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CPV and the Standard Model

Via Vus V, . .
(”’d e “b) CKM matrix is unitary =

Vea Ves Vi N « N
Vi Vi Vo Vol + VeV + Vi = 0

CKM Matrix

this presentation

B — D*r, DK,
K, ...
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CP Violation in D®D®
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»  Time-dependent CP-violating asymmetry from tree amplitude is proportional to sin(2(3), penguin
amplitude can however add different phase.

d

» Phase correction due to penguins expected to be small in SM (< 0.1 correction to measured sin(26)")
however supersymmetry & other loop-enhancing models can produce large corrections.

BY _

A wA DBt > for) = T(Bp(t) — for)
S BE . TR0 for) + TB(®  fer
4 % = -n.SiN(2B)sin(AmAt)

E CcP

T Grossmann & Worah, Phys. Lett. B395, 241 (1997)

6/19/2002  CP Asymmetry in D**D®- J. Albert

2



DD Event Selectlon
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DD~ Event Selection (Il)

% *_ : % -
DD « Beam-energy substituted DED*
_ B mass: _
% 02 % 02
©) 2 * ©)
N Rl —_— S — < 11
L<IIJ ; _ mES \/(\/74) pB L<I|J : .
o f signal o f signal
o region o region
L. +25 * —— +18
.+ sideband Vo AE =E, - s/ .t _sideband Mev
-0.05 :* -0.05 ;
o1 | mg o1 | mg
: +10 MeV _ _ : +10 MeV
: "  Mgg and 4E signal region
R AT P TTNTIN | sizes tuned (using Monte R AT P TTNTIN |

Mes (Gevic?) Carlo simulation) to maximize Mes (GeV/c?) ~
Signal?/(Signal+Background).

» AE: 25 MeV Y2-width
(18 MeV for D*D)

> Mgs: 10 MeV Ya-width
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D™*D™ & D*D* Data Samples (56 fb1)

Fully Reconstructed Fully Reconstructed
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DD - specific TR issues

» D*D final states are not CP eigenstates:

g D*+ D+
RO i D- i
| stron | \ o -
g
phase * P

_O o / conjugation \A Ié
BO -

» D™D™ isn’'t an eigenstate either: it is a combination of CP-odd
and CP-even amplitudes. T

[1 We can separate out

angular momentum components by
looking in transversity basis

in D* decays
gives us angular
momentum info

direction of soft 1t

(S, P, D waves)

[1 Define the fraction of P-wave (CP odd)
component of the final state as R,
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D*D™ Angular Distribution

The angular distribution as 1 da _3
a function of one angle, 6,;: [ dcosg, 4

/

We measure cos6,, and we can
determine R, from the distribution by using a
maximum likelihood fit method...

(1-R)sin®6, +>R cos'4,

Evts/0.20
\
% l
>
A
\

Perform full fit on 38 events (from
20.7 fb1 of data) in the signal 4
region... (input to fit is the purity of I
sample and value of R}P9).

b
, LZ-): CP even -/

CP-odd fraction signal fit———~" v |
R,=0.22 +0.18 +0.03 e st

0 ! ! ! ! ! ! ! ! ! ! ! ! !
1 / 05 0 05 1
background fit cos(0,,)
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CR Measurement at the Y(4S)

Fully
Reconstructed B

(Flavor
eigenstates or
CP modes such

as JIYK,, IIYK,
f - it T, DODO),..)

e e =
(9GeV) (3.1Gev) B -

E+
, | anti B
ET’J::\J .

At=Az/<By>cC

il Blois X1V er19/2002  CP Asymmetry in D**D()- J. Albert 8



At Measurement and Resolution

» Obtain vertices > Then use:
for reconstructed
find Az. J
Cohe_rent : :
mixing
resolution |« Az >|
function
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Decay Time Difference (reco-tag) (ps)
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Likelihood Fit Method
Signal PDFs:

O = tagging dilutions (w = mistag frac.)

(_(% N — -Tt A2 (+) ) i
(B - DD |=e A 1—cos(Amdt) (1-2w)B....-sin(Amt) DR
=) - o [P (+) - , R
I B'— D D" =e'tA {1 — C,‘D*_D-cos(ﬁmdt) —@DSD*_D- sin(Amgt) p[ ]

() = (. () (+)
r (BU% DHL}_) = e 1A {l + @}”_J’D*J@—ms(ﬁrndi) —@S’D*J@— e-in(ﬁmdf)}m R

r(fs_g - D*n,etc.] =e A’ {1(:)@“03(Amdt)} R < (a”SC?@ )
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Likelihood Fit Method (ll)

» Combined maximum likelihood fit to D**D™ and DD events as well as B
mixing events of definite flavor in order to extract the following parameters:

CP violating asymmetries 2 (D*D*), 4 (D*D) Includes also:
¢ I Bmixing
Mistag fractions 8 § + sample
%4&10—
m30‘.](]—
. . . _ BO - D*mr, D*p, ...
Signal resolution function 8 2000 ~21000 events
roaol Purity = 85%
Empirical description of bkgd. At 17 Er; T T L

2
m . (GeVic™)

B lifetime fixed (PDG2000 value) tg=1.548 ps

Mixing freq. fixed (PDG2000 value) Amy=0.472 ps
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Fit Results (56 bt of data)

BABAR

g | I BEEAE | BEAR

i PRELIMINARY PRELIMINARY PRELIMINARY
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ch ——

-0.5 J» -+ -
D*D" - D™D I D™Dr
L — Lo | L
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At (ps) At (ps) At (ps)

Note: statistics are limited.
(An update with ~85 fb! will be done this summer.)
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Fit Results (56 i of data) (1)

CD*+D*- = 0.12 £ O.30(stat.) + 0.05(syst.)
SD*+D*- =-0.05 % O.45(stat.) + 0.05(syst.)

> C
> S
> Cpup = 0.53  0.74sa) £ 0.156yst)
> Spep.= -0.43 + 1.4 a0 £ 0.236yst)
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Systematic Errors

» Although systematics are small compared with statistical errors, they are fully
evaluated (both D**D* and D**D¥).

Systematics source 05 oC

signal At resolution function | 0.008 | 0.003

* 4 I\ tageing dilution 0.005 | D.005

D D peaking background 0.003 | 0.009
CP backeground content 0.022 | 0.038 | “—
(List of systematics litetime of backesround 0.034 | D.005 |«

is similar for D**D¥) E" lifetime variation 0.001 | 0.001
Amy variation 0.030 | 0.022 |«

SVT misalighment 0.011 | D.008

Boost uncertainty 0.002 | 0.001

Fit bias 0.001 | 0.004

- TOTAL 0.053 | 0.046
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Conclusion

_ _ » Cpgup~= 0.12 + 0.30(stat.) = 0.05(syst.)
CP-violating >  Spupe=-0.05 + 0.45(stat.) + 0.05(syst.)
asymmetries in - > Cp.p.= -0.30 £ 0.50(stat.) + 0.13(syst)
RO —» D*+D(*)_ : »  Spep+= 0.38 = 0.88(stat.) + 0.12(syst.)

» Cpgoup-= 0.53 £0.74(stat.) + 0.15(syst.)
»  Spup-= -0.43 £ 1.41(stat.) + 0.23(syst.)

» This is the first measurement of CP violation in the quark process b - ccd.
» These modes provide an alternative physics process for determining sin(20).

> Furthermore, the difference between sin(2B) in DOD® and sin(2B) in J/YK, is
sensitive to CP violation beyond the Standard Model
(notably CP violation in supersymmetry).

» Statistics are low at present, but BaBar expects to collect 10 times these statistics in
the next 4 years
— > 3-fold reduction in errors by 2006
= constraints on CP violation in SUSY.
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B Flavor Tagging

The charge of electrons, muons, and kaons (that are not part of the
reconstructed B) is correlated with whether the second B in the event
was a B° or BY at the time of decay.

This is needed for determining the time-dependent CP asymmetry.

NT1
NT2

Lepton Tag <|e Kaon Tag \/ \/
WM Neural Net W, W
b P —————— b “ “ SGD*
%DO - - BaBir ﬁ% — —K
a d |l j —we L d d

“ “Quality” of tagging
= efficiency*(1-2w)>?
(w is wrong tag fraction)

% Total € = 67.5%
% Overall Q =25.1%

L)

» Slow 1 from D*

» Momenta of 0.05 n
charged particles '

» “Unidentified”
leptons and kaons
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