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(] Introduction
[1 Decays to CP eigenstates (lifetime difference measurement)
[1 Self-conjugate decays (time-dependent Dalitz plot analysis)

[1 Conclusions
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e &
=m®__ Introduction %e®

[J Mixing between a neutral heavy-flavoured meson and its anti-particle is
possible, if flavour eigenstates are not the same as mass eigenstates
(masses mq, mo, widths I'1, I's)

DY ,) = p|D°) + ¢|D?)

[1 Time evolution is governed by mass and lifetime differences

_Am Al

YTT =51

0 A DY att =0 evolves as:

Yy +1x q Y+

IDO(t)) = e~ (T/2Him)t[eogh( I't)|D°) + . sinh( I't)|D°)]

0 Since D° mixing is small (|z], |y| < 1) expand to the lowest order in x, y.
The decay rate of initially produced D' to a final state |f) is:
dNpo_, ¢
dt

Y ) MDD

‘ 2

o |(FIHIDO ()2 = Tt (f|H| D) + ]%(

[1 Decay time distribution of different final states sensitive to different
combinations of mixing parameters x and y.
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B
Experimental method
0 D*t — 7t DO

> tag the flavor of D°/DP at production
> background suppression

[0 DO proper decay time ¢t measurement:

[ Observables:
m = m(Km)
qg=m(Knrs) —m(Knt) —mg,
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ldec Ppo
= By’ br= Mpo -
o; ... decay-time uncertainty lae
(from vtx cov. matrices) \&\\‘\‘\‘\\\‘\\\\\\\\\‘I\\\\\\\\‘Q\‘\‘\‘\\\é‘
° extra pogte ;%aclllhsg&ton vix ¢
[1 Measurements performed at Y (4.5)
> to reject D** from B decays: p&MS > 2.5 GeV/c
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o DY — KtK—, wtn— (540 fb~1)

/_

Decays to CP eigenstates KT K, n#tx~

PRL 98, 211803 (2007)

[0 Measurement of lifetime difference between D° — K—#7t and Kt K—, ntn~

> mixing parameter: | yop = — K 7). _q
: CP — 7(KTK-)

>in CP conservation limit:  yop =y = AL'/2T

[0 If CP not conserved, difference in lifetimes of D°/D° — K+ K~ ntx~

Ao — T(D° K~ KT)—7(D°-KTK™)
= F(DOSK—K+)+r(DO-K+K-)

> CP violating parameter:

> Yycp = Y COS P — %AM:csingb
> Ap = %AMycosqb—xsinqb

(S. Bergmann et.al., PLB 486, 418 (2000))
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el DY - KK, ot (540 fb™1)

Event Selection

[1 Reconstruction

> vertex fits

[1 Analysis cuts
> Am, Aq, oy

> K and 7 selection

25000

20000 +

10000 -

> p*(D*T) > 2.5 GeV/c 5000 |

0

15000 -

D" D%

0

0.005 0.01 0.015 0.02

> optimized on tuned Monte Carlo
> figure of merit: statistical error on yop

q(GeV)

0t /TPDG

Am/o, Aq(MeV)

0.90

2.30 0.80

[1 Background estimated from sidebands in m
> side band position optimized

[1 Signal yields (purities) entering the measurement

channel

KK Kr

T

signal
purity

110K 1.2M 50K

98% 99%

92%
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B 2
el DY — KTK~, mtn (540 fb)
Lifetime fit
[1 Parameterization of proper decay time distribution
A O RN 10 o, distribution for D° — K~
dt T 0.06 -
[0 Resolution function 005 |
> constructed from normalized distribution sol
of event proper time uncertainty o; |
> ideally, o, of event represents 0.03¢ f
uncertainty with Gaussian p.d.f 002} I
> examining pulls — p.d.f.=sum of 3 Gauss. 0oLl
0O 0‘.2 O— 0‘.4 O‘.6 0‘.8
i o/t

n 3 I t''pDG
u
R(t) = § fi Y wipG(t;oik,to), Ok = skpoL 0y

1=1 k=1

0 R(t) studied in detail with DY — K7 and special MC samples
- also in changing running conditions (two different SVD, small misalignments)
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Simultaneous K K /nw/Km binned likelihood fi

quality of fit: x? = 1.084 (289)
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c DY — KtK~, wtn— (540 fb~1)

/_

Cross-checks

[0 MC: yop(out) — yop(input) < 0.04% for large range of input values

[0 yop independent of resolution function parameterization:
R(t) = single Gaussian: At = 3.5%, Aycp = 0.01%

[1 Exchanging data side band with signal window background from tuned MC:
Aycp = —0.04%

Systematics
source ycp Ar
acceptance 0.12% | 0.07%
equal ty assumption 0.14% | 0.08%
mass window position 0.04% | 0.003%

difference btw. background and side bands | 0.09% | 0.06%
difference btw. final states in opening angle | 0.02%

background parameterization 0.07% | 0.07%
resolution function 0.01% | 0.01%
analysis cuts 0.11% | 0.05%
binning 0.01% | 0.01%

total 0.25% | 0.15%
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o DY — KtK—, wtn— (540 fb~1)

/_

Results
ycp (%) Ar (%) .
KK 1.25+0.39+0.28 0.154+0.34+0.16 :j 10°F (a) D~ KT’
T 1.44+0.57+0.42 | —0.28+0.52+0.30 |7 10°%
KK +7r | 1.31+0.32+0.25 | 0.01+0.30+0.15 %‘a 03l
O 102 DO K'K, T T
10 | | x
Evidence for D° — D" mixing w00 A
(regardless of possible CPV) g o
£ 015 (b)
< o
yop = (1.31+0.32+0.25) % 7 o
z
> 30 above zero (4.10 stat. only) 012
011v Belle preliminary
0101000 2000 3000 4000
Ar = (0.01+£0.304+0.15) % t(f9
no evidence for CP violation
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BELLE DO — KSO 7'['+7T_ DalltZ (540 fb_l)

/_

Self-conjugate decays K mn~

arXiv:hep-ex/0704.1000v2 (submitted to PRL)

[1 Different decays identified through Dalitz plot analysis
CF: D — K*— gt
DCS: DY — K*tn~
CP: DY — pPK?
[1 Matrix element is Dalitz space dependent;
for initially produced |D°):

all) +ea) | a2 2yl — e

2 2 N _ 2 2
M(mZ,m%,t) = A(m=,m7) 5 . 5

where m3 = m?(K%*) and e o(t) = e~ 1(m127il12/2)t
[0 Amplitudes A(A) for D°(D") decays parameterized as a sum of
quasi-two-body amplitudes + non-resonant contribution
O Decay rate dN/dt o< |[M(m?,m3,t)|* contains terms
exp(—I't) cos(xI't), exp(—It)sin(xl't), exp|[—(1+ y)I't]

[1 With time-dependent Dalitz plot analysis both mixing parameters (z and y)
can be measured.
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=i 0 K° 7t7 Dalitz (540 fo )

Event Selection

[1 Reconstruction
> KV reconstruction and 7 selection
> DY decay vertex from 7T, 7~
> DY mass kinematic constraint for m(K,, 7", 7~)
> p*(D*T) > 2.5 GeV/c

[1 Signal yields and purity
signal | purity
534000 | 95%

3 3
5 =
a2 q
o oS
> I . .
w 5 ® Combinatorial
- ® Random g
Signal
1825 185 1875 19 0 5 10 15 20
Mass (GeV) Q(Mev)
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Dalitz projection of fit

D' — K 77~ Dalitz (540 fb~1)

~ 3 - s Resonance  Amplitude  Phase (deg) Fit fraction
°§ % ol K*(892)~ 1.629+£0.005 1343+03  0.6227
. S ol K;(1430)~  2.12+40.02  —09+05  0.0724
2 £ ool K3(1430)~  0.87+0.01 —47.3+0.7  0.0133
@ f K*(1410)~  0.65 £ 0.02 11142 0.0048
ll ool K*(1680)~  0.60 +0.05 147+5 0.0002
A4 ool K*(892)T  0.152+£0.003 —37.5+1.1  0.0054
ok K$(1430)" 0.541£0.013 918+ 1.5  0.0047
s . $(1430)t 0.276 £0.010 —106+3  0.0013

e —102+2 0.0013
+0.73£0.10 103+ 6 0.0004
p(770) 1 (fixed) 0 (fixed) 0.2111
w(782) 0.0380 + 0.0006 115.1+0.9  0.0063
f0(980) 0.380 £0.002 —147.1+0.9  0.0452

25 3
m (GeV¥ic!)

)

R K. )
ey K*(1410)T  0.333 +0.016

K )

9000 |-

8000 |-

7000 |

6000 |-

Events /0.02 GeVeic!
Events /0.02 GeViic!

sooof fo(1370) 146 +£0.04  986+14  0.0162
aof f2(1270) 143+0.02 —13.6+£11  0.0180
s} p(1450) 0.724+0.02  409+19  0.0024
ol o1 1.387£0.018 —1474+1  0.0914
N i . o 0.267 £0.009 —157+3  0.0088
TR ey PranaResE M ety  NR 2.36 +0.05 155 £ 2 0.0615

[1 Dalitz model: 18 different (BW) resonances and a non-resonant contribution

[J Results (amplitudes, phases) in agreement with PRD73, 112009 (2006)
(measurement of ¢3())

[1 To test the scalar 77 contributions, K-matrix formalism is also used
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=l D" KO 7+ Dalitz (540 fb1)

Time projection of fit

Results q
Assuming CP conservation 10}
_ 40.094+0.10 ¢ ot
r=0.80=£0.29" 57" o141 %0 .
_ +0.08+-0.06 ) 1 ) *
Y= 0.33 £ 0’24—0.12—0.08 % Oﬁ*ft&uﬁﬁﬁwﬁm b
R AT
most stringent limits on x up to now Ao 0w
Cleo, PRD 72, 012001 (2005): = 409.9+ 0.9 fs
r=18+34+0.6% — consistent with PDG

y=-—-14+25+ 0.9%
95% C.L. contours

2 - no CPV (stat. only)

Search for CP violation — nochv

----- CPV (stat. only) |
--- CPV

0 Dalitz plot fit separately for D° and DY
[1 fit parameters consistent for both samples

— no direct CPV :
[ parameters |q¢/p| and ¢ = arg(q/p)
consistent with CP conservation
0.30+0.10 1645
|q/p\ — 0-86J—r0.29J—r0.09 ¢ = (_14J—r18t5)0 ! 0 1 2
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Conclusions °

/_

[0 Two recent Belle measurements of D mixing parameters presented

00 Evidence for D° mixing found in decays to CP eigenstates

yop = 1.31 £0.32 £ 0.25 % (3.20)

[1 From time-dependent Dalitz plot analysis the most sensitive measurement of x
up to now:

z = 0.80 +0.29701% % (2.40)
[1 CPV search: no evidence found
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[1 Systematics

Backup slide: D — K #t7~ Dalitz

Model dependence

Source Az (%) | Ay (%)
_ M&T errors +0.020 | £+0.010
Experimental F.=Fp=1 —0.031 | +0.006
Source Az (%) | Ay (%) I'(¢?) = const. —0.051 | —0.041
Event selection ig.gg? J_rg.g% K-Matrix +0.073 | £0.058
Dalitz dep. effi +O:004 ' No NR —0.015 | +0.003
P —0.009 No K*(1680)* —0.003 | —0.008
Background Tooss | Toose | | No p(1450) —0.005 | —0.006
otal 1 0.09 1 0.08 K;(1430) DCS/CF | —0.103 | +0.001
—0.07 —0.12 K3(1430) DCS/ICF | +0.069 | —0.025
K*(1410) DCS/CF | —0.016 | +0.009

Total Sl B
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