimulate
us to examine the endpoint behaviors of thee+e− → J/ψgg production. We calculate theJ/ψ momentum and angular dis
tributions for this process within the framework of the soft-collinear effective theory (SCET). The decreasing spectrum
endpoint region is obtained by summing the Sudakov logarithms. We also find a large discrepancy between the NR
SCET spectrum in the endpoint region even before the large logarithms are summed, which is probably due to the
only the scalar structure of the two-gluon system is picked out in the leading power expansion. A comparison with the
Υ → γgg is made.
 2004 Elsevier B.V.Open access under CC BY license.
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1. Introduction

Heavy quarkonium system plays an important r
in the development of quantum chromodynam
(QCD). The scale of the heavy quark mass guar
tees the applicability of perturbative QCD, meanwh
the nonperturbative physics presents itself thro
hadronization effects. In the past few years, one
developments in heavy quarkonium physics, ca
nonrelativistic quantum chromodynamics (NRQC
[1] which generalizes and improves the conventiona
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color-singlet model (CSM), has provided a succes
explanation of the surprising excesses ofJ/ψ andψ ′
productions at the Tevatron[2] by introducing color
octet contributions.

NRQCD factorization should be further examin
in other collider facilities, in particular,e+e− collid-
ers which provide a clean testing ground. SLAC a
KEK e+e− B factories are now running at or belo
the Υ (4s) resonance. At this energy, it was expec
in NRQCD that the inclusiveJ/ψgg process should
be dominant[3,4] and in the upper endpoint region
theJ/ψ momentum spectrum, there may exist a sh
peak as a clean signal of the color-octetcc̄g contribu-
tion [5].
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Recently, BaBar[6] and Belle[7,8] Collaborations
published their measurements on promptJ/ψ produc-
tions ine+e− collision at center-of-mass (c.m.) ener√

s = 10.58 GeV. It is really surprising to observ
that, according to Belle’s data[7,8], it is theJ/ψcc̄

process that dominates the inclusiveJ/ψ production
atB factories

σ
(
e+e− → J/ψcc̄

)
/σ

(
e+e− → J/ψX

)
(1)= 0.67± 0.12,

while the momentum distribution of the inclusiveJ/ψ

production shows a suppression, instead of an
pected) enhancement, in the upper endpoint regio

For the unexpectedJ/ψcc̄ dominance, it is argue
in Ref. [4] that a large renormalizationK factor might
be the answer. Recent investigation[9] also reveals
that the color-octet contribution toJ/ψ spectrum can
be broadened significantly by the large perturba
corrections and enhanced nonperturbative effects s
not to conflict with the surprising suppression in t
endpoint region observed by BaBar and Belle. Ho
ever a leading-order NRQCD calculation shows th
in the endpoint region, the color-singletJ/ψgg con-
tribution is not small at all, which seems to be s
in contradiction with the experimental observations
this work, we are stimulated to investigate the endp
behaviors of thee+e− → γ ∗ → J/ψgg production.

We note that, at the amplitude level,γ ∗ → J/ψgg

is very similar to the decayΥ → γgg. It has been
known several years ago that, at the endpoint of
photon spectrum in radiativeΥ decays, NRQCD is no
applicable due to the breakdown of both the per
bative expansion and the operator product expan
(OPE) [10]. The same arguments should also ap
for the case of theJ/ψ production. This is becaus
NRQCD only contains soft degrees of freedom at l
energy, but at the endpoint of the photon and/orJ/ψ

spectrum, the gluon jet should be almost collinear.
fix this problem, Fleming et al. proposed a combin
tion of NRQCD for the heavy degrees of freedom a
the soft-collinear effective theory (SCET)[11] for the
light degrees of freedom. With this method, the rad
tive Υ decays were investigatedin a series of paper
[12–14]which show an improved agreement with t
CLEO data[15]. Lately the same method was appli
to the color-octet contribution to the inclusiveJ/ψ

productione+e− → J/ψ +X [9]. By the use of the re
summation of Sudakov logarithms and the nonper
bative shape functions, the color-octetJ/ψ spectrum,
which is a sharp peak at maximal energy in leading
der calculations, could be significantly broadened
shifted to lower energies. This therefore would reso
the discrepancy between the color-octetJ/ψ produc-
tion and the experimental observations. According
the spirit of the Sudakov suppression in the endp
region, the authors in Ref.[4] adopted a phenom
enological approach to obtain an appropriate endp
spectrum for theJ/ψgg process instead of performin
a complete calculation in SCET.

In this Letter, we shall follow the same way
Refs.[9,13], namely SCET combined with NRQCD
to examine the endpoint behavior of the color-sing
J/ψgg mechanism.

2. Leading order SCET calculation

Several scales are involved in this process:
center-of-mass energy

√
s, theJ/ψ massMψ , and the

nonperturbative QCD scaleΛQCD. In this Letter we
will only consider the case where the ratioMψ/

√
s

is kept finite in the limit of infinite
√

s. In this point
of view, J/ψ can be taken as a heavy particle. In
kinematic endpoint region ofJ/ψ spectra, the failure
of NRQCD factorization and the relevance of SC
has been explained clearly in Refs.[9,13]. In brief, the
hadronic jet recoiling againstJ/ψ is not highly vir-

tual, mX ∼
√√

sΛQCD, compared with its large mo

mentum of order
√

s. This results in the OPE break
ing down, and therefore a new effective theory,
so-called SCET, is developed by including colline
degrees of freedom.

In SCET, it is convenient to write a momentu
in light-cone coordinates. Working in thee+e− c.m.
frame, we define the incoming electron and posit
moving along light-cone directionsnµ

e = (1,0,0,−1)

and n̄
µ
e = (1,0,0,1). The producedJ/ψ meson is

chosen to move in thex–z plane with momentum
P

µ
ψ = Mvµ = (E, | �P |sinθ,0, | �P |cosθ) (M is J/ψ

mass), and hence the light-cone vectors for two g
ons can be defined asnµ = (1,−sinθ,0,−cosθ) and
n̄µ = (1,sinθ,0,cosθ). Throughout this Letter, we
adopt a dimensionless variablez = | �Pψ |/P max

ψ , where
P max

ψ denotes the maximum value of theJ/ψ momen-
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ψ = √

s(1 − r)/2 ∼ 4.9 GeV. Here

r = M2/s ∼ 0.08. TheJ/ψ velocity v can be ex-
pressed as

(2)

vµ = (
v0, |�v|sinθ,0, |�v|cosθ

)
=

(√
(1− r)2

4r
z2 + 1,

1− r

2
√

r
zsinθ,0,

1− r

2
√

r
zcosθ

)
.

For the processe+e− → γ ∗ → J/ψX, the hadronic
jet has the momentumpµ

X = lµ − Mvµ − kµ, where
lµ = (

√
s,0,0,0) is the momentum of the virtua

photon andkµ is the residual momentum of thecc̄
pair within J/ψ . In the endpoint region, since th
hadronic jet is collinear along the light-cone directi
nµ, we can writepX ∼ √

s(1, λ2, λ) in then–n̄ light-
cone coordinate. WhenEmax

ψ − Eψ ∼ ΛQCD, p2
X is of

order 2
√

s(Emax
ψ − Eψ) ∼ 2

√
sΛQCD which implies

NRQCD factorization breaks down in this kinematic
region. Therefore SCET becomes relevant in the e
point region 1− z ∼ ΛQCD/M ∼ v2, and correspond
ingly the expansion parameterλ is of order

√
1− z in

this process.
Before going into details, it is helpful to notice th

similarity betweene+e− → γ ∗ → J/ψgg andΥ →
γgg. In fact the cross section ofJ/ψgg production
can be related to the “decay width” of the transvers
polarized virtual photonγ ∗ as follows[16]

dσ
(
e+e− → J/ψgg

)
(3)= 4παs−3/2 dΓ

(
γ ∗ → J/ψgg

)
,

where the polarization vector of the virtual photon s
isfies the following equation

(4)εµε∗ν = −gµν + n
µ
e n̄ν

e + nν
e n̄

µ
e

2
≡ −g

µν
⊥e .

It is then clear that, at the amplitude level, the effect
operator ofγ ∗ → J/ψgg should be formally the sam
as that ofΥ → γgg. Therefore the proof of SCET fac
torization for the former process is almost the sa
as that of the latter one, which has been elaborate
Ref. [13]. All of our following calculations will be in
parallel with those forΥ → γgg in Ref. [13].
To proceed, we shall first match from NRQCD on
SCET. Considering the gauge and reparametriza
invariance, the leading SCET color-singlet3S1 opera-
tor is given by[13]1

O
(
1, 3S1

)
= ψ†

pΛ · σ δχ−p

× Tr
{
Bα⊥Γ

(1,3S1)
αβδµ

(−n · vP̄,−n · vP̄†)Bβ
⊥
}

= ψ†
pΛ · σ δχ−p

(5)

× Tr

{
Bα⊥Γ

(1,3S1)
αβδµ

(
M(1− r)

r
,−n · vP−

)
B

β
⊥
}
.

whereψp andχ−p are the heavy quark and antiqua
fields from NRQCD, andB⊥ is the leading piece o
the collinear-gauge invariant gluon field strength[13].
The operatorP̄ (P̄†) projects out the large light-con
momentum components of the collinear fields to
right (left). The second line of the above equation
obtained by using the identityBα⊥n · v(P̄ + P̄†)B

β
⊥ =

−M(1− r)/rBα⊥B
β
⊥ and the definitionP− = P̄ − P̄†.

From the matching shown inFig. 1, we obtain the co-
efficient

Γ
(1,3S1)
αβδµ

(
M(1− r)

r
, n · vn̄ · q−

)

(6)

= −4g2
s eec√
6

r

M(1− r)
g⊥

αβ

(
gµδ + 1− r

2r
nµn̄δ

)
,

whereg⊥
αβ = gαβ − (nαn̄β +nβn̄α)/2, n̄ · q− = n̄ · q −

n̄ · q ′. q andq ′ are the momenta of two gluons.
According to the optical theorem, theJ/ψ mo-

mentum spectrum and angular distribution can be
pressed as

dΓ (γ ∗ → J/ψgg)

dzd cosθ

(7)= (P max
ψ )3z2

8π2
√

s
√

M2 + (P max
ψ )2z2

ImT (z, θ),

1 Here ‘leading’ means that the leading-order power expansio
in terms of the small parameterλ in SCET.
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Fig. 1. Matching the amplitude forγ ∗ → J/ψgg process in QCD and SCET.
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where the forward scattering amplitude is

T (z, θ) = −i

∫
d4x e−il·x ∑

X

〈0|J †
v (x)|J/ψ + X〉

(8)× 〈J/ψ + X|Jµ(0)|0〉gµν
⊥e.

In SCET, the following factorization formula can b
proved in the endpoint region

ImT (z, θ)

=
∑
ω

H

(
M(1− r)

r
,ω, z, θ,µ

)

×
∫

dk+ S
(
k+,µ

)

(9)

× ImJω

(
k+ + √

s − P max
ψ z

−
√

M2 + (
P max

ψ

)2
z2,µ

)
,

whereH , S and Jω are the hard function, ultraso
function and jet function, respectively. In order to o
tain the above formula, we match the QCD currentJµ

in Eq. (8) to the leading SCET color-singlet operat
Eq.(5)

Jµ(x) =
∑
ω

e−i(Mv−P̄(n/2))·xiΓ (1,3S1)
αβδµ (ω)

(10)× ψ†
pΛ · σ δχ−p Tr

{
Bα⊥δω,P−B

β
⊥
}
,

where the operator̄P in the phase factor will sum
the label momentum of the two collinear fieldsB⊥
and thus can be replaced by−√

s(1− r). The match-

ing coefficientΓ (1,3S1)
αβδµ (ω) is given in Eq.(6). Since

collinear fields in SCET are decoupled from ultras
gluons by field redefinition[11] andJ/ψ meson has
no collinear freedom, the forward scattering amp
tude in Eq.(8) can then be factorized by separati
the heavy quark fields into ultrasoft functions and
collinear gluon fields into jet functions. Specifical
the jet function is defined from the vacuum matrix e
ment of the collinear fields, which is exactly the sa
as that of the color-singlet radiativeΥ decay[13]

〈0|T Tr
[
B0α⊥ δω,P−B

0β
⊥

]
(x)Tr

[
B0α′

⊥ δω′,P−B
0β ′
⊥

]
(0)|0〉

≡ i

2

(
gαα′

⊥ g
ββ ′
⊥ + g

αβ ′
⊥ g

α′β
⊥

)
δω,ω′

(11)×
∫

d4k

(2π)4
e−ik·xJω

(
k+,µ

)
,

whereB0⊥ is the redefinition of the collinear field t
decouple from the ultrasoft gluons. To calculate the
function, one may directly evaluate the vacuum ma
element of the collinear fields, which is the left-ha
side of Eq.(11). Actually the jet function which is
independent of the heavy quark fields, should be
same for bothΥ → γgg andγ ∗ → J/ψgg processes
so it can be obtained directly from Ref.[13]. For our
purpose, only the imaginary part of the jet function
relevant, and at the lowest order inαs , it is

(12)ImJω

(
k+,µ

) = 1

8π
Θ

(
k+) 1∫

−1

dξ δω,
√

s(1−r)ξ .

Following Ref. [13], the ultrasoft function for this
process can be written as

S
(
k+,µ

)
=

∫
dx−

4π
e−(i/2)k+x−

× 〈0|χ†
−pσ iψp

(
x−)

a+
ψ aψψ†

pσ iχ−p(0)|0〉

(13)

= 〈0|χ†
−pσ iψpa+

ψ aψδ
(
in · ∂ − k+)

ψ†
pσ iχ−p|0〉,
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while the leading order hard function is computed a

H(ω, z, θ,µ)

= 2

3

(
4g2

s eecr√
6M(1− r)

)2

g
µν
⊥e

(
gµδ + 1− r

2r
nµn̄δ

)

×
(

gνλ + 1− r

2r
nνn̄λ

)(
gδλ − vδvλ

)

(14)= 32π2

3

(
4αseecr√
6M(1− r)

)2

F(z, θ),

where the explicit expression forF(z, θ) is

F(z, θ) = 2− sin2 θ

(15)+ sin2 θ

4r2

[
(1+ r)v0 − (1− r)|�v|]2

.

Herev is theJ/ψ velocity given in Eq.(2).
With these functions in hand, we obtain the expl

form for the imaginary part of the forward scatteri
amplitude in Eq.(9) as follows

ImT (z, θ)

= Θ(
√

s − Pψ − Eψ)
16π

3M

(
4αseecr√
6M(1− r)

)2

× F(z, θ)〈0|χ†
−pσ iψpa+

ψaψψ†
pσ iχ−p|0〉

= Θ(
√

s − Pψ − Eψ)
8Nc|R(0)|2

3M

(16)×
(

4αseecr√
6M(1− r)

)2

F(z, θ),

whereR(0) denotes the radial wave function ofJ/ψ

at the origin. Using the above equation, we arrive at
differential cross section in the tree-level SCET cal
lation2

dσtrSCET

dzd cosθ

= Θ(
√

s − Pψ − Eψ)
32(αsαec)

2Nc

9s

|R(0)|2
M3

(17)× r2(1− r)z2√
4r + (1− r)2z2

F(z, θ).

2 ‘The tree-level SCET calculation’ here is referred to the le
ing power calculation in SCET before the resummation over la
logarithms.
Since OPE breaks down and large logarithms a
as z approaches to 1, resummation over large lo
rithms is indispensable before comparing to the
perimental observations. In SCET, these logarith
can be resummed using renormalization group eq
tions (RGE). To do this, one has to first calcula
the anomalous dimension of the effective opera
(Eq. (5)). Fortunately, this effective operator is fo
mally the same as that which appears in the co
singlet radiativeΥ decays, therefore we can direc
read the anomalous dimension from Ref.[13]

(18)

γ (η) = 2

β0

{
CA

[
11

6
+ (

η2 + (1− η)2)
×

(
lnη

1− η
+ ln(1− η)

η

)]
− nf

3

}
.

With this anomalous dimension, one can then res
the large logarithms using RGE from the match
(hard) scale to the collinear scale. The collinear sc
should roughly be the invariant mass of the jet, nam

µc(z) =
√

2
√

s(Emax
ψ − Eψ(z)). However there is no

obvious clue what the matching scale should be
NRQCD calculations, this scale is often chosen
quarkonium massM, but in SCET it is found that
at least the hard scale for color-octetJ/ψ production
should be about−n · vP̄ = M(1− r)/r [9], according
to the logarithm that appears in the anomalous dim
sion calculations. As we know that, there is no la
logarithm far from the endpoint region, which mea
that the collinear scale, which is of the order of

√
s

for small z, should be comparable to the hard sca
Therefore in the following, we will naively choose th
hard scale asµh = √

s(1 − r), which is simply the
large light-cone component of the gluon jet mome
tum. Finally, the result for the resummed different
cross section is

dσresum

dzd cosθ

= Θ(
√

s − Pψ − Eψ)
32(αs(µh)αec)

2Nc

9s

× |R(0)|2
M3

r2(1− r)z2√
4r + (1− r)2z2

(19)× F(z, θ)

1∫
dη

(
αs(µc(z))

αs(µh)

)2γ (η)

.

0
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3. Results and discussions

It is understood that SCET is only valid at the lar
z region, while NRQCD should be fine in the sm
and mediumz region. Therefore in order to obta
a formula which can describe theJ/ψ production
in the whole kinematic region, one shall interpola
smoothly between the NRQCD and resummed SC
results. Here we propose an interpolating formula

(20)
dσint

dzd cosθ
= (1− z)

dσNRQCD

dzd cosθ
+ z

dσresum

dzd cosθ
.

Obviously the NRQCD contribution vanishes in t
limit of z = 1, and only the resummed contributio
survives, while at the smallz, the NRQCD contribu-
tion dominates. In addition, if one does not do a
expansion and resummation in SCET,σresum should
be replaced byσNRQCD and hence Eq.(20)will repro-
duce the NRQCD result.

The differential cross section for theJ/ψgg pro-
duction are restricted by unitarity, parity, and angu
momentum considerations. Its polar angle depende
can be parametrized into the form[3]

(21)
dσ

dzd cosθ
= S(z)

[
1+ α(z)cos2 θ

]
,

where the angular coefficientα(z) is generally lim-
ited in the interval−1 � α(z) � 1. This general form
has been confirmed directly by the calculations in
framework of NRQCD[3,4,16]. From Eqs.(15), (17)
and (19), it is easy to find that the tree-level and r
summed SCET results also keep the form of Eq.(21),
and furthermore, have the same coefficientα(z). As a
natural result, the interpolated resummed cross sec
in Eq.(20) follows the same behavior.

In our numerical estimation we use
√

s =
10.58 GeV andM = 2mc = 3.0 GeV. For simplicity,
we also normalize the cross section to a dimens
less quantity by a factorR = (128/3)αs(µh)

2α2e2
cM|R(0)|2/s3.

In Fig. 2(a), we show the momentum distributio
of the processe+e− → J/ψgg. The dashed, dot
ted, dot-dashed and solid curves correspond to
NRQCD, tree-level SCET, resummed SCET calcu
tions and the interpolated resummed result, res
tively. The NRQCD result is taken from Ref.[16],
while the tree-level SCET, resummed SCET and in
polated resummed results are obtained by integra
over the polar angle cosθ in Eqs.(17), (19) and (20).
As a cross-check of Eq.(17), one can see that the tre
level SCET result coincides with the NRQCD one
the limit z → 1. Comparing to the NRQCD calcula
tion, the interpolated resummed momentum distri
tion is suppressed significantly not only in the lar
z region but also in the mediumz region. For exam
ple, atz = 0.9 the ratio of the interpolated resumm
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cross section and the NRQCD cross section is ab
0.4, while atz = 0.5 the ratio is still 0.6 which is
not quite close to unit. However, the large suppr
sion might be overestimated. This is because of
large discrepancy betweenthe NRQCD and tree-leve
SCET results. Although atz = 1, the NRQCD and
tree-level SCET results are exactly the same, wh
is guaranteed by the matching procedure, the t
level SCET spectrum deviates very quickly from t
NRQCD one asz departs from one. For instance,
z = 0.9, the tree-level SCET cross section is only h
of the NRQCD one. This indicates that the tree-le
SCET calculation may not be a good expansion of
NRQCD calculation even in the largez region. The
resummed SCET cross section is entirely based on
tree-level SCET calculation, as shown in Eqs.(17) and
(19), and therefore the over-suppression occurs a
interpolating between the NRQCD and the resumm
SCET contributions.

The discrepancy between the NRQCD and tr
level SCET results can be further investigated by
J/ψ angular distribution. InFig. 2(b), we show the
angular coefficientα defined in Eq.(21) as the func-
tion of z. The dashed, dotted and solid curves are
the NRQCD, tree-level SCET and the interpolated
summed results, respectively. The resummed SC
result has the sameα(z) as that of the tree-level SCET
α in the NRQCD calculation is around zero in t
region z < 0.85, while falls off rapidly asz > 0.85.
At z = 1, α is about−0.85. In contrast,α in the
tree-level or resummed SCET result almost does
change withz. This behavior provides some hint abo
why the tree-level SCET result does not match w
the NRQCD one very well at largez. It was known
that at the end pointz = 1, only the scalar compone
of the gluon–gluon system is allowed, which giv
α = −0.85 [17]. Apart from the end point, other sp
components should be involved and might give do
nant contributions which increaseα fast to be around
zero with decreasingz. The leading SCET expansio
in the small parameterλ ∼ √

1− z, which gives rise to
a scalar operator for the gluon-gluon system (Eqs.(5)
and (6)), cannot describe the contributions from oth
spin components. This implies that the power cou
ing rules of SCET might break down due to som
yet unknown reasons. One possibility is that part of
the power suppressed contributions might be kinem
ically enhanced significantly. If this were true, o
would have to match onto SCET to the next-to-lead
order inλ, obtain the power suppressed operators
their coefficients, and then perform the resumma
procedure. However this complicated calculation g
far beyond the purpose of this Letter.

It is well known that the scale ofJ/ψ is a little awk-
ward for the application of NRQCD, thus one mig
worry whether the discrepancy between the NRQ
and tree-level SCET results is just an illusion. T
key observation here is that, the only dimensionl
parameter in this process isr = M2/s. Therefore the
normalized cross sectionσ/R, which is dimension-
less, should only depend onr. That means even i
a model world in whichJ/ψ could be chosen to b
very heavy (for example 30 GeV), theJ/ψ momen-
tum spectrum would still be the same as that show
in Fig. 2 if r = M2/s is taken to be fixed by increas
ing the c.m. energy

√
s correspondingly. That is to

say, even in a model world in which the application
NRQCD is guaranteed by very massiveJ/ψ and the
perturbative treatment of jet function is guaranteed
the larger c.m. energy

√
s, the large discrepancy be

tween the NRQCD and tree-level SCET calculatio
would still be there.

As we have emphasized before the similarity
tween the radiativeΥ decayΥ → γgg and the inclu-
sive J/ψ productionγ ∗ → J/ψgg, one might natu-
rally ask whether there is similar trouble for the form
case. As shown in Ref.[13], for the photon momen
tum spectrum, there is no significant discrepancy be
tween the NRQCD and tree-level SCET results for
radiativeΥ decay. However Ref.[13] has not inves-
tigated the angular distribution of photons. Consid
ing the processe+e− → Υ → γgg at CLEO, Υ is
transversely polarized in the c.m. frame. Accordingly
the ultrasoft matrix element, which is proportional
vδvδ′ − gδδ′

in Ref. [13] (v is the Υ velocity), now
should change to be proportional to−gδδ′

⊥e (Eq. (4))
by using vacuum-saturation approximation. Perfo
ing an analogous calculation as what we have don
the last section, we obtain the differentialΥ decay rate
in the tree-level SCET

(22)
dΓtrSCET

Γ0 dzd cosθ
= 3

8
z
(
1+ cos2 θ

)
,

wherez = 2Eγ /MΥ andθ is the scattering angle be
tween the momentum of the outgoing photon and
electron beamline in the c.m. frame. HereΓ0 is a nor-
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hed
lated
Fig. 3. The momentum distribution (a) and angular coefficientα(z) (b) for e+e− → Υ → γgg process. The dashed, dotted and dot-das
curves correspond to the NRQCD, tree-level SCET and resummed SCET calculations, respectively. The solid curve is for the interpo
resummed results.
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malization constant. Eq.(22)indicates that the angula
coefficientα(z) defined in Eq.(21) is always equal to
unity at anyz in the SCET calculation.

The resummed SCET momentum distribution is
same as that in Ref.[13], while we choose the inter
polation way as in Eq.(20) in order to give an in-
terpolated resummed result for both momentum
angular distribution.

In Fig. 3, we show the momentum distributions a
the coefficientα of the radiativeΥ decay as the func
tion of z in the NRQCD (the dashed line), the tre
level SCET (the dotted line), the resummed SCET (
dot-dashed line) and the interpolated resummed ca
lations. The NRQCD result is taken from Ref.[18].
It is clear that although the momentum distributi
in the tree-level SCET calculation is close to that
NRQCD, the large difference ofα(z) still exists in the
end point region. Similar with theJ/ψgg production,
the gluon–gluon system here also leaves only sc
component at the end pointz = 1 [19]. Therefore the
NLO matching onto SCET might also play an impo
tant role in this process.

In this Letter, we studied the collinear suppress
effect in the processe+e− → J/ψgg and performed
a leading power calculation in SCET. We obtain
the decreasingJ/ψ spectrum in the endpoint regio
which comes from the Sudakov logarithms suppr
sion, and combine our SCET result with the NRQC
calculation. We then showed the momentum and
gular distributions forJ/ψ in SCET and compare
with the NRQCD results. Surprisingly, we found th
even before the resummation over large logarith
there already exists a large discrepancy between th
SCET and NRQCD results in the endpoint region
J/ψ spectrum. A similar discrepancy is also fou
in the angular distribution of the radiativeΥ decay.
Therefore it should be highly interesting to have f
ther investigations, for example, including the pow
suppressed contributions, on these processes.
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