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Detecting new physics fromCP-violating phase measurements irB decays
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In order to detect new physics using or@yP-violating phase measurementsBndecays, it is necessary to
measure a phase factor which is small in the standard model, in addition to the usual largeBpimadesWe
also point out that identifying violations of the unitarity of the CKM matrix is very difficult, and cannot be
done with phase measurements aldis556-282(97)03907-9

PACS numbdss): 11.30.Er, 13.25.Hw, 14.65.Fy

The major goal of future experiments & mesons is to ing on particular examples of physics beyond the [Sb).
measureCP violation [1] to test the standard modé&sM) Here, we discuss what can be learned exclusively from pre-
based on the Cabibbo-Kobayashi-Maska@M) matrix ~ cision measurements df P-violating phases irB decays
[2], and to detect possible evidence for physics beyond théwithout making use of other quantitative informatjoif the
SM. Several articles have discussed this issue focusing omew effects are not dominant.
tests of the general assumptions behind the SM predictions In a standard notation, the CKM matrix can be expanded
[3,4]. More specific predictions can be made by concentratin powers of the Cabibbo angbe=siné., as[7]

1-3\? A AN p—in(1-3\%)]
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with the expansion truncated when unitarity is satisfied tocould be learned by attempts to measure a third pedset
order\® for the real part and to ordex® for the imaginary to be confused with the parameter k& decay$ which is
part. We will assume the general hierarchical structure of Egexpected to be much smallg].
(1), but there are no assumptions about magnitudes other We follow Ref.[8] and define the two large phases as
than thatp, », andA are less than unity. In fact, some of our
analysis does not even depend on the approximate magni- .
tudes of theV,,, V4, andV,s matrix elements, which are ,8=ar% B thth) @
poorly measured. VepVeg)'

It is pointed out in an article by Aleksan, Kayser, and
London [8] that the matrix contains only four independent
phases which may, in principle, be determined from % ijqud)
CP-violating experiments. While they emphasize the possi- y=ard — — .
bility of reconstructing the matrix from these four phases, VenVed
our goal is to use them to detect new physics. In the SM,

only two of these phases are large; these are essentially the. hin th her | h iaht ch i
ones usually identified ag and y. With our weak con- Within the SM, any other large phase we might choose wi

straints onp and 7, the angles@ and y are only poorly differ from these only by a term of ordet, defined as
constrained. Therefore, these measurements by themselves

()

provide only a weak test of the CKM model. We recall that, .

: - ; VEVep

in the standard analysis, one combines the measurements of e=ard — —=-¢ @)
[Vuols |Vial, @and theC P violation in the neutral Kaon system ViVip

to constrain the allowed values gfandy [9]. New physics
would then show up through novel correlations between dif-
ferent experiment§10,11). Our major emphasis is on what The last phase needed,
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TABLE I. CP-violating asymmetries iBy decays. to be more affected by penguin diagrams with virtual charm
and up quarks. Note that the asymmetries 1 and 2 are equal

Class Subprocess Channel  CP asymmetry [3]. This is due to th&-K mixing phase which is mandatory
1d b—ccs WKs —sin(28—6y) in order for the result to be invariant under a rephasing of the
2d boced D*D" —sin(28—6,) s andd quarks. _
3d boTud e — sin(28+2y— 6 The f|rs+t cflann.els fo be -measured Bltfactqne; are
4d bsss oK —sin(28-+ 26— ) YyKgsandz 7. This will permit a correct determinatioof

27, but 28 appears always in connection witly. The first

measure of e is likely to come from process &,

V* Vs B.—¢Kg. A f_ailure of Eq. (6) would then mean thab,

€' =arg< V.V, ) (5 #0, and we did not correctly measuegor that6y# 0, and

cd¥es we have the wrong value fg8, or that the values o€ and

is much smaller than the others, in the SM. B are correct, but the CKM matrix is not>83 unitary, so

Aleksan, Kayser, and London now make the importanthat the sides and angles are not related in the expected way.

point that, to a good approximation’ we can check the CKMIt could be a combination of all three. Of course, as was

model from the equatiofs] stressed by Nir and Silvermd8], if the asymmetry of pro-
. cess (3) is much larger than?, there must be a new con-
Sine= Vus|” SINBsiny_ 2, (6 tribution 6 to the BB, mixing phase. Our analysis is di-
Vgl sin(B+ ) ' rected to smaller violations of E@6).

For the moment we concentrate on the mixing effects as-

where the last equality follows from El). The approxima-  syming that the nonunitarity is less important. We will come

tion involves corrections which, percentagewise, are at mosi,ck to it later on. To distinguish the caseséf:0 from

of orderA <. The power of this relation lies in the fact that the those of4#0, it is necessary to learn about the phases of

;ﬁg;) l\éés/géﬁ|v§ dknuosvi\angtoomgerr] %chlili?l?de&r:z]altlsjrsreléaljlgr?sagts or V4 from sources other than mixing. The most likely
|Veq/Ved, which are not so well determined. There are twoPfOCESSES are the decays of the fobm:sss, in classes

other sets of expressions involving omy , ande, butthey ~ (4d) and (4). These are expected to be dominated by a
require the knowledge oV, or [V,4|. We note that the Penguin graph proportional #4,,V}; . Note that the penguin
validity of Eq. (6) rests on two pillars. On the one hand, it graphs involvingu andc quarks are suppressed by an extra
assumes that the extraction of the angles was not inhibited byower of \%. The asymmetry of (4) compared to ()
new physics effects iB4-By, or Bs-Bg mixing. On the other gives the true value of. This yields two pieces of informa-
hand, it explicitly uses unitarity when relating the anglestion. We can insert this correct value fnto Eq.(6), so that
with the magnitudes of CKM matrix elements. a failure of the equality must then be due@g. Moreover, if
We now turn to the use of Ed6) to detect physics be- this value of e differs from that deduced from &, then
yond the standard model. In Tables | and Il we list a set otthere is a nonzero value @, which could also be directly
CP violation experiments and indicate what is measured irdetected from the asymmetry of ¢4
terms of 8, y, ande. The only new physics effects that we  If the new physics is superwedk 6], it might make a
include are nonunitarity of the CKM matrix and new phasesimilar contribution toBy4-By and Bs-Bg mixing. Suppose
contributions toB4-By and B.-B¢ mixing, specified bydy  that contribution is of the order aciM(By). The result is a
and 4, respectively[12]. These new phases are the only large value forg,, but a value of ordek? for 65. To detect
contributions in superweaklike theories, and are expected teuch a value fos requires determining to an accuracy of
be important in many other extensions of the SM. Unitaritya fraction of\2. From the present analysis, a large value of
is not assumed in calculating theS® asymmetries, butitis 64 has the effect of giving the wrong value gfto insert in
assumed that the decays are dominated by intermeWate Eq.(6), and thus changes the calculated value b a term
bosons, and that there are no detectable new phases in theorder\?. This again requires determinirgto high accu-
K system. We have classified the decays as in Réf.De-  racy. Thus, in the absence of quantitative knowledge of the
cays based on the quark subprockssuus have not been Mmagnitudes oV, andV.q, the use ofCP-violating phases
included for they have similar contributions from tree andalone to detect new physics requires very precise measure-
penguin diagrams. Similarly, those decays involving thements.
quark subprocess— ssd were dropped, since they are likely

TABLE Il. CP-violating asymmetries iiB; decays. LIt is well known that the use of the™ 7~ decay is uncertain due
to the presence of a small penguin contributidB]. This can be
Class Subprocess Channel CP asymmetry overcome measuring isospin-related chanfig4, though that re-

quires the experimentally challenging detectionsdfs. Using the

1s bi_’fi D Ds sin(2e+ 69 Kar, SU3)-related channel§l5] will be easier, since most pro-

2s b—ccd ¥Ks sin(2e+ 6y posed detectors have good charged meson identification. It should
3s b—uud pKs —sin(2y—2e— 6y be noted that our use ¢ andy is to determines from Eq.(6), so

4s b—sss n'n' sin(6y) that we do not require extremely accurate valuegdoénd y in

order to obtaine to a sufficient accuracy.
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While these arguments hold if the new physics is superincluded, it is still necessary to have a measurement of the
weak [16], in many theories there may be significant newsmall phase:. An example of such a relation is

contributions to b—sss. The importance of such new

penguin-type diagrams has been emphasized in discussions ) VesVen

of the decayb— sy [17] and, more recently, in the compre- S'nfz( 1_‘ V..V

hensive study of Gronau and Londal. to7tb
We now turn to the question of identifying violations of

the unitarity of the X3 CKM matrix, as can occur, for ;

example, in models with extra quarks. It is often suggested - .

et one can test unfarty by measuring tree arge prasefot, 10\ SOV e pobies f Aseninois fom o

B, a, and y from reactions (), (3d), and (3), respec-  \yoifenstein parametrization of E¢), is not good enough

tively, and see if they add up te. Following Ref.[8], we 4 confirm this relation. This is due to the fact that we need

have emphasized that there are only two large anglesyd know|VoVep|/|VieVio| to ordern2, requiring very precise

¥, and that the third relevant angle is the small angle aasurements.

Unitarity then implies Eq(6). However, the failure of Eq. In conclusion, we have shown that testing the SM exclu-

(6) can be attributed to the presence @f, as discussed g ely throughC P-violating asymmetries iB decays, re-

above, and thus does not imply a failure of unitarity. 'ndeedquires the measurement of a small phasi addition to the

a large class of theories, including those in which unitarity isusual large phase® andy. Unless there is a large new phase

wolated_, give a ;|g_n|f!cant va_1|ue (ﬁd.‘ We thus r_each the in Bs-B mixing [3], the detection of new physics in this way

conclgsmn that it is impossible to identify a \{lolatlon of [equires a measurement efwith a precision of ordem\2

énlét?/rigat?g:%%afsrg? measurements of three IndependenunIiker to be reached in .the experiments currently planned.

Co o . . _We have shown how this measurement could be used to

We stress that deviations from unitarity will show up in a . . el

failure of SM relations involvingboth angles and magni- ?he;e;m;nigﬁvéﬁygiﬁf?ggtzs :':] ?nf’ dcreTIsXItrr]l%t I;:Zerfgtzrl?per-

tudes. In particular, the relatioh+ §-+%= doesnot test weak other new physics effects might also be significant
unitarity [18]. Such a test will only arise when one confronts phy 9 9 '

these angles with the relevant magnitudes in the unitarity

triangle. J.P.S. is indebted to Carnegie Mellon University’s Depart-
Moreover, clearly identifying unitarity violations, even in ment of Physics for their kind hospitality while this work

principle, requires precise knowledge of CKM magnitudeswas done. The work of L.W. was supported by the United

other than the Cabibbo angle. It is then possible to derivéStates Department of Energy, under the Contract No. DE-

various relations between angles and magnitudes indepeRG02-91ER-40682. The work of J.P.S. was supported by the

dent of Eq.(6). However, unless bothV,y| and|V,, are  Portuguese JNICT under Project No. CERN/P/FAE/1050/95.

]tany. (7)

This would distinguish the two effects. There is a similar
elation involving the same magnitudes a@ but that
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