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Alternative Analyses of C P-Violating Asymimetries

In Sec. 6.2 of Ref. [1] we noted that our proposed method of analysis of C'P violatins
in the neutral B system would yield a null result if we integrate over time and if the B-£
pair was produced in a Codd) state. As the latter condition holds for B's produced at the
T(45) resonance at an e*e” collider, this analysis would be inappropriate there. A cleve:
alternative procedure has been proposed that maximizes the analyzing power at an e*e-
collider. Bere we examine whether this procedure would be effective at a hadron eollider.

Both B's of a produced B-B pair must be observed in a &P analysis. We label B, as
the (neutral) B that decays to the CP cigenstate f, and B; as the (charged or neutral) £
that decays to a state ¢ # § that permits us to determime whether By was a particle or
antiparticle at the moment of its decay. We can accumulate four time distributions, whers
one B decays at time £, and the other at time & with ¢, < 8,:

I: I'Bl_.,v(te,)rg,_.g(t,),
II: o y(ta)l 5,—p(ts),
LI T ()5, yta),
IvV: Pgl_.f(t,)rsl_g(tg,).

The four distributions can be combined to form asymmetries in various ways:

I+ I1v-r-ir

Altate) = T

Another asymmetry is
IHN+III-1r—-r1v

IT+Ir+Hr+1v’
as considered in Ref. [2]. A third might be defined as

A;(fn, tb) =

IT+1{f~1r-Jv

Aaltatd) = T o

For the case that mesons 1 and 2 are of the same type the four time distributions take
the form

Lelta,t)
Crr(ta.ts)
Trrita,ty)
Trv(ta, )

o eI L sin 2 sin 2, + ty)]

s
b)]v
)

ox e HIL — sin D sinz(t, £ b))

e 4 gin D sin (L, o ¢, i
[4

& c'(““')[l Fsin2esinz(d,

!

where ¢ is the C P-violating phase in the decay amplitude for By ~ f, 2z = AM/T is 11,
mixing parameter for neutral B-meson, and the lower sign in the distributions holds %

Clodd) states [B,}|B,) — [B1)[BaY. In the above, time is measured in units of the lifetin.
/T,

Inserting the time distributions into the forms for the asymimetries we have
0 C{odd)
sin 2w sin o{¢, + t,) C{even) ,
A sin2psinz(t. — ) C(odd)
2 = )
0 C{even)

Ag =0.

Cleacly the asymmetry A, will be usefal at an e¥e- collider where only Clodd) states ar
produced.

As we havenoted elsewhere, in By decays where 4 = 0.7 there aze about nine [ifetimes pe:
oscillation, and so 2 time-resolved analysis is actually Bttle different than a time-integrate:
one. Hence it is relevant to consider the time-integrated forms of the asymmetries.

Because of the time ordering in the definition of the distributions I-JV, the form of the

integrals is
f dt. f dt,T1{ta, 1),
n [

etc. Orn evaluating these integrals for the case that meson B, is of the same type as By, wr
find

L Clodd)
1= H
2zs5in2p/{1 + 2°) C(even)
while
zsin2p/(1 4+ 2%) C(odd)

0 C(even)

Ag=

At a hadron collider the B-B pairs are produced in C(even) and C(odd) states with
equal probability, so the question arises as to which asymmetry is to be preferred to attain
maximum sensitivity to the C P-viclating factor sin 2p. Note that the nonzero cases of the
asymmetries are affected by the dilution due to mixing in different ways:

Ay(Cleven)) = %AZ(C(odd)).

For the case of By-By production where 24 = 0.7, the factor 2/(1 4+ z?) = 4/3, so asymmet:
Ay is slightly to be preferred over 4;.

However, at a hadron coliider 2 B4 meson can be produced along with any of a B, B,. »
B,. Table I lists the coefficients K of sin 2ip for the various pessibilities of B-5 productio:
for the two asymmetries. On weighting by the relative production rates we estimate that A
is about 1.5 times as large as A, at a hadron coilider, 5o clearly should be used.




TTOTEEEE S RAeths an lalgt @d Az dl 4 facron cellider, so ciearly should be used.

Table 1: The coefficient K in time-integrated ¢ P-violating asymmetries of the
form 4 = K sin 2y for various possibilities for B;-8 production at a hadron
collider. The Weighted coefficient is obtained supposing 4 = 0.7, 2, 3 24, and
that B,, By, and B, mesons are produced along with a 5y in the proportion
0.375 : 0.375 : 0.25. We have assumed that the lifetimes of al} three flavors of
B mesons are the same.

A_symmetr}' B4 B, B4-B, By-B, Weighted

r =4 2‘ »]-'_ _—
4 U_T:EF L7y 1+23 ] = 0.25
1-£3/2 1
A Ty T F E 1 ~ 0.
2 1+zg) Al Ir=ljd T4=d =) = 0.16

In Ref. {1] we considered the asymmetry

_ FB;—*!{tu)rE;-g(tb) = Ly p(ta)T a—glts)
Alter o) = Lo —s(ta)l g, a(ts) + Ty —g{ta) T By —g(ts)

= sin Jpsin(z,t, £ ity )},

where there was no restriction on ¢, and ¢4, and the minus sign helds for C(odd) states.
This asymmetry is not quite the same as 4; or Ay, but the time integrated version of this is
identical to the time integrated version of 4,. That is, in the time integrated version of A,
we effectively lose sight of the time ordening of ¢, and t,.

For a final comparison, the coefficient K that holds for use of asymmetry 4; at an e*e
coilider is 0.5. This means that the average dilution due to mixng at an ete™ coliider is
one half of that at a hadron collider. Equivalently, we will need four times as many tagged.
reconstructed By-B decays at a hadron collider as at an ete~ collider to achieve the same
sensitivity to sin 2¢0. Stated vet another way, the smallest value of sin 2 that can be resolved
to three standard deviations with & events at a hadron collider is 12/+/N, while at an e¥e~
collider this would be 6/v'N.
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