
N.B. LadyginaSTUDY OF DEUTERON-PROTON BACKWARD ELASTICSCATTERING AT INTERMEDIATE ENERGIES
•dp → dp rea
tion is 
onsidered in ba
kward kinemati
s at thes
attering angles θ∗ ≥ 1400.
• The theoreti
al model is suggested for des
ription of bothdi�erential 
ross se
tion and polarization observables in thedeuteron energy range between 500 and 2000 MeV.
• The 
al
ulation results are presented in 
omparison with the data.1 / 31



dp → dp ONE
T20 =

1√
2

√
8u(p0)w(p0) − w2(p0)

u2(p0) + w2(p0)

κ =
u2(p0) − w2(p0) − u(p0)w(p0)/

√
2

u2(p0) + w2(p0)

T20 � tenzor analyzing power
κ � ve
tor polarisation transfer from the initial deuteron to the �nalproton

u(p0), w(p0) � S- and D-
omponents of the deuteron wave fun
tion2 / 31



T20 vs κTurn out that in ONE T20 and κ are related as a 
ir
le of radius 3
√

8(B. Kuehn, CF.Perdrisat and E.A. Strokovsky, JINR, Dubna preprintEl- 95-7 ( 1995))
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dp → dp

The matrix element of the transition operator U11 de�nes rea
tionamplitude
Udp→dp = δ(Ed + Ep − E ′

d − E ′

p)J =< 1(23)|[1 − P12 − P13]U11|1(23) >Alt-Grassberger-Sandhas equations for rearrangement operators:
U11 = t13g0U21 + t12g0U31

U21 = g−1
0 + t23g0U11 + t12g0U31

U31 = g−1
0 + t23g0U11 + t13g0U21 5 / 31



Diagrams
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Contributions into the rea
tionIterating AGS-equations up to se
ond order terms over t one obtains

Jdp→dp = JONE + JSS + JDS + J∆One-Nu
leon-Ex
hange
JONE = −2 < 1(23)|P12g

−1
0 |1(23) >Single-S
attering

JSS = 2 < 1(23)|tsym
12 |1(23) >Double-S
attering

JDS = 2 < 1(23)|tsym
12 g0t

sym
13 |1(23) >,

t
sym
ij = [1 − Pij ]tij� antisymmetrized NN-matrix. 7 / 31



Lorenz transformation
L(~u)p1 = (E ∗, ~p)
L(~u)p2 = (E ∗,−~p)with velo
ity
~u =

~p1 + ~p2

E1 + E2The 
.m. energy of one of the nu
leons E ∗ is related withMandelstam variable s by
E ∗ =

√
s/2 .Let's introdu
e new variables ~Q and ~k whi
h 
an be expressedthrough ~p1 and ~p2

~Q = ~p1 + ~p2

~k =
(E2 + E ∗)~p1 − (E1 + E ∗)~p2

E1 + E2 + 2E ∗
. 8 / 31



Deuteron wave fun
tionThe deuteron wave fun
tion in the rest has the standard form

< mpmn|Ωd |Md >=
1√
4π

< mpmn|
{

u(k) +
w(k)√

8
[3(~σ1k̂)(~σ2k̂) − (~σ1~σ2)]

}

|Md >

u(k) and w(k) - S− and D− 
omponents of the deuteron.Then the deuteron wave fun
tion in the moving frame is
< ~p1 ~p2, m1m2|Ωd |~Q,Md > ∼ < ~k ~Q, m′

1m
′
2|W †

1/2(~p1, ~u)W †

1/2(~p2, ~u)Ωd |~0,Md >
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Nu
leon-Nu
leon t-matrixW.G.Love, M.A.Franey, Phys.Rev.C24, 1073 (1981)N.B.Ladygina,nu
l-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 
ombinations of the nu
leons relativemomenta in the initial ~κ and �nal ~κ′ states
q̂∗ =

~κ − ~κ′

|~κ − ~κ′| , Q̂∗ =
~κ + ~κ′

|~κ + ~κ′| , N̂∗ =
~κ × ~κ′

|~κ × ~κ′|
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∆-
ontribution
µ2 = E 2

∆ − ~p2
∆

∆-
ontribution is de�ned by two N∆ matri
es
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-parti
le propagator:
g0 =

1

E − E2 − E ′
3 − E∆ − iΓ(E∆)/2the distribution fun
tion of ∆-energy:

ρ(µ) =
1

2π

Γ(µ)

(E∆(µ) − E∆(m∆))2 + Γ2(µ)/4
,and wave fun
tions of the initial and �nal deuterons. 11 / 31



∆-isobar de�nitionThe potential for the NN → N∆ transition is based on the π− and

ρ− ex
hanges:
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 
oupling 
onstants:
fπ = 1.008 f ∗

π
= 2.156

fρ = 7.8 f ∗
ρ

= 1.85fρThe hadroni
 form fa
tor 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 12 / 31
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Energy dependen
e of the di�erential 
ross se
tion at

θ∗ = 180
0

(lab), GeVdT
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Tenzor analyzing power T20 at θ∗ = 180
0
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Polarisation transfer in ~dp → d~p at θ∗ = 180
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Con
lusion
• dp ba
kward elasti
 s
attering has been 
onsidered taking intoa

ount four 
ontributions: one-nu
leon-ex
hange, single-s
attering,double-s
attering, and ∆-ex
itation in an intermediate state.

• In
lusion of the ∆-isobar term into 
onsideration allows todes
ribe the rise of the di�erential 
ross se
tion at θ∗ ≥ 140◦ in theenergy range between 880 and 1300 MeV.
• The rea
tion me
hanisms have been also studied at the s
atteringangle θ∗ = 180◦. It has been obtained a quite good agreementbetween the experimental data and the theoreti
al predi
tions forthe energy dependen
e of the di�erential 
ross se
tion.
• Some progress has been a
hieved in the des
ription of the tensoranalyzing power T20 and polarisation transfer κ. 29 / 31
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