
JP τ = (−1)J η = τP

Scalar 0+ +1 +1

Pseudoscalar 0− +1 −1

Vector 1− −1 +1

Pseudovector 1+ −1 −1

Tensor 2+ +1 +1



π−p → π0n ρ

π−p → ηn a2

K−p → K̄ 0n a2, ρ

π±p → π±p f , ρ,P

γp → π0p ω, ρ, h1, b1

γp → π+n a, ρ, π, b1



IV. RESULTS

A. Data selection and interpretation

The t-channel exchanges govern the physics of the
s-channel region only for large energies and small angles.
The exact region of validity of Regge theorywill be deduced

by analyzing the data. In the region Eγ ≥ 2 GeV and jtj <
3 GeV2 there are data on differential cross sections [18–22]
shown in Fig. 1, the beam asymmetry [18], shown in Fig. 2,
the ratio of the differential cross section on neutron to proton
targets [23,24], shown in Fig. 2, and on target and recoil
asymmetries [25–27], shown in Fig. 4.

FIG. 1 (color online). Differential cross section. Only the data in the region Eγ ≥ 4 GeV and cos θs ≥ 0.6 are used in the fit (see text).
The model results in this region are represented by solid lines. The dashed lines represent the extrapolation outside the fitting region.
Data are from Refs. [18–22].
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FIG. 2 (color online). Beam asymmetry (left) and ratio of differential cross sections with a neutron target to a proton target (right). Data
are from Ref. [18] (left) and Refs. [23,24] (right).
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M1 =
1

2
γ5γµγνF

µν

M2 = γ5p3,µ(p2 + p4)νF
µν

M3 = γ5γµp3,νF
µν

M4 =
i

2
εαβµνγ

αpβ3 Fµν

Fµν ≡ εµpν1 − ενp
µ
1

As
µ4,µ2µ1 = ūµ4(p4)

4∑
i=1

Ai(scalars, µ1)Miuµ2(p2)

At
λ4λ2,λ1 = ūλ4(p4)

4∑
i=1

Ai(scalars, λ1)Mivλ2(−p2)



In the t-channel center-of-mass frame

pµ1 = (kt , 0, 0, kt)

pµ2 = (−E t
N ,−pt sin θt , 0,−pt cos θt)

pµ3 = (−E t
π, 0, 0, kt)

pµ4 = (E t
N ,−pt sin θt , 0,−pt cos θt)

εµ = (0,∓1,−i, 0)/
√

2

v±(−p2) =

 −√E t
N −mNχ2,1

±
√

E t
N + mNχ2,1

 , ū±(p4) =

 √
E t
N + mNχ

†
2,1

∓
√

E t
N −mNχ

†
2,1

T

χ1 =

 cos θ/2

sin θt/2

 , χ2 =

 − sin θt/2

cos θt/2





At
++,1 =

√
2kt

sin θt
2

√t −F1︷ ︸︸ ︷
(A1 − 2mNA4)−2pt

F2︷ ︸︸ ︷
(A1 + tA2)


At
−−,1 =

√
2kt

sin θt
2

√t −F1︷ ︸︸ ︷
(A1 − 2mNA4) +2pt

F2︷ ︸︸ ︷
(A1 + tA2)


At
+−,1 =

√
2kt sin2 θt

2

−2pt
√
t A3︸︷︷︸

F4

− (2mNA1 − tA4)︸ ︷︷ ︸
F3


At
−+,1 =

√
2kt cos2

θt
2

2pt
√
t A3︸︷︷︸

F4

− (2mNA1 − tA4)︸ ︷︷ ︸
F3


These are not eigenstates of parity! But the Fi are:

P At
λ4λ2,λ1

6=± At
λ4λ2,λ1

, P Fi=± Fi

F1,F3 ↔ η = +1 (ρ, ω, . . . ), F2,F4 ↔ η = −1 (π, b1, . . . )



|Amp|2 ∝ dσ

dt

s large−−−−→ 1

32π

 |F3|2 − t|F1|2

4m2
N − t︸ ︷︷ ︸
ρ,ω,...

+ |F2|2 − t|F4|2︸ ︷︷ ︸
π,b1,...



Σ =
σ⊥ − σ‖
σ⊥ + σ‖

s large−−−−→ (ρ, ω, . . . )− (π, b1, . . . )

(ρ, ω, . . . ) + (π, b1, . . . )



t-channel helicity amplitudes:
relate observables and naturality of exchanges!

And what do we learn from the s-channel?

From factorization:

helicity-flip amplitudes go with
√
−t!



IV. RESULTS
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The t-channel exchanges govern the physics of the
s-channel region only for large energies and small angles.
The exact region of validity of Regge theorywill be deduced

by analyzing the data. In the region Eγ ≥ 2 GeV and jtj <
3 GeV2 there are data on differential cross sections [18–22]
shown in Fig. 1, the beam asymmetry [18], shown in Fig. 2,
the ratio of the differential cross section on neutron to proton
targets [23,24], shown in Fig. 2, and on target and recoil
asymmetries [25–27], shown in Fig. 4.

FIG. 1 (color online). Differential cross section. Only the data in the region Eγ ≥ 4 GeV and cos θs ≥ 0.6 are used in the fit (see text).
The model results in this region are represented by solid lines. The dashed lines represent the extrapolation outside the fitting region.
Data are from Refs. [18–22].
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FIG. 2 (color online). Beam asymmetry (left) and ratio of differential cross sections with a neutron target to a proton target (right). Data
are from Ref. [18] (left) and Refs. [23,24] (right).
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