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B Factories data samples

As of 2008/04/11 00:00
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BaBar

PEP Il Delivered Luminosity: 553.48/fb
BaBar Recorded Luminosity: 531.43/fb

PEP-II

BaBar Recorded Y(4s): 432.89/fb -
BaBar Recorded Y(3s): 30.23/fb -
BaBar Recorded Y(2s): 14.45/fb |
Off Peak Luminosity: 53.85/fb =) .. —
Delivered Luminosity -1
Recorded Luminosity -
Recorded Luminosity Y(4s)
Recorded Luminosity Y(3s) -
Recorded Luminosity Y(2s)
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Recorded luminosity ~530 fb-!
Peak luminosity ~12x10%3cm-2s!
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Recorded luminosity = ~1.02 ab"!
Peak luminosity ~21x1033cm-2s!




D% mixing phenomenology



D% mixing notations

* Flavor mixing occurs when|flavor eigenstates|differ from
[mass elgenstate§ well establlshed phenomenon in neutral K,
By, B systems ’

\D1,2> — p\DO> - CI\E ) ) + [p|* =1

e Mixing parameters are expressed in terms of x,y functions of the mass and
decay width differences:

mi1 — Mo L Fl_FQ F_1ﬂ1-|-1ﬂ2
T — y p— where = 5

I' 21
* Three types of CP V|olat|on:Z (F|H|D") = A; (F|H D) = yy
* in the decay (direct): f + 1
Af o g 7é 1
* in mixing (indirect): T'm = D
* inthe irlerference between mixing and decay: P f # 0
Af — qAy _ — Af ctrter) @y = weak phase
f m
p Ay Ay d¢ = strong phase




Standard Model predictions

SM mixing loops has down type quarks in the loops:

¢ ~a_ 1)-:(1 v “ ¢ - VT * b quark is CKM-suppressed

ACAYAYaAW
— s, d quark GIM suppressed
W W b,s.d¥ b s.d _ m2)2
Am ox G2 (m ;nd)
m2

it AYAVAVLY

T 4 b,s,d . 2 T =l W= . z = AMpox ~ 10 °ps™ T]'ny!

Expect hadronic intermediate states to dominate:

1 i

W — non-perturbative contributions
-t - K n Makes it difficult to precisely predict
oo SM expectations

In SM expected 1xI<102, [yI<10-? and CP violation below the per mil level. New Physics
contributions could enhance mixing rate and/or generate CP violation up to percent level.
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Recent experimental results
from B factories



Selection of D° mesons
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" m(DY%: D'—-K-r*
6~6 MeV/c?

\

Events/2 MeV/c?

-
o
N

181 1.865

m,. (GeV/c?)

Select D? mesons via D™ — DO11* decay:
- charge of slow pion identifies the flavor of DP° at production;
- exploit m(DY%), D? reco invariant mass and Am=m(D*)-m(D), D* p P
*-DO mass difference for bkg rejection;

Cut on D° momentum in center of mass frame, p*>2.5-3.0 GeV/c
rejects D° from B decays and combinatorial bkg.

1.92

Events/0.2 MeV

| Am =m(D*)-m(D")
* Data 6~350 KeV/c?

[ |RS Signal 5
: [l Random r
1 04 3 ) Combinatorial5
10%:
107 (o7) = 100m
6’14 015 016 ) beam spot
Am (GeV/c?) .

3D flight path reconstruction

. L - ﬁmDo
proper time = ——

- D%vertex with beam spot (interaction region size)
constraint applied. Determining decay time, 7, and
decay time error, o, ,for each each event.

Typical resolution on proper-time: (ot) ~ 0.57p = 0.2 ps
thanks to the excellent performance of the Silicon Vertex Tracker.




Mixing analyses at the B factories

Note:
D’ = K'tn WE® e e et
DO N K+K_, 7_‘_—|—7_‘_— *ﬁ E lifetime ratio wrt D° — K™
D" — ¢K cven and Codd cioomtutes.

o

_ w
D’ - Ktn 7Y
0 "
D” — K S 7T T *ﬁ time-dependent Dalitz plot analysis
DO N Kg’ K‘l— K~ time-dependent Dalitz plot analysis

time-dependent Dalitz plot analysis

‘g D time-integrated analysis

Not covered in this talk

D° — KWy

.. . At B factories events are selected from
Legend: = mixing evidence > 30 Lo o
e'e — cc annihilations:

= new result o (e+e— — cé) ~ 1.3 nb




DY to CP-even eigenstates K*K=, TT* 1T~

exponential with effective lifeti
T = T(DU h™h™) |
Thn = (D — hTh™ )

Tkr =7(D° — K 1)

Mixing and CP violation alter decay ti time distribution of CP eigenstates to

mes Ty p:

— measured quantities

\. J

* Mixing and CP violation observables: i _
p < D _ Tha T Thn
.. TK ef (Thn) 2
Mixing : Ycp = — 1
(Thh) S
T T —
CPV: AY = -"T A (AY _ _ TKn AF) Thi T Thh
<Thh> 9 (Thh)

\.

J

[ if CP conserved = yop

=y and AY =0 (Ap:())]
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Belle results for CP-even decays: yp, Ar
<[> PRL 98:211803,2007 ( 540 fb'l)

<>

@ o104 - € 305 |
. Use D* agged evens N - O,
«  Most of systematic errors s v 98% puriy | & . 99% purity
cancel in the lifetime ratio. E 0% g 107
* Bkg related systematics don'’t. 10 | 102;
0 0 1 ; H%I 10? .,
ycp (%) Ar(%) -2000 0 2000 ?0 -2000 0 2000 {?o:m
t(Is t(fs
KK | 1.25£039+40.28 | 0.15£034+0.16 |, . @
'\ i C) T
T 1.44+0.57+0.42 | -0.28+0.52+0.30 |2 o3 ( )SOKevt
g | 92% purity
KK+nm | 1.3140.3240.25 | 0.01+0.30+0.15 )| &+
Main syst. errors (Oycp,0Ar): acceptance (0.12%, 10 &
0.07%), res. function bias (0.14%, 0.08%),

selection variations (0.11%, 0.05%) 1

-2000 0 2000
t (fs)

Evidence of mixing at 3.20 level.

No evidence for CP violation
I




@i BaBar results for CP-even decays
(384 fb!)

e Using independent D* tagged and untagged events

* Untagged sample: 4x tagged sample but higher bkg; measure only Ycp

([ D* tagged events ) [ D* untagged events |

Sample Signal Yield (x 10%) Purity (%)

Sample  Size Purity (%)
K~—m" 730,880 99.9

_ K nt 2710.2 £34 94.2
K™K™ 69,696 99.6
9 + —
T 30679 98.0 K™K . 263.6 £ 1.0 80.9
x10
4500;—'"""""""|"'|"'I'"I"'_; 00: ---------------------------- ] 12: ‘ ‘ T
E lifetime 3 4 "B lifetime E r _ lifetime ]
:(S)ggi_ fit region K+K _E 00; fit region —; 10 - K+K fit region ]
3000F- = 3 __— =
2500 4 ® E 8- £ =R
2000F- 4 00 E = o
1500 4 3 6 - = S
1000 = E M7 k2
S00E- 5 0of E a o §_ -
S I F R § 10 19 ot 4 i % =
M(K*K) (GeV/c?) M(r) (GeV/c?) o) : C
O Y - i - L i
1.8 1.865 1.93

12 My (GeV/c?)



j*g ycpfrom untagged D° - K+*K— K~ n*

PRD 80, 071103 (2009)

[
- 10*E
2 2
S - S -
2 102 2
c g c Ll
S g 10
I.IJ I~ ::\ Ilu
10
1 1
852 2 . 58 2
§§ o i §§ )
=
7L 0 1 2 T3 s

t (ps) 1.8545<m_, <1.8745 GeV/c? t (ps)

tkk (fs) = 405.85 £ 1.00 (stat.) tkz (fs) = 410.39 = 0.38 (stat.)
yep (untagged)=[ 1.12 £ 0.26 (stat) = 0.22 (syst) 1%
Evidence of mixing at 3.3 G level

Main syst. errors: mp window (0.1 10%), combinatorial lifetime PDF
(0.115%), detector effects (0.093%)
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D* tagged results:

PRD 78 011105(R) (2008)

|

|

............

yC’PvAY

Sample Yycp AY
K™ K* (1.60 £0.46 £0.17)% (—0.40 £ 0.44 £ 0.12)%
T (0.46 4 0.65 £ 0.25)% ( 0.05 4 0.64 £ 0.32)%

405

t[fs]

410

Combined ((1.24 + 0.39 +0.13)% (—0.26 £ 0.36 4 0.08)%

Main syst. errors (Oycp, OAY): signal model (0.085%, 0.062%), detector
model (0.064%, 0.054%), selection criteria (0.046%,0.01 1%)

Evidence of mixing at 3G level
No evidence of CP violation

Combined ycrresult: D* tagged+untagged

statistically uncorrelated samples, conservatively
assuming 100% correlation in systematic errors

(384 fb')

PRD 80, 071103 (2009)

vep = [ 1.16 £ 0.22 (stat) £+ 0.18 (syst) 1%
Evidence of mixing at 4.16 level

14



T3 vcr from untagged D° — K3KT K-
ezl PRD 80, 052006 (2009) (673 fbl)

¢ Measurement of lifetime difference of CP-
even and CP-odd eigenstates: Ui

L
- ON region mainly CP-odd (¢p(1020)Ks%) and OFF S12|
region mainly CP-even (ao(980)Ks?) '

[ OFF : OFF

72.3K ON, 97 % purity
62.3K OFF, 91% purity

<

(o]
T T

- ton (Torr) effective lifetime and fon(forr) CP-even
fraction in ON (OFF) region. fon(forr) is obtained

from Dalitz Model taken from BaBar PRD 78, 034023
(2008).

(=]
7

mmrmmmmmmmmmmm - oo

Events X103 per 1

S
I T

N
T

1 TOFF T TON 0L L *‘Eﬁg: = A
Yyop — 1 1.02 1.04 1.06 1.08 1.1
fon — forr ToFF + TON M- [GeV/c?]

yor = [0.11 £ 0.61 (stat.) + 0.52 (syst.)]%

Main systematics: proper time resolution function offset ON-OFF (0.38%) and selection
criteria (0.30%), Dalitz model error negligible (0.01%)
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Time-dependent
Dalitz plot analyses



Study event distribution as a function of
Dalitz plot position and time

e A7) -fim(A A7) 0o+ <rt>2Af2}

_——

(larger sensitivity in regions populated by Doubly Cabibbo Suppressed and CP eigenstates. )

dN¢(s12,513,1) —T't 2
A
d812d813dt € ‘ f’ -

Ay = A(s12, 513) flf — }_1(512, s13) and (si2, s13) = Dalitz plot location

- iffand ]‘_’belong to the same Dalitz plot @.g. ngﬂr—) by@ssuming CP conservation)in
decay(A; = A;)is possible to extract directly x, y mixing parameters, without D° — D"
Y 7S P y XYy &P
relative strong phase uncertainty.
Method pioneered by CLEO Collaboration: D.Asner et. al. Phys.Rev.D72:012001,2005.
- if fand f do not belong to the same Dalitz plot (e.g k™7~ 7°) the relative strong
phase is not directly measurable at B Factories and we can extract effective mixing

parameters, as for example:

[ $” = X COS 5K7T7T0 + Yy sin 5K71'7r0 y/, = —xsin 5K7T7TO + y cos 5K7T7T0)

Method pioneered by BaBar Collaboration: Phys.Rev.Lett.103:211801,2009

A(DY - Ktp—
5Kmo—arg< ( P )>

AD’ — K+p-)
17



Aﬁ\ DO(t)—> K110 (WS) mixing fit (384 fb-')

[ Use Breit-Wigner functions for DCS and CF D° decay amplitudes.

Events/0.08 ps

Phys.Rev.Lett.103:211801,2009

The WS time-evolution function contains both DCS (A f) and CF amplitudes (A f) :
The CF amplitudes are determined in a time-independent Dalitz plot fit to the RS sample (~660K
evt) and fixed in the WS time-dependent Dalitz plot mixing fit (~3000 evt).

DCS=Doubly Cabibbo Suppressed CF = Cabibbo Favored

. = 1 0 K +q-q0 =R ; 0 _K-rtq0
Dalitz plot model.: WS = Wrong Sign, D >K'nm RS = Right Sign, D? >K-7'm

D. Aston et al., Nucl. Phys. B 296, 493 (1988)
Kr S-wave amplitude use BW together with eﬁ‘ectzve range non-resonant component.

Fro T T 0 AR <. 350FTT L S
: QU60F | ok o PO 0
N% 140 % K Tl' <tae bk (C) ERS {% K Tl' (d) ]
o mistag bkg (D) - .
SIDW 120+ |‘ l‘ combinatorial bkg 4 O 250F ‘Q[ 3000 evt .
C | 1 C . ]
S w00p | | —: S 20 " | purity 50%1
g o [ 12w :
§ 60 h:p[ H»} N ﬁ‘ * / S F ‘,1' l‘.l E
D gf 1 WT{ %iH LE Ot e E
20} i g : Pty 4 b A
_ i : _ PR .
%5 1 15 2 25 05 1 15 2 25
oo [PS] m12<+n_ [GeVZ/ch] m12<,,m0 [GeV?/cH

= [2.611037 (stat.) £ 0.39(syst.)| % ¥ = [—0.0677 g3 (stat.) + 0.34(syst.)] %
Evidence for mixing at 3.20 level
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QD

BELLE

Phys.Rev.Lett.99:131803,2007

Events /0.02 GeV%/c*

Events /0.02 GeV%¥c?
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540 fb-! data
Nsig= (534.4£0.8)x 103
Purity= 95%
—~ 3
©
>
Q
S
?;+
1
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m? (GeV/c?)
340000 - K (892)_
S
S
¢ 20000 -
£
>
Ll

0 1 L n l‘r".

KS'IT 2 (GeVZ/c®)

0

T

K (892)*I

KsTl' m2 (GeV 2/c%

0

1

0.5
TT T m 2 (Ge

1

5 2
Vet

Isobar model fit results

DO(t) = KsTt* 11" Dalitz-mixing fit

x?/ndof = 2.1 with (3653-40) ndof

CP
eigenstates

19

Resonance Amplitude Phase (°) Fit fraction
K*(892)"  1.629+£0.006  134.3£0.3 0.6227
Kg(1430)"  2.1240.02 —0.9+£0.8 0.0724
K35 (1430)~  0.87 +£0.02 —473+1.2 0.0133
K*(1410)~  0.65 4+ 0.03 111 +4 0.0048
K*(1680)~  0.60 4+ 0.25 147 £+ 29 0.0002
K*(892)T  0.1524+0.003 —37.5+1.3 0.0054
K§(1430)"  0.541 £0.019 91.8 + 2.1 0.0047
K3(1430)"  0.276 £ 0.013 —~106 + 3 0.0013
K*(1410)"  0.33 £0.02 —102+4 0.0013
(*(1680)T  0.73 £0.16 103 £+ 11 0.0004
D(770) I (fixed) 0 (fixed) 0.211T
w(782) 0.0380 + 0.0007  115.1 £ 1.1 0.0063
f0(980) 0.380 £0.004 —-147.1+1.1 0.0452
fo(1370) 1.46 £ 0.05 98.6 + 1.8 0.0162
f2(1270) 1.43 £ 0.02 —13.6 = 1.2 0.0180
p(1450) 0.72 4+ 0.04 41+7 0.0024
o1 1.39 £0.02 —146.6 £0.9 0.0914
\02 0.267 + 0.013 —157 £+ 3 0.0088 )
NR 2.36 £ 0.07 155 + 2 0.0615




>
/>
BELLE

Phys.Rev.Lett.99:131803,2007

7 =409.94 0.9 fs consistent with PDG

Mixing fit results

o 10°F———— . @ T - * no CPV (stat. only
S F i o - — noCPV |
2 : 954C°L'§ ————— CPV (stat. only) -
E regions : --- Ccpv

s :

>
L

=
> 0.12
<
Z ;
?‘\». . | . | . L] -1 . L
-2000 0 2000 4000 -1 0 1 2
Proper time (fs) X (%)
4 N )
: 40.10
xr = [0.80 + O.29(stat.)fg:gg(syst.)irg:}g(model)] %o la/p| = 0.867559 (stat.) T g (syst.)
¢ = —0.247025(stat.) £ 0.09(syst.)
y = [0.33 +0.24(stat.) T 05 (s t.)fgzgg(model)} Yo .
1\ L _J

No mixing disfavored at 2.20 level

No evidence for CP violation
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&
DO(t) = KsTt* 11" + KsK*K- analysis
e-Print: arXiv:1004.5053 [hep-ex]

-1
* Select D*™*—DOTT* events with high purity 468.> fb” data

AT o PR kT

/ \ i .. andomm, ]
g0 fod S [ Mgorecgn, Naig= (540.8+0.8)x 103
© : i 3 P lm nary J w10 ‘ ] DCombmatonaI Purity= 98.5%
s | Kﬁ S S Y= 790%
P = P \._E
"‘dc';103 E "qé;"oa y("/ /;__
" TIPS & W
Ll Ll

184 186 1 88 0.144 0.146 0.148
g (GeV/c?) Mlxmgf it re\gwns Am (GeV/c )
" ‘c) - l;'l‘z / 10 F ) .""z | ; E KsK*K-
3 L R T
§103 3 f 1& Pr 1m nary §103 : .‘I 1\. Preliminary . Nsig= (799103)X|03
© JARY © / \‘\ ; Purity= 99.2%
P ¢ = 4 o i r ]
§1°2 % w E10 i
> —— >
: mmﬁ’m’u T Ty
184 186 188 1.9 0. 144 0 146 0 148

M. (GeV/c?) Am (GeV/cd) 2



Mixing time-dependent Dalitz plot fit

Events / 0.024 GeV?/c*

Events / 0.035 GeV?/c*

DY decay amplitude phenomenological parameterization:

-for P- and D-wave amplitudes use Breit-Wigner (BW) model

CP eigenstates: Ksp? (CP=-1)

(CP=+1).

-7 TE S—Wave dynamlcs usc K matrlx formallsm V. V. Anisovich, A. V. Sarantsev, Eur. Phys. J. A 16 (2003) 229

-Kn S-wave amplitude use BW with coherent non-resonant contribution
(K+K‘ S-wave use a coupled-channel BW for the ap(980) contribution.

D. Aston et al., Nucl. Phys. B 296, 493 (1988);
W. Dunwoodie, private communication.

Ksn'm. DCS: K*(892)*, K*o(1430)", K*2(1430)"

KsK*K-. CP eigenstates: Ksd (CP=-1), Ksao(980)

~

KsTT 1T

soo0or BaBar a)
600001 Preliminary
wer || K'(892)
wo| | |
1 2 3
K sTT s. (GeV¥ch

5.

" PR |
95 18
S K- s. (GeV¥cY)

:

Events / 0.03i GeV?/c*
§ g

, K (892)\\/

b)

3
+ s, (GeVZ/c?)

ssgss

Events / 0.024 GeV?/c*

"’w”

K+ s, (GeVZ/c )

Events / 0.025 GeV?/c*

22

%

-

g

x?/ndof = 1.21 with (8626-41) ndof

_'rL

M /1

‘b

x?/ndof = 1.28 with (1195-17) ndof

-n- Tl- S (GeV’Ic")-

2= || $(1020) )
EZOOOO—
§1sooo— 30(980)
gm_j
|,|>J N .M- e 4l
0 12 14 16 1.8
K+ K- s, (GeVZ/c?

E " Y-Data = |
F a) [sSignal 3
10° & ERandomn, -
] [[I]I]Mdsrectan.oDo 3
9-104 C D’ KK ]
[} Combinatorial3
°. 3 7
o 10
~
£210°
o
2 > 1

1]

Events / 0.08 ps




Mixing fit results —ne™

e-Print: arXiv:1004.5053 [hep-ex]

: + - + +Y -
Cgrﬂb.n.lfc.(.l Klsn 7,t - |KSK| K |ﬁt Experimental systematics

30:_ BaBar preliminary — Source z[%] | y[%]
L N SVT misalignment 0.0279 | 0.0826
- - Fit bias 0.0745 | 0.0662
201~ ] Charge-flavor correlation (mistagging) | 0.0487 [ 0.0398
E e best fit E Event selection 0.0395 | 0.0508
10— + no-mix 1-CL: — Efficiency map 0.0367 [ 0.0175
- C 0.3173 1 Background Dalitz-plot distribution 0.0331 {0.0142
'2 o 317 ] D° mass window 0.0250 | 0.0250
; C ] Proper lifetime PDF 0.0134 | 0.0128
C 7 Signal and background yields 0.0109 | 0.0069
-10— 5.7x107 —] Mixing in background 0.0103 [ 0.0082
C 7 Dalitz-plot normalization 0.0106 | 0.0053
20— ] Proper lifetime error PDF 0.0058 | 0.0087
- ] Experimental systematics 0.1177(0.1302
30 E DO decay amplitude model systematics
| |_3|,0| - |_2|oI - |_1|0| - I(l)l - I-||0I - I2|0I - I3|oI | Dominated by uncertainty on K*(892), K-matrix, 0.0678 0.0532
Kn L
. C x/10° Lo s parameters 0.0830 0.0685
No mixing disfavored at 1.90 level
(" Combined Ksm'n- + KsK*K- fit resul ' ion: )
Combine STU'T S 1t results assuming CP conservation:
r = [0.16 & 0.23(stat.) & 0.12(syst.) &= 0.08(model)] %
y = [0.57 + 0.20(stat.) £ 0.13(syst.) & 0.07(model)] %
_J

Best measurement of x parameter so far. N



HFAG EPS 2009 results

http://www.slac.stanford.edu/xorg/hfag/charm/index.html

y (%)

EPS 2009
2F CPV allowed I

B . no mixing point
‘_1.. ‘_0“5‘ ‘o.ub's‘.uf HLS\.HZ

=y
I

Arg(a/p)
E
&

=
o
@)
la~)
<
e}
o
2

+

A | | | | | | | |
02 04 06 08 1 12 14 16 138

la/pl

FOCUS 2000

CLEO 2002

Belle 2002

Belle 2007

Belle 2009

BaBar 2009

World average

HFAG-cham

EPS 2009

IlllllIlIIIIIIllIIIIlII[lIlrF

0.732 £2.890 + 1.030 %
H . 1 3.420£1.390 £ 0.740 %

_+| -1.200 + 2.500 + 1.400 %

° -0.500 + 1.000 = 0.800 %

H 1.310 + 0.320 + 0.250 %

H_._..{ 0.110 + 0.610 + 0.520 %
f

o 1.160 + 0.220 £ 0.180 %

J.IlllllllllllllllllIIIIIIlllllllllllllllllllllll

cp=1.107£0.217 %
¢ )

4 32101 2 3 435

x=(0.976 = 0.249)%
y = (0.833 + 0.160)%

Yep (%)

|g/p| = 0.866 = 0.160
¢ =-0.148 £ 0.126 rad

Mixing significance exceeds 10.20

No CPV point is within 1o contour
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H

note different vertical axis scale

y (%)

Arg(a/p) [deg.]

FPCP 2010
2F ‘ CPV allowed I
1.5F
1
0.5F
0
- | e
-0. 26
_ ® 1o mixing point 3g
#\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\.50
-1 05 0 05 1 1.5 2
X (°/o)
80 R R
FPCP 2010 O no CPV point
60F
40-
20f
0
-20-
-40-
-60-
-80+

02 04 06 08 1 12 14 16 18
lg/pl

FAG preliminary FPCP2010 results

courtesy of Alan Schwartz on behalf of HFAG

HFAG averages including
new BaBar Kst"1m + KsK*K- results:

sizable improvement in mixing contours
noticeable effect on x parameter value

-
EPS 2009 FPCP 2010
x=(0.976 + 0.249)% x=(0.59 £0.20)%
y=(0.833 + 0.160)% y=1(0.80 +£0.13)%
q/p| = 0.866 + 0.160 la/pl = 0.91"%P0.16
©=-0.148 £ 0.126 rad ¢ =-10 337 deg
L (¢ =-0.175 701624 ;55 radb

~

Mixing significance still exceeding 10.20
No CPV point is within 1o contour
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Summary

: —0 .. - :
e Evidence of D® — D" mixing exceeds |0 0 combining all experimental
results. No single measurement exceeds 50.

* No evidence of CPV in mixing and interference: present experimental
sensitivity is at the level of 10-3-10-2,

* Mixing and CPV results in agreement with SM (within large theoretical
uncertainties) provide useful constraints for Physics beyond SM.

* B Factories produced most precise measurements for D? mixing and CPV
so far. Still room for improvements by exploiting the entire data sample and
covering all the sensitive measurements.

* Experimental results are dominated by statistical error. Future
experiments with very high luminosity will be able to test SM predictions
with better precisions.
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Flavor mixing occurs when|flavor eigenstates differ from

mass eigenstates:jwell established phenomena in neutral
K, By, B systéms. T

*

¥ 3 ‘_0
|D15) = p|DY) £ 4|D") ) + [p|* =1

Mixing parameters are expressed in terms of x, y
parameters, proportional to the mass and decay
width differences of the mass eigenstates:

- = miy —ma, Yy = Fl_FQ where - 1112
_ ’ or '’ i
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Three types of CP violation in D® meson system:

; TP = f)—T(D =7

|.in the decay (direct): agp = N0 A aTD = 7
(fIH|D) = Ap  (fIH[D") =4;  —
/ A7
obp #0={ | {[|#1) = cPV

2.in mixing (indirect):

P % '€| £1) == CPV
p

3.in the interference between mixing and decay:

R pr#0) = CPV
p Ay Ay

strong phase weak phase
29



New physics in Charm Mixing

Charm mixing can be affected by possible new physics

SUSY: Leptoquarks: Extended Higgs:
q , LQ) . A
HY
/4 1Y | Fas 202020202020 geeseemnes
e e NN N N\S S\ e - ——n oA

- new physics can increase x value, while y mostly unaffected:
e.g. |x| >> |y| could be hint of New Physics;

- new physics contributions can generate CP violation up to
few% level, more then one order of magnitude with respect to
Standard Model expectations.
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B Factories are also Charm Factories

At the Y(4S) peak we have:

oerf(eTe” — Y(45) — bb) ~ 1.1 nb o(eTe” —¢€) ~1.3nb

(Example of CC event: )

—0

D (cu)+ X
et I\ e
/ Lab frame
D*"(ed) + X'

L p*+ _, poxt
L DY — Kontn~

B Factories (BaBar + Belle) recorded about 1.5 ab-' data sample,
i.e.about 2- 10° eTe™ — cC events.

Average D%and D** multiplicity per e*e” annihilation at v/s=10 GeV:
n(DY% = 0.44610.032 n(D™) = 0.177+0.022
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Selection of D° mesons

Select D° mesons via D*™*—DO1T* decay:
- charge of slow pion identifies the flavor of D at production;

- exploit D reco invariant mass, mp,and D**-D? mass difference, Am=m(D")-m(D);

Cut on D momentum in center of mass frame, p*, selects events from ete™ — c¢

annihilations,
- 0 (e+e_ — cé) ~ 1.3 nb larger than ocss (e"e™ — Y(45) — bb) ~ 1.1 nb

- cut on p>2.5-3.0 GeV/c rejects D from B decays and combinatorial bkg.

— Am =m(D*)-m(D")

~. 10° N ;}:e\lr)/ocTKf o - Data | ¢~350 KeV/e2
O " i § 105 g [_IRS Signal 4
? | o : P Randomn,
= 10% 3 = 2
o~ i o~ 10%F .Comblnatonal—g
?) L 2 E ]
el 3L _ ™) L
g 107 : £ 10°
iT I " o ;

10° Y02

T8 880 4 92 14 015  0.16

my. (GeVic’) Am (GeVic?)
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Selection of D% mesons

K+
- identify the DO flavor at decay using the
charge of the kaon; !

- use PID, mainly for kaons, with typical D?

efficiency of about 85% and pion misID (1) = 200um

of about 2%; (o7) =~ 100um
Y == A I
beam spot

-DPvertex with beam spot (interaction .

region size) constraint applied. 3D flight path reconstruction
Determining decay time, 7,and decay

time error, o; ,for each each event.

Typical resolution on proper-time: (o) ~ 0.57p = 0.2 ps
thanks to the excellent performance of the SVT.
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Wrong sign D= K*TT- decays

® Wrong Sign (WSY) final states from 2 sources: via double-Cabibbo-suppressed (DCS)
decays or via mixing followed by Cabibbo-favored (CF) decays.

Time evolution (|z| < 1, |y| < 1): bes
AN /12 12 D K m
W5 xe | Rp + y'/ Rp(Tt) + ﬂ(Ft)2
dt N 4 ) My y
pe - L. D
DCS Interference Mleng
Ry = B(DO — Kn™) ~3.1073 . phase between DCS and CF decays not
B(D® — K=mt) directly measurable at B Factories
7 =2 cosSpr + YSsinOga Y = —xsindg, +1ycosdin

Analysis of the proper time distribution of WS events permits extraction of
D% mixing parameters y’, x’2
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WS time fit: evidence of mixing at 3.90

PRL 98:211802,2007 (384 fb!)

Fitted signal
4030 +88 [T T T ham

[ ] Mixing fit

Il Random =,

Q
S’

1400

g‘ 1200 E_ - Misrecon. D’
g 1000 B combinatorial
8 gooF- @0 Twm. \ /o - No mixing fit
c =
= 600 ;—

400

2001

50[

of

Residuals

-50[-

»2/bin = 31/28

-2 -1 0 1 2 3
t (ps)
WS mixing fit projection in signal region
1.843 GeV/c2<mp<1.883 GeV/c?
0.1445 GeV/c2<Am< 0.1465 GeV/c?

D ANENEENL JENEE EER Illllllllll|llll|ll|ll|llll|ll|[l

10 = | o Wy D
; ok Fit is inconsistent—a . ~-
- with no-mixing at 3.9 X s
_10:_ No mixing\“\;é__;_:

: 1 1 l I 1 1 1 l 1 L L 1 I :

-0.5 0.0 0.5
2 -3
x“/10

Rp: (3.03 + 0.16 + 0.10) x 10-
x'2: (-0.22 + 0.30 + 0.21) x 103
y': (9.7+4.4+3.1)x 1073

No evidence for CP violation fitting separately D° and D’
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Belle & CDF

PRL 100:121802,2008 (1.5fb-!)

CDF:

Fitted signal
(12.7 £ 0.3)K

C
0.5

x2 (10
Experiment Rp(107%) ¢ (107%) 22 (1077)

measurements

CDF

Belle [9]  3.64 +0.17 0.6 t10

3.04 £0.55 85 £ 7.6 —0.12 4+ 0.35
BABAR [8] 3.03 +0.19 9.7 + 5.4 —0.22 4+ 0.37
O 18 +0.21

: —0.23

Evidence of mixing at 3.80

Belle:  prL9s:151801,2006 (400 fb-!)
<T> " Fitted signal
</ > 2 5o | 4024 £ 88 |
8 ; ---------- no CPV (stat. only]
10 [ ]
oL T _
> b [T
a0l | e _
-20 |- 95% CL contours A
0 o2 Toa Tos '0.83
,2 -
Mixing X <10
Si?%r;if- x'? = (0.1817933) x 1072
3.9 y' = (0.6759) x 1073
2.0

No mixing point at 20
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Systematic errors: DO—K*TT-

Two types of systematics considered:

Variations in Fit Model
vary signal and background descriptions
Proper time resolution function, 3.6fs bias (SVT mis-alignment)
Variations in selection criteria
most important: cuts on decay time and its error t and dt

Systematic source Rp y’ x’2
Fit Model: 0.590 0450 | 04o

Selection Criteria: 0.240 0.550 | 0.570

Quadrature total: 0.630 0.71o 0.70
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Systematic errors: DO—K*K-, TT1T-

D* Tagged analysis

Oycp (%) OAY (%)
Systematic K K" n ot A. K K" n n" Aw
Signal model 0.130 0.059 0.085 0.072 0.265 0.062
Charm bkg. 0.062 0.037 0.043 0.001 0.002 0.001
Combinatoric bkg.  0.019 0.142 0.045 0.001 0.005 0.002
Selection criteria 0.068 0.178 0.046 0.083 0.172 0.011
Detector model 0.064 0.080 0.064 0.054 0.040 0.054
Quadrature sum 0.172 0.251 0.132 0.122 0.318 0.083

r¥=d D*Tagged analysis

O

BELLE Source Aycp [%] AAr [%]
acceptance 0.12 0.07
equal to 0.14 0.08
M window position 0.04 < 0.01
signal /sideband background differences 0.09 0.06
opening angle distributions 0.02 - -
background distribution B(t) 0.07 0.07
(a)symmetric resolution function 0.01 0.01
selection variation 0.11 0.05
binning of ¢ distribution 0.01 0.01
Total 0.25 0.15

Untagged analysis

Uncertainty Source

|Aycp| (%)

Signal resolution model 0.016
Mass window 0.110
Maisreconstructed Charm model 0.086
Combinatorial PDF 0.115
o selection 0.069
Overlap candidate selection 0.017
Detector effects 0.093
Total 0.216



Systematic error on ycp: DO—Ks*K*K-

<>

<O Untagged analysis

BELLE

Source Systematic error (%)
Resolution function offset difference tg) FF _ tOON +0.38
Estimation of (t); +0.10
D — KT*K~ntr~ background +0.07
Selection of sideband +0.05
Variation of selection criteria +0.30
Fitting procedure +0.10
Proper decay time range and binning +0.07
Dalitz model +0.01
Total +0.52

TABLE II: Fraction difference fon — forr for the two Dalitz models. The nominal values are
calculated from the data in Refs. [14, 21], and the fitted values from our fit results.

JoN — foFF
Model Nominal Fitted
4 res. [21]]—0.730 £ 0.031|—0.732 £+ 0.002
8 res. [14]|—0.753 £ 0.004|—0.769 + 0.005
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Systematic errors for DO—K*rnt°

Syst. " /ro | Y /ro
Dalitz model 0.338 | 0.472
t resolution function 0.259 | 0.0621
Background model 0.55 0.464
Signal and Background yields | 0.168 | 0.0132
Dalitz plot efficiency 0.0876 | 0.0794
Selection 0.391 | 0.287
Total 0.858 | 0.745

Table 6: Systematic uncertainties on x”/ry and 3" /ro (diagonal terms), in units of the statistical
error o.



Dalitz Plot fit results for DCS amplitudes: DO—K*rt-t°

Resonance | Amplitude | Phase (degrees) | Fit Fraction (%)
p(770) 1 (fixed) 0 (fixed) 398 +£6.5
K3°(1430) | 0.088 £ 0.017 | —17.2+£12.9 204+0.7
K}7(1430) | 6.78 +1.00 69.1 +10.9 13.1 +3.3
K*T(892) | 0.899 4 0.005 —171.0 £5.9 35.6 £5.5
K°(1430) 1.65 4+ 0.59 —44.4 + 18.5 284+1.5
K*°(892) | 0.398 £ 0.038 24.1+9.8 6.5+1.4
p(1700) 54+1.6 157.4 +20.3 20+1.1
x?/ndof = 188/215 = 0.876
Total fit fraction = 102%

Dalitz Plot fit results for CF am

Resonance Amplitude Phase (degrees) | Fit Fraction (%)
p(770) 1 (fixed) 0 (fixed) 63.6 + 5.2
K*~(1680) 4.46 + 0.04 141.4 £ 0.7 4.0+£0.3
K35 (1430) | 0.023 £0.001 —1479 £ 2.6 0.12£0.01
K30(1430) | 0.0408 £0.0008 | —8.4+1.1 0.51 + 0.04
K*~(1410) 0.16 =0.01 43.1 +£4.4 0.09 £0.01
K™ (1430) 2.28 £0.04 170.9+£0.9 22=£0.2
K*7(892) 0.380 £ 0.001 162.1 £0.2 9.2+£0.7
K*0(1410) 0.19 £0.01 —281.5£2.6 0.15+£0.02
Kg0(1430) | 2.67£0.01 82.8 + 0.4 7.8+ 0.6
K*9(1680) 5.07 4 0.04 —40.4 4 0.6 6.0+ 0.5
K*9(892) 0.399 £ 0.001 0.5+0.3 9.5+0.8
p(1700) 4.06 + 0.07 152.9 £ 0.9 1.9 4 0.2
Total fit fraction = 105%

slitudes: DO— K-t rt®



Systematic errors for D°—Ks*m*m

<>

</[O

BELLE

Systematics of D' — K" n+7~ Dalitz

Experimental

source Ax (%) | Ay (%)

: +0.076 +0.018
Event selection | T5 01 L0078
Dalitz dep. effi. | 10994 1 ;000
Background tooes | Tolod

Model dependence

Source Az (%) | Ay (%)
M&T errors +0.020 | £0.010
F.=Fp=1 —0.031 | +0.006
I'(¢%) = const. —0.051 | —0.041
K-Matrix +0.073 | +£0.058
No NR —0.015 § +0.003
No K *(1680)* —0.003 | —0.008
No p(1450) —0.005 | —0.006
K§(1430) DCS/CF | —0.103 | +0.001
K45(1430) DCS/CF | +0.069 | —0.025
K*(1410) DCS/CF | —0.016 | +0.009

+0.10 +0.06
Tota




DO— KsTr*T1T- + D= KsK*K-
fit results for different subsamples

TABLE I: Results from the mixing fits. The first uncertainty
1s statistical, the second systematic and the third systematic
from the amplitude model. For the nominal fit, the corre-

sponding correlation coefficients between z and y are 3.5%,
16.0% and —2.7%, respectively.

Fit type x/107? y/1073
Nominal 1.6+23+12+08 57+£20+1.3+0.7
Kontn™ 2.6 + 2.4 6.0 + 2.1
KKTK~ —13.6 £9.2 44457
D° 0.0 + 3.3 5.5+ 2.8

DY 3.34+3.3 594238




CP

DCS

DCS

DO— Kstt*11- Dalitz plot fit results

TABLE I: D° — K%r*7~ complex amplitudes, 77 P-vector and K7 S-wave parameters, and fit fractions, as obtained from the
mixing fit. The 77 S-wave parameters 85, f°?, and fFi° are fixed to zero due to the lack of sensitivity. We also report the
mass and the width of the K*(892)¥ resonance. Errors are statistical only. The fit fraction is defined as the integral over the
entire DP of a single component divided by the coherent sum of all components. The sum of fit fractions is 103.3%. A detailed
description of the parameters can be found elsewhere [14]. Equations (14) and (15) in [14] have been corrected as follows,
Ak 1—0(s) = Tkr r—o(s)/p(s), where p(s) = q/+/s is the phase-space factor and Tk r—o(s) = Fsin(dr + ¢r)e'®F+4F) 4
Rsin pe'OrT¢R) i20r+6r) with tandp = M2 (1430) ke (1430) (5)/(5412(5(1430) —s), cotdp = 1/(aq)+7rq/2, s the invariant mass
squared of the K7 system, and ¢ the momentum of the spectator particle in the K7 rest frame [21]. The symbol t indicates
the parameters fixed in the mixing fit to the values extracted from a time-integrated DP fit to the same data. The results from
this time-integrated DP fit for the amplitude model parameters agree within statistical errors with the results reported here.

Component Amplitude Phase (rad) Fit fraction (%)
K*(892)~ 1.735 + 0.005 2.331 £ 0.004 57.0
p(T70)° 1 0 21.1
K5(1430)~ 2.650 £ 0.015 1.497 £+ 0.007 6.1
K3(1430)~ 1.303 +0.013 2.498 £+ 0.012 1.9
w(782) 0.0420 + 0.0006 2.046 + 0.014 0.6
K*(892)* 0.164 + 0.003 —0.768 £ 0.019 0.6
K*(1680)~ 0.90 = 0.03 —2.97+0.04 0.3
f2(1270) 0.410 £+ 0.013 2.88 +£0.03 0.3
K3(1430)" 0.145 £+ 0.014 1.78 £0.10 <01
K3(1430)* 0.115 + 0.013 2.69 +0.11 <0.1
[ wm S-wave 15.4
B 5.54 + 0.06 —0.054 £ 0.007
Ba 15.64 £ 0.06 —3.125 + 0.005
Ba 446 +£1.2 2.731 £ 0.015
Ba 9.3+0.2 2.30 £ 0.02
prod 11.43 + 0.1 —0.005 + 0.009°
prod 155+ 0.4% —1.13+0.02}
prod 7.0+£0.71 0.99 +0.111
shrod Parameter value
shrod —3.92637

[ K7 S-wave parameters
M2 (1430) (MeV/c?)

1421.5 + 1.6

Tk (1430) (MeV/c?) 247 + 3t

F 0.62 £ 0.04°

¢ (rad) —0.100 + 0.010%

R 1

ér (rad) 1.10 + 0.02°

a (GeV/c™) 0.224 + 0.003
| r (GeV/e ) —15.01 +0.13
[ K*(892) parameters

Mpce (sa2) (MeV/c?) 893.70 + 0.07*

| Tx+(so2) (MeV/c?)

46.74 +0.15%
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DCS

DO— KsK*K- Dalitz plot fit results

TABLE II: D° —+ K2K*K~ complex amplitudes and fit fractions, as obtained from the mixing fit. We also report the mass
and the width of the ¢(1020) resonance, and the ao(980) coupling constant to KK as determined from the fit. Errors are
statistical only. The fit fraction is defined as the integral over the entire DP of a single component divided by the coherent sum
of all components. The sum of fit fractions is 163.4%. A detailed description of the parameters can be found elsewhere [14].
The symbol T indicates the parameters fixed in the mixing fit to the values extracted from a time-integrated DP fit to the same

data. The results from this time-integrated DP fit for the amplitude model parameters agree within statistical errors with the
results reported here.

Component Amplitude Phase (rad) Fit fraction (%)
a0(980)° 1 0 51.8
$(1020) 0.2313 4 0.0011 —0.977 £ 0.008 44.1
ao(1450)* 0.93 + 0.03 1.66 + 0.07* 25.6
ao(980)* 0.635 + 0.006 —2.91 +0.02 19.5
ao(1450)° 0.83 + 0.10° ~1.93 +0.12 19.3
fo(1370) 0.16 + 0.05 0.2+ 0.2 1.7
f2(1270) 0.385 + 0.015 —3.08 +£0.04 0.7
ao(980)~ 0.125 + 0.008 2.47 +0.04 0.7
[ #(1020) and ao(980) parameters Value

My(1020) (MeV/c?) 1019.55 + 0.02
| Ty(1020) (MeV/c?) 4.60 + 0.041

ke (MeV/c?) 537 + 9t




DO— KsTr*T11- + D9 KsK*K-

Dalitz model systematics

We measure model-dependent systematics using 10 toy Monte Carlo samples generated with the nominal model.
Each toy sample is fitted with the nominal model, and with each of the alternative models, and the mean change in fit

result is take

n as the uncertainty due to an alternative model.

Systematic source

z(%)

y(%)

T S—wave:
T S—wave:
T S—wave:

K -matrix solution-1
K-matrix solution-IIa
Alternative NR term production vector

0.0121 + 0.0116
-0.0033 + 0.0020
-0.0040 + 0.0032

-0.0077 = 0.0077
0.0020 + 0.0012
-0.0174 + 0.0052

7w P—wave:
m P—wave:

Km P—wave:
Km P—wave:
Km P—wave:

p(770) and w(782) float mass and width
p(770) BW line shape

K*(1680) mass variation

K*(1680) width variation

K*(1680) mass and width from PDG

0.0279 £ 0.0284
-0.0010 £ 0.0063
-0.0125 £ 0.0023
-0.0033 + 0.0017
-0.0172 £ 0.0042

-0.0080 + 0.0227
0.0052 £+ 0.0052
0.0020 £+ 0.0031
0.0025 + 0.0015
0.0037 + 0.0046

Km D—wave:
Km D—wave:

K3(1430) mass variation
K5(1430) width variation

0.0013 £ 0.0014
-0.0005 + 0.0013

-0.0007 £ 0.0014
0.0012 + 0.0009

More K2w 77~ resonances: K*(1410) and p(1450)

-0.0001 £ 0.0036

-0.0010 £ 0.0025

K-matrix, LASS, K*(892), ¢#(1020), and g, &z parameters

0.0678

0.0532

KK S—wave:
KK S—wave:

KK S—wave
KK S—wave
KK S—wave

KK S—wave:
KK S—wave:

ao(980) mass variation
gn= variation

: fo(1370) mass variation
: fo(1370) width variation
: fo(1370) from E791
ao(1450) mass variation
ap(1450) width variation

0.0001 £ 0.0004
0.0003 £ 0.0009
-0.0003 £ 0.0004
-0.0001 £ 0.0002
-0.0004 £ 0.0004
-0.0002 + 0.0004
0.0001 + 0.0003

0.0010 £+ 0.0002
0.0032 + 0.0006
-0.0012 £+ 0.0006
-0.0005 £ 0.0004
-0.0009 + 0.0007
0.0007 + 0.0003
0.0003 + 0.0002

More KYK*K ™ resonances: ag(1450) DCS and f,(980)
Fewer KK +K— resonances: fo(1370) and f3(1270)

-0.0007 £ 0.0013
-0.0165 + 0.0109

-0.0003 £ 0.0026
0.0226 + 0.0091

mm — KK D—waves: f(1270) mass variation

mm — KK D—waves: f3(1270) width variation
mm — KK P—, D—waves: Blatt-Weisskopf factors
mm — KK P—, D—waves: resonance frame

mm — KK P—, D—waves: Helicity formalism

-0.0007 = 0.0009
0.0006 + 0.0012
0.0025 + 0.0058
-0.0244 + 0.0248
0.0005 + 0.0245

-0.0008 + 0.0008
0.0006 + 0.0010
0.0026 + 0.0077
-0.0233 + 0.0173
-0.0172 + 0.0170

Total Dalitz model systematics

0.0830

0.0685




