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Vertexing 831
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Methods to see x,y

* In hadronic D° decays, wrong sign
final: mixing. double Cabbibo
suppressed or interference ( strong
phase 6). = DY charge tagged by D*'
Time evolution study finds x", y".

D

K-+ <+— DO miing oo

DCS

&2& uﬂlﬁ h~+_..u_¢.- u
Rn . biﬁ
dt § J3 Ty

Dy (—xsind + ycos5)Ir HT

= CLEO y' (o = 1.7%)

* D¢ = 0 in semileptonic decays. —»
Cleaner analysis but less sensitivity.
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* Direct comparison of CP final state
lifetime finds y-,.

D> KK (CP+) > T,
D> K=x*(CP+:CP-=1:1)
> 1(K=n")~(,+,)2

(D > Kr) -
(D — KK)

» If we select 16532 D° —» K*K-
FOCUS events (S/N=2.3).

_ O@(KK) 1
' oKK) [Nt

mv..cﬁlhu —

~1.2%
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Event Selection

—

*Common base cuts: i D* tag
detachment (L/oc > 3), _k _ _ ﬁ only
kaonicity (Wn-W, > 4) | A é

_ ___ i
» Tagged sample: .l
| M(D")—M(D)-145.4| <3 MeV | _ﬂ -
*Or inclusive sample: - _LfH?LJ..fF;I
More Cerenkov cuts : y | Belenben ™
pionicity (W*-Wx > -2), ,: +D* tag |
Kaon ID ( Wp-Wy > -2) = ; il I
Primary vertex in target . | m F__ m ls>5 |
Momentum sym: |a| < 0.7 f,r N _ﬂ - Wr-W, >4 |
Resolution: o < 60 fs ] i R -
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Direct comparison of CP final state
D’ —» K-K* (CP even)

D" — K=" (CP even: CP odd =1:1)
lifetime finds y.p:

xblvhi
nblvﬁs

Yer=

D —> K=n: 119738 selected
D - KK: 10331 selected
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» Binned maximum likelihood fit et KK

» f{t’) : Acceptance correction 1 e h-ﬁ} ﬁ.ﬁ%
!
—1d

* b,: background time dist. from 0s (1) vrs £ (fs)
sidebands 085

» w.:time dist. of signal region

Background Lifetime

11 Kz

096 &

0 500 1000 1500 2000 2500 3000
*Fit for Tt and B : w or w/o B-tie term.

rapen="y)

= i AN NL) —{(2R)
A : 1 ™ MHME*R;@::.MEAGEJ _,n_ A_
_ 3 2 (o T b. - M+N,)L
25000
20000 7 _ D' Kn _
15000
10000 -
5000
s 4 _ -
1.74 1.79 1.84 1.89 1.94 1.99 2.04
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» The KK sample has some Kn
reflection at upper side; B2 =Kn +
nominal — one more player in fitting.

» Subtract Kn reflection by a mass fit.
— The reflection mass shape from MC

— The subtraction level by the mass fit.

— Time evolution of the reflection from

Fitting Technique

» Background under KK signal
=Bl + (B2 - Kn reflection)

» Simultaneous time evolution
fit of both K and KK histos.

» Fit parameters in final fit are:
T (K7), ¥ep. B(K7), B(KK)

\

r D5 KK

Kx reflection

T (Kn)
4500 -
4000 -
3500 -
308G - .
2500 - Region Bl Region B2
2000 -
1500 E!fil
1000 -
500 -
i B L !
174 178 184 189 194
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Subtracted Time Evolution

| | | ¥ =
llc>5 Wn-W,>4 @

events/200 fs
%
7[ )
ul

| E
100 i el il i __ - bl e bl ) .
0 1000 ”ﬂnm&mv 3000 - 4000
e Points: Background eLines: Fit results
subtracted and f(t’)

corrected time evolution of
K= and KK events in the
final fit.
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Results and Systematics

RMS spread is 0.63%

RMS spread is 0.28 fs

et

I
croe
L]

e

9 sets of clean-up and 4
different fit options:3 K ID
x 3 L/o x B-tie or not x
15/20 bin = 36 fit variants
shown.
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Systematic error is considerably
smaller than statistical error:

Vep= 3.4241.3940.74 %
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Additional systematic checks

e |
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20 bins

5

T

Half Sideband Tesis
Could curvature in
reflection line shapes
cause the sideband
Background to fail

f(t’)=1 Tests

. How important is the

f(t’) correction?
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D° - B° Mixing Limits

i5})

FOCUS -

_CLEO
= .- =4

Comparisions

eThe comparison to CLEO is vaild
only if one assumes a small strong
phase difference 6.

e About the same sensitivity to the
CLEO CP constrained fit, but the

opposite sign!

95% C.L. Allowed

Vep=3.42+1.39+0.74 %

L
0 5
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Previous Measurements
E791: ¥y, =081 29%1%
CLEO: -58% <y’ <1% (95% CL)
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CP Violation

» SM predicts “direct CP violation
in D decay rates™ largest in singly
Cabbibo-suppressed decays. (0.002
~ 0.14%, Buccella et al.)

D' > KK'n*
D> KK, ,nan"

» Charge of D? is determined by the
bachelor © from D** — D° nt*.
Note: FOCUS has production
asymmetry between D and Dbar
Rather measure normalized
asymmetry to Cabbibo favored.
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N(D* > K K*z")

mD)=—

C.F.

N(D*
N’ > KKY)
(D)= ND®
CP asymmetry:
_ n(D)-n(D)
A= =
m(D)+n(D)
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CP violation search (D—>KKmn)

& Om—u—umg FeldD)=7T854 112 Ll
suppressed
mode.
D> KK=n'
cl |v. lelﬁiﬁr Nn-b g3 o b -a a3 b g woad g3
ﬂ,,_-u. I8 19 2 2.1
K K=" Mass (Cev/c?)
.mwdE - )
W_E m. Yicld(D") = 68607 +282
« Cabbibo £ 12000 |
favored mode. w_as 3
i B0D0D = 2000
D> K n'n" 6000 £ 8000
%000 [ 4000
D ->K'nn 2000 | 2000 |
.u._.w. _. ._h_ _. .._.n 2 2.1 u._...q. . .._.ﬂ. . ._h 2 21
Ka'n" Mass (Gav/c) Knn Mose {Cev/c)
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CP violation search (D—KK)

® Om—w_numg ﬂ.;owﬂ—ﬂmm.ﬁ . Y M” YieldlD") = 1707 £ 53 ”
suppressed mode. 400 § ﬁ
350
3006 |
D*—> DO(K K*)n i
150 :
100
% E EH.-._JIJP
17 .._m. : ..&.m. 1 u_ = %7 ._w. . .nuﬁ | .m. | .m..,
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j 2500
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1200
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| CP asymmetry results

Decay Mode _

FOCUS E791 (previous best)

DK K" a"

+0.006 + 0.011 +0.005 |-0.014 +0.029

VK- K

—0.001 £ 0.022 £ 0.015 |-0.010 £ 0.049 + 0.012

DV n #t

+0.048 + 0.039 + 0.025 |-0.049 £ 0.078 + 0.025

* No evidence for CP violation.

e Our limits on

— Need to use tagged D° sample which cuts our sample by 80%.

e 2~3 times better limit than the previous measurements.
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FOCUS
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95% C

o
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Mixing parameter v :

Summary of %Wn.. -

DP - B? Mixing Limits
¢ i

$

Results

Y L

Vep=3.4211.39+0.74 %

Previous Measurements

E7T91:y., =08+ 29%+1%
CLEO: -58 % <y'<1% (95% CL)

CP Asymmetry A p:

N

| Decay Mode Acp
DTK— K"t |+0.006 +£0.011 +0.005
DK K —0.001 + 0.022 £+ 0.015
DO—>x ot . +0.048 £ 0.039 + 0.025
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Phase macmn:u«.ﬁi

ﬂ“‘.

What if 6 = 40°, the estimated 10
maximum of the model of Falk, >
Nir & Petrov (99)? We see

some overlan...

CLEO and FOCUS would be
more consistent if & > 90°...

Bergmann, Grossman et al(00).
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