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Motivation
• LONGITUDINAL spin versus TRANSVERSE spin:
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• both are equally important: ∆q = g1 and ∆T q = h1 are 6= 0
at twist=2 level

J. P. Ralston and D. E. Soper, Nucl. Phys. B 152 (1979) 109

X. Artru and M. Mekhfi, Z. Phys. C 45 (1990) 669
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• transversity is CHIRAL ODD
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DIS Semi-inclusive

→ it decouples from DIS

→ it can be accessed in semi-inclusive or in Drell-Yan

but HARD to measure (appears in pairs)
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Transversity GPD
transversity GPD ≡ NON-FORWARD generalization of h1

• transversity GPD decouples from diffractive meson prod.
J. C. Collins and M. Diehl, Phys. Rev. D 61 (2000) 114015

qγ∗ (    )

N(p1) N(p2)

ρT 〈0|q̄σα βq|ρT 〉

( σα β = i/2[γα , γβ ] )

〈N(p2)|q̄σµ νq|N(p1)〉

γµ σα βγµ = 0
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Our idea:

probing the transversity GPD in production of TWO mesons

D. Y. Ivanov, B. Pire, L. Sz. and O. V. Teryaev, Phys. Lett. B 550 (2002) 65

R. Enberg, B. Pire and L. Sz., Eur. Phys. J. C 47 (2006) 87

qρ

pρ

u pρ

k2
k1

z qρ

x1 p2
x2 p2

p2 p2(1- ζ )

q

b

qγ∗ (    )

N(p1) N(p2)

ρT =⇒

γ∗(q) =⇒ 2 gluons = “Pomeron”
the γµ σα βγµ = 0 problem is avoided
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We studied
A B
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the process WITH the transversity GPD

γ(∗)(q) p(p2) → ρ0
L(qρ) ρ+

T (pρ) n(p′2)

and the reference process, WITHOUT the transversity GPD

γ(∗)(q) p(p2) → ρ0
L(qρ) ρ+

L (pρ) n(p′2)
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Kinematics A B

M

p

r

J

S

P

N N’
F

q qρ

pρ

p2 p2′

Sudakov vectors: p1 and P = 1/2(p2 + p2′)
with S = 2p1.P

γ∗p-system s = (q + p2)
2: s + Q2 = (1 + ξ)S

qµ = pµ
1 − Q2

S Pµ qµ
ρ = αpµ

1 + ~p 2

αSPµ + pµ
T , p2

T = −~p 2

pµ
ρ = ᾱpµ

1 + ~p 2

ᾱSPµ − pµ
T , ᾱ ≡ 1 − α

pµ
2 = (1 + ξ)Pµ , pµ

2 ′ = (1 − ξ)Pµ

ξ = s1+Q2

2S , s1 = (qρ + pρ)
2 = ~p 2

αᾱ s2 = (pρ + p2′)2 = S ᾱ (1 − ξ)

Rapidity gap: virtuality of "Pomeron"= the hard scale

S ≈ s s1 = 2S ξ , s1 ≫ ~p 2 s2 → ~p 2

2ξ (1 − ξ)

α → 1 , ᾱs1 → ~p 2 , ξ ∼ 1
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The scattering amplitude
qρ

pρ

u pρ

k2
k1

z qρ

x1 p2 x2 p2

p2 p2(1- ζ )

q

a

• the QCD factorization method

M ∼
∑

q=u,d

1
∫

0

dz
1
∫

0

du
1
∫

−1

dx T q
H(x, u, z) Hq(x, ξ, 0)φρ+(u)φρ0(z)

• φρ+(u) and φρ0(z): the (non-perturbative) meson DAs

• Hq(x, ξ, 0): the (non-perturbative) GPDs of the target

• T q
H(x, u, z): the hard (perturbative) part

the hard scale: “Pomeron” virtuality p2 = p2
T = −~p 2
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Meson DAs A B
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• longitudinal ρ0
L(qρ) or ρ+

L (pρ)

〈0|q̄(−x)γµq(x)|ρ0
L(qρ)〉 = qµ

ρ f0
ρ

1
∫

0

du ei(1−2u)(qρx)φ||(u)

φ‖(u) = 6uū fρ0
L

= 216 ± 5 MeV

fρ+
L

= 198 ± 7 MeV

• transverse ρ0
T (pρ)

〈ρT (pρ, T ) | q̄(x)σµνq(−x) | 0〉

= ifT
ρ

(

pµ
ρǫ∗νT − pν

ρǫ
∗µ
T

)

1
∫

0

due−i(2u−1)(pρx) φ⊥(u)

φ⊥(u) = 6uū fρ+
T

= 160 ± 10 MeV
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Transversity GPDs

∫

dz−

4π eixP+z−

〈N(p2′ , n)|q̄(−z
2) iσ+ i q(z

2)|N(p2, n)〉

= 1
2P+ ū(p2′ , n)iσ+ iu(p2, n)Hq

T (x, ξ, t) + ...
M. Diehl, Eur. Phys. J. C 19 (2001) 485

=⇒ need a model for non-pert. Hq
T (x, ξ, t), see later

Remark:
for "the reference process” with ρ+

L =⇒ “a usual” non-pol. GPD
∫

dz−

4π eixP+z−

〈N(p2′ , n)|q̄(−z
2) γ+ q(z

2)|N(p2, n)〉

= 1
2P+ ū(p′, λ′)γ+u(p, λ)Hq(x, ξ, t) + ...

=⇒ need a model for non-pert. Hq(x, ξ, t) ...
Probing transversity GPD’s in photo and electroproduction of two vector mesons – p. 10/23



• the hard part T q
H(x1, u, z)
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x1 p2 x2 p2
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q
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p2 (1- ζ )p2

q
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it involves the impact factors Jγ
(∗)

L/T→ρ0
L(u~p, ū~p)
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Jγ
(∗)
L →ρ0

L(~k1, ~k2) = −fρ
eαs2πQ

Nc

√
2

1
∫

0

dz zz̄φ||(z)P (~k1, ~k2)

P (~k1, ~k2 = ~p − ~k1) = 1
z2~p 2+m2

q+Q2zz̄ + 1
z̄2~p 2+m2

q+Q2zz̄

− 1

(~k1−z~p )2+m2
q+Q2zz̄

− 1

(~k1−z̄~p )2+m2
q+Q2zz̄

Jγ
(∗)
T →ρ0

L(~k1, ~k2 = ~p−~k1) = −
e αs π f0

ρ√
2 N

1
∫

0

dz (2z−1) φ‖(z)
(

~ε ~QP

)

~QP (~k1, ~k2 = ~p − ~k1) = z ~p
z2 ~p2+Q2 z z̄+m2

q
− z̄ ~p

z̄2 ~p2+Q2 z z̄+m2
q

+
~k1−z ~p

(~k1−z ~p)2+Q2 z z̄+m2
q

−
~k1−z̄ ~p

(~k1−z̄ ~p)2+Q2 z z̄+m2
q

Important: Jγ
(∗)

L/T→ρ0
L(~k1, ~k2) → 0 when ~ki → 0

the gauge invariance
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Results for the scattering amplitudes:
• for "the reference process”
γ(∗)(q) p(p2) → ρ0

L(qρ) ρ+
L (pρ) n(p′2) with non-polar. GPD

Mγ
(∗)

L/T p→ρ0
L ρ+

L n =

i16π2sαsf
+
ρ ξ

√

1−ξ
1+ξ

CF

N (~p 2)2

1
∫

0

du φ‖(u)
u2ū2 Jγ

(∗)

L/T→ρ0
L(u~p, ū~p)

[

Hu(ξ(2u − 1), ξ, 0) − Hd(ξ(2u − 1), ξ, 0)
]

• for γ(∗)(q) p(p2) → ρ0
L(qρ) ρ+

T (pρ) n(p′2) with the transversity GPD

Mγ
(∗)

L/T p→ρ0
L ρ+

T n =

− sin θ 16π2sαsf
T
ρ ξ

√

1−ξ
1+ξ

CF

N (~p 2)2

1
∫

0

du φ⊥(u)
u2ū2 Jγ

(∗)

L/T→ρ0
L(u~p, ū~p)

[

Hu
T (ξ(2u − 1), ξ, 0) − Hd

T (ξ(2u − 1), ξ, 0)
]

Remark: only ERBL region (−ξ < ξ(2u − 1) < ξ) contributes
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Modeling non-polarized GPD

• based on the double distribution
A. V. Radyushkin, Phys. Rev. D 59 (1999) 014030

H(x, ξ, t) =

θ(ξ+x)
1+ξ

∫ min[ ξ+x
2ξ

, 1−x
1−ξ ]

0 dy F q
(

ξ+x−2ξy
1+ξ , y, t

)

−θ(ξ−x)
1+ξ

∫ min[ ξ−x
2ξ

, 1+x
1−ξ ]

0 dy F q
(

ξ−x−2ξy
1+ξ , y, t

)

and a factorized ansatz for the dd

F q(X,Y, t) =
F

q
1 (t)

F
q
1 (0)

q(X)6Y (1−X−Y )
(1−X)3

F q
1 (t) - e-m. form factor of the nucleon but t = tmin
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Results for the ρ0
L + ρ+

L production

10-4

10-3

10-2

10-1

100

101

 2  3  4  5  6  7  8  9  10

dσ
/d

p T
2  d

t d
ξ 

 [n
b 

G
eV

-4
]

pT
2  [GeV2]

ξ = 0.1
ξ = 0.3
ξ = 0.5

10-4

10-3

10-2

10-1

100

101

 0.1  0.2  0.3  0.4  0.5  0.6

dσ
/d

p T
2  d

t d
ξ 

 [n
b 

G
eV

-4
]

ξ

pT
2 = 2 GeV2

4 GeV2

6 GeV2

The photoproduction
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Modeling the transversity GPD: 2 models

• Non-forward generalization of the meson pole model for
the forward h1

L. P. Gamberg and G. R. Goldstein, Phys. Rev. Lett. 87 (2001) 242001

(a)

*

p p

R

LANN = gA NN

2M N̄σµνγ5∂
νAµN

R∗ → A = b1(1235) axial meson 1+−

the DA of A

〈0|q̄(− z)σαβγ5
λa

2 q( z)|A(k, λ)〉 =

i fa T
A

[

ǫα(λ)kβ − ǫβ(λ)kα
]

1
∫

0

du ei(1−2u)k·z φA
⊥(u)

the transversity GPD: Hv
T (x, ξ, t) =

gb1NNfT
b1
〈k2

⊥〉
2
√

2MN m2
b1

φ
b1
⊥ (x+ξ

2ξ
)

2ξ

φb1

⊥ (u) = 6uū
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Remarks:

• the isospin symmetry implies

〈n|d̄Ou|p〉 = 〈p|ūOu|p〉 − 〈p|d̄Od|p〉

from which: Hv
T = Hu

T − Hd
T

• 〈k2
⊥〉 = (0.58 ÷ 1.0)GeV2

• Parameters:

fT
b1

=
√

2
mb1

fa1 , fa1 = (0.19 ± 0.03)GeV2

gb1NN = 5
3
√

2
ga1NN , ga1NN = 7.49 ± 1.0

• the scattering amplitude

Mγ p→ρ0
L ρ+

T n |Q2=0 = sin θ 216 π3 s α2
s e CF

N2
c

gb1NNfT
ρ f0

ρ fT
b1
〈k2

⊥〉
Mpm2

b1

√

1−ξ
1+ξ

1
|~p|5
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• 2nd model: the bag model
S. Scopetta, Phys. Rev. D 72 (2005) 117502

The comparison of two (very different) models
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The cross-section with transversity GPDs

• our model:

dσ
dp2

T dt dξ
= 729 π4 α4

s αem C2
F

N4
c

[gb1NNfT
ρ f0

ρ fT
b1
〈k2

⊥〉]
2

M2
p m4

b1

sin2 θ
ξ(1+ξ)|~p|10
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The comparison of cross-sec. from 2 models
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Conclusions
• we proposed a family of processes which probe the
transversity GPDs

• using two, very different models of the transversity GPDs
we estimated the cross section for γ(∗) p → ρ0

L ρ+
T n

• for a comparison we calculated the cross section for "the
reference process” γ(∗) p → ρ0

L ρ+
L n

=⇒ the magnitudes of both cross-s. are similar

=⇒ if one could see ρ0
L ρ+

L one should also see ρ0
L ρ+

T with
the transversity GPD

COMPASS ????

=⇒ Prospects: extension to lower energies as at JLab
=⇒ the favoured (experimentally) process

γ(∗) p → π+ ρ0
T p′

the quark exchanges contribute, work in progress
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Post scriptum
• if in our process γ(∗) p → π+ ρ0

T p′ the meson ρ0
T

is replaced by a REAL photon, i.e. γ(∗) p → π+ γ(pγ) p′

=⇒ access to the transversity GPDs

AND to the magnetic susceptibility of QCD vacuum
V. M. Braun, S. Gottwald, D. Y. Ivanov, A. Schafer and L. Sz., Phys. Rev. Lett. 89 (2002)

P. Ball, V. M. Braun and N. Kivel, Nucl. Phys. B 649 (2003) 263

〈0|q̄(0)σαβ q(x)|γ(λ)(p)〉 =

= ieq χ 〈q̄q〉
(

ǫ
(λ)
α pβ − ǫ

(λ)
β pα

) 1
∫

0

du exp−iu(px) φγ(u, µ)

φγ(u, µ) → φas
γ (u, µ) = 6u(1 − u) for µ ≥ 1 GeV

χ 〈q̄q〉 ≈ 40 − 70MeV at µ = 1 GeV
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