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Measurement of the CKM-angle y at BABAR

Vincent Tisserand * for the BABAR Collaboration.

LAPP Annecy IN2P3 CNRS, France
E-mail: tisserand@lapp.in2p3.fr

We present the results of the measurements employed byBaB#R Collaboration, t
determine the value of the Cabibbo-Kobayashi-Maskawa (CKI)violating phasey (=
arg[—V qVib/ VeV ))- These measurements are based on the studies performed with the
B-decaysB~ — DK, B~ — D*%K~, andB~ — D°K*~, whereDC indicates either &° or aD°®
meson. A sample of about 230 milli@B pairs collected by thBABAR detector {], at the PEP-|
asymmetric-energgte~ collider at SLAC, is used.

Three methods are exploite? B, 4], where theD° decays either to @P-eigenstate®LW), or tc
a Cabibbo-suppressed flavor decay ("wrong sii’S, or to theKl7r~ " final state, for which
Dalitz analysis has to be performe@@S3. To extracty, those 3 methods are all based on the
that aB~ meson can decay into a color-allowbé”°K ~ /K*~ (color-suppresseBd*)0K ~ /K*~)
final state vidb — cus(b — ucs) transitions. The amplitude’ (“Vp,") of theb — custransition i
proportional toA3 and the amplitudé\(“V,,") of theb — ucstransition toA3./n2 + p2e(%®-Y).
The second amplitude therefore carries bothEW& y CP-phase and the relative strong pt
of those 2 transitions. As the total measured amplitudeBfor— D°K—, B~ — D*°K~, anc
B~ — D°K*~ decays is the sum of the 2 amplitudeq“Vep") and.o (“Vyp'), the 2 amplitude
interfere when th®° andD® decay into the same final state. This interference can lead to dit
Bt andB~ decay rates (dire€@P-violation).

The various methods are "theoretically clean" because the main contributions to the
tudes come from tree-level transitions. In addition to the CKM parameters and to the
phase o (“Vip") is significantly reduced with respect td(“Vcy") by the color suppression pt
nomenon. One usually defines the paramefes| o7 (“Vyp") /<7 (“Vep") | that determines the si
of the directlCP asymmetry. Itis the critical parameter for these analyzes. Its value is pred{
to lie in the rang®.1— 0.3. The smallerg is, the smaller is the experimental sensitivityto
A combination of the various constraints obtained with these methods is performed. It i
on a frequentist approach][where the world average of tlieLWandADSmethods is combine
with the result of theBABAR Dalitz analysis 7]. It constrains the anglg to have a value eqL
to [51%3]° and consistent with the overall indirect prediction obtained for the standard
CKM triangle fit: [577];]°. The BABAR Dalitz analysis alone measurgs= [67+ 28(stat) +
13(syst) &= 11(Dalitz mode}]°. Incidentally, It should be emphasized that these somewhat
measurements were considered as unreachable at B-factories a few years ago.
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1. Introduction to the various physical quantities

The 2 parametersrg” and "3s" depend on the studied decap. — D°K~ (3 andrg) or
B~ — D*0K- (o andrg) orB~ — DOK*~ (dsz andrsg). The CKM-angley, and the paramete
"rg", and "dg" can be measured experimentally through the 2 observable quantities (Asyi
and Ratio of Branching Ratios):

_ (B~ = DWK®)—rBr - 0K<*>+) 11
"~ (B~ — DMOK (=) (B+ — DHOK ()+) '
_, px0 -+ *)Ope (%)+
(B~ = DWOKM=)4r (B — DHOK(9)+) 1.2

T (B~ — DKM 4T (B — D(*>0K(*>+)'
Both BABAR [8] and Belle P] Collaborations have produced results for these three me

at the time of spring 2005. We essentially present here new results for the BecayDOK*~

(K*(892)" decays wher&*~ — K2m1™). The analyzes are described in detailslif, [11, 7] .

2. TheGLWanalysis P, 8, 10|

TheDP is reconstructed in variou@P-eigenstates decay channets'’K —, r" i~ (CP+ eigen
states); anK2m®, K¢, K9w (CP— eigenstates). Th&cp is normalized to the branching
tios as obtained from 3 flavor state decay3® — K-mt, K-, and K-t mm. One
has 4 observable quantities, for 3 unknownrg, anddg): Rcps = 14 2rgcosd cosy+rz anc
Acpt+ = %ﬁsmy. Only 3 are independent, aRcp_Acp- = —RcpiAcps. In principle witk
infinite statistics this method is very clean to determir{gvith 8 fold-ambiguities). But the smi
CP-asymmetry (smallg ~ 0.1 — 0.3) and the small secondary branching ratios to produc®#fl
CP-eigenstates, make this method difficult with the present B-factories dataset.

For theB~ — DK*~ decay [L0], we measureAcp, = —0.08+0.19+0.08, Rep, = —0.26+
0.40+0.12, Acp—- = 1.964+0.404+0.11, andRcp- = 0.654+0.2640.08, where the first unce
tainty is statistical and the second systematic. The (peaking)-background is estimated -
mes and nDP side-bands. Th&P+ pollution for CP— eigenstate from deca;léé’[K*K‘]nonq,
andK[rr" m 1¥on o i estimated using data. Finally, we take into account in the systema
certainties the possible strong phases as generated by prétal8evaves in theK*~ — KO~
decays. FromRcp. we also deriver% = 0.304+0.25. When one defines the so-call€xhrte-
sian coordinatesxs™ = rsg cog &= y), we find: xst = 0.32+0.18 (stat) = 0.07 (syst), xS~ =
0.33+0.16 (stat) +0.06 (syst). At the present time, the measured value#\g$ (Rcp) are no
precise enough to differ significantly from 0 (1) so that a strong constraipt@n be obtaine
from theGLWmethod alone.

3. TheADSanalysis [3, 8, 11]

The D° meson as generated from the— cus transition is required to decay to the dot
Cabibbo-suppresse¢it m~ mode ("wrong sign"), while th®° meson, from the interfering —
ucs transition, decays to Cabibbo-favored final stiterr—. The overall branching ratio for
final stateB~ — [K* 1T ]50K™*)~ is expected to be smalk(10-5), but the 2 interfering diagrar



are now of the same order of magnitude. The challenge in this method is therefore toB
candidate in this final state with 2-opposite charge kaons. The total amplitude is complic
an additional unknown relative strong phaggin the D°-D° — [K* 7] system, while the ratio |
their respective amplitude, is precisely measured at the level of 6 ¥2] It can be written &
A([K* 117 50K ™) =) O rgé(%®—Y) - rpe®. Using theB~ — [K~ rt]K(*)~ modes as normalisati
for Raps, one can write the equations for the 2 experimental observable quan®ligs.= r§+
r2 + 2rgrpcog ds + dp) cogy) and Aaps = 2 rBrDSi”QfD?D)Si”(V). WhereRaps is clearly highly
sensitive ta3.

For theB~ — DK~ andB~ — D*°K~ channels§], no significantADSsignal has been me
sured yet. At 90 % of confidence level, we set the upper limits 0.23 andr*3 < (0.16)2,
respectively for the 2 decay modes. For Bre— D°K*~ decay [L1], we have also not seen &
significantADSsignal, we measur@aps = 0.046+40.031+ 0.008 Apps= —0.22+0.61+0.17,
where the first uncertainty is statistical and the second systematic. As part of the systemat
tainties, we consider effect of the possible strong phases as generated by pkob&blgaves il
theK*~ — KO~ decays. It is the dominant contribution.

Using a frequentist approack][ and combining both th&LW and ADS methods for th
B~ — DOK*~ channel 11], we determinegss = 0.28"5-%5, and we can exclude at the two-stanc
deviation level the interval5® < y < 105°.

4. TheK2m mr* Dalitz analysis [4, 8, 7]

Among theD° decay modes studied so far tk@rr 1t channel is the one with the high
sensitivity toy because of the best overall combination of branching ratio magniiile, D°
interference and background level. This mode offers a reasonably high branching atie
including secondary decays) and a clean experimental signature (only charged tracks in
state). The decay mod€ ™ can be accessed through many intermediate states: "wron
or "right" K* resonances({p°® CP— eigenstate, ... Therefore, an analysis of the the amplitt
theD? decay over the?(K9mr) vs m?(K2rrt) (m? vs m? ) Dalitz plane structure is sensitive to
same kind of observable as for both taBeWandADSmethods. The sensitivity tpvaries strong|
over the Dalitz plane. The contribution from the— ucs transition in theB~ — D(*)OK~ /K*~
(Bt — D®OK* /K**) decay can significantly be amplified by the amplitueig,. («/_) of the
D% — Ko ™ (D° — KO 1) decay @b+ = @b (mé,n2)). Assuming naCP asymmetry inD
decays, the decay rate of the chBin— D*)°K~ /K*~ (Bt — D*)OK* /K**), andD® — KO rt*,
can be written ast + (2, M%) O | |2 + 13| 9b+ |* + 2{X; Re{apr o, | + Y= IM[abr a5, } -

We have introduced th@artesian coordinates{x;,y-} = {Re,Im}[rge (%¥Y)], for which the
constraint3 = XEF +y§F holds. These are natural parameters to describe the amplitude of the
A simultaneous fit both to thB* decays and® — KOmr mt decays is then performed to extr
12 parameters{x_,y_} from B~ — D°K~, {x*,y* } from B~ — D*°K~, and{xs_,ys_} from
B~ — DOK*~. In the last case, we deal Wi(Kgﬁ)nomK* contribution, by defining an effecti
dilution parametek asxZ. + Y2, = k°rs§, with 0 < k < 1.

Since the measurement phrises from the interference termfin.(m? ,m?2 ), the uncertaint
in the knowledge of the complex form e#p can lead to a systematic uncertainty. Two diffe
models describing th®° — K ™ decay have been used in the recBABAR analysis 7).



The first model (also referred to as Breit-Wigner model) is the same as used for our pre
reported measurement gfon B~ — D*%K—, D% — KO 1t decays §], and expressess, as
a sum of two-body decay-matrix elements and a non-resonant contribution. In the secon
(hereafter referred to as ther S-wave K-matrix model) the treatment of thmer S-wave state
in D° — KO ™ uses a K-matrix formalism to account for the non-trivial dynamics due t
presence of broad and overlapping resonances. The two models have been obtained us
statistics flavor tagge®° sample D** — D°rg") selected frome*e~ — cC events recorded |
BABAR.

Atthe end of the analysis, the 7 parametet s, 3, 0Sg, I's, I's, andk.rsg, are extracted fro
the 12Cartesian coordinatessing a frequentist approach that defings-aD Neyman Confidenc
Region. The values for all these parameters can be found in the docur8eatsl[[7]. But it
should be noticed that the valuesrgfandrg stand in the rangé — 0.35 ( 2-standard deviatic
interval) whilek.rsg is presently less constrained .75).

The overall value for thEW CPphase isy = [67+ 28(stat ) + 13(syst) & 11(Dalitz mode}]°.
Where it can be noticed that the uncertainty coming from the emplbditz modelwould limit
the measurement at infinite statistic. Though so far we have used the "Breit-Wigner mc
perform the fit, it has been checked that the relative systematic uncertainty of that meas
with respect to a fit to the "thamr S-wave K-matrix model" i8° (incorporated in the above resu
This indicates that the Dalitz model uncertainty could eventually be strongly reduced in ¢
analysis.
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