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General Form of NN interaction

e« Space (e.g. momenta)
— Basis: vector variables

p_l_j’

« Spin — Operators 5.1 and 62

« Isospin - Operators 7, and 7,

Idea: form scalar functions with the vector variables

handle operators analytically




General Form of NN interaction, cont’d

Allow explicit isospin dependence: #'ml | V| tmy) = SOyt VI

mem’, :

Spin momentum operator structure invariant under
rotation, parity, time-reversal
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Most general expression for any NN potential:
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where o™ (p’, p) isascalar function of |p'|, |p|, and p"p




Examples:
xEFT LO potential:
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NN t-matriX: e — /7t + 1/t (;”ﬁtmf
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Project with w, from the left
and perform the trace in NN spin space
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U functions arxe scalarx !

A (p'p) = 'Tr('u.’z;(mq.o’zsp’q.p) 'f-f--'j(mﬁazq.p'q.p))
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NN t-matrix consists of 6 coupled eqs of scalar functions
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Structure of some of the A, and B

Ass(p'. p) A(p' - p)?
As(p'.p) 3 2 14 non-vanishing

148 non-vanishing
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General form of scattering amplitude
(Wolfenstein representation)
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Solution of our T-matrix equation
can be directly mapped to the
Wolfenstein amplitudes (initial state
needs to be antisymmetrized)

Wolfenstein amplitudes lead directly to observables
(see e.g. N. Hoshizaki, Prog. Theor. Phys. 42, 107 (1968))
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Wolfenstein Amplitudes:
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np scattering at 300 MeV — Bonn B
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np scattering at 300 MeV — Bonn B
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Spin averaged differential cross section:
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Deuteron: t=0, s=1
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Standard s-wave  Yo(p) = g}
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Project from left with (1my|bi(o1,0.,p) @Nd SUM over m,

1 2

Z (Imglbr(o1, 02, p) Z O (p)bir (01, @2, p)|[1ma) =

mg=—1 k'—1

2
dgp"Z v (p.p) wi(e,09,p,p') Z O (p') Dy (071, 09, P )| 1my)

m mg=—1" k=1

With scalar functions:
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Deuteron: coupled eq. of 2 scalar functions:
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Example: S-and D-wave of chiral NNLO potential.
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Summary

Realize the most general operator form of

— NN potential

— deuteron wave function

— NN t-matrix

and derive coupled equations of scalar functions (of vector
variables)

— Deuteron: 2 equations

— NN t-matrix: 6 equations

Spin-momentum operators are algebraically treated by
taking traces




Future: 3H and 3He :
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Apply this to-Faddeev equations
outlined inv

Glockle, Elster, Golak, Skibinski
Witala, Kamada — FBS 47, 25 (2010)

Isospin states: |(04)3), |(L

Fachruddin, Glockle, Elster,
Nogga PRC 69, 064002 (2004)
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