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A) The hyperon decay parameters, which characterize parity violation.
However, in antihyperon nonleptonic decays, the uncertainties of the
asymmetry parameters measured are still large.

(N — prt) = —0.71 +0.08 [7]

B) Searches for CP asymmetry in A nonleptonic decays have been
previously performed, but the precision of the measurements are
limited by statistics.
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Derivation-Pstonic form factors

The photon and the J/v are both vector particles, their corresponding
annihilation processes will be similar. One can replace the form factors Gy
and Gy in Fig(a) by the corresponding psionic form factors G,\d;, and G,\‘Z.

e (k1) A(py) e (k1) A(p1)
% >1/¢<
et (ky) A(p2) e (ky) Ap2)
Figure: Graph describing the reaction ee~ — AA; a) genaral case, and b)

mediated by the J/1) resonance.
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Derivation-Interaction vertex

We replace the electric charge e, by a coupling strength ey, which
determined by the J/v¢) — eTe™ decay.

F;(kl, k2) = —I.ew")/#, (1)
The J/9 - hyperon vertex is:

2M
Q?
with P = p1 + po, and @ = p1 — p», and M the Lambda mass. The

argument of the form factors equals s = P2. The coupling strength &g is
determined by the hadronic-decay rate for J/1) — AA.

I'Q(pl,pz) = —leg G/\q/;ﬁu (Gw GlEp)Qu ) (2)
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Derwation-Construct parameters

We use combinations of form factors called D, «, and A® to rewrite
equation. The strength of form factors is measured by D(s),

D(s)zslc;@rﬂw(cgr. (3)

a factor that multiplies all cross-section distributions. The ratio of form
factors is measured by «,

2 2
s‘Gm —4/\/12‘@3‘

_ 4)
2 27 (

s|Gy| +am? |G|
with « satisfying —1 < a < 1. The relative phase of form factors is
measured by A®,

Gl iAo | GY

E _ _iAD® E
Gy G
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Derivation-J /v propagator

The propagator of J/v takes the form

8w — P“Pl,/mi
s— mf/) + imyT (1)

(6)

Since the J/v couples to conserved lepton and hyperon currents, the
contribution from the P, P, term vanishes. Thus we make the replacement

2
€y €
g N eem’ (7)

s— mi + imy (1) s

where een, is the electric charge.
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Derivation-Cross section for ete™ — N(s1)A(sy)

The cross-section distribution for ete™ annihilation into polarized
hyperons.

1 .
do =Ky |Meq|” dLips(k1 + ka; p1, p2), (8)
with dLips the phase-space factor, with s = P2, and with
e2e?
Ky = e . (9)
(s = m3)? + m3r2(my)

|Meg(ete™ = As)N))| = Lou(k, ko) - Kupls1, ) (10)

with L(ki, k2) and K(p1, p2; s1,s2) lepton and hadron tensors, and s; and
s> hyperon spin four-vectors.
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Derivation-Lepton and hadron tensor

Lepton tensor including averages over lepton spins;

1
Luu(kl’ k2) = ZTI‘ [’YV klfyﬂ k2]
1
= kluk2,u + k2uk1,u - Esgu,u- (11)

Hadron tensor for polarized hyperons;

Kol 2) = Te[TD(br + M) (14 1541)

< Th(f— M), (1) /2 (12)
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Derwation-Spin four-vector

The spin four-vector s(p, n) of a hyperon of mass M, three-momentum p,
and spin direction n in its rest system, is

5(p,n) = 24(|pl; EB) + (0:n1). (13)

np=n-pandn; =n—p(n-p). The four-vectors p and s are orthogonal.
In the global c.m. system, three-momenta p and k are defined such that

P1= —P2=0pP, (14)

ki = —ko = k, (15)
and scattering angle by,

cosf =p - k. (16)
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Derivation-Cross section for ete™ — N(s1)A(sy)

The matrix element in Eq.(11) can be written as a sum of four terms

[Mreg(ete™ = A(st)A(2))|” = sD(s) |H™(0,0) + H*(ny,0)

+ H(0, np) + H(ny, nz)] (17)
H® = R (18)
HOS = Liia(ﬁ < R)- nl] (19)
H® = Lii@(ﬁ x k) - nz} (20)
H>® = {71"1 “pnz-p+Tangy - npg

+ 730y, -knyy -k
+71<n1-ﬁn2L-lA<+n2'ﬁ"1L'|A<)} (21)

11/ 22 Improve measurement of decay parameters of N in J/1p — AN



Derivation-Cross section for ete™ — N(s1)A(sy)

R = 1+ acos?d, (22)
S = V1—a?sinfcosfsin(Ad), (23)
Ti = «+ cosd, (24)
T = —asin?d, (25)
T3 = 1+a, (26)
Ta = V1-—a?coscos(Ad). (27)

Transverse components ny | and ny| are orthogonal to the Lambda
hyperon momentum p in the global c.m. system.
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Derivation-Polarization

The Lambda-hyperon polarization is obtained from Eq.(27) which shows
that the polarization is directed along the normal to the scattering plane,
p x k, and that the value of the polarization is

S V1—-—a2cosfsinf .
PA(O) = o = s sin(A0) (28)
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Derivation-Folding of distributions
Hyperon-decay distributions are obtained by a folding calculation,

MR = 3" ([M(etem = AMs)A(=))[?

isl,iSQ
X [M(A(s1) = prO) P [M(N2) = 70)[F) . (29)
nino
e (k1) p(l1)
- 7 (q1)
= 7wt (g2)
et (k2) p(l2)

Figure: Graph describing the reaction ete™ — A(— pr~)A(— prt).
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Derivation-Folding of distributions

Production and decay distributions are,

IM(ete™ = As)N(s2))|* = L- K(s1, ), (30)
|M(A(s1) = pr)|? = Ra [l — anh - s1/ln], (31)
}M —> p7r+)‘ = R/\ [1 — 042/2 52///\] (32)

with Iy the decay momentum in the Lambda rest system. Ry is
determined by the Lambda decay rate.
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Derivation-Folding of distributions

We evaluate the hyperon-decay distributions in the hyperon-rest systems,
where

[M(A(s1) — pr)|? = Ra [1 +oagly - nl} , (33)
IM(A(s2) = prt)|” = Ra [1 + gl - nz} , (34)

il = Iy /Ip is the unit vector in the direction of the proton momentum in
the Lambda-rest system. Angular averages in Eq.(29) are calculated
according to the prescription.

((n-Hn)_=1. (35)
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Derivation-Folding of distributions

The folding of the production distributions, Eqgs.(18-21), with the decay
distributions, Egs.(33-34), yields

|M eq|® = sD(s)R2 [GOO +G%® + G + G55], (36)
with the G2 functions defined as
GO = R, (37)
G® = a8 Liiﬁ(ﬁ x k) -il] , (38)
GO = S Liig(f) « ) }] , (39)

G>® = alaz{ﬁil Pla-p+Toliy 1oy +Taly -kip, -k

+7Ta (il Py -k -+l plyy - |A<> } (40)
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Denrwation-Cross section for

ete” = N— prm )N(— pr™)

From the general expression, we get

do — 1 P Q gy FAlA _
6472 k (s — mf/))2 + miﬂ(z/}) (M)

. (D(s)z G"b> QAQ19, (41)

a,b

with k and p the initial- and final-state momenta; Qa the hyperon
scattering angle in the global c.m. system; ; and €, decay angles

measured in the rest systems of A and A; I'n and 'z channel widths; and
(M) and I'(¢) total widths.
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Denrwation-Differential distributions

We choose a right-handed coordinate system with basis vectors

e, = P, (42)
1 . =«

e = —(bxk) (43)
I ooy s

e, = m(pxk)xp. (44)

Expressed in terms of them the initial-state momentum
k =sinfex + cosfe,. (45)

The components of the unit vector in direction of the decay-proton
momentum (in the Lambda rest system) are

= (cos ¢1 sin 01, sin ¢1 sin 01, cos 61), (46)

111 = (cos ¢y sin By, sin ¢1 sin 0y, 0). (47)
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Denrwation-Differential distributions

The differential-cross-section distribution
do ox W(&) dcosf dQ1dQy.
The differential-distribution function W(€&) can be expressed as,

W(E) =Fo(§) + aFs(§)
+ajom (.7-"1(5) + V1 —a?cos(AP)F,(&) + a]:s(f)) (48)

+V/1— a?sin(A®) (a1 F3(€) + aaFa(€)),
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Denrwation-Differential distributions

Using a set of seven angular functions Fy (&) defined as:

Fo(§) =1

F1(€) =sinf sin 1 sin B3 cos ¢y cos ¢y + cos>6 cos O cos b,

F2(&) =sin 6 cos 0 (sin 01 cos b, cos 1 + cos b1 sin O cos ¢)

F3(&) =sin 6 cos O sin 0 sin ¢1

Fa(&) =sin 6 cos 0 sin 0 sin ¢

Fs(€) =cos?

Fo(€) = cos by cos By — sin’f sin By sin By sin ¢y sin ¢o. (49)
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