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Res
attering e�e
ts in deuteron-proton elasti
 s
attering atintermediate energies
•dp → dp rea
tion is 
onsidered at the deuteron kineti
 energy from500 MeV up to 2000 MeV.

• The theoreti
al model is suggested to des
ribe di�erential 
ross se
-tions and polarization observables in this energy range.
• The 
al
ulation results are presented in 
omparison with the data.



dp-elasti
 s
attering

The matrix element of the transition operator U11 de�nes rea
tion amplitude

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 = t2g0U21 + t3g0U31

U21 = g−1
0 + t1g0U11 + t3g0U31

U31 = g−1
0 + t1g0U11 + t2g0U21



Iterating AGS-equations up to se
ond order terms over t one obtains

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

−1
0 |1(23) >Single-S
attering

JSS = 2 < 1(23)|tsym
3 |1(23) >Double-S
attering

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

sym
2 |1(23) >,

where notations for antisymmetrized operators have been introdu
ed
tsym
2 = [1 − P13]t2 and tsym

3 = [1 − P12]t3.
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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 with Mandelstam variable sby

E∗ =
√

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

~Q = ~p1 + ~p2

~k =
(E2 + E∗)~p1 − (E1 + E∗)~p2

E1 + E2 + 2E∗ .



A two-nu
leon state in the (~p1, ~p2) system is 
onne
ted with a two-nu
leon statein the 
enter-of-mass by the relation
|~p1, ~p2 >= J−1/2(~p1, ~p2)W1/2(~p1, ~u)W1/2(~p2, ~u)|~k, ~Q > ,where W1/2 Wigner rotation operator

W1/2(~pi, ~u) = exp {−iωi(~ni~σi)/2} = cos(ωi/2)[1 − i(~ni~σi)tg(ωi/2)]The wave fun
tion of the bound state transforms in the same way as the state ofa single parti
le

W (L~u′)| ~P >=

√

E~Q

E~P

W1(~Q, ~u′)| ~Q > ,where the W1 is the Wigner rotation operator for spin 1 parti
le
W1(~Q, ~u′) = exp

{

−iω(~n′~S)
}and

L(~u′)~P = ~Q



The 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 >



Deuteron wave fun
tion in the moving frame

< ~p1 ~p2, m1m2|Ωd| ~Q, Md > = < ~p1 ~p2, m1m2|g1(~k, ~Q) + g2(~k, ~Q)(~σ1~n)(~σ2~n) +

+ g3(~k, ~Q)(~σ1~σ2) + g4(~k, ~Q)(~σ1k̂)(~σ2k̂) +

+ g5(~k, ~Q)[(~σ1 + ~σ2)~n] +

+ g6(~k, ~Q)[(~σ1k̂)(~σ2~n × k̂) + (~σ1~n × k̂)(~σ2k̂)]| ~Q, Md >

gi are 
ombinations of the S− and D− 
omponents of the deuteron wave fun
tion(u and w)



One nu
leon ex
hange s
attering
JONE = −1

2
(Ed − Ep −

√

m2
N + ~p 2 − ~Q2) ·

< ~p′m′; −~QM′
d|Ω

†
d(23)[1 + (~σ1~σ2)]Ωd(23)| ~QMd; ~pm >



Single s
attering

JSS =

∫

d~q ′ < −~QM′
d|Ω

†
d|~q ′m′′, −~Q − ~q ′m′

3 >

< ~p ′m′, −~Q − ~q ′|3
2
t1
12 +

1

2
t0
12|~pm, ~Q − ~q ′m′

2 >< ~q ′m′′, ~Q − ~q ′m′
2|Ωd| ~QMd >



Nu
leon-Nu
leon t-matrix W.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 relative momenta inthe initial ~κ and �nal ~κ′ states
q̂∗ =

~κ − ~κ′

|~κ − ~κ′|
, Q̂∗ =

~κ + ~κ′

|~κ + ~κ′|
, N̂∗ =

~κ × ~κ′

|~κ × ~κ′|

< ~p′~p′
3; m

′m′
3|t|~p~p3; mm3 >∼< κ′m′

1m
′
2|W

†
1/2(~p

′)W †
1/2(~p

′
3) t W1/2(~p)W1/2(~p3)|κm1m2 >



Double s
attering
JDS = NN ′

∫

d~q ′
∫

d~q′′ < −~QM′
d|Ω

†
d|~q ′m′

2,
~Q − ~q ′ m′

3 >

< m′m′
2m

′
3|

{

t1
12(

√

s′
12, ~κ, ~κ ′)t1

13(
√

s13, ~k,~k′) +

1

4
[t1

12(
√

s′
12, ~κ, ~κ ′) + t0

12(
√

s′
12, ~κ, ~κ ′)][t1

13(
√

s13, ~k,~k′) + t0
13(

√
s13, ~k,~k′)]

}

1

Ed + Ep − E′
1 − E′

2 − E′
3 + iε

|mm2m3 >< −~Q − ~q ′′ m2, ~q ′′ m3|Ωd|Md >

1

E − E′ + iε
= P 1

E − E′ − iπδ(E − E′)
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◦ LHE JINR, hydrogen bubble 
hamber experiment (unpublished)
� NUCLOTRON data, LNS 
ollaboration



Con
lusions
• The deuteron-proton elasti
 s
attering rea
tion is 
onsidered in the deuteronenergy range from 500 MeV up to 2000 MeV.
• The theoreti
al model for des
ription of this pro
ess is suggested. This model isbased on the multiple s
attering expansion formalism taking relativisti
 kinemati
sand relativisti
 spin theory into a

ount.
• It was shown that the double-s
attering e�e
t in
reases with the energy.

• The experimental data on the di�erential 
ross se
tion are des
ribed at fourdeuteron energies: 500, 880, 1200, and 2000 MeV. The des
ription of the polarizationdata on the ve
tor, Ay, and tensor, Ayy, analyzing powers are also obtained at 880MeV and 2000 MeV of the deuteron energies.A good agreement between the theoreti
al predi
tions and experimental data wasobtained.


