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Hadron induced hard semiexclusive (branching) processes

Quark exchanges in pQCD via two body processes

◉

◉

◉

◉

!2



QCD factorization theorem for DIS exclusive meson production 
processes (Brodsky,Frankfurt, Gunion,Mueller, MS 94 - vector mesons, small x;  
general case Collins, Frankfurt, MS 97)

partonic scattering process, which is calculable in powers of . The indices label

the different parton species. The contribution of diagrams in which the hard scattering process

involves more than the minimum number of partons is suppressed by . An important con-

sequence of factorization is that the –dependence of the amplitude rests entirely in the GPD.

Thus, different processes probing the same GPD should exhibit the same –dependence.

4.2 Space–time picture: “Squeezing” of hadrons

The physics of hard exclusive processes at small becomes most transparent when following

the space–time evolution in the target rest frame. As in the case of inclusive scattering, this

approach allows one to expose the limits of the leading–twist approximation, and to quantify

power corrections due to the nite transverse size of the produced meson.

In exclusive vector meson production, , one can identify three distinct stages

in the time evolution in the target rest frame. The virtual photon dissociates into a dipole

of transverse size at a time coh before interacting with the

target, cf. Eq. (3). The dipole then scatters from the target, and “lives” for a time

before forming the nal state vector meson. The difference in the time scales is due to the

smaller transverse momenta (virtualities) allowed by the meson wave function as compared to

the virtual photon.

In the leading logarithmic approximation in QCD , the effects of QCD radiation can

again be absorbed in the amplitude for the scattering of the small–size dipole off the target. It

can be shown by direct calculation of Feynman diagrams that the leading term for small dipole

sizes is proportional to the generalized gluon distribution, eff , where eff

[7]. A simpler approach is to infer the result for the imaginary part of the amplitude from

the expression for the cross section, Eq. (6), via the optical theorem. The imaginary part is

proportional to the generalized gluon distribution at and . At sufciently large
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Figure 4: Factorization of the amplitude of hard exclusive meson production, Eq. (12).
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Before looking backward - lessons from looking forward 

The proof of the  factorization for the meson exclusive production (Collins, Frankfurt 
and MS) is essentially based on the observation that the cancellation of the soft gluon 
interactions is intimately related to the fact that the meson arises from a small size  
quark-antiquark pair generated by the hard scattering.  Thus the pair starts as a small-size 
configuration and only substantially grows to a normal hadronic size, to a meson.



Factorization requirement best seen in the Breit frame

L

squeezed qq pair 
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No soft interactions between left and right movers is possible provided left 
moving system (meson or baryon) was produced by γ*  in  a small transverse 
size configuration

Reaching color transparency regime  is necessary (but not 
sufficient) condition for onset of leading twist factorization 
regime in which cross section can be expressed through 
GPDs, and the minimal Fock space hadron wave functions. 
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Lessons from study of the meson production 

0

2

4

6

8

10

12

0 5 10 15 20 25 30 35 40 45
Q2 (GeV2)

b 
(G

eV
-2

)

ZEUS l0

ZEUS J/s
FKS l0

FKS J/s

B

Figure 9: The convergence of the t-slopes, B, of ⇢ and J/ electroproduction
at high Q2. The data are from [107, 108]; the curves are the predictions
of [103].

is consistent with the observed similarity of the energy dependence of ⇢ and
� photoproduction.)

• In the pQCD regime, the t-slope the dipole–nucleon amplitude should
be a weak function of s = W 2, B(s) = B(s0)+2↵0

e↵ ln(s/s0), since the Gribov
di↵usion in the hard regime is small (see the discussion in section 4). Hence,
a significant contribution to ↵0 comes from the variation of the t dependence
of the gluon GPD with an decrease in x at Q2

0.
• The contribution of soft QCD physics in the overlapping integral be-

tween the wave functions of the virtual photon and the transversely polar-
ized vector meson is suppressed by the Sudakov form factor (see, e.g., the
discussion in [109]), which is absent in the case of the processes initiated by
longitudinally polarized photons. This is probably relevant for the under-
standing of similar dependence of �L,T on x and on t that were observed at
HERA.

53

The convergence of the t-slopes, B, of ρ and J/ψ 
electroproduction at high Q2.  
The data are from HERA; the curves are the 
predictions of Frankfurt, Koepf, MS 97 

• The rapid increase with energy—
��xGN(x,Q2

eff )
��2 / W 0.8 for Q2

e↵ ⇠ 4
GeV2—of ⇢ production for Q2 = 10 � 20 GeV2 and of J/ production
for Q2  10 GeV2. (Note that �(W ) / W 0.32 for soft physics at t = 0
and is even slower for the cross section integrated over t.) For ⌥ pro-
duction, Q2

e↵ ⇡ 40 GeV2 which leads to �(W ) / W 1.7. This prediction
maybe tested in the ultraperipheral collisions at the LHC [104].

• The absolute values of the cross sections of vector meson production
are well reproduced, provided that the factor T (Eq. 98) is taken into
account. In the case of ⌥ photoproduction, the skewedness e↵ects due
to large di↵erence between x1 and x2 as well as the large value of the
real part of the amplitude are important. Together they increase the
predicted cross section by a factor of about four [105, 106].

• The decrease of �L with Q2 is slower than 1/Q6 because of the |↵SGN |2
and T (Q2) factors.

• The ratio �L/�T � 1 for Q2 � m2
V .

• There is a universal t dependence for large Q2 originating solely from
the two-gluon–nucleon form factor. The model, which takes into ac-
count squeezing of �L with Q2, provides a reasonable description of the
convergence of the t-slopes of light mesons and J/ production and
makes the observation that the slope of J/ production is practically
Q2 independent (Fig. 9).

7.3.3 Lessons and open problems

• Transition from soft to hard regime.
We can estimate the e↵ective size of a qq̄ dipole as

B(Q2) � B2g

B(Q2 = 0) � B2g
⇠ R2(dipole)

R2
⇢

, (99)

where B2g is the slope of the square of the two-gluon form factor. Based on
the HERA data [108], we conclude that

R2(dipole)(Q2 � 3 GeV2)/R2
⇢  1/2 � 1/3 (100)

for collider energies. Accordingly, it appears that the soft energy dependence
of the cross section persists over a significant range of the dipole sizes. (This
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squeezing starts rather early but asymptotic regime is reached 
 only for Q2 > 10 GeV2

Consistent with observation of CT effect (rather weak as expected ) in 

�⇤ +A ! ⇡(⇢) +A⇤
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Conjecture (Frankfurt, Polyakov, Pobilitsa, FS 1999): the  factorization theorem should be  
valid for a new class of reaction  the  production of leading baryon as well.
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Figure 7 Factorization of the ampli-
tude of hard exclusive meson produc-
tion (Equation 14).

the GPD’s coincide with the usual parton densities measured in inclusive DIS.
For recent reviews of the properties of GPD’s and their applications, see Ref-
erences (50, 51). Furthermore, φM is the distribution amplitude describing the
conversion of a qq̄ pair with relative longitudinal momentum fraction z to the
produced meson (or photon). Finally, Hi j denotes the amplitude of the hard par-
tonic scattering process, which is calculable in powers of αs(Q2). The indices
i, j label the different parton species. The contribution of diagrams in which
the hard scattering process involves more than the minimum number of par-
tons is suppressed by 1/Q2. An important consequence of factorization is that
the t-dependence of the amplitude rests entirely in the GPD. Thus, different
processes probing the same GPD at similar x and Q2 should exhibit the same
t-dependence.

4.2. Space-Time Picture of Hard Exclusive Processes

The physics of hard exclusive processes at small x becomes most transparent when
following the space-time evolution in the target rest frame. As in the case of inclu-
sive scattering, this approach allows one to expose the limits of the leading-twist
approximation, and to quantify power corrections related to the finite transverse
size of the produced meson.

In exclusive vector meson production, γ ∗
L + N → V + N , one can identify

three distinct stages in the time evolution in the target rest frame (21). The vir-
tual photon dissociates into a qq̄ dipole of transverse size d ∼1/Q at a time
τi = lcoh ≈ 1/(m N x) before interacting with the target (see Equation 5). The
qq̄ dipole then scatters from the target, and “lives” for a time τ f ≫ τi before
forming the final state vector meson. The difference in the time scales is due to
the smaller transverse momenta (virtualities) allowed by the meson wave function
as compared to the virtual photon.
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Hard scattering process

B For large enough x (x>0.3?) the 
configuration in the nucleon 
which is likely to give the 
dominant contribution is when 
virtual photon hits a highly 
localized three quarks. So the 
minimal Fock component in N 
which contributes is 4qq which is 
quite different from reactions 
with a  leading meson.

-
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Need to introduce skewed distribution amplitude (SDA.) It is defined as 
a non-diagonal matrix element of the tri-local quark operator between 
a meson M and a proton:  

∫ 3
∏

i=1

dz−i exp[i
3

∑

i=1

xi (p·zi)]· ⟨M(p−∆)|εabc ψ
a
j1

(z1)ψ
b
j2

(z2)ψ
c
j3

(z3)|N(p)⟩
∣

∣

∣

z+

i
=z⊥

i
=0

=

= δ(1 − ζ − x1 − x2 − x3) Fj1j2j3(x1, x2, x3, ζ, t) , Baryo-mesonic GPDs

where a,b,c are color indices,  j, i are spin-flavor indices, and 
Fj1j2j3(x1,x2,x3,ζ,t) are the new SDA. 

⇣ = 1��+/p+ skewness parameter

!8
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Factorization is not proven so far?

CT for nucleons is a minimal requirement for  onset of factorization 

no evidence significant CT effect in  
proton production: eA➔ep(A-1)*

at least up to Q2~ 6 GeV2

need large enough W to avoid expansion. Difficult since  

!9

large x -kinematics = small W W 2 = Q2(1/x� 1) +m2
N

preliminary



Production of a fast baryon and recoiling mesonic system.  
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Figure 1. Production of a fast baryon and recoiling mesonic system.

where a, b, c are color indices, ji are spin-flavor indices, and
Fj1j2j3(x1, x2, x3, ζ, t) are the new superSPDs. They can be decomposed
into invariant spin-flavor structures which depend on the quantum num-
bers of the meson M . They depend on the variables xi (which are con-
tracted with the hard kernel in the amplitude), on the skewedness param-
eter ζ = 1−∆+/p+ and the momentum transfer squared t = ∆2. In some
sense, with this definition of ζ the limit ζ → 0 corresponds to the usual dis-
tribution amplitude, i.e. skewedness → 0 means (for appropriate quantum
numbers of the current) superSDP → “nucleon distribution amplitude”.

Though quantitative calculations of processes (1, 2) will take time, some
qualitative predictions could be made right away. First we observe that in
the Bjorken limit the light cone fraction of the slow meson satisfies condi-
tion:

αh =
pM−

pN−

=
Eh − p3M
EN − pN3

=
EM − p3M

mN
= 1− x (4)

and its transverse momentum pt relative to the q⃗ direction been fixed. To
ensure an early onset of scaling it is natural to consider the process as a
function of Q2 for fixed αh, pt. This way we can make a natural link to the
picture of removing a cluster from the nucleon leaving the residual system
undisturbed. If the color transparency suppresses the final state interaction
between the fast moving nucleon and the residual meson state early enough
it would be natural to expect an early onset of the factorization of the cross

A natural conjecture : existence of preasymptotic regime where photon 
knocks out three quarks in a a somewhat squeezed configuration , but LT 
approximation is not valid yet.  

Addresses a question: does nucleon contain  color singlet  3q, q\bar q clusters? 

yes: in chiral quark soliton model like (Diakonov & Petrov),  
no: in QED - positronium , MIT bag model

!10



In the picture where   electronscatteres off  color clusters,  FSI cannot be 
too large (reduction of cross  section by a factor of at most 2). In 50% 
cases 3q behind qq

Kinematics (Bjorken limit)
October 31, 2018 17:22 WSPC/Trim Size: 9in x 6in for Proceedings yjlab
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section to a function which depends on αh, pt and the cross section of the
electron-nucleon elastic scattering:

dσ(e +N → e +N +M)

dαMd2pt/αM
= fM (αM , pt)(1− αM )σ(eN → eN), (5)

where (1 − αM ) is the flux factor and σ(eN → eN) in the cross section of
the elastic eN scattering in the appropriate kinematics.

In the case of the pion production the soft pion limit corresponding
to 1 − x ∼ mπ/mN , pt ≤ mπ is of special interest because one could use
the factorization theorem and the chiral perturbation theory similar to
consideration of the process eN → eNπ at largeQ2 and small W 8. However
reaching this kinematics would require extremely highQ2. At the same time
reactions with leading nucleon for x ≤ 0.3 could be studied at sufficiently
large W already at Jlab and HERMES.

Reaction (1) provides also a promising avenue to look for exotic meson
states including gluonium. Indeed, if one would consider, for example, the
MIT bag model, the removal of three quarks from the system could leave
the residual system looking like a bag made predominantly of glue. It is
natural to expect that such a system would have a large overlapping integral
with gluonium states.

An interesting example of a related process where cluster structure can
manifest itself is the deep inelastic exclusive diffraction at large enough t:

e+ p → e+ leading ρ+M +B (6)

where −t = −(pγ∗ − pρ)2 ≥ 2GeV 2, Q2 ≥ few GeV 2 and pt(M) ≈ pt(ρ)
and pt(M) ≫ pt(B). The t- dependence of the process e+ p → e+ ρ+ p is
predominantly determined by the two-gluon nucleon form factor and it can
be fitted as ≈ 1/(1 − t/m2)4 with m2 ∼ 1GeV 2 at intermediate energies
and m2 ∼ 0.6GeV 2 at HERA energies. In the case of scattering off a meson
a natural guess would be that the t-dependence is much slower - perhaps
≈ 1/(1 − t/m2)2 with similar m2. So for large enough t this process may
have cross section comparable to the cross section of the e+ p → e+ ρ+ p
process. Study of this process could provide a test of the interpretation of
the smaller gluon radius of the nucleon indicated by our recent analysis 9.

3. Hadron induced hard semiexclusive processes

A natural extension of the processes discussed for electron scattering is
hadron scattering process:

A+B → Cint + Csp +D, (7)

where (1 − αM ) is the flux factor and σ(eN → eN ) in the cross section of 
 the elastic eN scattering in the appropriate kinematics.  

!11

αM - light cone fraction  of proton carried by  M

-
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Figure 1. Production of a fast baryon and recoiling mesonic system.

where a, b, c are color indices, ji are spin-flavor indices, and
Fj1j2j3(x1, x2, x3, ζ, t) are the new superSPDs. They can be decomposed
into invariant spin-flavor structures which depend on the quantum num-
bers of the meson M . They depend on the variables xi (which are con-
tracted with the hard kernel in the amplitude), on the skewedness param-
eter ζ = 1−∆+/p+ and the momentum transfer squared t = ∆2. In some
sense, with this definition of ζ the limit ζ → 0 corresponds to the usual dis-
tribution amplitude, i.e. skewedness → 0 means (for appropriate quantum
numbers of the current) superSDP → “nucleon distribution amplitude”.

Though quantitative calculations of processes (1, 2) will take time, some
qualitative predictions could be made right away. First we observe that in
the Bjorken limit the light cone fraction of the slow meson satisfies condi-
tion:

αh =
pM−

pN−

=
Eh − p3M
EN − pN3

=
EM − p3M

mN
= 1− x (4)

and its transverse momentum pt relative to the q⃗ direction been fixed. To
ensure an early onset of scaling it is natural to consider the process as a
function of Q2 for fixed αh, pt. This way we can make a natural link to the
picture of removing a cluster from the nucleon leaving the residual system
undisturbed. If the color transparency suppresses the final state interaction
between the fast moving nucleon and the residual meson state early enough
it would be natural to expect an early onset of the factorization of the cross

αM
M

If requirement of the survival of a cluster as a baryon leads  to a  reduction 
of its size, the color transparency would suppress the FSI between the fast 
moving nucleon/baryon and the residual meson state early enough. In this 
case  it would be natural to expect an early onset of the factorization of the 
cross into two blocks: 



Interesting channels in addition to �⇤p ! p⇡0

�⇤p ! p� no strong suppression for x < 0.5 
as compared to π0 in the chiral soliton models 

σ meson mass is ~ 400 - 500 MeV, 

Observation of the decay  channel π0 π0  (BR= 1/2) 
allows to  to separate σ - meson production from 
 the tail of ρ- meson production

!12



Very interesting channels: �⇤p ! �⇡

best to study 
�⇤p ! �++⇡�

The highest rates as Δ++ electric and magnetic form factors are a factor  
of ~ 2 larger than for proton (quark model)  (enhance x-section by ~ 4).

no contribution of the scattering off a πN cluster 

!13
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Hadron induced hard semiexclusive (branching) 
processes (MS95)

A natural extension of the processes discussed for electron scattering is 
a   photon/hadron scattering process:  
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section to a function which depends on αh, pt and the cross section of the
electron-nucleon elastic scattering:

dσ(e +N → e +N +M)

dαMd2pt/αM
= fM (αM , pt)(1− αM )σ(eN → eN), (5)

where (1 − αM ) is the flux factor and σ(eN → eN) in the cross section of
the elastic eN scattering in the appropriate kinematics.

In the case of the pion production the soft pion limit corresponding
to 1 − x ∼ mπ/mN , pt ≤ mπ is of special interest because one could use
the factorization theorem and the chiral perturbation theory similar to
consideration of the process eN → eNπ at largeQ2 and small W 8. However
reaching this kinematics would require extremely highQ2. At the same time
reactions with leading nucleon for x ≤ 0.3 could be studied at sufficiently
large W already at Jlab and HERMES.

Reaction (1) provides also a promising avenue to look for exotic meson
states including gluonium. Indeed, if one would consider, for example, the
MIT bag model, the removal of three quarks from the system could leave
the residual system looking like a bag made predominantly of glue. It is
natural to expect that such a system would have a large overlapping integral
with gluonium states.

An interesting example of a related process where cluster structure can
manifest itself is the deep inelastic exclusive diffraction at large enough t:

e+ p → e+ leading ρ+M +B (6)

where −t = −(pγ∗ − pρ)2 ≥ 2GeV 2, Q2 ≥ few GeV 2 and pt(M) ≈ pt(ρ)
and pt(M) ≫ pt(B). The t- dependence of the process e+ p → e+ ρ+ p is
predominantly determined by the two-gluon nucleon form factor and it can
be fitted as ≈ 1/(1 − t/m2)4 with m2 ∼ 1GeV 2 at intermediate energies
and m2 ∼ 0.6GeV 2 at HERA energies. In the case of scattering off a meson
a natural guess would be that the t-dependence is much slower - perhaps
≈ 1/(1 − t/m2)2 with similar m2. So for large enough t this process may
have cross section comparable to the cross section of the e+ p → e+ ρ+ p
process. Study of this process could provide a test of the interpretation of
the smaller gluon radius of the nucleon indicated by our recent analysis 9.

3. Hadron induced hard semiexclusive processes

A natural extension of the processes discussed for electron scattering is
hadron scattering process:

A+B → Cint + Csp +D, (7)
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!
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-t

Could a gluonium be left behind when  three quarks in a nucleon come close 
(but not too close to remove the gluon field) and instantaneously knocked out.

It is  easier to reach high energies: Jlab (photon) , Jpark pions and nucleons, EIC

-t’=const
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dσ(A + B → Cint + Csp + D)

dαspd2pt sp/αsp

= φ(αsp, pt sp)R(θc.m.) (so/s′)
n

n = nq(A) + nq(cluster) + nq(Cint) + nq(D) − 2.

NP M

P

P P

P

P P

!
qqqqq

B

A Csp

Cint

D

s
′ = (pD + pCint

)2

αCsp
= (ECsp

− p3 Csp
)/mA

Csp flies along A - slow if A is the target - fast if A is the projectile

= (1 − αCsp
)sAB

Energy dependence of 
branching processes
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dσpp→p+π+B

dαBd2ptBdθc.m.(pπ)

dσpπ→p+π

dθc.m.
(spπ)

=

dσ
γ∗

L
+p→π+B

(Q2)
dαBd2pt

σγ∗

L
+π→π(Q2)

Scaling relations between hadron and electron projectiles

dσ(p+p→p+p+π0)
dα

π0d2pt/α
π0

dσ(e+N→e+N+π0)
dα

π0d2pt/α
π0

≈

σ(p + p → p + p)

σ(eN → eN)
,
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In Regge theory meson exchanges are “reggeized”

Quark exchanges in pQCD via two body processes

Reminders: Regge theory - scattering at fixed t (u),and s

a) if interaction between two partiles is mediated 
by exchange of particle “M” with spin J M

a a’

b b’
A(a + b� a� + b�) = f(t)sJ

d�/dt =
1
s

|A(a + b� a⇥ + b⇥)|2 ⇥ s2J�1

b) Azimov displacement:  if two  (N) particles are exchanged M2

a a’

b b’
M1

A(a + b� a⇥ + b⇥) = f(t)sJ1+J2�1

→∞

d�/dt � f(t)s2J(t)�1
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Two simplest types of processes with largest cross sections 
(except the ones where vacuum Pomeron exchange is allowed): 

exchange by qq is allowed  

exchange by qqq is allowed  

- ��p� �0 + n

��p� p + ��

Processes where one needs an exchange by qqq̄q̄

are strongly suppressed though 
experimental information is very limited

��p� K+��
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pQCD - quark exchange is reggeized  (Fadin and Sherman 
1976, ...)

Important property of quark regge trajectory in pQCD 
 αq(t) - weakly dependents on t

 19



For quark antiquark exchange:   A ∝ s 2αq(t)-1

For three quark exchange:   A ∝ s 3αq(t)-2

↓Relation between effective baryon and quark
 trajectories at large t

αN(t)= 3αM(t)/2-0.5

 20



reaction  ⇥�p� � + nreaction ��p� �0 + n

αM(-t > 1 GeV2) = -(0.2÷0.4)

αB(-t > 1 GeV2) = -(0.8÷1.1)
↓ αq(-t > 1 GeV2) = (0.3÷0.4)

as compared to nonreggeized case of 0.5 - reggeization 
effect is rather small

 21



1K. Storrow, Baryon exchange processes 347
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Fig. 11. FNALbackward cross section data for (a) 1rp—5p1r and (b) ~ —*pir~~at p~.= 30GeV/c (A), 50GeV/c (B), 70GeV/c (C) and 90GeV/c

(D) from ref. [64], compared to extrapolations of fits to lower - energy data [1581.The different curves correspond to different choices of

normalisation of the lower energy data [1581.

Table 1
SU(3) relations for non.strange exchanges

Reaction Coefficient of N Coefficient of 4

~j~(4f—1)

ICp-sAir° L(
2f+i)

3V3

Kn-*Air ~~2f+1)

Kp-5Afl° ~(2f+ 1)(4f- 1)

Kp-~s~ ~(2f-1) 1

Kp-s~ir 1
2

Kp-sZ°ir° ~(2f—1)

Kp—sI°~° —~=(2f—1)(4f— 1)

~ ~j~(2f_ 1)(4f 1)

N and 4 are defined by eqs. (4.1).

⇡�p ! p⇡�
⇡+p ! p⇡+
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334 J.K. Storrow, Baryon exchange processes

which reproduces the i~spectrum up to V~= 3.23 GeV [521.So if we cannot use the resonance data

(u > 0) to distinguish between (a) and (c) then we must use the scattering data (a <0). Here there are
differences: possibility (a) gives canonical Regge shrinkage whereas the trajectory form given in eq. (3.3)

gives ~ shrinkage (eq. (2.21a)). The point of the above example was that the data available then (1973)

did not distinguish between the two extreme possibilities [52]. Since then backward ‘iT~pelastic data

have been obtained up to PL = 90 GeVIc at FNAL and the evidence for shrinkage is somewhat better.

as can be seen from the effective trajectories (fig. 5) cten(u) defined, in the usual way, by

dcr/du = F(u) (s/s~)2a~~u~2 (3.4)

and obtained from all of the data [80]. This conclusion is supported by a recent effective trajectory
analysis of the final FNAL data on backward ‘n-p —~pii~[205].Also irp —~n’i~°is claimed to show some

signs of shrinkage in the PL = 2.6—8 GeV/c range [140].Another consequence of large asymmetric terms

in trajectory functions is that for reactions dominated by a single MacDowell pair, the polarisation
should be large, structureless and independent of residue function (i.e. reaction). This follows from eq.

(2.21b). The polarisation data for irp—~pir and Kp-~ii/ both expected to be dominated by ~

exchange, are compared in fig. 6: although the polarisations in the two reactions are consistent with

equality, which is a consequence of SU(3) * [43]. the shape is not what one would expect from

trajectories of the form eq. (3.3). In view of the above we rule out possibility (c). though it would be
nice to have better data, particularly on shrinkage.

We now consider possibility (b), small asymmetric terms. An early example was given by Barger and

05~

°~eff~‘P -‘-~ pit’)

00 -02 -04-06

-0.5 -- /~--~-
-— - - N~

-1 0~ T - -

____ 7 - / 7’.

~effP~P~ - 1
~‘O8~e\~/~ -----

-05 - -- K p .- 21’ ix - 4.2 GeV/c

A
5 - L ~ Tt~ p-. p it ~ GeV/c10 - i ~ I~J~

2 I 0
15 Ib) ~— — u GeV

2

Fig. 5. Effective trajectories a,
5(u) plotted against u for (a) ~p— p=-~ Fig. (. A comparison of polarisation data tor the _l exchange rcactioiis

and(b)irp-*ps~.A//dataabovepL = 5GeV/care included [80):they irp-’ p~r and K- p-’ ~‘ ir.~ K p— ~‘~r - p1 = 4.2 (ieV/c (84): ‘1

are listed in ref. [158].Solid lines are linear fits to (a) N, and (b) 4~ p’ p~T . pj 3.5 (ieV’c iu/~.From ret. 841.
resonances given in eqs. (3(a) and (3(d). From ret. 158).

‘As will be discussed in subsection 4.1.2.

close to pQCD expectation of 
αB(-t > 1 GeV2) = -(0.8÷1.1)
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M
B

BB M

M M

Baryon GPD at large t?
Note that the meson in a qqg
configuration - good place to 
look for exotic mesons  
               Frankfurt and MS 80

Do not have time to discuss spin effects - obviously would help 
(target, projectile, produced mesons and baryons) as it allows to 
analyze properties of the vertices - due to quark-quark interaction 
there should be several nearly degenerate trajectories
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Conclusions 
It maybe possible to reach pre-asymptotic (white cluster) “backward” 
kinematics regime at Jlab

Necessary to measure not only leading protons, but also Δ’s, etc

Highly desirable to measure in parallel two body final states in ep scattering 
and 3 body final states in γ/h p scattering

From Regge exchange regime to quark exchange  regime 
 (an important interface of soft and hard QCD to explore)

☞

☞

☞

☞


