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Introduction

Mixing among the neutral meson flavor eigenstates provides important

information about

 electroweak interactions, including CP violation
the CKM matrix
* mixing loop virtual constituents

11| ——

Short distance Standard Model (SM) suppression: °

D mixing loop involves down-type quarks
« b quark loop suppressed: |Vu*bvcb < 1
« s and d quark loops GIM suppressed

DO system exhibits the smallest mixing

()

W

System: X: y:
K° (1956) | 0.95 0.99
B4(1987) | 0.78 =

B, (2006) | 26 0.15
D (2007) | 0.0098 | 0.0075
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Int.J.Mod.Phys.A21:5686 (2006).

1.00E+00

= mass difference amplitude O(10-°) or less  1.00-01
1.00E-02

long distance mixing amplitudes _100E

K = 1.00E-04 1

Do __.._,\’/ NI = 1.00E-05 1

N 1.00E-06 4

. jf: . 1.00E-07

predominant but hard to quantify 1.00E-08 +
1.00E-09
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Reasonable to expect |x|~102, |y|~10-
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Recent Measurements

Mixing and CPV in the D° system were discussed over 30 years ago!
- A. Paisand S.B. Treiman, Phys. Rev. D12, 2744 (1975).

BUT evidence for mixing was found only recently

* Mixing measurements

— DYSKYK, y B

— DK . vy B
— DO—KOr[*y y B
— DO—sK* O 1

— DOsK = E)
— DK K*K- =
— Quantum Corr.
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Mixing Parameters

*  Mixing in the neutral D system arises from the existence of two mass
eigenstates O, and D, that are not flavour eigenstates

o 0 ; 0 Eigenvalues are
i ( gogg ) - (1\/[ - 51“) ( gogg ) m1,2+iT1.2/2
with means:
ID1> = p|D°>+q|D°>  |Di()> = |Di>e~i(Fy/2Himat | M=(matms)/2
|Dy> = p|D°>—q|D> |Da(t)> = |Da> e~tla/3+éma)t | T'=(T1+T,)/2

* It is usual to define four mixing parameters:

= M, —M, )= I-1, : E‘ . ba = Arg {EL C‘Pl/sig?r;alled by
T 2B ql q) P74
*  CPV from either the mixing, or from the decay (or both) can ocur
Dailio_ ~ ./‘T._f (D?->f) Af _ Q_Ja-,f - ei(6+¢'f)
po f pAr /N
strong weak
Ar (D>F)
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Generic Mixing Analysis

*

|dentify the D° flavor at production

using the decays D*+ _, 71-;& DO Right-sign (RS) decay |
— select events around the B
expected K
Am = m(Dyd.) — m(DY,. o
— The charge of the soft pion D” decay vertex J
determines the flavor of the DO

Beam spot:
s, ~100 um

*

|dentify the DO flavor at decay using
the charge of the Kaon

DO— Kt* - right-sign (RS) Rl
D% — K*r~ - wrong-sign (WS)

Vertexing with beam spot constraint toy \ D° p\:::It:)C(tion
improves m, ., 4m, flight length and

hence proper decay time t, and its
uncertainty o;
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Lifetime-Difference Measurements

* In the absence of CPV, D, is CP-even and D, is CP-odd

— Measurement of lifetimes t for D® decays to CP-even and CP-odd
final states lead to a measurement for y.

Mixed CP. Assume Tis mean

T(D° @ 41/ of CP -even and CP-odd
Ycr R Y = 0 = —
T(D @ | KK orn'r

CP -even

*

Allowing for CPV, measure the D and DO asymmetry
la/p|*-1

5 D —X 5N Oy

r(D°—h*th~)—7(D°—h*h~) 1~
r(D°— hth—)+7(D°—h+th—) sy co

A —
LAy —

PRD 69,114021 (Falk, Grossman, Ligeti, Nir & Petrov)
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7> Lifetime Ratio (v, A))
Lo Covidamman ML Aivitna A+ 29
BELLE cviaence Ut mixing Ai J.0
PRL 98, 211803 (2007) E
Data: 540 fb-1 5
3

Most of systematic error
cancels in the lifetime ratio.
Bkg related systematics don't.
Require:p*>2.5GeV/c,
6,<0.37ps

Purity of selection 98%, 98%,
92% for KK, Kr, i, respec.

as a function of time due to
lifetime difference (y.; # 0)

\_

(.. )
Ratio of D’./D’ events varies

Events per 61.5 fs
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Decay time fits to determine y, AY
PRD 78, 011105(R) (2008) 384 fb-1

_ 0 - —0 _
D° - K 7" +c.c. D° S K'K D° S K'K
CBaBar N, BBk ] BBk e
10° S 1 _ DS-gI
107 E 10 ham
ém-‘g § § [ B
% 210 ZI0°F ; 3
§102§ g é F
10k 10F 10 ¥+ 3
i .
1 N b MR Laaty 1 L s 1 | ||]‘
=2 -1 1] 1 2 3 4 -2 -1 0 1 2 3 4 -2 - 1 2 3 4
=409.3+0.7 fs Ny
AV 1=401.3+2.5 fs 1=404.5+2.5 fs
Tk BY D s rta D’ s xtx
+ A I I I A AR I AR AR AR
TKK 10° i - 10° i
T-KK . g F harm ? g- -
Tn e g E- 3
T;TJC I J| “ 10E — - m?—
400 405 410 Lol P LU g
fs ) o ) o
tlfs] 1=407.6+3.7 f 1=407.3+3.8 fs

Kz and KK lifetimes differ
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Y- World average from HFAG

FOCUS 2000

CLEO 2002

Belle 2002

Belle 2007

BaBar 2007

Belle 2008

World average

Yep = (1.132 + 0.266)%

Lifetime-Difference Results

arXiv:0808.1207
”IIH”'””'""""'l""ll
L . _||

[T TR YT AT SRR R AT ]
01 2 3 4 5

[FYRTI PR IO

Wl
4 -3 -2 -1

y[‘p (%)

Fri 12 Sep,

0.732 = 2.890 = 1.030 %

Ar (%) |
0.156 £ 0.84 £ 0.16
__,E’:l.:.’;; il BT i pf;f
01 + 0.0 + 0.13

3.420 £ 1.390 = 0.740 %

-1.200 = 2.500 = 1.400 %

-0.500 = 1.000 = 0.800 %

"....----.------_-_—"

éB 3.2 c evidence - no CPV

PRL 98, 211803 (2007) 540 fb!

1.310 = 0.320 = 0.250 % Mode | yer (%) AY=(1—ycp)Ar (%)
KtK-|/1.60+0.46 + 017 | —0.40 +0.44 + 0.12
1.030 = 0.330 = 0.190 % + -
TR || 0. o 0 =
Combined(1.24 + 0.39 + 0.13 3 ) CO.26 + 0.36 + 0.08
0.210 + 0.630 = 0.780 % ~ s —~ >

e

=

1.072 + 0.257 %

CKM Workshop 2008 - Rome

3.0 ¢ evidence -

no CPV

PRD 78, 011105(R) (2008) 384 fb-!

384 /fb tagged and 91 /fb untagged (BaBar)
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Measurement of y, in D’—-KK"K" decays
Arxiv:0807.0148v1 (2008) 673 bt

In effect, this is a measurement of lifetime tin CP=+1 and CP=-1
parts of the K_K*K- Dalitz plot.

Choose (K, region and its sidebands sum— E 139K
2 s00q untagged
| > <—>| Events
T—T f— 17 "
‘T+T_ycpl+ycp(1_.f_.f) ::: ,
c;ﬁiﬁ; 10:&-’-'11' B K ]
Fractions f of CP-even final state in each region: m?,, (GeV/c2)>? |
2 2 2
f= J 1A+ dm A1 4ae over appropriate
[UALP +[A_Pldm2 , dm2 .,  mecrange
A, and A_are CP-even and odd amplitudes describing Dalitz plot
population.
— — - AR
vop = (0.21 4 0.63(stat.) £ 0.78(syst.) £ 0.01(model)) % pre\““‘“
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Time-dependent WS decay rate

Two types of WS Decays:

— Doubly Cabibbo-supressed (DCS) DY - Ktn—
— Mixing followed by Cabibbo-Favored (CF)decay D' — D° — Ktr~

mix

Two ways to reach same final state = interference possible!

= Use time dependence to separate DCS and mixing:
(assuming CP-conservation and |x|«1, |y|«1) -

a [1D%(t)) — flxce ' | Rp + v/ Rpy' Tt + - Zy/ (Ft)Q)

dt

DCS decay / Interference between DCS and mixing N Mixing

' =xcosdir +ysindxr, Y = —xsindgr+ycosdxx

O« : strong phase difference between CF and DCS decay amplitudes
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m(Kn) & Am Fit Results

RL 98, 211802 (2007)

~ - f <«Daa ]
RY) _ S 10° RS 1} [rs signa ;
% RS 5|gnal: g f B Randomn, ]
= :1,141,500+£1200 10%: Il Combinatorial
N ] . . . u ]
@ combinations § |
S t 10%
0 C
> o ,
w g
10 . _
o~ I - Data ]
R Ws signal: 215000 WS | [wssignal -
Eeee_— f\ - 4,030+90 . =Ra“d°m“s ]
— - - o1 - Misrecon. D°
S . N Comblnatlons =) 000: B combinatorial |
@ 400/ s _
o i -
o I S 500
- - @
u>J 200: =
P81 1.865  1.92 ) 0.15 0.16
m,_(GeV/c? Am (GeV/c?)
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RS Proper Time Fit

NI N0 2
FRL Y0, £

RS decay time, signal region

DY |ifetime and

10?

. . 105;— = Data
resolution function - BABAR
fitted in RS sample S F B Continaionc
2 10°
1=410.3+0.6 (stat) fs i F

Consistent with PDG 5

- — - o
Tppg=410.1£1.5 fs R
Systematics dominated by 5 ....1‘. SEUSUS US|
signal resolution function t (ps)

plot selection:
1.843<m<1.883 GeV/é
0.1445<4m< 0.1465 GeV/E
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WS Decay Time Fit: Mixing Allowed

"« Data

1600 — —
PRL 98, 211802 (2007) 1400E- ] Mixing fit E
Data: 384 fb-1 » 1200E- Bl Rondom=,
: : — Q 0 = B nisrecon. D° 3
The dotted line is the no-mixing o 1000 Bl Combinatorial
expectation. % goo- 0 e b Y oo No mixing fit | —
The solid line is the mixing fit. ® so0E =
. .. w - -
The difference between no-mixing 400 =
hypothesis and the fit with mixing is shown 200 =
in the residuals plot. Y N, S .
30 DO K- PRL 98,211802 (2007) 505_ b) ekifE - o) Tk [PIDIF
S 0w B ¥ mix - no mix PDF
B . n ] - -
20; 3.90 signal] 2 - .
i 1 8 :
o10F 4% sor =
o BABAR g D S B B S
- -3 . t (ps)
“10[ )/ =(9.7+4.4+3.1)x10 ;
Ex/2 — (—022i030i 021)X10_3 | l i RD: (3-03 i 0-16 i 0.10) X 10-
205 e E 00 0 1o x’2: (-0.22 + 0.30 £ 0.21) x 103
x2/10° y’: (9.7+4.4+3.1)x 103

No evidence for CPV
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PRL 96,151801 (2006)

DP—Kr Belle Measurement

Fitted signal
4024 + 88

Ly
Data sample 400 fb-' = 20
X
Fit case  Parameter Fit result 95% C.L. interval 10 I
(x1073)  (x1073)
No CPV Rp 3.64 £ 0.17 (3.3, 4.0)
z"? 018102 < 0.72
y' 06720 (=9.9, 6.8)
Ry - (0.63 x 107", 0.40)
CPV Ap 2347 (=76, 107)
Am 670 & 1200 (=995, 1000)
x'? - < 0.72 -20
y' - (—28, 21)
Ry - < 0.40
No mixing Rp 3.77 £ 0.08(stat.) + 0.05(syst.)
Fri 12 Sep, CKM Workshop 2008 - Rome

—— no CPV (stat. oniy]

————— me CPV
CPv

no-mixing excluded
at only 2¢
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D°— K CDF Measurement

PRL 100, 121802 (2008) Evidence for mixing at 3.8¢

: Fitted signal |« pifferent Analysis
10F (12.7£0.3)K | | _ _
B Different Production
03_ Environment
- * Confirmation of BaBar mixing
10f result
- o | « Nearly identical
05 0 05 results!
X2 (107)
Experiment R,(1073) y(1073) x2(1073) Mixing Signif.
CDF 3.04 £0.55 8.5 *+7.6 —0.12 = 0.35 3.8
BABAR 303 £0.19 9.7+54 —0.22 = 0.37 39
Belle 3.64 £0.17 0.6 +4.0- 3.9 0.18 +0.21 —0.23 2.0
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Measurement of o, by CLEO-c

P W AY

» Motivation PRD 78, 012001 (2008)

PRL 100, 221801 (2008
< Need oy, to compare the measurements of y and y' ( )

% 0= -0k, Is defined as the phase of the K DCS to CF amplitude

i — 10
ratio BT D)~ with 7~ 0.06
(K+7—|DVY)
Determination of the strong phase in quantum correlated D° D pairs
e'e —» Yy(3770) —» DDP = C=—1

+ Measure time integrated yields of correlated and uncorrelated D° decays

< The ratio of correlated and uncorrelated D® decay rates depends on
the mixing parameters and
— Extract x%,y, r* and cos( 3, ) from time integrated yields
< External branching fraction are used and including external mixing parameter
measurements improves the ok, extraction

Fri 12 Sep, CKM Workshop 2008 - Rome Page 17



Results of the o, measurement orp 75 012001 2008)

PRL 100, 221801 (2008)

» Extract the strong phase 8y in a fit to 281pb™' of CLEO-c data
(external branching fraction measurements are used)

z sin (6x-) can not be determined in this fit, therefore set z sin (6x-) =0

cos (0rx): 1.03793% +£0.06

» Including in addition external measurements of mixing parameters

improves the fit. external input parameters
. - P arameter Averape
z sin (k=) can now be determined ” O00662 000311
. 2 000511 4= 000544
CcOS (é“r(ﬁ) g 1.10£0.,35 £ 0.07 2 0.00339 + 000012
) o 3 ,.-;‘_P 0,004 4 0.0030
x $in (0xx) : (_l_l+]é +0.29) - 10~ ' 0.00006 + 0.0001%
- . 111 i -
s Tili1T 30
0K (22 T35 747)

» Established a new technique using time independent measurements
of mixing parameters and the strong phase.
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Time-Dependent Amplitude Analysis 384 fb™

0 L7 m— () arXiv:0807.4544 [hep-ex]
Of D 9 I\ IV L Submitted to PRL

Similar to D = K*r but now f is an amplitude at a point in
the Dalitz plot (DP) for the K*t® final state

CF (Af) and DCS (Ay) amplitudes contribute to decay and
describe density of points in the DP at time t

' ] z? + o2 2 assumes
A7+ A7l Ayl " coldp)-" sin@y) (O8) +—— | Ayl (T4)°  (jai], |y < 1)
. ) —
DCS DCS-Mixing M?;ng

interference

=Arg {A7/Az} Depends on DP position

The interference term permits measurement of

n

' = xco80x.r + Ysindg,.,. and NOTE §

y" = Yycosdxrr — T8N0k, r

_ Kmt:/: 8
IS also unknown
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Events/0.05 GeV2/c*

Evidence for Mixing in (WS) D’ > Knn0 384fb”

arXiv:0807.4544 [hep-ex]
Submitted to PRL

> R rsoorpor B 2 B wspaiepior |
S (0K g"%f““e““ - Use D" tagged sample
;I#E 5 Y o ] o . Find CF amplitude A7 from
S é E = : i. time-integrated fit to RS
- t Dalitz plot
B > "6 . isobar model description
__“fef_fn,_"_” - Use this in time-dependent
| 513_,,,21(;? il — fit to WS plot to determine. Az
m BB |h § Bt and mixing parameters.

=[ 2.611) a5 (stat.) £ 0.89(syst.)]% Probability for no

mixing = 0.1% (3.2¢
= [—0.061 955 (stat.) £ 0.84(syst.)] % g ° (3.20)
No evidence for CPV
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Time-Dependent Amplu’rude Analysns

0 L artar i
) pRL 98, 211803 (2007) 540 fb-! Of D° - AJUTT PRD 72, 012001 (2005) 9 fb

BELLE

Here, it is possible to measure x, vy, |p/q| and arg {p/q}; the DO-DO strong
phase ¢ is fixed by presence of CP eigenstates in f

Strong phases of all points relative to CP eigenstates measured by time-
dependent amplitude analysis of the DP.

m2 (GeV?/c?)

3
‘*2 2 L ono CPV (stat. only
33441041830 | oy Fit case Parameter Fit result 95% C.L. mterval . T moCPV
Events Q 0.0940.10 ¢ - - CPV (stat. only)
(D NU ;I"([:/“) U 8() i (] 2) +D U?+D 14 [UU ].6) --- CPV
‘ § oV oy 0.33 £0.24 70051508 (—0.34,0.96) 1 e
a  CPVooa%) 081 £030 0 Tole  Ja <1.6 g
o= y(%) 0.37 £0.25 12074007 |y <1.04 7
1} < / 0.86+0:30+0.06 1 03 . °
o I la/p] 89_0,20 —0.03
L ol g fan) (O 16 4542 P o
. % & arg(q/p)(°) -4 -
1 2 3 - ' '
-1 0 1 2
m? (GeV4/c?) .
.o i -1
Mixing only at 2.4  level. Previous (feiUthTLnS%EO (9 o)
. -&. “ o
= Hint that x >y ?? (-6.1 < y <3.5)% at 95% CL.
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New HFAG Average for ICHEPQOS8

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

; ] '?HEP 2008 CPV allowed | % 5 '?HEP 2008
L e — <
1.5 : : : -
B 0.5
1 -
0.5 0:_
of- 0.5
B l 1o E
0.5 2o |
£ 3¢ .
A 40 - |
:lilll]]llll]IJIllIIJIEIIIIIIllI|.5(} -15;.'I'"I"'i"'llllEl!lllllil!llrllill
-1 -0.5 0 0.5 1 1.5 2 ~ 02 04 06 08 1 1.2 14 16 1.8
X (%) lg/p!
_ 024 o - ol = 086+ 217
x=1.00x;7; % 340 |a/p| = 0.86+ ;.

7.6
y=0.76x0 14 % 410 Arg(a/p) = (8.8%7, )°
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Summary

After 30 years, evidence for DY mixing is now compelling

— World averages of the mixing parameters exclude “No D° Mixing”
at ~10c

— But to date no single measurement exceeds 5o.

Evidence of D° Mixing from several independent
experiments

Measured values of the mixing parameters x=y = 1%
are compatible with Standard Model expectations

No Evidence for CP Violation in D°® Mixing
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Extra material

¥ i iﬁﬁi@@"ﬁlﬂ*ﬁ'mmﬁﬁp )
S .Mm]ﬂmmmwmwmmm -
5 ur'n:ls-.-rl:rsur'|t5|r L1 X

nms*tﬁmﬁﬂmm Eh { |

16 | T | O |
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DY-D" Mixing Interpretation: Assume NP saturates xp

Approximate Constraint

ourth Generation | Veatr Ve | = e << 0.5 (
() = —1/3 Singlet Quark g3 - mg < 0,27 {Gﬂ‘b"]
Extra Fermions () = +2/3 Singlet Quark Aucl < 241071
Little Higos Tree: See entry for Q = —ll.-‘.i Emglet Qu’u‘k
Family Symmetries my/f = 1.2 10° TeV (with miy/mgy = 0.5)
Extra Gauge Bosons Left-Right Symmetric No constraint

Alternate Left-Right Symmetric Mp > 1.2 TeV (mp, = 0.5 TeV)
(Amfmp, )/ Mr > 0.4 TeV !

Flerr.'m C'ha‘ngmg Neutral Higg= gy O = 2.4 - 104 TeV

Extra Scalars FOC Meutral Higes (Cheng-Sher) mr | e = 600 GeV
Scalar Le |:|tc-<|umk Bosons See entry for RPV SUSY
oo A o= 100 TeV

Extra Dimensions

HEEQ}LL-Rﬂl < .25 for i~ 1 TeV
SUSY Alignment m =2 TeV
Supersymmetry with RPY .}L;%.}L’lu_f’méﬂ < L8 1072 /100 GeV

Split Supersymmetry No constraint

Extra Symmetry

Open Charm Decays - Damid Asnes Golowich, Hewett, Pakvasa and
August 4, 2008 ICHEP 2008, Philadelphia Petrov, PRL 98 (2007) 181801




D° Mixina in Semileptonic Decays
T e, M

» Measurement of the WS rate of semileptonic D° decays

D% —» KM~ 1Ty Right Sign (RS) decay m, K17
o WA S Wrong Sign (WS) decay 7. K1

No DCS processes

- no interference
- no proper time dependent measurement needed

:MC signal, electron mode

Lt

500

4000 ;

Detecting WS Signal — D° Mixing e zj‘i*:}““f‘“j
» Mixing rate R, is sensitive to x* and y’ 2000 Ji] - no constraints

» [dtP(D° -+ D% — X 'lwy)  2?4y? el f 3

M — oo 1. — ~ — EOO [ [ --»
Jo di P(D® — X—ltuy) 2 N .=~y

» Duetov's limited mass resolution AM[GeV/c?]

Use AM = M(n:Klv) — M(Klv)

L. i S i . MKI = mDD
Improve A M resolution with kinematic constraints: (P }’4
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Belle - D°

Mixing Results "

» AM for RS and WS D° decays

14000

12000

RS electron sample, SVD-2

10000f

8000

6000

4000

2000

5

AM[GeV/é?]

| RS muon sample, SVI¥-2
o | L6t <90

| L=< <%0
wr
1 10000/
[ 1t
J | BOOD! d
J 4 DATA ; paTA h
1 Frr s000| : EIT
; 3" = 487040 Aol : " = A8 Tidd dof
i 4. 4000 J L
e | 2000 T
o T BRG ﬂ; o BEG |
.14 0.15 0,16 O0.17 ©O.1B ¢.l14 0.15 0©0.15 0.17 0.18

900

T00
a0
300
400
300
200
100

0

_ | W5 election sample, 5YI-2

16 <t <20
eili fes. ZZST

i

]

ng*fﬁ_
M+

DATA
FIT, 3" = 50.5/40 dof
BKG

fitteel signal vield

i
i

0.14 D0.15 0.16 0.17

Fri 12 Sep,

800

600

400

200

« 18

HEP-ex/0802.2952
PRD accepted

-stat. and total uncert. ﬁ

WS min sample, SVI-2 INTHEN
161 <90 '
il il.‘::ll 2704 +Ilw
1
J-Iﬂf

Ir DATA
FIT, " = 555530 dof
Bhis

| [ ftted signal yield

0.14 0.15 0.16 0.17 0.18

CKM Workshop 2008 - Rome
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BABAR — Results for D° — K(*) ¢

» AM for RS and WS D° decays 344 - PRD ?26600?1 4018
"y 100 e RS data (2007)
= s e Double tag of production flavor reduces
o WS background significantly
5 i g Em L gL
== = v | WS data WS MC
200 4789 + 94 events T 1.6
15 0.2 .25 03 .35 % i
A M [GeVicY) 2 ' 0.8
o ‘ ! 0.6
<1000 m signal double tag 0.5 | 0.4 HII
7 — signal single ta | ==F | 0
i 800 J 9 ﬂﬂ_l_ql sl d o 0g e e 03 038
Z AM [GeVicd] AM [GaV /e
E G0

400

observe 3 events and expect
. 2.85 bckgr. events
FE T B e Ry € [-13,12]-107* @90% CL

AM |GeV/ied)

RS MC

200

Po.15
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Mixing between Flavor States

* i i
Flavor eigenstates can mix Schroedinger eqn governs time evolution

through weak interaction: B Do) M_EI\ e
D“>‘IZ‘.Z.Z‘:; D¥) Yot \ DOt) ) 2 DO(1)

(off diagonal M and 7I"elements determine mixing)

* Physical eigenstates D, and D, # flavor eigenstates
Dy)= ‘DO>+Q‘DO> D, = CP+
‘D2>= p‘D°>—q‘DO> In the limit of CP conservation: D, = CP-
* If weak interaction splits the masses or widths of physical eigenstates, flavor
state mixing will occur, as seen from the time evolution:

D (t)> rm*'“’”‘{cosh (y+ix)I't/2]D (O)> (p]smh[(yﬂx)FI/Z] (O)>}

5°(t)> _ e(r’z“'\")t{cosh (y+ix)rt/2]o (O)> (qjsmh[(y z! |x)1“t/21 (O)>}

— mixing parameters: |\/|2 _T,-T,

2 =_1 "2 —0o < X <+oo, -1<y <1
D+Q I +15
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D°—Kr Fit Procedure

Unbinned maximum likelihood fit performed in stages
Fit m(Kr) and Am distribution:
Separate signal from background in subsequent decay time fits

Fit RS decay time distribution:
Determine DO lifetime and decay time resolution function R(t)

Fit WS decay time distribution:
Use DV lifetime and decay time resolution function from RS fit

2 2
'+

T (TH)*| & R(t)

Fit WS signal to Ziws oce " | Bp + v/ Epy/(I't) +
« Compare fits with and without mixing to determine significance
« Fit D°and D° samples separately to search for CP violation

« All parameters are determined by fits to data, not from MC

Fri 12 Sep, CKM Workshop 2008 - Rome Page 30



2007 DP—k*rresults

"« Data

[ ] Mixing fit
Il Randomr,

B wisrecon. D
B combinatorial
--------- Mo mixing fit

DP—K*7~ T 7 PRL 98,211802 (2007) 1600 2)
- § 14001
- 3.90 signal- 2 1200
- ] o 1000
o — £ 800
- ] > 600F
- - 400
- ] 2001
- =(9.7+4.4£31)x10°3 . -
x? =(-0.22£0.30£0.2)x10° e 2 %
10 05 0.0 0.5 1.0 2 o
2 -3 w0 -
x2/10 A
® 50
2

— 2007 D°—K*7zdecay time analysis: 384 fb!

— First evidence for mixing: 3.96 (including systematic uncertainties)
— X2, y' consistent with previous BaBar result PRL 91 171801 (2003)
—  Mainly y'

— No CP violation

— Results confirmed by CDF

Fri 12 Sep, CKM Workshop 2008 - Rome
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Ry s Vs. decay-time slices

0.45

If mixing is present, it - BABAR i
should be evident in an - Prefiminary )
Rys rate that increases 0.4— | No-mixing fit -
with decay-time. S I R, fits |-
Perform the R fit in five 2 \ 1 i
time bins with similar Kl a
RS statistics. - \ :
Cross-over occurs att V4 I I |
0.5 psec as in 03— T

residuals plot. -2 -1 0 1 2

t(ps)

Dashed line: standard R, fit (}?=24).
Solid, red line: independent R,y fits
to each time bin (x? = 1.5).
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Evidence Of Mixing At 3.90

Contours in y’, X2 computed from
2A(In L)

Best-fit point is in the

un-physical region x2 <0

1o contour extends into physical
region.

Correlation: -0.94

Contours incorporate systematic
errors

The no-mixing point is at
the 3.96 contour

3.17 x 10" (10)
4.55 x 102 (20)
2.70 x 10" (30)
6.33 x 10 (40)

5.73 x 107 (506) | Contours at 1 intervals

-0.5 0.0 0.5

Rp: (3.03 £0.16 + 0.10) x 103
x’2; (0.22 + 0.30 + 0.21) x 103
y’: (9.7+4.4+3.1) x 1073
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Fits Allowing For CP violation

Fit D® and DO proper-time dependence separately.

X'2* = (-0.24 + 0.43 + 0.30) x 103 X' =(-0.20 £ 0.41 £ 0.29) x 10°3

* =(9.8 6. +45)x103 y" =(9.6+£6.1+4.3)x103
20N 20N
%105 - %10; -
> of— + —i > of— + —f
-10?— _f 10; _f
5 00 05 — 05 00 0.5 :

x2/10° x2/10%

No evidence seen for CP violation
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2007 Kpi systematics, validations

Systematics: variations in
Functional forms of PDFs
Fit parameters
Event selection

Computed using full difference w.r.t.
original value

Results are expressed in units of the
statistical error

Systematic : >
source Ro y X
PDF: 0.590 0.450 0.400
Selection 0.240 0.556 0576
criteria:
Quadrature 0.63G 0.71c 0.70G
total:

Validations and cross-checks
Alternate fit (R,ygin time bins)
Fit RS data for mixing
x’2= (-0.01+0.01)x10-3
y’ = (0.26£0.24)x103
Fit generic MC for mixing
x’2 = (-0.02+0.18)x10-3
y' = (2.243.0)x103
Fit toy MCs generated with various
values of mixing
Reproduces generated values
Validation of proper frequentist
coverage in contour construction
Uses 100,000 MC toy simulations
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* Mass Projections (0.

o

2

= 40000
@

= 35000

~—

= 30000

es

‘= 25000
T
W 20000
15000
10000

5000

[

LA B O S S B S

BABAR

preliminary

AL S B B S B B e B

*

*

n ]
1.8 1.82

184 186 188 19 I:
m(K 7*) (GeV/c?)

Mass Projections

1447 < Am < 0.1463 GeV/c?):

Entries / 1 MeV/c?

4500 ML L L B I L I B
“00= BABAR

1500 preliminary

3000

2500

2000

1500

1000

500

0= et &
1.8 182 184 1.8 188 1.9 192

m(K*K") (GeV/c?)

Entries / 1 MeV/c?

1600
1400
1200
1000

high signal purities (1.8495 <m < 1.8795 GeV/c?)

Sample Size Purity (%)
K—nt 730,880 99.9
K-K* 69,696 99.6
Tt 30,679 98.0

T T T T T T T T

BABAR

preliminary

o o
[ . e
PR v e |

18 182 184 186 188 19 Lo

m(r*m) (GeV/c?)

minimize effect of broken charm/combinatorial backgrounds in signal

box

Fri 12 Sep,

CKM Workshop 2008 - Rome
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v AY systematics

*

Systematic uncertainties (%):

Systematic AyBE  AyTn Aycp A(AYEE)  A(AY™) A(AY)
Signal Model 0.130 0.059 0.085 0.072 0.265 0.062
Charm Bkgd 0.062 0.037 0.043 0.001 0.002 0.001
Combinatorial Bkgd 0.019 0.142 0.045 0.001 0.005 0.002
Selection 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
* Variations:

— Signal: PDF shape, polar angle dependent resolution offset, signal interval
— Charm backgrounds: yields and charm lifetime

— Combinatorial backgrounds: yields, shape and sideband region

— Selection: ¢; criterion, treatment of multiple candidates

— Detector: Alignment and energy loss

*

Tagged results limited by statistical errors (not systematics)
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Measurement of 6y, by CLEO-c

P W AY

» Rate enhancement factors
Correlated D° decay rate divided by the incoherent decay rate

[+ CP+ R
K 7™
KT / 1+ 2Rws (27 cos(dpr))?
[ f/ 1 —7r(ycos(d h'r + 2 8in(0pr)) 1
C ;ﬁ % 1+ (27 cos ar‘! kx) +y) 1+y 'i:ﬂ;:}
/(‘{f: L/ 1= (27 cos| r'i Kr)+ ) 1 —y 'i’:l @
A _

" / \y
due to mixing / CP conservation

full correlation

sensitive to EKD
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&

n «<7I>
Measurements K n*n </ > %

{-

BELLE w;

%

different decays identified through Dalitz analysis;%
CF: DO-K*r* =

DCS: D? » K*1
CP: DO- p9Kq

their relative phases determined (unlike D? - K*r);

B
2 (Geveieh)

t-dependence:
M(m?,m?,t) = <KS7Z'+72'_ ‘Do(t)> = m,2: Dalitz variables

1 — —i 1 — —i —1
= S A mdle e e 2 il mde -]
<f|DO> P <f|D°> K1,2=ﬂx,y); n.b.: K*n:x2, y’

analogous for M= <f | 5°(t) > _ _
sum of intermediate states

2 2 iD 2 2 id
A(m=,m.) = Zar e "B(m-,m)+a,, e ™
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Measurements K. arXiv: 07041000, 540 "

S —

—

no CPV: i:]_,/q:ﬁ:m:ﬂ 4
y
fit M(m_2 m,2t) to data distribution = x, y g %
(@eVireh
Signal P
M(KS TC+TC') and comb. m? (GeVPret)

Q= M(Kg nt*rmg)- M(Kg mwtm)- M(r); bkg.
3 ¢ signal region in M, Q

% il
s
2
§ _
Q07
§ N
VT f.
t 4
-s%nall 1.825 1.85 1875 L9 o
B combin, Mass (Ge) t [fs]
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i

Measurements Kg n*n-

Dalitz plot projection of Tt
Resonance  Amplitude Phase (deg) Fit fraction
K*(892)" 1.6294+0.006 134.3+0.3 0.6227
K3(1430)~  2.12+0.02 —09£0.8 0.0724
K3(1430)" 0.87+0.02 —47.3+ 1.2 0.0133
K*(1410)~ 0.65+0.03 111+ 4 0.0048
K*(1680)~ 0.601+0.25 147+ 29 0.0002
K*(892)t  0.1524+0.003 —37.5+1.3 (0.0054
Kr(1430)t 0541 +0.019 01.8£2.1 0.0047
K2(1430)T 0.276 £0.013 —106+ 3 0.0013
K*(1410)t  0.33 4£0.02 —102+4 0.0013
K*(1680)"  0.7340.16 103 £ 11 0.0004
p(770) 1 {fixed) 0 (fixed) 0.2111
w(782) 0.0380 £0.0007 115.1+1.1 0.0063
fo(980) 0.330£0.004 —-147.1L1.1 0.0452
fo(1370) 1.46 £ 0.05 08.6 £ 1.8 0.0162
£2(1270) 1.43 +0.02 =yl 361l 0.0180
p(1450) 0.72£0.04 41+ 7 0.0024
o1 1.39+£0.02 —147+1 0.0914
o2 0.267 £0.013 =573 0.0088
NR 2.36 £ 0.07 155 2 0.0615

13 BW resonances, non-resonant contr.;

Test of S-wave nnt contr. (fy, 04 ,):

K-matrix formalism
Fri 12 Sep,

":rﬁ
o
.,
O
O
o~ o+
£
1 2 3
m? (GeVicY)
-:rU ' E
= K*(892)
% L
L] 40000
o
o
-.‘:’.: L
tn 20000
=
Q
-
LIJ L
0

—

2 3
m? (GeVic?)

Results (fit fractions
agreement with

CKM Workshop 2008 - Rome

(measurement of ¢5)

arXiv: 0704.1000, 540 fb-1

-t AL N
£ 10000 |
* +
> K*(1400)* |
D 7500
ol
o
© 5000 -
/]
el
S 2500
-
|
0
b
&)
N"-u
-
O 10000 -
O
o™
<
=
b
o 5000 -
B ]
| o
L]
-
|
0
0 05 1 1.5 5 2
2
m_ 2 (GeV’/c*)
, phases) in

PRD73, 112009 (2006)
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r i

Measurements Kg n*n- </
arXiv: 0704.1000, 540 fb-"

ecay-lime projecton o1 1l

(080 + 029 + 0.130.16)%

(033 + 024 0'100_14)%

most sensitive measurement of x

Cleo, PRD72, 012001 (2005)

b x= 1.8+ 3.4 = 0.6%
i 5 y=-14+25+ 09%
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Towards a SuperB Factory

Table III Summary of the expected precision on charm
mixing parameters. For comparison we put the reach of
the B Factories at 2 ab™'. The estimates for SuperB
assume that systematic uncertainties can be kept under
control.

Mode I Factories SuperD
(2ab™' (75 ab™!

D’ - KtTK~ yep 23x1073 5x 1074
D°— Ktn=  yp 23x1072 7x1074
22 1-2x107* 3x107°

D’ — Kot n~ yp 23x1072% 5x 1074
ap 23x107% 5x 1074

Average yp 12x107* 3 x107*
rp 23x1072% 5x 1074
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