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Role of reaction mechanisms in deuteron-proton elastic
scattering at GeV energies

e The theoretical model is suggested for description of dp — dp
reaction in the full angular range

eThe model allows calculating both differential cross section and
polarization observables in the deuteron energy range between 500

and 2000 MeV.
e The 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 = 5(Ed -+ Ep — Eclj — Ell))j =< 1(23)’[1 — P1o — 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

Ui = t1380 Uo1 + t1280U31
U = g5 '+ tazgolUs1 + t1agoUss
Ui = g '+ tazgoUs1 + t13goUos

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

sym sym

Ul = —2/312&)_1 + 2t75" + 2175 gotyy

t;" = [1 — Pj]t;— antisymmetrized t-matrix



Diagrams
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L orenz transformation

. L(d)p1 = (E*, p)
> P L(d)p2 = (E*, —p)
Q:ﬁ with velocity

N o p1+ p>

P2 El I E2

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

E* = \/5/2
Let’s introduce new variables @ and k which can be expressed
through p; and p;
Q = p1+ p>
p (E2+ E*)p1 — (E1 + E¥)p2
Ei1+ E> + 2E*




Deuteron wave function

The deuteron wave function in the rest has the standard form

< mpmy, p|Qq|0, My >=
1

< o7 ulp) + 2 3(010)(326) - (@152)]  [GMa >

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

< Py Po, mma|Q|Q, Mg > ~ <P, m;mg\vvlT/Q(ﬁl, i) ij(ﬁg, 7)Qq|0, My >
where W, ,, is Wigner rotation operator

Wi o(pi, 1) = exp{—iwi(nio;)/2} = cos(wi/2)[1 — i(n;0;)tg(wi/2)]
p; X U

—

ng =

|pi > 4



Single Scattering contribution

Tss =1(23)< p'm'; —QM|QL(23)|[1 — P1a]|tanQa(23)| QM g; Fm >1(23)



Nucleon-Nucleon t-matrix

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

< Kmimh|tlkmimy > = < E'mim|A+ B(GIN*)(G2N*) + C(G1+52) - N* +
D(61G%)(626") + F(61Q%)(62Q")|[Kmyimy >

where the orthonormal basis is combinations of the nucleons relative
momenta in the initial ¥ and final ¥’ states

Sl

X

=N

— —/ — —/

K —K A K+ K A~
Ak * *
§* = Q* = ;N =

K+ R

Bl

X

=N

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.



Double scattering contribution

Ep,p E1, P Ep, p+2Pd

Ips = < 1(23)[[1 — Pr2]|tan|N(1)N(2) > [N(3) > go
< N(2)| < N(1)N(3)|tyn[1 — P13][(23)1 >

go is a free three-particle propagator:

1

0 T EYE-E-E-E tic

1
S(E = = = =
Ed—i—Ep—El—Eg—E?’) m0(Eq P ! 2 3)




A-contribution

Ep.p Ep, p+2Pd

u? = Ex — Pa

Ed ﬁi Ed, -ﬁ’l

A-contribution is defined by two NA matrices
NG < 1(23)|[1 — Pao]|tna|A(1)N(2) > [N(3) > go
< N(2)| < A(L)N(3)|tan[l — P13][(23)1 >
go—a free three-particle propagator:
1
T Ey+ E,— E} — E3s— E(mpa) + iT(Ea)/2
the distribution function of A-energy:

1 (1)
21 (Ea(p) — Ea(ma))? +T2(u)/4°

and wave functions of the initial and final deuterons.

80

plp) =

10



A-1sobar definition

The potential for the NN — NA transition is based on the 7— and
p— exchanges:

L/ = TRV P T JPS T §
NA m72r T m72T—t
ff* q2 L= . N = . R —
WA = —o5FA6) 5 —{(35) (7 4)(S- a7 T)
p p

with coupling constants:
f = 1.008 fr=2.156
f, = 7.8 f = 1.85f,
The hadronic form factor has a pole form:
Fo(t)= (A2 —m2)/(N>2=t)", n = 1 for ™ — meson
n = 2 for p— meson
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The reaction amplitude is defined through 12 terms:

1 =
jdp—)dp =< 1MQ| < 5m’|F1 -+ Fz(Sy) + F3Qxx + F4ny +
F5(3%)(5%) + Fo(G%) Qe + F7(GY) + F5(3Y)(SY) + Fo(dY) Qe +
L N 2 L 1
Flo(O'y)ny + F11(O'Z)(SZ) —+ F12(O'Z)Qyz|§m > ‘1Md >

o, S; are the spin operators for s = 1/2 (Pauli matrices) and S =1
Q;j is the quadrupole tenzor:

1 2
Qi = 5(5i5; +5i5i) — 305
Tr(ja,-Sjj‘LUkS/)

(1)

Cijkt =

Tr(JJT)

(7S, T Tr( T QyyJT)
~Y T p— —
o~ TIT: A= Tr(jfﬁ)’ Ay = Tr(ng)
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do/dQ, mb/sr
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do/dQ, mb/sr

do/dQ, mb/sr
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do/dQ* ,mb/sr

do/dQ*, mb/sr
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do/dQ, mb/sr
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do/dQ, mb/sr
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do/dQ, mb/sr
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do/dQ *, mb/sr
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do/dQ, mb/sr
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do/dQ, mb/sr
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T4 = 1600 MeV

do/dQ, mb/sr
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|
T4 = 1600 MeV

V.Ghazikhanian et al.,
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Conclusion

e dp elastic scattering has been considered taking into account four
contributions: one-nucleon-exchange, single-scattering,
double-scattering, and A-excitation in an intermediate state.

e A good description of the differential cross section has been
obtained at the scattering angle 6* < 100° and 6* > 130° in the
energy range between 880 and 1800 MeV.

e The description of the growth of the differential cross section at
6* > 140° became possible due to the inclusion of the A-isobar term
in the consideration.

e A quite good description of the polarisation data at the deuteron
energies 1,=1600 MeV on the deuteron vector A, and tensor A,
analysing powers, and on the proton analyzing power Cy 00 and
proton polarization transfer Cy o no Cr 050 has been obtained at the
scattering angle 6* < 100°

e Nevertheless, there are problems with the description of the

differential cross section at the scattering angles 100° < 6* < 130°
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