Measurement of cos2Pp at BABAR
Resolving Ambiguity from sin2[3

Chih-hsiang Cheng
California Institute of Technology
on behalf of the
BABAR Collaboration

DPF2006+JPS2006, Honolulu Hawaii, Oct 30—Nov 3



CKM Physics

* CKM matrix describes weak couplings in quarks
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to measure these parameters
(magnitudes and phases) in as
many ways as possible, over

constraining the Standard Model
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parameter space.

In this convention, only Vub and Vt |

contain phases of order 1.
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Time-Dependent Measurement

* Y(4S) decays to B°B coherently.

* Center-of-mass boosted fy=0.56, separating two B vertices.
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* Interference between decay and decay via mixing resulting in CP

asymmetry.
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Ambiguity in [3

* sin2f3 has been measured pretty precisely

using charmonium-K° decays.

* Four-fold ambiguity in P.
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* Solution f=21° (+180°) is consistent with 2l
other constraints in SM, but there is room for °= i
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new phase in mixing so that it might not be
the right solution.

® Measuring (the sign of) cos2[3 can resolve the ambiguity.

* Idea: Use the decay modes that have more than one amplitude
contributing with different strong phases and the strong phase
difference can either be measured or calculated.
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Resolving Ambiguity in 23 at BABAR

* First attempt: B° /EO — J/9K*® :use angular analysis to resolve
|Agle®® |Ayle®  |AL|e®t amplitudes and use P-wave/S-wave
| p
interference 1n K7 to resolve strong phase ambiguity.

— [PRD 71, 032005] (not 1n this talk)

* Time-dependent Dalitz analysis in B%/B° — D™0/D™°,0 with
D° — Kyntr~ (= this talk).

* Time-dependent analysis in B°/B" — D**D*~K? in partial phase
space (= this talk) .

* Time-dependent Dalitz analysis in B° /B’ - KTK™K°

— See Denis Dujmic's talk later today.
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Color-Suppressed B—D™h’ Decays
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D°/D D — K" entn™ toreach a common final state.

| PSR . .
o P, = §€_[t|14|2- [(|AE3|2 +1Apl*) F (|As]* — |Ap|?) cos(Amt)
4+ 21m0(—1)*Im (e_zmﬂﬁfli—}) sin(Amt)]

Im (e‘MADA*D) — Im(ApA%) cos 28 — Re(ApA%) sin23

* Strong phases in D° and D° amplitudes are different at a given
point on the Dalitz plot => Im(ApA%) # 0

* Needtomodel D°/D° — K% +tx~ amplitudes.
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®* [sobar model

Ap(m3,m?) = Z a.e'® A (m?,m?) + ayge' "

* Parameters determined from a large
D*—D"rt sample.

Dalitz Plot Model

Resonance Amplitude Phase (deg) Fit fraction
K™*(892)™ 1.781 £ 0.018 131.0 £ 0.8 0.586
K§(1430)~ 2.45 £ 0.08 —83+25 0.083
K35(1430)~ 1.05 4+ 0.06 —54.3£26 0.027
K™*(1410)~ 0.52 +£0.09 154 £ 20 0.004
K™*(1680)~ 0.89 £0.30 — 139+ 14 0.003
K (392)7 0.180 £0.008 —44.01£25  0.006
K3(1430)* 0.37 £0.07 18+ 9 0.002
K3(1430)* 0.075 £ 0.038 — 104 + 23 0.000
p(770) 1 (fixed) 0 (fixed) 0.224
w(782) 0.0391 +0.0016 1153 £2.5 0.006
fo(980) 0.482 £ 0.012 —141.8 2.2 0.061
fo(1370) 2.25+0.30 113.2 £3.7 0.032
f2(1270) 0.922 £0.041 —21.3+£31 0.030
p(1450) 0.52 £0.09 38 +13 0.002
o 1.36 £0.05 —177.9 £2.7 0.093
o’ 0.340 £ 0.026 153.0 £ 3.8 0.013
Non Resonant  3.53 £0.44 128 £6 0.073
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B—D™h’ Modes

* Used modes: D°z°, D%, D%, D°w, D*°z°, D*y
n—yy noyy, mr g -

D*O _ D07T0

+ 0

TN wonrw

* Use a Fisher discriminate to reduce the major background,
continuum event (thrust angle, Legendre polynomial, B flight angle, event

thrust, sphericity. Also exploit ® decay angles)

—&- OffPeak Dat4
s |~ Signal MC

“" BB
—— continuum

* CutIAEI<80 MeV for h’—vyy modes,
|IAEI<40 MeV for h’—nrn’ modes.
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Event Yield

e Fittom_, m_, At and Dalitz CETBREE o 15
. . %100— % 60:—
variables simultaneously. l: S

* (mg, m ) discriminate peak and - B
background with/without a real D°. i« N

* Fake D' Dalitz distribution modeled 4*f

ue

empirically from sideband.

g
)

@ BABAR DOx0

preliminary

* Peaking background determined
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from simulation.

20

* Data= 311 M BB pairs.

|g|

Events / ( 0.004 GeVi?)
] w
T |O T T |O TTT

Events / ( 0.004 GeVic?)

signal= 384+28 events

=
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B?—tagged

Eo—tagged

Dalitz Distribution

-+ " T LI | Fa T ™ < T T
2 BA%BAR @] L ¥ o] L ¥ (c)]
e en preliminary .

% :.’..,-_- . % ) Fo—tagged ] % mEgEs sideband
O [ Fvtt. Bl—tagged | 9| .. 1 © | ]
. RN 1 © 2 "+ 1 © 2 -

T T r_ 1 & |
Mo [ sl Mo Vil
T A S| ] T [ ]
T e 1 T g 1T ]
LI AT )
1 1 PR | L 1 1 M |
1 2 N5 2 L3 2 23,
mz(l(gn'.*) (GeV-</c?) mz(Kng'.*) (GeV-ich) mE(K‘;TI:*) (GeV</c?)
o [@ BABAR % Yo 4o
‘“:'> oG preliminary ‘\:'> ‘“:'>
3| 3 &
= I — = o
N 10r N N
S 0 > @ 10
= 12 2 2 @Y 0.5 I T5 2 5 o P
m (KSTC*) (GeV'ilch) m(m) (GeVc?) m(K ) (GeVic)
) ) _ ) 30: ]
< £ 5|
() (%) ] o |
O S 2 1 o=
S S ] S
= Z 10 1 T
8 8 1 g |
5 |‘ 5 1 1 1 ] 5
e g % 0.5 1 15 2 5

Chih-hsiang Cheng, Caltech

1 2 3
m2(KS‘m") (GeVch

mY(m* ) (GeV/ct)

1 2 3
mﬁ(KSn') (GeVch

10



Preliminary Results

°* Fit for COSQ,B, SiHZB and |7L| CcOS 2/3 = 0.54+054+0.08+0.18
sin 23 0.45 £ 0.35 & 0.05 £ 0.07
Al = 0.9757089: £ 0.012 + 0.002

* Fix sin2f at world average and IAl=1:
cos 23 = 0.55 £ 0.52 £ 0.08 £ 0.18

Dalitz model uncertainty

* Largest systematic error from Dalitz model.

* Generate toys with sin23=sin2PBwa,

and cos2P= +(1-sin*2p3)"; = E U BaBar 3
B. .( . . B) g ()E h_ (COS 2/8) i%%{l péelimilr%lrg E
compare fit distributions and " . ad b E
. = oo : hy(cos 20)

data fit result: 0= ;‘? = E
c0s2B= +(1-sin22B)* is o F —
20;— ﬁﬁf"% —;

favored at 87% C.L.

hy/(hy +h_) =87% at cos2( = 0.55 — syst.err cos2p
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B—-D"*D"K" Decays

* Tree-dominated process. If ignoring
penguin, asymmetry amplitude = D sin23.

— Dis dilution due to possible resonances of

different J* and non-resonance.

* Again, there 1s a varying strong phase over
the DDK Dalitz plot. Integrate half of the

Dalitz plOtI (we don't know the detail of Dalitz model)

F Do rIBEl nj~
Aty = =L = 1, — cos(Amyt) —
2 FEO +T po My 7o cos(Amyt)
erq' . 2!]};‘_ ~ .
( ik sin2/3 + 'r]y—'z (It(i}SZﬁ))) sin(Amgt)
v O ) rJO 4

ny=—1(+1) for ~m*(D"TK") < (>)m*(D*"K)

Jo = / [Al” + [Af? Je = / |A[* — [A]? Js1 = /Re(KA*)
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Branching Fraction Results

* Modes: D*—D%t*, D'n’; D'-K—7*, Kn'n’, Knttn ™, DKt .
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some structure,

not just phase space

B(B® - D*"D*"K2%) = (444 04+0.7) x 1073

B(BY — D*~ D/ (2536)) x B(D/,(2536) — D*TKY) = (4.1 £1.3+0.6) x 10*

4.60 significance

Chih-hsiang Cheng, Caltech



Time-Dependent Results
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Conclusions

* BABAR has measured (the sign of) cos23 using D®°h°
(D'—=Ksm't) and D**D™ K decays. The sign is determined to be
positive at 87% and 94% confidence level.

* See another cos23 measurement using B°>K*K K decays in D.
Dujmic's talk later today.

* Combining these results and Belle's result, B=69° (+180°) is
excluded at a very high confidence level. Standard Model is still
intact.
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