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Rescattering effects in deuteron-proton elastic scattering at
intermediate energies

edp — dp reaction is considered at the deuteron kinetic energy from
500 MeV up to 2000 MeV.

e The theoretical model is suggested to describe differential cross sec-
tions and polarization observables in this energy range.

e The calculation results are presented in comparison with the data.
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The matrix element of the transition operator U;; defines reaction amplitude

Udp—)dp — 6(Ed —|— Ep - Ecll - EI,))J =< 1(23)|[1 - P12 - P13]U11|1(23) >
Alt-Grassberger-Sandhas equations for rearrangement operators:
U = tagoUa1 + t3goUsy

U gy " + tigoU11 + tagoUs:
Usi = g, + tigoUi1 + tagoUs:



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

Tip—dap = Jone + Tss + Ips

One-Nucleon-Exchange

Jong = —2 < 1(23)|Piag, '[1(23) >
Single-Scattering

Tss = 2 < 1(23)|t3Y™[1(23) >
Double-Scattering

JIps = 2 < 1(23)[t3""gots?™"[1(23) >,

where notations for antisymmetrized operators have been introduced

t;ym = [1 — P13]t2 and t;ym = [1 — P12]t3.
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N Lorenz transformation

N P1
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= L(@)p: = (E*, —7)
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P2
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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 (j and k which can be expressed through p; and ps
Q =P+ P>
7 (B2 + E*)p1 — (E1 + E*)p>
E\ + Ey + 2E*




A two-nucleon state in the (P, p2) system is connected with a two-nucleon state
in the center-of-mass by the relation

|D1, P2 >= J_l/z(ﬁlaﬁz)wl/z(ﬁh ﬁ)WI/Z(ﬁ%ﬁ)lEa Q> ,

where Wy, Wigner rotation operator

Wi 2(Pi, @) = exp {—iw;(71;6;)/2} = cos(w;/2)[1 — i(71;5;)tg(w;i/2)]

The wave function of the bound state transforms in the same way as the state of
a single particle

—

W(Lﬁ’)|ﬁ >= EC_% Wl(éaﬁ,)lé> 3
P

where the W, is the Wigner rotation operator for spin 1 particle
Wi(Q, @) = eap { —iw(i@'5) }
and

L(@)P = Q



The deuteron wave function in the rest has the standard form

- cmyma) W) 135, (3sh) — (5,5
< myma QMo >= = < my n|{ () + 221351k (72 (12)]}|Md>

u(k) and w(k) - S— and D— components of the deuteron.

Then the deuteron wave function in the moving frame is

< P oy mami| Q| Q, Ma > ~ < kQ, mimy|W (51, @)W ,(Pa, @)l 0, My >



Deuteron wave function in the moving frame

< P Py mums|Q|Q, My > = < B Pa, mima|gi (K, Q) + ga(k, Q)(617) (F27) +
—+ 93(’% Q)(5132) + 94(1_5, Q)(ﬁl]%)(32’%) +
+ gs(k, Q)[(&1 + &2)id] +

+ go(k, Q)[(61K) (527t X k) + (3171 x k)(52k)]|Q, Ma >

g; are combinations of the S— and D— components of the deuteron wave function
(v and w)



One nucleon exchange scattering

1 =
JoNE = —a(Ed—Ep— \/m%v+ﬁz—Q2) .
< Pm/s —QM|Q(23)[1 + (5152)]124(23) |G Ma; P >



Single scattering

Tss = /dffl < —QM&|QL|§'m", -Q — q 'my >

<p'm,—Q—q ’|§tiz + gti’zlpm, Q—q'my><qg'm’,Q — q'my|Q| QMg >



Nucleon-Nucleon t-matrix
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< K'm/ml|tlkmimy > = < R'm,ml|A + B(&,N*)(&2N*) + C (& + &2) - N* +
D(614")(:4") + F(1Q")(620%)|Rmamy >

where the orthonormal basis is combinations of the nucleons relative momenta in

the initial K and final K’ states
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< PPy m'mg|t|pps; mms >~ < F"’,mllm,2|W1T/2(ﬁ)WlT/2(ﬁg) t Wi2(P)Wi2(P5) | kmimy >



Double scattering

Ips = NN’/dq”/dq"’ < —QMIQY|G My, Q@ — @' ml >
< m’m’zm'3|{ti2(\/s’12, R, R ,)ti3(\/813, 12, E’) +
]_ —_ = —_ —
Z[tiz( V812, By R ') + 815(\/ 8195 By B )[t15(+/513, ks k') 4 t13(v/513, ks k/)]}
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do/dQ* ,mbar
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Conclusions

e The deuteron-proton elastic scattering reaction is considered in the deuteron
energy range from 500 MeV up to 2000 MeV.

e The theoretical model for description of this process is suggested. This model is
based on the multiple scattering expansion formalism taking relativistic kinematics
and relativistic spin theory into account.

e It was shown that the double-scattering effect increases with the energy.

e The experimental data on the differential cross section are described at four
deuteron energies: 500, 880, 1200, and 2000 MeV. The description of the polarization
data on the vector, A,, and tensor, A,,, analyzing powers are also obtained at 880
MeV and 2000 MeV of the deuteron energies.

A good agreement between the theoretical predictions and experimental data was
obtained.



