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I. DECAY ASYMMETRY PARAMETER

For the process ete™ — AYAS, AY — BP and A decaying to anything, where B and P denote a J¥ = %4_

baryon and a pseudoscalar meson, respectively, the amplitude can be constructed under the helicity basis. For the
weak non-leptonic decay A7 — BP, the Lee-Yang variables[l] agp, Bgp, and ygp are defined with respect to the
s-wave and p-wave amplitudes, such as

_ 2Re(s"p) _ 2Im(s*p) _ s —1pP
B P e Pl Y
(1)
and with equality o%p + 85p +75p = L.
We work with helicity amplitudes. For Af — B(%+)P(O_) decay, we have two helicity amplitudes, H;,, and
H_y /5. Using relations s = %(Hl/g +H_1/2), p= %(Hl/g — H_y3), we have the asymmetry parameters defined

app = |Hipol* = [H 12? Bpp = @sin&fp,
YBP = \/@COS ABP 2)

here we have taken the normalization |H; /2\2 +|H_, /2|2 = 1, and AP? is the phase angle difference between two
helicity amplitudes H, /o and H_y /5.
If AT and A_ decays conserve the CP transformation, we have relations for the A, asymmetry parameters as

with helicity amplitudes as

app = —agp, Bep = —BBP, YBP = VBP- (3)

In the context, for the helicity frame of A} production process ete™ — ATAZ, 6y is defined as the polar angle of
the A with respect to the e™ beam axis in the eTe™ center-of mass (CM) system, as illustrated in Fig. 1.

II. JOINT ANGULAR DISTRIBUTION FOR THE DECAY A — pK32

CM frame AJ rest frame

FIG. 1. Definition of the helicity frames for ete™ — ATAL, AT — pK?2

Figure 1 illustrates the definitions of the helicity angles for the process ete™ — AFA;, AT — pKJ. The A}
polar angle 6 is defined as the angle between the momenta of the et and AF. In the helicity system describing the
AF — pKY decay, the angle ¢; is the angle between the e AT plane and pK?2 plane, and 6; is the polar angle of the p
momentum in the rest frame of the A} with respect to the AT momentum in the CM frame. Helicity amplitudes for
A} production and decay are given in Tab. I, where A1, A2, and A3 denote the helicities of A}, A and p, respectively.

A, and By, are the helicity amplitudes.

c

TABLE I. Definition of decays, helicity angles and amplitudes of A7 — pK?2, where \; indicates the helicity for the corresponding
hadron.

Level Decay Angle Amplitude
0 ete” — ’}/* — Ai()q)A;()\z) 6o A>\1,>\2
1 Aj_ — p()\,j)Kg' (91, ¢1) BA3

The joint angular distribution is defined as
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where the virtual photon spins M = +1. and the Wigner-D function|?] is D}, ,,(¢,6,7) = e~"™%d;}, . (§)e". Helicity

|A1 1| —2lA1 1\2
amplitude Ay, », is related to the angular distribution parameters oy = \Al ) ‘QH‘A i and helicity amplitude

B, is related to the decay asymmetry parameter a = [B1]> = [B_.? with normalization |Bi|* + |B_1* = 1.
S
Then the joint angular distribution is simplified as

dr’
d cos Oyd cos 01do,

Pr =1/1 — ad cos Oy sin by sin Ao, (5)

where Ag = § 11— ) 11 is the phase angle difference between the helicity amplitudes A 11 and A 11, and Pr

o 1+ agcos? O + ’PTa;KO sin 0 sin ¢,
S

corresponds to a transverse polarization observable of the produced A7 . For the charge conjugation mode A, — pK2,

the formula of angular distribution is same, but with the parameter relatlons of Ag = Ag and a_ —a’ o, when

’KO = nga

neglecting C'P violation.

III. JOINT ANGULAR DISTRIBUTION FOR THE DECAYS A — AxT AND 2" 7°

CM frame A} rest frame

A rest frame A rest frame

FIG. 2. Definition of the helicity frame for ete™ — AFAS, AT — Axt and A — pr~

Figure 2 illustrates the definitions of the helicity angles for a two-step cascade decay A¥ — An™, A — pr~. In the
helicity system describing the A7 — Ar™ decay, the angle ¢; is the angle between the e" Al plane and An™ plane,
and 6y is the polar angle of the A momentum in the rest frame of the A with respect to the A7 momentum in the
CM frame. In the the helicity system describing the A — pm~ decay, the angle ¢, is the angle between the Ar™
plane and pr~ plane, and 6, is the polar angle of the proton momentum with respect to the opposite direction of 7T
momentum in the rest frame of A.

As listed in Table 11, By, and Cy, are the helicity amplitudes of the AT — Azt and A — pr~ decays, respectively.
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TABLE II. Definition of decays, helicity angles and amplitudes in A7 — Azn™, where )\; indicates the helicity values for the
corresponding hadron.

Level Decay Angle Amplitude
0 €+€_ — ’y* — Az_()\l)Ac_(Ag) 90 A>\1,>\2

1 Aj — /\()\3)71’Jr (01,¢1) B,\3

2 A — p()\4)7l'_ (92, ¢2) C>\4

The joint angular distribution is written as

dI’
d cos Bgd cos 01d cos Oz dp doo
x 2 + 2ay cos? b

+1/1 — aday sin Ag sin(26)) sin 0; cos 05 sin ¢y

i

+1/1 — aday sin Ag sin(26y) cos 0; sin 05 sin ¢y

X +)? Cos(AllX7r+ + ¢2) (6)

+1/1 — aday sin Ag sin(26)) sin 05 cos ¢y

x 1= (af)2sin(A}" + o)

—
|
°
>+

3

+4/1 — a3 sin Agsin(26p) sin 6y sin praf

:

+ 2apap cos? 0y cos QQQXW+ + 2ap cos 020[7\_71_4_,

where ay denotes the decay asymmetry parameter in the weak hadronic decay A — prn—, Ag = 5%7_% — 5%7% is the

difference of phase angle for the helicity amplitudes Ay, 5, and A/f“ is the difference of the phase angle between the
helicity amplitudes B 1 and B 1 For the case of the charge conjugation mode A, — An~ , the formula is the same,

but with the parameter relations of &y = —axp, = —aj{ﬁ, Ay = Ay, A{\”f = —A’l\”Jr on the assumption of

CP conservation.
If the solid angles (0, ¢2) for A decays are integrated out, one has

dr’
dcos 6yd cos 01dpq

Pr = 1/1 — ad cos by sin p sin Ay. (7)

Equation (7) then returns to the A} one-step decay, which take the same form as given by Eq. (5). If the proton
helicity angular 0, is only measured, one has

ORr—

o 1+ agcos? Oy + PTaj{ﬂJr sin @ sin ¢,

dN
dcos By

o< 1+ aj_,apcosbs. (8)

This equation indicates that even without information of Pr, the decay asymmetry parameter O‘Xﬁ can be accessed
from the distribution of cos 5.

For the two-step decay Af — X +70 B+ — pr0 helicity angles and amplitudes are defined as given in Tab. 111, the
formalism is analogous to that of A} — Ar™ | but replacing symbols of ay with oy, and a;\"ﬂ with a; +0-

IV. JOINT ANGULAR DISTRIBUTION FOR A/ — 2977

Figure 3 illustrates definition of helicity angles for three-step decay AT — X077, 3% — yA and A — pr—. In the
helicity system describing the A} — X97T decay, the angle ¢; is the angle between the e AT plane and X7 plane,
and 6, is the polar angle of the ¥ momentum in the rest frame of the A}~ with respect to the A} momentum in the
CM frame. In the helicity system describing the 3° — yA decay, the angle ¢ is the angle between the X7 plane
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TABLE III. Definition of decays, helicity angles and amplitudes in A7 — Z77° where \; indicates the helicity values for the
corresponding hadron.

level Decay Angle Amplitude
0 eTe” — ’)/* — Aj()q)A;()\z) 6o A)‘lv)‘2

1 AT = 2T()7° (01, 1) B,

2 E+ —)p()\4)7l'0 (92,¢2) CA4

CM frame A} rest frame

A} rest frame 30 rest frame

Y0 rest frame A rest frame

FIG. 3. Definition of the helicity frame for ete™ — ATAZ, AT — S92, 2% 5 ~vA, A — pr—.

TABLE IV. Definition of decays, helicity angles and amplitudes in AF — X%, where \; indicates the helicity values for the
corresponding hadron.

Level Decay Angle Amplitude
0 ete” = AFT(O\)A; (N2) o Axixg

1 AT > EO()\g)W+ (61, 91) B,

2 Y0 AQa)v(As)  (02,42)  Cayns

3 A — pQAe)m" (03, ¢3) I,

and A plane, and 6, is the polar angle of the A momentum with respect to the opposite direction of 7 momentum
in the rest frame of X°. In the helicity system describing the A — pr~ decay, ¢3 is the angle between the Ay and
pr~ planes, while 03 is the polar angle of the proton with respect to the opposite direction of the photon momentum
(from X9 — A~) in the rest frame of A.
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The helicity angles and amplitudes are defined in Table IV. The joint angular distribution is expressed as

dI’
d cos Bgd cos 01d cos Ozd cos O3dgr dgo
x 2+ 2aq cos?

— /1 — aday sin(26y) sin 61 cos b cos b3 sin ¢ sin A
— /1 — aday sin(260) cos b sin 6 cos b3 sin A

— (O50,+)
— /1 — aday sin(260) cos ¢ sin By cos B3 sin A

. 0+
XA/l = (o, )2sin(AT ™ — ¢)

377

2 sin(Alzr)Tr+ + ¢2)

+1/1 — o sin(26) sin 6y sin ¢y sin Agard,

:

— 2apap cos? Oy cos Oy cos 9304;0”+

— 2ap cos 05 cos 93a§0ﬂ+.

where A%Oﬁ is the phase angle difference for the helicity amplitudes B% and B_%. For the corresponding charge-
conjugate 1_\0_ decays, one has a similar formula, but with replacements a; = —ay, Ago, - = —aJErOﬂJr, Ay =
Ag, AZ" ™ = _ AT

If the helicity angles of A and X0 decays Qo=(2, ¢2) and Q3=(03, ¢3) are integrated out, one get the angular
distribution

W«fm x 1+ agcos? by + PTOPELOWJr sin 0 sin ¢,
Pr = /1 — a? cos b sin fy sin Ay. (10)
If the 65 and A3 angles are only measured, one has

dN

+
Wdcosﬁg x1-— azoﬂ_JrOéA 00892 COS63. (11)

This formula provides a way to measure the decay asymmetry parameter agoﬂ + with no information of Pr.

[1] T. D. Lee and C. N. Yang, Phys. Rev., 108, 1645 (1957).
[2] Group Theory, Academic Press, New York, 1959.
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