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ECAL | 7BF | Weak par. | MC stat. | a; dyn. | W dis. | TOTAL
T 1.35 | 0.25 0.09 0.36 0. 0. 1.42
TP 1.42 | 0.21 0.04 0.26 0. 0.27 1.49
T 270 3.94 | 0.37 0.10 0.50 3.60 0.77 5.43
T3 1.47 | 0.05 0.03 0.05 3.08 0.36 3.43
p—p 0.55 | 0.04 0.05 0.06 0. 2.47 2.53
p-m2m0 1.54 | 0.11 0.08 0.10 0.81 0.74 1.90
p-3T 3.23 | 0.09 0. 0.09 2.89 3.96 5.88
2707270 | 9.29 | 0.35 0.07 0.45 7.87 0.24 12.19
27037 1.70 | 0.24 0.05 0.37 4.15 2.90 5.36
33w 0.77 | 1.18 0.12 1.34 5.17 1.64 5.76

Table 6.7: Systematic uncertainties on the %(d,) for the different channels, and on the last
column the total systematic uncertainty for each final state topology. The weak electric dipole
moment is assumed dimensionless in this table, and the errors are expressed in units of 1074,

ECAL | 7BF | Weak par. | MC stat. | a; dyn. | W dis. | TOTAL
T 0.88 | 0.45 0.03 0.51 0. 0. 1.11
TP 3.02 | 0.92 0.08 1.11 0. 1.50 3.67
m—m2m° 2.33 | 1.29 0.74 1.56 7.85 7.05 11.01
T3 7.61 | 0.24 0.14 0.40 4.39 0.96 8.85
p—p 3.16 | 0.06 0.04 0.37 0. 1.15 3.39
p-m2m° 5.18 | 0.09 0.06 0.09 4.59 0.31 6.93
p-3T 3.06 | 0.27 0.04 0.27 0.63 1.42 3.45
m2n0%-m27% | 26.82 | 0.71 0.86 0.88 30.03 3.95 40.48
m2n%-3m 5.34 | 0.31 0.07 0.31 1.15 5.54 7.79
3r-31 5.97 10.25 0.18 0.19 4.69 0.56 7.62

Table 6.8: Systematic uncertainties on the S(d,) for the different channels, and on the last
column the total systematic uncertainty for each final state topology. The weak electric dipole
moment is assumed dimensionless in this table, and the errors are expressed in units of 107

difference between o and og4;.

To construct an upper limit on the absolute value of the four dipole coupling
terms from the results of table 6.9, each fit value is considered to describe a Gaussian
probability density function with a given mean and a width equal to the total error.

The symmetric region about zero containing 95% of this probability is then quoted
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Parameter Fit value | o | Ogar | Osys
R (1) [1073] 0.63 0.43 | 0.40 | 0.16
I (17)[1073] -0.63 0.84 | 0.82 | 0.18
R(d,)[107 8¢ - cm] -0.80 2.22 | 2.14 | 0.59
3(d,)[1078e - cm] -1.58 3.93 | 3.77 | 1.11

Table 6.9: Final number of this analysis for the weak anomalous dipole moments at 68 % C.L.

as the 95% C.L. upper limit for each dipole moment. These limits are found to be

1.34 x 107 (95 % C.L.)

2.02 x 1073 (95 % C.L.)

4.62 x 10~"%ecm (95 % C.L.)
8.29 x 107 "%ecm (95 % C.L.).

g
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The results obtained in this analysis are presented together with the previous

measurements in table 6.10, splitting the errors in their statistical and systematic

components.
Experiment R(p,)[1073] S(pr)[10773]
L3 0.0+1.6+2.3 —1.0+3.6+4.3
SLD 0.26 £0.99+0.75 | —0.02 + 0.62 & 0.24
New ALEPH®™ | 0.634+0.40+0.16 | —0.63+0.82+0.18
Experiment R(d,)[107®e-cm] | I(d,)[10"%e - cm]
L3 —4.4+88+13.3 -
SLD 1.84+6.1+2.8 —26+35+1.3
ALEPH —0.29 + 2.59 + 0.88 -
OPAL 0.72 + 2.46 + 0.24 3.5+5.7+0.8
DELPHI —1.484+2644+027| —44+77+1.3
New ALEPH®™ | —0.80 +2.14 +0.59 | —1.58 £ 3.77 + 1.11

Table 6.10: Previous results on the weak dipole moments, extracted from refs. [3, 4], together
with the results of this analysis (New ALEPH), at 68% C.L. The error is splitted in the statistical

and systematic components.

(*) The new ALEPH numbers are not published yet.

The CP-violating electric dipole moment has received plenty of attention by the

four LEP experiments, being measured many times from the early times of LEP.
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The results we report here are extracted from refs. [3, 4]. Table 6.11 compares
the 95% C.L. limits of the previous weak dipole moment measurements with this
analysis. We see that our results are fairly good on the electric components. On
the one hand, the limit on the real part has been improved by 8 % with respect to
the most accurate numbers, and it is about 14 % better than the previous ALEPH
number. On the other, the bound on the imaginary part is 5 % better than the
SLD limit.

Experiment | Limit on |R(u,)| | Limit on |¥(1u,)]
L3 2.5 10.0
SLD 2.48 1.30
New ALEPH®) 1.34 2.02
Experiment | Limit on |R(d,)| | Limit on |3(d;)|
L3 32.4 -
SLD 13.6 8.7
ALEPH 5.40 -
OPAL 5.04 13.1
DELPHI 5.91 17.4
New ALEPH®™) 4.62 8.29

Table 6.11: The 95% C.L. limits on the weak dipole moments of previous measurements and
of this analysis (New ALEPH). The electric terms are expressed in units of 10~*%e - cm, and the
magnetic terms are expressed in units of 1073, The limits of the previous measurements are
extracted from the results of refs. [3,4].

(*) The new ALEPH numbers are not published yet.

The weak magnetic dipole moment has only been measured by the L3 and
SLD collaborations. The 95% CL limits from their latter results are also shown in
table 6.11 together with our numbers. The bound on |%(x,)| has been considerably
improved, by 46%. However, the SLD limit for |3(p., )| is better by 36%.

The SLD measurements are better on the imaginary parts because the polari-
sation of the beams increases their sensitivity on these terms. However, for the real

parts, they have the same sensitivity as LEP with less events.

With respect to the previous LEP numbers, one of the main differences of our
analysis is the use of the information of all the cross—section terms. Table 6.12 shows
the most sensitive observables for each of the anomalous couplings, according to the

definition of eq. 2.22. In the measurement of the real parts (Asz), and (Az;)_ were



KDyssutliidiulil TL1IULS allu 1Toulls

| R(ur) | S(u-) | R(d,) | 3(d,) |
1°tObs.  2™Obs. | 1°tObs. 2™Obs. | 1580Obs.  2™Obs. | 1°tObs. 2"?Obs.
(Aoz).  (As2), | (As1).  (Ao)y | (Do) (As)_ | (As2)_  (Ao2)_
15" time | 1% time 15 time 15" time

Table 6.12: The most sensitive observables for each of the tensorial couplings, showing if they
are used for the first time in this analysis.

not taken into account before. And for the imaginary couplings, the new observables
considered are (A1), and (Agy)_. The most remarkable case is that of (), since
we use for the first time the most sensitive observable, which is (A3;),. This last

point was suggested in ref. [19].

Another relevant point in the comparison with previous LEP measurements is
the size of the data sample. In this analysis we have used the 7, p, 727° and 37
decay channels, in which the sensitivity to the tau direction is higher. Nevertheless,
also the fully leptonic channels (e and p decays) could be used and would certainly
improve the statistical error of this measurement. In the former LEP analysis, the
whole set of 7 decays were used and this has to be taken into account if one wants

to compare the performance of the methods used.

Therefore, we have shown the convenience of using the information of the full
cross—section terms in the determination of the weak anomalous couplings, by ob-
taining the best world measurements of (R(u,), R(d,), (d;)), and by setting very

competitive limits on | ().



Chapter 7

Summary and Conclusions

In this thesis we have set very stringent limits on the weak dipole moments of the
tau lepton, using the large data sample collected by the ALEPH detector from 1990
to 1995.

The method for the extraction is based on a likelihood fit built from the full dif-
ferential cross—section, obtained applying the ideas of refs. [25, 22]. The expression
for the tau production has been taken from [11, 39] and is given in appendix A after
some algebra. The tau decay is described by the TAUOLA formulae [21], in which
the sensitivity to the tau polarisation is maximal through the use of polarimeters,
the A vectors, different for each decay topology. These expressions are shown in

appendix B.

The selection and particle identification make use of many tools already develo-
ped in previous ALEPH analysis [36, 34, 37, 38]. By contrast, we also require the
correct reconstruction of the event observables, reducing the number of candidates

by 21% and also helping in the cleaning of background considerably.

The tau flight direction is needed in the polarimeter expressions and, in principle,
the information of the vertex detector could help in its determination [44, 45] if the
cones intersect. On the other hand, this has been explored by one of the methods
to measure the tau polarisation in ALEPH [46] and it has been shown that the
improvement is small. Therefore, for events with intersecting cones, we do not
try to distinguish between the two available tau directions and just average the

information coming from both solutions in the fitting formula.

The detector effects and background are incorporated in the fitting formula by
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means of an efficiency matrix and a complete set of smearingfunctions, the D;;,
where we introduce the most relevant correlations between the observables of the
fit. We have empirically found that the following pairs of variables are significantly
correlated: (W-WOW?), (cos), - cosb), cos6)) and (¢p-¢%), cosy). The shape
of the smearing functions is easy to understand for the 7 channel, with only two

particles in the final state, but it is not simple to be explained for the other decays.

The performance of the fit has then been checked with the SCOT Monte Carlo
program [39], using various Monte Carlo samples generated at different values of
the anomalous couplings. The reconstructed parameters are plotted versus those of
the generation and a straight line fit is applied, obtaining significant deviations of
the slopes from 1 in various cases. Therefore, we correct for this effect in the final

results.

Afterwards, we have compared the distributions of the observables for the data
and the Monte Carlo simulation. The polarimeter angular distributions of the
data are consistent with those of the the Monte Carlo simulation. Thus, other
possible systematic errors not treated in the analysis are under control. On the
contrary, the W distributions of the data significantly differ to those of the Monte
Carlo simulation, and this effect has been considered as an additional systematic

uncertainty.

The systematic uncertainties have been estimated for each of the anomalous cou-
plings and each topology separately, considering some of the most common effects
of previous ALEPH analysis. This measurement is dominated by the statistical
error and an overall control of the systematic uncertainties is expected from the

comparison of the observables between data and Monte Carlo, as said above.

The final numbers are obtained by a combination of the individual measurements
from each channel, using a covariance matrix which only accounts for the statistical
correlations. However, as long as the systematic errors are small this method is

correct.

On the results, it is the first time ALEPH measures R(u,), S(p-) and I(d;).

R(d,) was measured several times and we improve the limit by 14%.

Comparing with other experiments, we are able to set the best world limits for
both real parts of the couplings. The improvement is about 46% for |R(u,)|, and
about 8% for |R(d,)|. The bound on |¥(d,)| has also been improved with respect
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to the previous best limit, by 5%. However, SLD gives better results on I(p,) due

to the polarisation of the beams.

The final numbers agree with the SM prediction. However, we have shown that
the performance of this method is better than that of the previous approaches of
the LEP collaborations by an overall reduction of the total uncertainties. It should
be also noticed that we only consider the 7, p, 727 and 37 channels. Thus, our

statistical error would decrease if the e and p channels were also used.

In our data sample, about 52% of the events have at least one of the taus
decaying into the a; channel. This decay has a noticeable theoretical uncertainty,
as shown in the tables of the systematic errors. Hence, a more precise theoretical
knowledge of the underlying dynamic certainly will improve our numbers. However,
it is also true that from the experimental side, more study on the W disagreement

might also decrease our errors.

The extraction of the weak anomalous couplings by a likelihood fit was already
done by the SLD collaboration [6]. Nevertheless, in obtaining these couplings we
use for the first time the spin correlations between hemispheres in a likelihood fit.
Mostly for the imaginary parts this point is crucial in the analysis of LEP data,
since the most sensitive terms of the cross—section to ¥(u,) and 3(d,) are (As1),

and (Asy)_ respectively.

As future prospects, we can finalize by saying that this method has broad appli-
cations in the future ete™ linear collisions with other final state topologies, mainly

tt production.



Appendix A

Cross section explicit expression

In section 2.1.3 the total differential cross section was expressed as the sum of some
matrix elements R;; multiplying the 7 spin components. Here, the full explicit
expression for these elements is presented. It could be also extracted from ref. [11]

after some algebra.

The v interchange is assumed to happen under the SM; for the Z, both the
ZeTe and Z777~ vertex have the axial and vector couplings of the SM and for

the latter are also added the tensorial couplings p, and d..

The chosen reference frame is that of fig. 2.1.

Ry = 23 [R(A)+ R(By) + R(C;) + R(Dy)]

Ry = 2%1—3%(%1,») +R(B;) — R(C) + R(Dy)]
Ry = 21_22152[3%(&) — R(B;) — R(C;) + R(Dy)]
Rgs = 2f2152[3?(Ai) +R(Bi) = R(C:) = R(D)]
Ry = 41_:21:,2[3%(&)13%({]2-)]

Ry = —24% [S(E) + ()]

Ry = 4_51[1%(1%”%(1@-)]

Ryp = —24% [£S(F) + (1))
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R = 1 X [3(6) £ ()
R = 4_2 R(G;) + R(H;)] (A.1)

where the + sign refers to Ry, — Rpa, and L; (L = A, ..., J; i =1, 2) is the addition
of three terms coming from the Z exchange, the Z — v interference and the -~y

exchange as follows:

2 2
Li = |Nz(¢®)"(Li)z + (L) zy + [Ny (@) (Ls) (A.2)
with
ide? 140, Q) €?
N 2 — N 2 = _wewrr . A3
Z(q ) qZ_MZ2+7:FZq2/MZ ’Y(q ) q2 ( )
(A.4)
The non vanishing terms in each case are
Z contribution:
(A)z = (Ve 00" + Vv e ™) + B2c08%0 Gete arar* + 20,0, R (v, 17 ")
+ 208cosf [R(vevrae ar™) + R(vepraear™)]
(AQ)Z = (a‘ea‘e*UTUT* + aeae*MTﬂT*) + 52(70529 UBUB*aTaT* + 2aeae*§R(UTﬂT*)
+ 208cosf [R(aev,ve"a,”) + R(aep,ve a,™)]
(B)z = B0 ara," + c05°0 (et v 0" + oo™ ety ™) + 28 cos O R(veara, v, ™)
+ 2Bc0s 0 R(vearae* ) + 2c08*0 aca, R (v, p.*)
(By)z = Bacacara.”* + cos?0 (vove v v, " + 0o e pir) + 23 cos O R(apa, v, v, *)
+ 2Bc0s0 R(aea,v* 1) + 20820 0,0, R (vrp.*)

2
(C)z = B—Zsin29aeae*d7d7*

m
32

(Cy)z = Wsin% Ve dd
1

(D1)z = m?sin®0aca. v, + Wsinm Qoo™ iy i + 251020 a,a.* R(vep1*)
1

(Dy)z = m*sin®0vev. v.v* + —25in29 Ve iy ftr™ + 28i0%0 0,0, R (v 1. ")

m
(EI)Z = Bveve*vﬂ'aT* + cos 0 (UeUTUT*ae* + UBUTae*/'LT*) + /BUBUB*ILTGT*

08 0 (Vefr e V7" + Voptr i ¥ a*) + 37 cos 0 apara, v,

- -

Bcos?0 (aeae*a, v + apae*arpir*)
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(E2)Z = Baeae*UTaT* =+ cos 0 (anTUT*Ue* + anTve*MT*) + Baeae*MTaT*
+ 080 (Qepirfbr V6" + Goptrve 0" + B2 cos O veara,*a,”
+ Bcos?0 (VeVe* a7V, + Voo ar ")
2
(Fl)7z = ——sinf (vevrae"d,” + vepira. d,”) — —sin 6 cos 0 a.a. a,d.”
m m
2
(Fy)7 = ——sinf (aev;ve"d;" + aepirved;") — —sin @ cos 0 vev. a,d.”
m m
(G1)z = —im sinfv.v,v,%a." —i— sinfvev,a.” p,* — im sin @ vepra. v,
m
— 1— sin@ v,y a.” —ifm sin@ cos b apa. a, v, — zﬁ sinf cosfa.a. a, ;"
m m
1
(Go)z = —im sinfa.v,v,. v, —i— sinf a0 " — im sin @ aepi, v v,
m
— i— sinf acpirpir v, — ifm sin @ cos O vov, a, v, — Zé sin @ cos 0 veve arpi
m m
? s
(Hy)z = ——sinfu.ara.d;" — —sinf cosb (aca. v.d." + aeae” pird;™)
m m
2
(Hy)z = ——sinfaca,v.d;" — —sinf cos (vov v,.d." + veve” prd,")
m m
(I)z = —ifmsinfuv.ara.*v," —i— sinfveara. ;" — im sin6 cos a.a.*v,v"
m
1
— 11— sin# cos O apa. v, — im sinf cos O aca.” v, "
m
1
— i— sin# cos aca. "
m
(I,)z = —ifm sinf aca,v. v," —i— sinf a0, v, " — im sin @ cos 0 veve v, v,
m
1
— i— sin# cos O v.v, v " —im sin 6 cos 0 vev prv, "
m
1
— 17— sin® cos O v.v, iy pir
m
(J1)z = ifsin®fa.a. d v + z% sinf aea*d, p1*
(Jo)z = ifsin’Qv.v. dv* + zﬁz sinf veve*d,pu* (A.5)
m
Z — ~y contribution:
(A)zy = 2R{[RIN2(")N; (")) = S(N2(")N; (@) (verr + vepr)
+ [R(N2(*)N;(g%) = S(N2(¢*) N3 (q%))] B cos O acas }
(B2)zy, = 2R{[R(Nz(¢")N; (@) — S(N2(¢°)N; (¢"))] 8 cos O aca,
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(A.6)
(A7)

0ac* "
i—sinf cosO v, d,”
sinf cosfv,* "

m

s
im sin @ cos 0 (vev, + Velir)

zi sin
()]

*(¢*)) — %(Nz((f)]\f;‘(q?))} im sin 0 (a0, + aefir)
(¢%) — %(Nz(q2)Nf;(q2))} iBm sin 6 a.a,

— [R(Nz(¢*)N;(¢%) = S(N2(q*) Nz (q%))] iBm sin 0 cos O vea,

(Dy), = m?’sin®@
(Iy), = —im sinf cosf

(By), = cos’0

v

N*

{

(l)zy = —[R(Nz(¢?)

m,/(q/2), and (3 is the tau velocity in the center of mass system.

— [ROVAIN: () + SN ()]

(Hz)zy
~ contribution:

where m
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Appendix B

Elements for the decay process

In section 2.2, it was shown that the decay dependent elements in the differential
partial decay rate of the tau are the polarimeter vector ﬁ, the spin averaged squared
matrix element |M|?, and the phase space factor P;. In this appendix, these terms
are presented for each of the decay modes considered. Also, the set of independent

observables X for each topology is given.

In the following subsections, the four-momenta not expressed in covariant form
are supposed to be in the tau rest frame. Since in the experiment the available four—
momenta are those of the laboratory system, the tau direction of flight is needed

for the transformation to the tau rest frame.

B.0.1 Decay into one pion

In the decay to one pion,

Ti(pﬂ s) = DT(pu)Wi(pwi) )

the polarimeter h is the following:

T 2 " Pv 7_1" —p2 _»1/
hi = Fm, (p7ri p )p + pgip , (Bl)
2(prt - Dv) (Pt - D7) — Do (Dv - D7)

which, after some algebra, can be expressed as
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- 2m

+ o T
W= :FmZ—mQ
T ™

Dt (B.2)

The spin averaged squared matrix is

[MJP = GLfi(m7 —mp)m]

with fi = V/2f, cos 0 = 128.4 MeV. (B.3)

The phase space factor P; is

(B.4)
with
Mz,y,2) = o +y"+2" = 2ay — 2w2 — 292 . (B.5)

The set of independent variables, the X set, is formed, in this case, by the polar

and azimuthal angles of the pion in the tau rest frame.

B.0.2 Decay into two pions

This decay is dominated by the p production. We call it also the p channel. The

notation for the kinematic will be the following:
Ti(p'ra S) — DT(pV)’/T:t(pﬂ'i)ﬂ_O(pﬂ'o) .

The polarimeter and the |M|? are

. 2q - p,)G — 2B,
A (2-pv)q .
2(q-pv)(q-pr) — v pr)

[M[? = (Greos 0c)|F(Q)P4 [2(0-pu)(q - pr) — P(po-pr)]  (B.6)

with the following definitions:
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Q
q

DPrt + Dgo
Prt — Pgo
- (ﬁwi + ﬁw’))

Py

m2 — (prx + pro)?
J(4) = e DA B.7
pv(4) o (B.7)

F(Q?) is the pion form factor from ref. [49],

By(w?,m,,T,) + BBy (w? my,T )
Flw) = p p1+5 LA

with m, = 773 MeV, T, = 145 MeV, my = 1370 MeV, Ty = 510 MeV, B =
—0.145; and B, (s?,m,T) is the p-wave Breit-Wigner for the p defined as

m2

By(s®,m,T) =
w(s”,m, T) m2 — s2 —imgs’

with

3
s2/4—m2|+s2/4—m2 .
mp (VA ma 124 maN T g 2 g0
8 \/m2/272m$r

0 otherwise.

The phase space factor P; is

1 )\I/Z(mf,mz,QZ) )\I/Z(QQ,mio,mii)

_ 2
PP o (47r) U5 m2 Qz
2 212 2
— m2)2 + (m,T
MGl MU e S (B3
myl’y
with
Opaz = My —m, and  uuin = Mgt + Mo . (B.9)

In this case, there are five independent variables: four angles and a sampling for

the p resonance, which may take values between a,,;, and qqz.
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B.0.3 Decay into three pions

This decay is dominated by the a; resonance and, in analogy with the p mode, it
is called the a; channel. The a; can either decay into three charged pions or into

one charged pion plus two 7°’s. The notation used is

T (pr, 8) = Ur(p)T (p) 7 (p2)7F (D) T (pr, 8) = Tr ()7 (p1) 70 (p2)T () -

We will also use that p,, = p+p1+p2; di = pa, - (0; —p), i = 1,2; m? = p}; m} = p3;
my, = (p+p1)% mp, = (p+p2)* M? = (p1 +p2)” and g, = pj, .

The polarimeter takes into account the two resonances. The expressions pre-
sented below assume that the z-axis is parallel to the a; direction. However, the
proper orientation of the reference frame is recovered after the calculations are

performed. The polarimeter is first defined in terms of the p; and p, vectors as

}_l’j: =¥ ﬁ]:gt - ﬁv
pr(4)* —po(4)’

with the following definition for the py and p,:

(B.10)

pe(1)* = F{-2p,(3)S[H(2)H(4)" — H(4)H(2)’]
+ 2p,(4)S[H(2)H(3)" — H(3)H(2)"]}
pe(2)* = F{-2p,()S[H1)H (3)" — H(3)H(1)’]
+ 2p,3)I[H()H(4)" — H(4)H(1)]}
pe(3)" = F2p,(HS[H()H(2)" — H(2)H(1)"]
pe(A)* = F2p,(3)S[H()H(2)" — H(2)H(1)"]

po = AR{[H(4)p,(4) — H3)p,(3)] H"} = 2R(H - H")p, ~ (B.11)

where the hadronic current H depends on two vectors (Py, and (Py,),

2V2m? . 5 -
311 B(mal7mal7Fal)[F(mpl)PV1 +F(mp2)PV2] )

with II = 93.3x1073.
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F(Q?) is the pion form factor, defined in the previous section. The vectors Py, and
the Ty, are defined as

paldi
PVi = PP =5
a1
1:‘0,1 = Fal G(mgl) )
G(m3,)

where G(q) is a function to introduce the energy dependence in the a; width, with

the approximate value from ref. [49],
4.1(q—9m?)? [1 —3.3(q—9m2) +58(q— 9m72m)2] if ¢ < (m,+my)?

Glg) =
q(1.623 +10.38/q — 9.32/¢* + 0.65/¢*) otherwise .

The spin averaged squared matrix is

|M]P = GEmr(po(4) — pe(4)). (B.12)

And the phase space factor P; is

1 AY2(m2,m2,m?2 ) \Y2(m?2 ,m2, M?)

_ 3 a1’
Pal - (47T) 21777'8 m72— Tlngl
o AP mE,md) (mG, — mE,)* 4 (M Tay)?
M?2 Mg, Loy

X ( max szn)( 2ma:v M22mm) ) (B13)
where

Qmin:m1+m2+mw Qmax:mﬂ'_mua
and

M2,min =my + mgy M2,ma:v = Mgy — My .

Finally, in this mode there are eight independent variables: six angles and two
more variables to sample the a; and the p resonances. The variation interval for
the invariant mass of the a; resonance is from @, t0 Qmaz, and that of the p

resonance is from My in t0 Mo aq-
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