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Introduction

Charm at B Factories

o(e'’e - cc)=1.3nb

For 91 fb—1, this corresponds to ~120 million charm pairs,

or roughly 220,000 D*-tagged DO decays
Compare to these dedicated experiments:

E791: 35,400 D* tagged!

Focus: 120,000 D* tagged?
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D*+ — DO7T+, DO — K_7T+ + C.C.

1. E791 Collaboration, Phys.Rev.Lett. 83 (1999) 32.
2. Focus Collaboration, Phys.Lett. B485 (2000) 62.
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Introduction
Charm Physics at BaBar

Overview:

Lifetime analyses are advanced but await final tracking studies.

¢ Lifetime ratio results released.

DO mixing analyses using various methods.
e Preliminary results on hadronic mixing D° - K77

Dalitz amplitude analyses for many decay modes.
e Preliminary fits to D° - K°h'h".

Charm baryon studies underway.

Rare searches planned.
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Introduction
The PEP Il Collider

Record peak luminosity: 4.602 x 1033 cm—2 sec-1 (4 B pairs/second)
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Introduction
The BaBar Detector

1.5 T solenoid .
(superconducting) il Calorimeter

6580 CsI(Tl) crystals

Cherenkov
Detector

144 quartz bats
11,000 PMTs

et (3.1 GeV)

‘ - " Silicon Vertex
e~ (9 GeV) "y | Tracker

/ ;L2 5 double-sided

layers

Drift Chamber
40 layers

Instrumented Flux Return
18-19 layers
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Introduction
DIRC

Detection of

PMT + Base
Internally 11,000
Reflected PMT's
Cherenkov
light Purified Water
17.25 mm Thickness Light
(35.00 mm Width) Catcher
Bar Box
Track [
Trajectory ] \
Wedge /
PMT Surface \
Mirror \
AF 7
Bar / I
| I
_' // | i \ Window /— Standoff Box
91 mm—1 —10mm J
4.90 m | 1.17m g
4x1.225m

Synthetic Fused Silica
Bars glued end-to-end
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Introduction
DIRC

Works beautifully! e'e - uu

data with timing cuts
Cherenkov angle resolution

width ~10 mrad

40000 -

entries per mrad
N
o
(e}
8

Photon yield > 20 7
e'e - uu o

e Data
—— Monte Carlo Simulation

<N\7

40 -

20
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Introduction

Selecting Charm Decays T
(0]
S BaBar | D™ - D
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DO Mixing: Lifetime Ratio

DO Mixing Nomenclature

Physical states { D,,D,} are a mixture of production states {Do,mz

Dl

_ pD, +qD°
p+d

D2

_ pD,-qD°

Jef+a®

Each has its own lifetime {",,[,} and mass { M,,M_}. If either of the quantities:

X=2

rl-l_r2

Ml_MZ

or

is nonzero, then D states will mix.

Note the notational ambiguity:

DO Mixing and Charm Physics at BaBar

yErl_rz
I_l-l_I_Z
Op,0 OD, C
O O Op C
7P.g gbip
[q/ pU« -q/ pC
Oy O O_yLC
HyH H-yt
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DO Mixing: Lifetime Ratio

Physics Beyond the Standard Model

The Standard Model predicts: ‘X‘ = M <10

Possible source of new physics, generally |X >|y/:

S
D° X X D°
Hi cr
yyu
+de
D°[ Y Y D°
al . c
0
= n i P
D°[ u,c,t u,c,t D°

al il
C
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New quark X

Leptoquark Y

Non-standard Higgs h°
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DO Mixing: Lifetime Ratio

Measuring y

The decay modes D° - KK*, 7T 77" are pure CP = +1 eigenstates and have
exponential lifetime distributions with T =1/, (assuming CP conservation and
assigning D, to the CP+ state).

The decay mode D° — K™71" is a mixed CP state, with a decay distribution that is
approximately exponential with 7=1/T, where I = (rl + FZ)/Z.

The ratio of these lifetimes depends on y:

_ 1(K™mr) 1= T(K‘n’f)_1
T(K~K*) T(rrm)

Advantage: many systematic uncertainties cancel in ratio.
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The DU Sample

57.8 fb—1 of 2000-2001 data

D° . K "
158,000 events
99.5% purity

D¢ . K°K*
16,500 events
97.1% purity

D° -
8,350 events
92.4% purity
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D° Candidates/ 2.5 MeV/c? D°Candidates/ 2.5 MeV/c?
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D° Candidates/ 0.25 MeV/c 2 D°Candidates/ 0.25 MeV/c?
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DO Mixing: Lifetime Ratio

Particle Identification Is Important

DO9Candidates/ 2.5 MeV/c?

7000

6000

5000

4000

3000

2000

1000

- with PID

|I_I‘L|||I|||

1.78 18 182 184 186 188 19 192 194
Reconstructed K~ K* Mass (GeV/c")

January 2003

III|III|III|IIIIJ_

0 -t
- P KK BABAR
- . Preliminary
without PID 1
— 57.81b -

David C. Williams



DO Mixing: Lifetime Ratio

Measuring the Lifetime

Vertical displacement is most important:
Beamspot height ~5 um
Typical DO vertex error ~80 pm

Mean DO flight length ~180 pm

AY i,
X
o P D" - D°m;
—> )
X ¥ / |—>h‘h*
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DO Mixing: Lifetime Ratio
Fitting for the Mean Lifetime

Smeared lifetime distribution:

N

) L 2/0 52 1 ¢ ~(t-1)%/25% 4,
et =gt —— (e dt
\ 2110 \/27’[5‘!,.

Binless maximum likelihood fit: minimize

-InP(1) = InR(t,& ;1)
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DO Mixing: Lifetime Ratio

Likelihood Functions

/M i
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Mass Fits

Determines
event-by-event
signal

purities.

DO Mixing: Lifetime Ratio
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DO Mixing: Lifetime Ratio

Lifetime Fits

Binless maximum likelihood: % 18000 =
= 16000F BABAR 1
. ° O - -1 ]
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Lifetime Fits

DO Mixing: Lifetime Ratio
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DO Mixing: Lifetime Ratio

Results
y Uncertainty (%)
Systematic Uncertainty K KT T
Monte Carlo Statistics 06 0
_ _ Tracking 0.2 0.9
=~ M -1= M -1 Particle Identification 0.2 0.4
T(K"K™") () Background and Fragmentation 0.2 0.6
Alignment and Vertexing ol 3
Quadrature Sum o i
0.83+2.89%1.03 I ° I E791"
3.42%1.39%0.74 —e—+  Focus?
1.2 ¥25 *1.4 | o | CLEO®
05 10 37 +—e—+ BELLE*
1.6 1.2 18:9 +—eo—+ BaBar K K (preliminary)
1.0 £1.7 i%:i I o I BaBar 1t Tt (preliminary)
1.4 *1.0 18:9 +—e—+ BaBar Combined (preliminary)
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1. E791 Collaboration, Phys.Rev.Lett. 83 (1999) 32.

2. Focus Collaboration, Phys.Lett. B485 (2000) 62.

3. CLEO CONF-01.

4. BELLE Collaboration, Phys.Rev.Lett. 88 (2002) 05201
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DO Mixing: Wrong-Sign Decay
DO Mixing With D° —, K*mr

Wrong-sign DO decays can occur through a double-Cabibbo suppressed diagram:

ud |
W+ O §g< @/ud Vus Vub [
[b A d D j/cd Vcs Vcb E
D 0 EU 0 HT_ ﬂ/td \/ts \/tb

Wrong-sign decays may also occur if a DO mixes to a DO that then decays through
a Cabibbo-favored diagram.

ull
[b dlslb |:| _ DT_

= U[ W d
D° W W D° [t 5 sO .
HJ _E D"[] (K

dsb C LU ut]

These two decay processes can be distinguished using the decay time distribution.
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DO Mixing: Wrong-Sign Decay
Decay Distribution

Mixing and double-Cabibbo suppressed decay modes interfere, producing the
following (approximate) proper decay time distribution:

* —D + + + ] 1 1+\2 +\2 ﬁD
TWS(t)_%R +y \ﬁ%ﬁ-él{(x )2+ (y*) }%HERS(t)

where + (=) corresponds to D° (D). If CP is conserved, then

X*=X"=x =Xc0so+ysinod R' =R = R= (D° - K*mr)
y* =y~ =y =ycosd— xsind r(p° - Km)

in which the mixing parameters X and Y are rotated by an unknown, relative strong
phase O.
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DO Mixing: Wrong-Sign Decay
Four-Fold Ambiguity

Standard parameterization is in terms of { R X',Y, A, A, ¢} :

V4

Ri:E1+ADﬁﬂ2R X :MH (X cosg +y'sing)
i-aH Gen )
% _MH (Y cos¢ = x'sing)

Since we cannot measure the sign of X*, there is a four-fold ambiguity:

X' + X' — o 1.5: o, 1.5:
o 1t
1 >0 >0 : - JRP I BN y-
0.5: N 0.5:— +
2 <0 >0 o Y of Y
3 >0 <0
4 <0 <0 b 4
I e e e S
X’ X’
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DO Mixing: Wrong-Sign Decay
Data Samples

D'S) I A B B BN T L B B SRR B
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N Sign N
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DO Mixing:

Backgrounds

Double peaking background!

DO Mass (GeV)

=
©
N

=
©

1.88

1.86

1.84—

1.82
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Wrong-Sign Decay

Combinatorial background
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DO Mixing: Wrong-Sign Decay
Lifetime Fit

The right-sign sample o Wrong sign time evolution
. e . Q. 1ooF | RRRRE | | BERR=
fixes the lifetime and resolution 0 :
for unmixed decays. g 100k
Deviations in the wrong-sign $ 80
sample indicate mixing. o] 5
Background lifetime distributions 40
determined from sidebands
in data. 20r
o

% 3 2 1 0 1 2 3 4
Reconstructed Proper Decay Time (ps)

Bl Signal
™ Fakedowm

"1 Doublemisidentified D°
[ Combinatoric
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DO Mixing: Wrong-Sign Decay
95% Confidence Limits

Use frequentist definition, ->\0.06§ O B B B e B

implemented with toy 0.04E— - BABAR
Monte Carlo. I preliminary
0.02

All fits allow x*<0. 0

-0.02

-0.04

-0.06

-0.08

_0.1 | | | | | | | | | | | | |

DO Mixing and Charm Physics at BaBar January 2003 David C. Williams



DO Mixing: Wrong-Sign Decay

Results -
D° Sample D° Sample
~_ 0.06— * N L B R B ~ 0.06 T 1 T T T T ]
> L . 95% CL Stat > L -~ 95% CL Stat .
0.04— —95% CL Stat and Syst ]| 0.04 —95% CL Stat and Syst |
C . Central (X’Z,,Zy’), ] C o Centr_al (x’27,2y’)7
0.02} . © Physical (X', y) 0.02} © Physical (X', y’)
oF O
-0.02H . -0.02H -
-0.04 . -0.04- -
-0.06F ] -0.06]- =
.os. PABAR : ooa. PABAR :
5 preliminary 57.1fb "5t preliminary 57.1fb ™
o1l o1l 1
T2 1 0 1 2 3 4 5 T2 1 0 1 2 3 4 5
x'%/107 x'?/103
D° Events Only D° Events Only
Fit Value Fit Value
> > 95% CL > " 95% CL
Parameter | X' free xX“=0 X free X“=0
Rp (%) 0.32 0.35 0.16 < Rp < 0.62 0.26 0.27 0.12 <Rp < 0.56
X'“[103 | -0.8 0 X'* < 3.5 -0.2 0 X'* < 3.6
y'[102 1.7 0.7 ~75<Y <3.4 1.2 0.9 -5.7<Y <36
Rws (%) 0.39 + 0.03 (stat) = 0.03 (syst) 0.32 + 0.03 (stat) + 0.04 (syst)
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DO Mixing: Wrong-Sign Decay

Results, CP Conserved

..>\ 006? T T T T T T T T T T ]

- ---- 95% CL Stat .

L 0_04; —95% CL Stat and Syst_|

. r —95% CL CLEO 7]
Fit D° and D° together oozi e Contal(Cy) ]
(ignore CP violation). T o | O 7 PhysicalhLy)
oF N ]

Comparison to CLEO limits 0.0k E
(which use delta log likelihood). - .
-0.04— -

-0.06[- .

00s. DABAR :

[ preliminary 57.1fb * ’

e L E | o T

2 1 0 1 2 3 4 5

x'? /107

Fit Value
L , 95% CL
Parameter | X'“ free x>0
Rp (%) 0.3 0.31 0.22 <Rp <0.46
X'“[103 | -0.3 0 X' < 2.1
y'[102 1.3 0.8 -3.7<Y <24
Rws (%) 0.36 = 0.03 (stat) £ 0.03 (syst)
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DO Mixing: Wrong-Sign Decay
Mixing Plans
Several items in the works:

Update lifetime ratio with full 91 fb—1 data set.

Final hadronic DO mixing numbers with improved systematic
analysis.

Mixing with semi-leptonic decays.

Experiments with wrong-sign D° - K*77 77", perhaps with
Dalitz analysis.
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Three-Body D Decays

Some Interesting Three-Body Decays

3000
Analysis of 22 fb—1 of 1999-2000 data: 2000
K particle identification 1000
Ks vertex fit, flight length 5
D* . D
300
p">2.2 GeV/c
200
a) u o
<< g " 100
D° o Fn*n‘ g K° 0
C S
0 O~ 71 )° K 400
D" - K'K'm (a) S -
D° - K°K'mr (b o
- T (b) b) ! 200
D° - K°K'K" < 0o
C S K°
(+ c.c.) o0 3 0
" <5
u U
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Reconstruction Efficiencies and Yields

Three-Body D Decays

Efficiency determined from uniform phase space Monte Carlo.
Yields determined from fits to DO mass distribution.

efficiency x 10
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Three-Body D Decays

Branching Ratios

0 O -
(D ~ KPKTTT) _ g35 +0.29 (stat) + 0.56 (syst) x10°2
r(D°  Komrmr)

0 O +
F(D° ~ K'KTT) _ 568 + 0.25 (stat)  0.41 (syst) x10°2
F(D° - Korr'mr)

r(D° - K°K*K")
r(D° - K°mr'm)

=16.30 + 0.37 (stat) + 0.27 (syst) X107

0,,- 0,,+ -
K K mr* K K *r KKK
PDG PDG PDG i
ARGUS *
E691 o E691 N
CLEO —
CLEO mg— CLEO e E687 .
e+~ BaBar Preliminary +e+ BaBar Preliminary +et BaBar Preliminary
o1 o 004 006 008 01 012 o 0z
BR/BR(K 11 17" BR/BR(K Tt 17 BR/BR(K’ 1t 11")

DO Mixing and Charm Physics at BaBar January 2003 David C. Williams



Three-Body D Decays
Dalitz Amplitude Analysis

Unbinned maximum likelihood fit:

> GCAAT s 1-x

L(€) = X (G(m)
[ amdmA(mE,mE) Y GPAAT [ dmidmy A(m?, my)

where X is the fraction signal, A(mZ,m?) is the acceptance, G(m) is the
reconstructed DO mass distribution, A are the amplitudes under consideration,
and C={c} are the complex coefficients that are being fitted.

Integrals are calculated using a Monte Carlo method.

Each amplitude is a product of a line shape (Breit-Wigner) and an angular
distribution:

A = BW(M)xT,(Q)
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Three-Body D Decays

Amplitude Analysis
for D° - K°K™mr"
Preliminary
x° /NDF = 46/44
2
? -
@)
S | BaBar
O i ".
- T " N
x i : f'?..';’,
Ng : ‘.;: me
05 ¢ hﬂgﬁ'
,‘\\\\\‘\\\‘\““
0.5 1 ' >
m*(K® 77) Ge‘“ﬂf/ﬁ
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Final state Fraction % Phase (degrees)
K(1430)KY 48+ 1.4 + 1.6 52 + 27
K*0(892)K0 0.8 + 0.5 £ 0.1 175 £ 22

K39(1680)K° 6.9 £ 1.2 + 1.0 ~169 =+ 16
K3°(1430)K° 2.0 £0.6 = 0.1 51 + 18
K5‘+(1430)K— 13.3 £ 3.5+ 3.9 41 £ 25
K{T(892)K~ 63.6 + 5.1 =26 0.
K{T(1680)K~ 15.6 +3.0 + 1.4 ~178 &+ 10
KT (1430) K~ 138 +£26 + 7.9 52+ 7
ag (980)m 2.9+ 23407 ~100 + 13
ag (1450)7+ 31+1.9409 31 + 16
ay (1310)7 0.7+ 0.4 + 0.1 ~149 + 27
Non-Reson. 23 £ 05+ 56 -136 + 23
Sum 129.8 £ 8.2
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Three-Body D Decays

Amplitude Analysis
for D° - K°K'mr

Preliminary

Xx°/NDF =25/29

o 1.8 & ?'*:4 . BaBar
1.6 PR el

TIHXIX. l l l ‘H‘Hl‘lH
040608 1 121 41.61.8 2

mz(KO ) GeV?/c?
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KP(1430) K9 26.0 + 16.1 & 3.3 —38 + 22
K0(892)K0 2.8 4+ 1.4+ 0.5 ~126 + 19
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ag (1450)7~ 2.2+ 2.7 + 1.2 148 + 25
Non-Reson. 36.6 £ 25.8 &+ 2.7 -172 £ 13
Sum 143.7 £ 37.4
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Three-Body D Decays

Amplitude Analysis
for D° - K°K*'K" 160 ¢ : g
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D, - K°m'mm

A real challenge to fit.

One interesting question:
Is there a “K” ?

DO Mixing and Charm Physics at BaBar
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Three-Body D Decays

Dalitz Analyses Still Relevant

Still many open questions in meson spectroscopy.

ud, uu, dd uu, dd, ss su, sd
N2S+1py [ yPC =1 =0 1=1/2
1159 0+ m n, n’ K
1351 1- p W ¢ Ko*
11pq 1+ | b1(1235) | h1(1170), h1(1380) K1B
13pg o++ ? ? Ko*(1430)

a0(980), ag(1450) ?

f0(400-1200), fp(980), f(1370), fj(1710) ?
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Exotic states?
992
qqg?
qqaq¢
extra poles?

CC mixture?
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Three-Body D Decays

D: - KKt
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Three-Body D Decays

Plans

Analyses we hope to release before too long:

D° - K°h"h™ updated to full data set
D! — KOKOrr', 3

Other decay modes that have been discussed:
D° - h'hm®, K'mm'n, K'rt'ny
D' - K
D - mQ, mp

Dalitz analyses have become very important for some b physics
analyses. We expect new tools and analysis methods to be developed
to deal with b samples and our high-statistics charm samples.
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Conclusion

Summary

BaBar is also a charm factory!
Measurement of the DO mixing parameter y, based on 57.8 fb=1 of data:

y=1.4+1.0(stat) 33 (syst) %

Competitive wrong-sign DO analysis, based on 57.1 fb—1 of data. For
example, assuming CP conservation, 95% CL limits:

X'?<0.0021, —0.037<y'<0.024

First Dalitz amplitude analyses of D° — K K 71", K.K*'1T", K. K"K~
plus updated branching ratios (10x PDG2002 precision),
based on 22 fb=1 of data.

We have 91 fb~1 of data available — our work has just begun.
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