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Description of polarization observables in dp elastic scattering
at a GeV energies

• The theoretical model is suggested for description of dp → dp

reaction in the full angular range
•The model allows calculating both differential cross section and
polarization observables in the deuteron energy range between 500
and 2000 MeV.
• The results are presented in comparison with the data.
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dp → dp

The matrix element of the transition operator U11 defines reaction
amplitude

Udp→dp = δ(Ed + Ep − E ′
d − E ′

p)J =< 1(23)|[1− P12 − P13]U11|1(23) >
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Alt-Grassberger-Sandhas equations for rearrangement operators:
Nucl.Phys. B2, 167 (1967)
E.Schmid, H.Ziegelmann The Quantum Mechanical Three-Body
Problem

U11 = t13g0U21 + t12g0U31

U21 = g−1
0 + t23g0U11 + t12g0U31

U31 = g−1
0 + t23g0U11 + t13g0U21

t1 = t(2, 3), etc., is the t-matrix of the two-particle interaction
g0 is the free three-particle propagator
Iterating AGS-equations up to second order terms over t one obtains

U11 = −2P12g
−1
0 + 2tsym12 + 2tsym12 g0t

sym
13

t
sym
ij = [1− Pij ]tij– antisymmetrized t-matrix
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Diagrams
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Lorenz transformation

L(~u)p1 = (E ∗, ~p)
L(~u)p2 = (E ∗,−~p)
with velocity

~u =
~p1 + ~p2
E1 + E2

The c.m. energy of one of the nucleons E ∗ is related with
Mandelstam variable s by

E ∗ =
√
s/2 .

Let’s introduce new variables ~Q and ~k which can be expressed
through ~p1 and ~p2

~Q = ~p1 + ~p2

~k =
(E2 + E ∗)~p1 − (E1 + E ∗)~p2

E1 + E2 + 2E ∗
.
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Deuteron wave function

The deuteron wave function in the rest has the standard form

< mpmn, ~p|Ωd |~0,Md >=

1√
4π

< mpmn, ~p|
{

u(p) +
w(p)√

8
[3(~σ1p̂)(~σ2p̂)− (~σ1~σ2)]

}

|~0Md >

u(p) and w(p) - S− and D− components of the deuteron.
Then the deuteron wave function in the moving frame is

< ~p1 ~p2,m1m2|Ωd | ~Q,Md > ∼ < ~p,m′
1m

′
2|W †

1/2(~p1, ~u)W
†

1/2(~p2, ~u)Ωd |~0,Md >

where W1/2 is Wigner rotation operator

W1/2(~pi , ~u) = exp {−iωi (~ni~σi )/2} = cos(ωi/2)[1− i(~ni~σi )tg(ωi/2)]

~ni =
~pi × ~u

|~pi × ~u|
6



Single Scattering contribution

JSS =1(23)< ~p′m′;− ~QM′
d |Ω†

d(23)|[1− P12]|tNNΩd(23)| ~QMd ; ~pm >1(23)
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Nucleon-Nucleon t-matrix

W.G.Love, M.A.Franey, Phys.Rev.C24, 1073 (1981)
N.B.Ladygina,nucl-th/0805.3021

< κ′m′
1m

′
2|t|κm1m2 > = < ~κ′m′

1m
′
2|A+ B(~σ1N̂

∗)(~σ2N̂
∗) + C (~σ1 + ~σ2) · N̂∗ +

D(~σ1q̂
∗)(~σ2q̂

∗) + F (~σ1Q̂
∗)(~σ2Q̂

∗)|~κm1m2 >

where the orthonormal basis is combinations of the nucleons relative
momenta in the initial ~κ and final ~κ′ states

q̂∗ =
~κ− ~κ′

|~κ− ~κ′| , Q̂∗ =
~κ+ ~κ′

|~κ+ ~κ′| , N̂∗ =
~κ× ~κ′

|~κ× ~κ′|

The amplitudes A,B ,C ,D,F are the functions of the center-of-mass
energy and scattering angle. The radial parts of these amplitudes are
taken as a sum of Yukawa terms.
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Double scattering contribution

JDS = < 1(23)|[1− P12]|tNN |N(1)N(2) > |N(3) > g0

< N(2)| < N(1)N(3)|tNN [1− P13]|(23)1 >

g0 is a free three-particle propagator:

g0 =
1

Ed + Ep − E1 − E2 − E ′
3 + iε

=

= P 1

Ed + Ep − E1 − E2 − E ′
3

− iπδ(Ed + Ep − E1 − E2 − E ′
3)
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∆-contribution

µ2 = E 2
∆ − ~p2∆

∆-contribution is defined by two N∆ matrices

J∆ = < 1(23)|[1− P12]|tN∆|∆(1)N(2) > |N(3) > g0

< N(2)| < ∆(1)N(3)|t∆N [1− P13]|(23)1 >

g0–a free three-particle propagator:

g0 =
1

Ed + Ep − E ′
2 − E3 − E (m∆) + iΓ(E∆)/2

the distribution function of ∆-energy:

ρ(µ) =
1

2π

Γ(µ)

(E∆(µ)− E∆(m∆))2 + Γ2(µ)/4
,

and wave functions of the initial and final deuterons.
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∆-isobar definition

The potential for the NN → N∆ transition is based on the π− and
ρ− exchanges:

t
(π)
N∆ = − fπf

∗
π

m2
π

F 2
π
(t)

q2

m2
π
− t

(~σ · q̂)(~S · q̂)(~τ · ~T )

t
(ρ)
N∆ = −

fρf
∗
ρ

m2
ρ

F 2
ρ
(t)

q2

m2
ρ
− t

{(~σ~S)− (~σ · q̂)(~S · q̂)}(~τ · ~T )

with coupling constants:

fπ = 1.008 f ∗
π
= 2.156

fρ = 7.8 f ∗
ρ
= 1.85fρ

The hadronic form factor has a pole form:

Fx(t) = (Λ2
x −m2

x)/(Λ
2
x − t)n, n = 1 for π −meson

n = 2 for ρ−meson
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The reaction amplitude is defined through 12 terms:

Jdp→dp =< 1M ′
d | <

1

2
m′|F1 + F2(~S~y) + F3Qxx + F4Qyy +

F5(~σ~x)(~S~x) + F6(~σ~x)Qxx + F7(~σ~y) + F8(~σ~y)(~S~y) + F9(~σ~y)Qxx +

F10(~σ~y)Qyy + F11(~σ~z)(~S~z) + F12(~σ~z)Qyz |
1

2
m > |1Md >

σi , Si are the spin operators for s = 1/2 (Pauli matrices) and S = 1
Qij is the quadrupole tenzor:

Qij =
1

2
(SiSj + SjSi )−

2

3
δij

Ci ,j ,k,l =
Tr(J σiSjJ †σkSl)

Tr(JJ †)
(1)

σ ∼ Tr(JJ †), Ay =
Tr(J SyJ †)

Tr(JJ †)
, Ayy =

Tr(JQyyJ †)

Tr(JJ †)
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Td = 1600 MeV
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Td = 1600 MeV
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Conclusion

• dp elastic scattering has been considered taking into account four
contributions: one-nucleon-exchange, single-scattering,
double-scattering, and ∆-excitation in an intermediate state.
• A good description of the differential cross section has been
obtained at the scattering angle θ∗ ≤ 100◦ and θ∗ ≥ 130◦ in the
energy range between 880 and 1800 MeV.
• The description of the growth of the differential cross section at
θ∗ ≥ 140◦ became possible due to the inclusion of the ∆-isobar term
in the consideration.
• A quite good description of the polarisation data at the deuteron
energies Td=1600 MeV on the deuteron vector Ay and tensor Ayy

analysing powers, and on the proton analyzing power CN,0,0,0 and
proton polarization transfer CN,0,0,0 CN,0,0,N,0 CL,0,S ,0 has been
obtained at the scattering angle θ∗ ≤ 100◦

• Nevertheless, there are problems whith the description of the
differential cross section at the scattering angles 90◦ < θ∗ ≤ 140◦
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