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The transition operators are obtained from the
Feynman diagrams. For the Dirac spinors we
use a semi-relativistic reduction with 52 <« m?:
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' 3 T
he vertices momentum conservation iIs im-
posed. In particular, in the 3Py mechanism we
allow momentum transfer from the annihilated
gg state to any of the other (anti)quarks on

equal footing with the 3§; mechanism. m]

38, case each vertex provides a factor |s\iyH
where the )\ are the Gell-Mann color matrices.
Furthermore, one uses the approximation that
the effective mass M of the exchanged object
is much larger than the four momentum g:

- ghv P
F=702 M2~ M2

This produces a short-ranged interaction, as
the propagator reduces to a point-like opera-
tor.




The transition amplitudes

Following the Feynman rules the following op-
erators are obtained for the 3S; and 3P, case

1

V(Py) = u(pg)u(ps) =%x§&'-(ﬁa—ﬁa)xa

x 8(pg + P3 + P1 — P11) 6(P> — P2)
X 6(pz — pz) 0(Psr — Ps)
ghv

v(s1) 7

|

U(Pﬁ)‘mu(m) a(py)wu(py) =~

-1
o ngb-xlﬂm 03 +

1

+1(P1 — py) - (G111 X Gg3)] X1 X3
x 6(pg + P3 + p1 — P1/) 6(Pyr — P2)
x 6(pgz — Pz) 0 (g — Ds)
wher ‘ -in p/m
_aredgnored and m is the (anti)quark mass. The

operators are used to connect the incoming pp
state with the final pion states. In order to
do this, the wave functions of the quarks are
needed.
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Partial Wave Analysis, Part 11

Spin-Momentum Operators and Spherical Integrations

As for the exponential part of the new transition amplitudes, one has additional
spin operators linear in the relative pion and proton-antiproton coordinates. In both
the *S; and P, mechanisms an additional term of the form

(7-R)R-R) = (6-R)Rcosf (1)
appears times a factor that depends on the parameters o, 4 and . R' is a unit
vecor along the relative pion coordinates and @ the angle between this vector and
the relative proton-antiproton coordinates. Using the spherical harmonic addition
theorem and P;(f) = cosf we can rewrite this more generally.

I i = .
@-R)Reosd = R(F) (Sontint) (S¥a¥®) )
The sums m and m’ rund from —1 to +1 and o™ denotes the three components:

These operators will be sandwiched between the pion and the Paris fp wave func-
tions, The proton and antiproton spin wave functions act on these spin operators
and we know how to compute the matrix elements of the o™

(" g | Tl Xiom ) % ( __?n’ :1|,£, ) (4)

where the right-hand side is a Clebsch-Gordan coeffcient. The S matrix elements
involve integrals of the form (the subscript V refers to the vacuum *P; case)
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Comparing theoretical predictions of do/d2

and Ay with experiment — does relativity

help us better understand the annihilation
process ?

The observables measured by Hasan et al. in
this reaction are differential cross sections and
analyzing powers. Both observables are ex-
pressed in the two helicity amplitudes F | ()
and Fy_(@), which fully describe the reaction
pp — rta—

dﬂ' 1 2 ,
— = —(|F ¥y _
{éQ 2(| +41°+ 1 F4_[°)
AN—U — Im(F_|_+F4*_ ) wark

d2 - | model
The amplitudes depend on transitiopsintegrals

= I;= f f R’QdR’RQdREﬁP;;(R)l

where the Tj; originate from the angular mo-
mentum decomposition of the annihilation po-
tentials. As initial state w{}‘*’;. we choose the pp
given by the 1998 Paris model.
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FIG. 3. P(BAR)P — P(-)P(+)
PION plane wave versus J—PION range 0 3
Result of chi—-square minimization for minasymp.f
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5. P(BAR)P — PI(-)PI(+) plane wave PI—P] versus FSI for J-range 0 4
Chi—square minimization (minasymp.f)
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