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We investigate two exlusive reations with a �

+

pentaquark in the �nal state: eletro-

prodution of a K meson on the nuleon, and K

+

sattering on a neutron target produing

a lepton pair. These reations o�er unique opportunities to investigate the struture of

pentaquark baryons at parton level. We disuss the generalized parton distributions for

the N ! �

+

transition and give the leading order amplitude for these proesses in the

Bjorken regime.

1. Motivation

Several experiments have reported evidene for the existene of a narrow baryon reso-

nane �

+

with strangeness S = +1, whose minimal quark ontent is uudd�s [1℄. Triggered

by the predition of its mass and width in [3,4℄, the observation of this hadron promises

to shed new light on our piture of baryons in QCD. A fundamental question is how the

struture of baryons manifests itself in terms of the basi degrees of freedom in QCD,

at the level of partons. This struture at short distanes an be probed in hard exlu-

sive sattering proesses, where it is enoded in generalized parton distributions [5,6℄. In

Ref. [7℄ we introdued the transition GPDs from the nuleon to the �

+

and investigated

eletroprodution proesses where they ould be measured, hopefully already in existing

experiments at DESY and Je�erson Lab. The rossed hannel, where a timelike virtual

photon is produed together with the pentaquark, might be studied at intense kaon beam

failities presently under disussion [2℄.

�
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Figure 1. Example diagrams at leading order in �

s

for pentaquark eletroprodution

(left) and its timelike ounterpart (right) in the saling limit. In both ases three further

diagrams are obtained by attahing the photon to the quark lines in all possible ways.

The plus-momentum frations x and � refer to the average momentum P =

1

2

(p + p

0

) of

nuleon and pentaquark.

2. Proesses

We onsider the proesses

ep ! e

�

K

0

�

+

; en! eK

�

�

+

; (1)

K

+

n ! `

+

`

�

�

+

; (2)

where ` is an eletron or muon and where the �

+

subsequently deays into K

0

p or K

+

n.

The ase of K

�

eletroprodution was also disussed in Ref. [7℄. We are interested in the

Bjorken limit, whih for the eletroprodution proesses (1) is given by large Q

2

= �q

2

at �xed t = (p � p

0

)

2

and �xed saling variable x

B

= Q

2

=(2pq). For the rossed proess

(2) we take the limit of large Q

2

= q

2

at �xed t = (p � p

0

)

2

and �xed � = Q

2

=(2pk).

Four-momenta are spei�ed in Fig. 1.

Aording to the fatorization theorem for meson prodution [8℄, the Bjorken limit im-

plies fatorization of the exlusive amplitudes into a perturbatively alulable subproess

at quark level, the distribution amplitude of the meson, and a generalized parton distri-

bution (GPD) desribing the transition from the nuleon to the �

+

(see Fig. 1). The

arguments for fatorization in [8℄ do not rely on the photon being spaelike and an be

extended to the ase K

�

n! 

�

�

+

with the same nonperturbative input. The dominant

polarization of the spaelike or timelike photon is then longitudinal, and the orresponding

ross setions have a harateristi saling behavior as we will see below.

3. The transition GPDs and their physis

To de�ne the transition GPDs we introdue light-one oordinates v

�

= (v

0

� v

3

)=

p

2

and transverse omponents v

T

= (v

1

; v

2

) for any four-vetor v. The skewness variable
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� = (p� p

0

)

+

=(p + p

0

)

+

desribes the loss of plus-momentum of the inident nuleon and

is onneted with x

B

or � by � � x

B

=(2 � x

B

) or � � �=(2� � ) in the Bjorken limit. We

assume that the �

+

has spin J =

1

2

, isospin I = 0 and intrinsi parity either �

�

= 1 or

�

�

= �1. The hadroni matrix elements needed at leading-twist auray are

F

V

=

1

2

Z

dz

�

2�

e

ixP

+

z

�

h�

+

j

�

d(�

1

2

z) 

+

s(

1

2

z) jpi

�

�

�

z

+

=0; z

T

=0

;

F

A

=

1

2

Z

dz

�

2�

e

ixP

+

z

�

h�

+

j

�

d(�

1

2

z) 

+
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s(

1

2

z) jpi

�

�

�

z

+

=0; z

T

=0

(3)

with P =

1

2

(p + p

0

). The orresponding p! �

+

transition GPDs are de�ned by

F

V

=

1

2P

+

"

H(x; �; t) �u(p

0

)

+

u(p) + E(x; �; t) �u(p

0

)

i�

+�

(p

0

� p)

�

m

�

+m

N

u(p)

#

;

F

A

=

1

2P

+

"

~

H(x; �; t) �u(p

0

)

+
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u(p) +

~

E(x; �; t) �u(p

0

)
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(p

0

� p)

+

m

�

+m

N

u(p)

#

(4)

for �

�

= 1 and

F

V

=

1

2P

+

"

~

H(x; �; t) �u(p

0

)

+
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u(p) +

~

E(x; �; t) �u(p

0

)
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(p

0

� p)

+

m

�

+m

N

u(p)

#

;

F

A

=

1

2P

+

"

H(x; �; t) �u(p

0

)

+

u(p) + E(x; �; t) �u(p

0

)

i�

+�

(p

0

� p)

�

m

�

+m

N

u(p)

#

(5)

for �

�

= �1, where m

N

and m

�

denote the mass of the nuleon and the �

+

, respetively.

Due to isospin symmetry the GPDs for the transition n ! �

+

are equal to those for

p! �

+

up to a global sign.

As shown in [9℄, GPDs ontain information about the spatial struture of hadrons.

A Fourier transform of their dependene on t tells us about the transverse size of the

hadrons in question. For instane, for � < jxj < 1 the transverse positions of all partons

must math in the proton and the �

+

, inluding the quark or antiquark taking part in

the hard sattering. Thus, the p ! �

+

transition GPDs probe the partoni struture of

the �

+

by requiring its wave funtion to overlap with the wave funtion of appropriate

on�gurations in the nuleon.

4. Sattering amplitude and ross setion

At leading order in 1=Q and in �

s

, the fatorization theorem gives sattering amplitudes

A(

�

p!

�

K

0

�

+

) = ie

8��

s

27

f

K

Q

"

I

K

Z

1

�1

dx

� � x� i�

�

F

A

(x; �; t)� F

A

(�x; �; t)

�

(6)

+ J

K

Z

1

�1

dx

� � x� i�

�

F

A

(x; �; t) + F

A

(�x; �; t)

�

#

;

A(

�

n! K

�

�

+

) = �ie

8��

s

27

f

K

Q

"

I

K

Z

1

�1

dx

� � x� i�

�

F

A

(x; �; t) + 2F

A

(�x; �; t)

�

+ J

K

Z

1

�1

dx

� � x� i�

�

F

A

(x; �; t)� 2F

A

(�x; �; t)

�

#
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for longitudinal polarization of the photon, independently of the parity of the �

+

. Here

I and J are de�nite integrals over the twist-two distribution amplitude of the kaon, given

in [7℄. At �xed � and t the amplitude sales like 1=Q, up to logarithmi orretions from

the running of �

s

and from the sale evolution of the GPDs and distribution amplitudes.

The orresponding ep or en ross setion is obtained from

d�

dQ

2

dt dy

=

�

em

32�

2

1� y

y

x

2

B

Q

6

X

�

0

;�

�

�

�A

�

0

;�

�

�

�

2

; (7)

where � (�

0

) denotes the heliity of the inoming (outgoing) baryon and where y is the

usual inelastiity parameter introdued in deep inelasti sattering. Realisti ross setion

estimates based on these expressions are unfortunately not possible at present, due to our

ignorane of the p ! �

+

transition GPDs.

The amplitude for the rossed proess (2) is obtained in a straightforward way [10℄. At

equal Q

2

, t and � one has

A

�

0

;�

(K

+

n! 

�

�

+

) =

h

A

�

0

;�

(

�

n! K

�

�

+

)

i

�

(8)

at leading power in 1=Q and in �

S

, up to an irrelevant global phase and provided that

the phase onvention for heliity spinors gives real valued matrix elements in (4) and (5).

We antiipate that the relation (8) no longer holds at the level of orretions in �

S

or in

1=Q. The ross setion for the overall proess K

+

n! `

+

`

�

�

+

is obtained from

d�

dQ

2

dt d(os �)

=

�

em

128�

2

sin

2

�

�

2

Q

6

X

�

0

;�

�

�

�A

�

0

;�

�

�

�

2

; (9)

where � is the polar deay angle of the photon in its rest frame (f. Fig. 5 of [11℄). The

sin

2

� behavior in (9) reets the purely longitudinal 

�

polarization. Note that in this

proess the �

+

is produed in the very lean environment of a �nal state with only the

resonane and a high-mass lepton pair.
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