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Introduction

Three-body calculation in nuclear physics are very interesting
for describing

three-nucleon bound states (3He, T)

hadron-deuteron reactions (for example, pd — pd, pd — ppn
and so on)

Reactions at high momentum transfer require to use
relativistic methods (such as Bethe-Salpeter formalism).

In this formalism was obtained three-nucleon Faddeev equation
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Basic approximations

Basic approximations:

e equality of masses of nucleons m, = m,
e scalar propogators for nucleons

G(p) = (p)* — m]™
e two-particle interaction

V(X17X27X3) - V(X17X2) + V(X27X3) + V(X17X3)



Two-particle case

Two-particle Bethe-Salpeter equation has the following form

T(p.pis) = V(p.p) + 1 / KV (p. k)G (k; ) T(k.p';5)

Where

G(k;s) = [(%P k2= m? i (P2 — k)? — mP + ie] !

is the free two-paticle Green's function
T(p,p’;s) two-particle T matrix

V(p,p') potential of the nucleon-nucleon interaction



Separable kernel

The nucleon-nucleon kernel is chosen to be in the separable
form.

V(p,p) =) Nigi(p)gi(p)

ij=1

For the case of the rank one it has the form:

V(p,p) = re(p)e(p)
Yamaguchi-type functions for the form factors:

1
—pg+ PP+ B2 i€

gy(po,p) =



Two-particle case

Separable Ansatz for interaction V (rank one)

V(p.p) = Ag(p)g(p)
I

T(p,p:s)=1(s)g(p)g(r)

( ) =y~ 5 3 dkO/ kzdkg2(k0’ k)G(kO, k: 5)]71
0
-8 o
Ti(p) = T.(0,p,0,p;s) = L_\/geltﬂ(p)
p

with scattering phase shift 6,(p),

= _ _ N
= \/s/4—m2 = \/5mTp.

sino.(p)



Rank-one covariant Yamaguchi-function

1
—p§ +2 432 —ie

g(po,|pl) =

Parameters of the kernels
351 150
A (Gev*) -3.15480 -1.12087
B (GeV) 0.279731 0.287614

Properties of the proton-neutron scattering and deuteron

351 exp. 1S, exp.
a(fm) 5424  5424(4)  -23.748 -23.748(10)
o (fm) 1775 1.759(5) 2.75 2.75(5)

Eq (MeV) 22246 2.224644(46)
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Approach

71)
[ T7(2) ] =
T7®3)
where full T matrix T = Z?:l T

G; is the two-particles (j and n) Green function (ijjn is cyclic
permutation of (1,2,3)):

T 0 TG T1Gp

71
7 ]
T3 T3G3 T3G;3 0

T(3)

Gi(kj, kn) = 1/(k? — m* + ie) (ki — m® + ie),

and T; is the two-particles T matrix which can be written as
following

Ti(ki, ko, ks; ks ky, k3r) = (2m)* 6@ (K — K2 Ti(kj, ko k2, k).

n Kjy Kp



Approach

Introducing the equal-mass Jacobi momenta

1 1
pi:E(kj_kn)aqi:§K_kiaK:kl+k2+k3-
we finally have

dp;
(2m)*

T(pi, qi pr, givs) = (2m)* 6@ (g —q;) Ti(pi P;;S)—"/

< Ti(pii p; 5)Gi(k; k)T (p; a5 pigis)+ T (p; L a7 s i 3 5)]



Approach

After partial-wave decomposition:
Amplitude of three-particle state as a projection of T matrix to the
bound state:

VO(p;, qivs) = (pi, qi| T M)

Separable ansatz for two-particles T matrix rank |

Ti(pii pii s) = g(p)T(s)g(p;),

The amplitude can be presented in the form

\Il(i)(p,', qgi;s) = g(pi)T(s)X(qi; s).



Approach

If consider L =0 and L, = 0 and accordingly two intermediate
states 150,3S;

VO (p,p'is)= " gm(p)rm(s)Xm(g; s).

m=1,2

= Y 20 [ 2,006 9SG ()X (0)

—12
, 1 1.,
mef(q,q;S)szm/gm(—Eq— )5(3K+q+q)gm (q+2q)
with ) s
Cmm' = [ jé _f }

to take into account spin 1/2 and isospin 1/2 nature of the

nucleons.



equation for solve

2
1 oo ’ ooy ’
q’j(qO,Q):*m E / dQA/ qqu
’ —o0 0
/=1

;o (35 + ) — g7 /
xZ (40,9 Go, G ; S) 4= ®. (90,9 ),
(4o, 4 do, q )(%f—qo)z— e (40,9 )

where j='50,%5; is states of sistem,

and Z is the so-called effective energy-dependent potential:

1
Z;(qo, q; 40,q;5) = Gy /_1 d(cosd, )
g(=39"— 4", |13a+a g’ +3¢°,la+3al)
(Vs + ) = (a+a) = +ic
with C is spin and isospin recoupling-coefficient matrix.

43

7(s) = 7—7/ dko/ K dkg®(k°, k)G (K® ki )]



Singularities

Poles from one-particle propagator
1 .
Ao = 3V5 F By — ic]
Poles from propagator in Z-function
1 .
qgf4 = 75\/5 — qO + [E\q’+q| — IE]
Poles from Yamaguchi-functions

e = —2q° + 2[Ej1q11q1,8 — i€l

and
1

1 .
ar's = —59" + 5Eqri a0 — ic]

Cuts from two-particle propagator 7

do. 107j:\/q’2+4m277\f and + 00

Poles from two-particle propagator

2
G112 = £1/q? +4MF - g\/g



Wick rotation

After Wick rotation

qo — iqa

equation turn into

®;(qs,q) = 47T32/ dq4/ q2dq

7 ((3v5 +ia,)? - 47 ;o
Gvs— iV —q° m2¢/(q47q),

xZ; (i, G iqy, 4 1 5)
without any singularities if /s < 3m,.



equation for solve

2 o 1ofoo iy . A [
®j(qa. q) = Z/ dq‘/ 9 7dq Ky (iaa, G158, 1)1 (G, 9 ),

gt T °

j=

if
K=A+iB
Re®;(qa, q) + ilm®;(qa, q) =
2 oo ’ oo 7 rot T
> / dag /o da [As (iaa, @iidg, a ;) + i,y (i9a, G g, q ; s)|[Re®;(qa, q) + iIm®;(qa, @)]
f=T ‘
or
2
Re®; + ilm®; = > /dX[Ajj/ + 1B 1 |[Re®j + ilm®;] =
/=1
= [(Ay Re®) — By Im®)) +i(B s Re®j + A,/ Im®;)]
or

2
Red; =3 / (A Re®j = By Im®;)
’
j =1

2
Imo; = 3 / (B Re®j + Ay Im))
.

Jj =1



quadrature method

Quadrature method for solving integral equations

b
Flx) = / K(x, 0)f(a)da

Gauss quadrature for integral

1 N
/ f(x)dx = Zw,-f(x,-)
-1 i=1

1 N
f(x) = /_1 K(x,a)f (@)da =Y wiK(x,a;)f(a;)

i=1

N
f(x) = ZwiK(Xp a;)f(a;)

i=1




solution

f(Xiayj) - Zwawa(thj,aaaBb; S)f(a/mﬂb)
a,b

Thus,using quadrature method we converted homogeneous
system of integral equations into homogeneous system of
linear algebraic equations, which has a solution if the
determinant of a matrix is zero.

Solving the equation det(K(s) — /) = 0 we can find the
binding energy s = 3My — Eps

Eps =11.09 MeV (exp. 8.48 MeV)
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conclusion

o The relativistic covariant three-nucleon Faddeev
equation was obtained in the Bethe-Salpeter
formalism

e The separable ansatz was used to solve the
homogeneous system of integral equations with two
intermediate states (*Sy and 35;)

eThe system of linear integral equations were solved
numerically. The binding energy and amplitudes for
two states (1Sy and 35;) were obtained.



Plan:

e Calculate amplitudes D and P states of Triton;

e Computation of form factors using the obtained
wave functions;

e To extend formalism to multirank separable kernel
e To reformulate formalism in terms of spinor
nucleons instead of scalar ones

e Study of collision processes pd — pd, pd — ppn
and so on.



Thank you for your attention.



