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About 30 years ago...
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Outline

e Neutral mesons flavor oscillation
e Charm meson mixing (X,y)

 Evidence from B-factories
— DO—=K-nt (X,Y)

~ DO—K K/ (Yop)

— DV—=K ' (X,Y)

— D9—K- I* v, and others

— Outlook

Credits to Gianluca Cavoto and Brian Petersen



Neutral Mesons System

— Two-level system (M9 M9)
» Weak interactions remove degeneracy,
make them unstable

Time evolution by . & (|M0(t)>) ( (|M0(t)>>
Schrodinger eq.: "ot M " (t)) \ / M " (t))
2x2 hermitian matrices Mesons decay!
Mass eigenstates:

—0
(M) = p|M°) £q|M")

Propagate with separate mass m; , and width 77 ,:
M (1)) = e T/ DM, (¢ = 0))



Neutral Mesons Oscillations

Time evolution for meson of known flavor at t=0

mo — M
I F_P2+P1
'y —I'y 2

Y= 79T

IMO(t)) = e 74?2 (oosh(Afyt/Z)\]\I0> — %sinh(Afyt/ 2)W0>)

xr —=

Where Ay=(y+iz)l 5= (Ty+Ty)/2—i(m;+ mo) ‘

An opposite flavor

MO “oscillates” into MO!
(also dubbed “mixing”) -componen_t appears
after a while!




Intensity

Some visual examples

Probability to find a M°(MO) after a given time
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How to generate this ??

Mixing through box diagram:

5 g O No tree level Flavor
_ Changing Neutral
10 i !, 7 ging
Currents
(FCNC) in SM

Glashow, Iliopoulus and Maiani (1970):
FCNC calculated from single quark loop still too large

Introduce additional loop with new ¢ quark

GIM predicted charm quark 4 years before observation

7



Also a powerful tool for NP
BO mixing first (directly) observed by Argus (1987)
Large mix frequency implied t quark was heavy (>50 GeV)

. BABAR -2006
ST T TR

: x=0.776
B [y[<0.1 1

Asymmetry

And the top was discovered 8 years afterwards!



The missing tile

K’ mixing
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Charm Meson Mixing

10



Short and Long distance

 Prediction xandy
X VIRTUAL states

o b (Di|Heg|Dj) — (0),
(1\’1 a §F)z~j B 2mp y/ l NP here??
(D;|Hyw|Dj) N 1 (D;|Hy|n)(n|Hw|Dj)
2mp 2mp < m([_())’ B+ ic :

Sum of intermediate
REAL states

}K -
/< e >/

Makes it difficult to predict SM expectation 11

y [ = )m Z (D;|Hyw|n)(n|Hy|Dj) 6(E, —mp).




SM Prediction for Charm Mixing

SM charm mixing box has down-type quarks in loop
c W 7

- — - Effective GIM suppression:
2 2\2
17’ o (mg —my) bottom quark
, . 2
d.s. ]" !l} 9.0 é)o ’ mc ruled out by VCKM
ox diagram 5
contribution—> & ~ 10 T]ny!
& —h—m '
"
. 2 1 ‘ ‘ Naively 5
x, y~sinf; x [SU(3) breaking]. — g2, (2 ) < 0(10-%)
hadr.

Always hard to evaluate SU(3) breaking !!!
(HQET, propagation of common hadronic states,...)
SU(3) breaking effect more important for y

<1073, y <1072

G. Burdman and I. Shipsey, Ann. Rev. Nucl. and Part.
Sci. 53, 431 (2003). 12
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New Physics in Charm Mixing ?

2006 limit
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D’-D’ Mixing Predictions
1

10 § A: Standard-model predictions for x
40 |0 standard-model predictions for y
10 — —
A o: New-physics predictions for x.
-7 -
10 &
40?
10 < Hard to see a clear cut
5 E Pushing the limit down
10 excludes models
16
10
Try to separate x and y!
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Experimental Searches
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? Charm physics with B-factory

BaBar is a B-factory: e'e—Y(4S)—>bb

c_(bb)=1.1 nb, but
c(cc)=1.3 nb =

Millions of reconstructed charm hadrons
BaBar is also a charm factory

— 450
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o

Integrated Luminosity [fb
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.~  PEP Il Delivered Luminosity: 42

BaBar

9.23/fb

| BaBar Recorded Luminosity: 412.96/fb

Off Peak Luminosity: 37.43/fb

Runl-5
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Run1-5 (1999-2006), more than bOOM cc events
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G

D’ The Technique

“*Produce clean sample of D? and I’
< ldentify flavor (D or D°?) at decay time
“*Measure rate of mixed decays as function of time

-

£ E Am
- z= =" =001
E107E L Unmixed decays
E / D° — DO
o 7
107
E Mlxeddecays
W / ZﬁD 0.005% of total
10'5:5
10° &

In principle it should be easy... 16



D’ DO—K-n*: Flavor tagging
Use D° from D™ —D’z" decays:

“U pv  Flavor at production
D { 4 /% ) Charge of pion “tags”
d u) . 47 initial flavor as D° or D?

\(—7>/

HIET i Flavor at decay
W=
_c— -t « Same flavour: Wrong-Sign (WS)
D, > @ mixing may have occured
/ » Opposite flavour: Right-Sign (RS)
Charge of K identifies decay flavor unmixed events

Zf = <f|H|ﬁO> 17



? Double-Cabibbo Suppressed Decays

Hadronic decays do not uniquely identify decay flavor
Get unmixed wrong-sign decays from DCS decays

DCS decay: Mixed decay:
DK KT DK+ s
VUS ([
V*cd W Vcs
& - L (] . B ~of ~etl} S
DO_ - . DP—IF - K+
Relative rate ~0.3% Relative rate: 0,005% (for x=0.01)

Ap= (flEIDY

...Not so easy !

18



Time evolution

Discriminate DCS and mixing by

their different time evolution

DCS

Also have interference effect: D°

WS (relative to RS) time-dep. rate
(small x and small y limit)

\/‘

(1) = (1) = (

d is the (relative) strong phase

\v/
N ‘/—’ N — e

Rp++/Rp1 jf+ —RML‘2>

DCS — —

Interference Mixing
1

~ (2 | 4,2

Ry ~ 5(1’ +y°)

/ .
Yy =yas 0 — xsinod
' =yoos d+xsind

19



Event Selection

= m(D*") — m(D°) —m(nxT) ~6MeV /&
@ = mDT) = mlD) = ml) / Excellent background

suppression
S BaBAR
-y - D’ selection:
2 R ** ldentified K and =
S : < p*(D°)> 2.5 GeV/c

g
| |
-—

A “1.81<m(K7)<1.92 GeV/c?
Slow 7 selection:

: L = 1 % p*(7)< 0.45 GeV/c

0.14 0.145 0.15 0.155 0.16

Am=m(D’7*)-m(D’) [GeV ] P (7)> 0.1 GeV/c
+0.14<Am<0.16 GeV/c?
Am=m(Kzz )-m(Kr)

20



RS and WS data set

1,229,000 RS events 64,000 WS events

&) oteg RS data sample puames | o o , WS data sample gm0
= 0.158 PR =z = 2 0.158 S R T et
D 0.156 . - ! %0.156 : "‘l
90.154 10° gonsa
0.152 £ 0.152 e
g 015§ . g JTe
0.148 [§= 0.148 &
0.146 0.146
0.144 " o4
0.142 0.142 (RERFR=E T A P
014782 184 1.86 - e e ":"!.‘-.;."
m(Kn) (GeV/c?) m(Kn) (GeV/c?)

Fit to m(Kn) and Am distribution:

% RS and WS samples fit simultaneously

< Signal and some background parameters shared
% All parameters determined in fit to data, not MC

21



A% o o
D’ Decay time analysis

% D’ and 7, constrained to luminous region
“* Fit probability > 0.1%

% Reconstructed decay time, r: -2<#<4 ps
“ Estimated decay time error, 67<0.5 ps

Y == Selection
beam spot criteria

~

"X
—t/7 1 —t% /20" 1 —t' /1 —(t—t') /202 1
> g e /(.‘ I 127 d¢
0

\/2_7m 2o

e Resolution function from RS sample

22
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0.55 MaV

Random rx,:
% Correct D’ wrong 7
“* Peaks in m(Kx), not Am ~ve—s

) R T SR T N SR S S S |
1.86 1.88 1.9 1.92 o014 0.145 0.15
DOMass (GeV) DeltaM (GeV)

. Misrec. D?

nnnnnnnnn

0.155 0.16

*  Dake

D RS Sigrad

Misreconstructed D’: :
“ Partially reco. D,

DKty

Counts /055 MoV
w
Counts/0.1 MeV

»» Double misid D°—>K-x#*
(WS events only) %
“* Peaks in Am, not m(Kn)

T .'_'\".' |
1.9 1.92 4 0.145 0.15 0.155 0.16

Combinatorial

0 0 T ! GiS 'l~ P ¢ AL TR
1.82 134 1.86 1.88
DOMass (GeV)

Combinatoric:
** Random tracks

Lounts/uss Mev

Discrimination power from
m(Kx) and Am




Events/2 MeV/c?

Events/2 MeV/c?

Signal Extraction

,,,,, 384 fb-1 _ o
5L . BABAR- ~ ) f  + Data
10 RS ;ﬂ’p“\x preliminary; - § 105; RS \fi DRS Signal e
i ;? ‘z* ] RS Slgnal: § f Lk .Randomn
100 /1 31,141,500£1200 & 10*t /% Mcombinatorial-
. % | combinations € | /
‘_"'f. E £ 10%
E 0 B
it
10? s
- 7 o~ [ * Data
800; W5 A ! WS signal: §’1500 W5 1 | |ws Signal 1
600} f ;\ f 4,030+90 g =Randomn 0 j
I | : . N1000 Misrecon. D
o ;; *&I : combinations % ‘ B Combinatorial ]
: | = '
200 ; a § 500
- , i L
'8 1.865  1.92 o‘.’ 0.15 0.16
m,._ (GeV/c?) Am (GeV/c?)



RS decay time analysis

RS decay time, signal region

I
Q lifetime apd | 1oL BABAR
time resolution function preliminary
from RS sample 2 10t
; . Combinatoric
2 10°
1=(410.3£0.6(stat.)) fs g
102
Consistent with PDG .
(410.1+£1.5 fs) X
- A — A
Systematics dominated - o
by resolution function 2 38 A
plot selection:
1.843<m<1.883 GeV/c? 25

0.1445<Am< 0.1465 GeV/c?




? WS decay time with mixing

384 bl WS decay time, signal region
P AL I LN % LI =
Z B B i ixing fit 5
1400 p"/g"mmAa"R;' | E |\Rl‘andir:; r, _E
Fit results allowing mixing: ,% 1208 B wisrecon. D°
o 1000 B Combinatorial
R,: (3.03+0.16+0.10)x10°3 2 goof- @ tm L No mixing it
x’2: (-0.22+0.30+0.21)x103 d ig: 2
y': (9.7+4.4+3.1)x10°3 200 3

o S
x?, y' correlation: -0.94 % data - no mix PDF

= mix - no mix PDF

Residuals
(=
4+

x2/bin=31/28

Ui e ] R T |

. signal region:
1.843<m<1.883 GeV/c?

0.1445<4m< 0.1465 GeV/c® - 26




Evidence for D° mixing!

Best fit solution in unphysical region (x2<0)

W s Y s s sy V L L ! | _
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/ S S S S S S SSSSSSSSSSSS
= /7 7 SIS IS IS S S Ak S A kS -
A AL LA IS S e d s Stat_ 0 y
20 —-4-"_/'//'7:777;"1/5';3/'/ ///,/////,//,////,//// /"/ /‘,-/ /‘/'//'/ . . J—
LS 7 AL ST x = oy ey s VI rIry
L A A TP AL FAAL LT KLL LS Al Ph Slcal SOlutlon ]
/////'///////////f//////‘/.//// VI TIDe IV ivivs
VS SIS s s A e W Lo " =il
AL SIS LTSS I A AL T TA AL G 77 AL TGkl S S S S _6 4 10-3
S LLPIAI AT IS 7 700777 FH AL 7L 7775 Vs ),'- . )(
- A PSS SIS AL (,/7‘///_{,/ =
F& //////////'///////,//////////// P Tl S T I A
FAL LT AL TS A TS S F S S SFS A APFAA  FAAS —
7P AL 7L P AA L A WA A T AL R ———
(32] ks /4 ’7*/{’7//’/////////////’ SIS SIS s C SR - —_—
] LSS S oot 7 H AL ST AL SIS LSS ST S S/ N e =
° VL S S S T IAL T A A T A A S S L A QAIH‘!_ . —
LSS /////////////// Lol - L —— O
o= LSS A S S T TARL T AAL P A AL S A . i g, 37 o -
LT ///1/////// S 1 i o0
VISP IO I I I drs. f7'.»l_¢.///; N AL (o) - 2o S e
— [/ 2/ S S TIL I AL L AN S T, " G
VST TS TSI IS Ir I rsrsrsrss L7 THALD s 3 0
- '7///////////////////////////////////// ;7'/ Vi ——
=" /////////////////////////////////////////_' SR 2 3y
o 77/ /7 /7 /7 /7 /7777 /// Y/ AR / - \ T -
AL IS S S s /s 7T ) s/ R T D i
—//////////////////// Y777, i e e —
S A N —— 3c

L, Corresponds to 4.50 7 e~
/////////////////// LS _—-_>_-_ 46_'
s (With 2 parameters) - ~2

\ /A LS 5 ]
A SIS IS s s s s s s s s s s s s s A L - O
(PP PP I I ISPy yl 0 mlxlng
- _7-//////////////////////////////////////////////
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Ve /SIS SIS SIS S S S —
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VPSS ISP I Il it dsdids
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Including systematics decreases signal significance 390



n’ ~ Validation: m(Kz) and Am fit in t bins

“*No assumptions made on time-
evolution of background
% Each time bin is fit independently

0.45

| T T I T | T T T T LT

F B/I;BA} L 4 Consistent with
[~ preliminary - . .
s prediction from
(Stat only) 47 £l likelihood fit
_ 0.4_— g =15
C i i
: | I
< . 1 i
0.35_-I o ol el K o __ ————— i
1,,1 - -
i } T 1° NO-mixing
e T Y T
-2 -1 0 1 2

t (ps)
Relative rate of WS events clearly increases with time



Validation: fit RS for mixing

Fit RS data with PDF
allowing mixing

x’2: (-0.01+0.01)x10
y’: (0.26+0.24)x10°

—2AInL =1.4 (w.r.t. no mixing)

D’ decay time distribution

is described properly

Events/0.1 ps

Pull

RS decay time, signal region

10°

10

10° £

10? -

# Data

[ |mixing fit
Random

..........................
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@  Systematics uncertainty

Two types of systematic uncertainties considered:

Fit model variations:

“*Change signal and background models
used in fit, to test assumptions made

Selection critena:
**Mainly decay time (error) ranges used in fit

Systematic: R, X2 y'

Fit Model 0.59c 0.40c 0.45c
Selection Criteria 0.24c 0.57c 0.55c
Total 0.63c 0.70c 0.71c

Fraction of statistical uncertainty

30



C%.

@ Systematics on Decay time

RS decay time,

Pecay time resolution function resolution mean
in data has non-zero mean _ fixed to zero
. . 5 * Data
Core Gaussian shifted 3.6+0.6fs g BAB4R y [ siga
: ‘ .Ranciom:zg1

- Combinatoria

Effect is not seen in MC
- probably due to misalignment

Events/0.1 ps

For systematics set mean to O:

uuuuuuuuu

... .Yy 03c
Variation: %2 -0 36 - —
F O e e
No reason why resolution e
should be different for I B B | R B S—
RS and WS decays Kies)

31



N

¥

y' /107

(=

10—

Allowing for CP violation

Results of fitting D’ and I’ separately:

X'*2: (-0.24+0.43+0.30)x10°3

X’2: (-0.20+0.41+0.29)x10°3
(9.6+6.1+4.3)x10°3

CP asymmetry in DCSD !

L e L A S S EE S S S—

w05

y’*: (9.8+6.4+4.5)x103 y’:
Ap=(-2.1+5.2+1.5)%

i T D.o , -
0= 20 =S

[ o 210

» f — > 0

- BABAR - BABAR

r preliminary -10? preliminary

= 05 00 0.5

x2/10°

x2/110%

No evidence for CP violation found

1 | 1 1
0.0
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y'10%2

K analysis from Belle

hep-ex/0601029

Results consistent within 2c:

Hllllillll 1

I‘Illlli

/

s

i

BaBar 1c

""'-u.
-~ - R
S~
-
-

<O
BELLE

Belle 2¢ statistical

stat. only

\7[ . |BaBar2c

- e
9 —
oo
X .-
- s

0.0) >

BaBar 3¢

&
o
ool

T0.06 -0.04

-0.02 0
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More Results...!
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W=y Belle y,, Measurement

za222 ‘Apparent” lifetime difference between D° —Kn* and K*K", n*m

T(K—7T) :
Yor = JRTVK-) | ey yop = ycos2¢0p — Apxsin2¢p

- 7(D° = K-K+)+7(D° — K+K~)

: e e = mixing phase
Simultaneous K K /#n7 /K= binned likelihood fit P gp
quality of fit: \2 = 1.084 (289)

g 107 KK ¥ (ndf) 2 (adf)

g 297 (97 10 1.14(97)

< e

3

1049 10°
10 )y
ol % 4 :
0 1o 5 G 5 1Y
“*ppg U ppe
= 408.7+0.6 fs
= 4151
oy . otk ) WA.
D" — K lifetime very stable in N T
slightly different running periods ; % -+ ‘?
405 |
I Beile preliminary
4m 1 1 L 1 35
! 2 3 4

run period



I

<2 Results on y

Results (preliminary)

| _vor (%) |
K| 1.2540.39:£0.28 | 0.150.34+0.16
1.44+0.57+0.42 | -0.28+0.52+0.30

KK+ 7w | 1.31+0.32+0.25 | 0.01+0.30+0.15 5

0
Ar (%)

events/(0. 15

10
Belle hep-ex/0703036 0 USTRESIUSRTNEI |
Belle preliminary (540 fb—1) i ol Eak
wny 017 m
— = 0 1;5 Belle preliminary
. 5 O DYK Kar- / DPkw
yop = 1.31+0.32£026 %| ok Dy / 7o
. 3 above zero g 014
(4.1c stat. only) Lo
first evidence for D" — D" mixing 0.12¢
0.11F
‘Ar =0.01£0.304+0.15 % arp
| 0.09 £~ :
0 2 4 6 8§ 10
no evidence for CP violation ¥
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Separating x and y

* Kmt only cannot separate x and y

Need info on strong phases
— Multibody decays:Dalitz models

DO = K-t
. Wtd.l Cand. .,

m?(nt7%) [GeV /&)?

Wid. Cand./0.025 [GeV/c?]?

2r

Y
S

0.5}

15000
10000}

5000

i

m? (K"

) [GeV/c2)2

m?(n~w") [GeV/c?]

Witd. Cand./0.05 [GeV/c*]?

—
o
(=]

\S]

1.5

_______

m2(K+n°) [GeV/c?)?

o DCS decays proceed
primarily through K™~ while
CF through Kp*
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T

5

N

DO —mr 0 W—mptmptr—
— K-t K-ttt
. . . PRL 97, 221803 (2006)
Select special region of Dalitz plot hep-ex/0607090
dN ~ - = ey
— [Rp + ay’\/ Rp(T't) + —J(Ft)Q]e_Ft , 0<a<1
dt /
Mixing rate
:1:: = I cos é +vy s.in g T2 42 a4
Y =1ycosd —xsind w_ Ry = 5 = 5
Effective phase
(BaBar, 230 fb™!)
?%: - — (i‘,on;bin'ed R '/,:’:
Results £ — K /]
F — Kt //
4 Assuming CP conservation 3 _ b ]
4 Upper limits (95% C.L.) : o
Knr® Ry < 0.054%
K3n Ry < 0.048%
Combined result Ry < 0.42 x 1073 @ 95% C'. L. 38




= DO —Kcmtm-

e1(t) + ea(?)
2
Time dependent Dalitz plot distribution

e1(t) — ea(t)
2

M(m?, 'n'z.i, t) = A(m?, 'm..%r) + A(mi, m?)

where m4 is defined with the D* tag

m(Ks,n%t) D*t — Dx*
my = ; — Y0 —
+ m(Kg,7t) D*~ — D'r

and time dependent functions with

612(1%) _ 6_7'("71’1‘2_1‘F1‘2/2)t

|M(m?2,m?,t)|? thus includes z and y
The only measurement sensitive directly to x andy

Both flavor (K*n*/K**7") final states in the same Dalitz plot!
CP-eigenstate (pKs) and flavor states (K*x*) in the same Dalitz plot!
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I

Wy DY —=K - Dalitz model

BELLE

~1
Dality i Belle, 540 fb—

y— Resonance  Amplitude  Phase (deg) Fit fraction

< 7 B00f
% ¥ vl 3‘ K*(892)- 1.620 £0.005 1343+0.3  0.6227
v 1% - | K3(1430)- 2124002 —09+05  0.0724
2 ¥ or ] K3(1430)~ 0874001 —473+0.7  0.0133
a ] K*(1410)~  0.65 4 0.02 111+ 2 0.0048
' o K*(1680)~  0.60 & 0.05 147+ 5 0.0002
oo K*(302)f 0.152£0.003 —37.5+L1  0.0054
o K3(1430)t 054140013 9L8+1.5  0.0047
s VR : , A K3(1430)t 027640010 —106+£3  0.0013
o - et e K*(1410)F 0.333+0.016  —102+2  0.0013
" - K*(1680)*  0.73+0.10 103 + 6 0.0004
Fosooo 3 a8 p(770) 1 (fixed) 0 (fixed) 0.2111
S a0 gl ; w(782)  0.0380 +0.0006 115.1+0.9  0.0063
Fuowo o fa(980) 0.380 £0.002 —147.1+0.9  0.0452
- B g fo(1370) 146+0.04 986+14  0.0162
oo s £2(1270) 1434002 —136+1.1 0.0180
o o p(1450) 0724002 409+1.9  0.0024
o = o) 1.387 £0.018  —147+1 0.0914
. U A 72 0.267 £0.000 —157+3  0.0088
TN A Poaeseson 1A e  NR 2.36 £ 0.05 155 + 2 0.0615

) 4

Dalitz model: 13 different (BW) resonances and a non-resonant contribution

Results with this refined model consistent with the analysis performed for the
Belle ¢35 measurement, PRD73, 112009 (2006)

4 To test the scalar == contributions, K-matrix formalism is also used
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weg DBelle DO =Kt results

Time fit (in projection) Systematics
V/h S T Tt
i AN ] Largest contributions (x10~%)
10t 7 x ]
;"’ ."~,_‘ 3 X y
o \ Hie 1% Model dependence
f /Ny HTHE Timefit
5 e —
O&W&W Total (x10~4)
; T j X
3000 0 2000 4000 y
+16.9 +10.2
—15.2 —14.6
Results (preliminary) D" "F [Betie proiminary] xers
r=0.804+£029+0.17 % °'°‘§ m
= / = O B {
y=10.33£0244+0.15% o N~

-0.005F

most stringent limits on x up to now 3
Cleo, PRD 72, 012001 (2005): PYE inner:ta.only
r=18+3.4+0.6% e

. 0.0 ..-..I -I - 1 ] ] 1
y o _1._1 :t 2.5 :t ().9(%" -3.02 0.015 -0.01-0.005 0 0.005 0.01 0.01?70i02




&

Entries / 3.5 MeV/

R e e e e i ; "’;’2.0_—
b < T T T T __: I _1
_ Z < [| BaBar, 344 fb
8001 - 4 1 1.5[
~ . - Q I
- = . E 2 |
600 2 ] S = |
5 - - K
: < 1.0}
i = — = I
400 + [
- 0.23 0.3 0.35 ] 0.51
2001 AMg, [GeVict] ] !
P .. s —lllllil‘lill‘lllll
B, M M .1 i i o e 090,15 020 025 030 035
0.15 0.2 0.25 0.3 0.35

D-mixing with Semileptonic decay
DO—K- I+ v,

NoDCSsl.! 4f=A4;=0 7(t) = — (@ ) P

Double tag
D*T — D%z, semil. and hadronic (fully rec.)
Several hadronic tagging modes

AM WS events
AM RS events T

2
AM [GeV/c?] AMg, [GeV/eT]

—1.3 x 10_3 < Rf\.j < 1.2 % 10_3 Q QO(Z C'. L. 42




Measuring o at y(3770) [CLEO-c]

by exploting the coherent production

= Reconstruct Double Tags: CP vs Kx
= Asymmetry in CP+ vs CP- related to cosd

Dep.

B(D, K a*)-B(D,. = K"
neutral D A = (Dcp, _”+) (Dcp_ _775+)
cp B(D,,, = K n*)+BDp. — K 7*)
eigenState = R, is ratio of DCS to Cabibbo favored rates

COS O = A
(3770) decay 2y Ry

conserves CP = Input Ry =(3.60+0.08)%0 from PDG2006+CDF ~+2%,

Need to run = Updated results with 281 pb-! at Winter Conferences
on Expect o(y)~ +1.5% and o(cos 6,,) ~ +0.3

Including systematic uncertainties
threshold

= Full CLEO-c dataset ~750 pb-?
Expect o(y)~ +1.0% and o(cos d,,) ~ +0.1-0.2
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S u m ma r.y Compare assuming 8=0:

_ (X=X, y=y) 384 fb
BABAR -
20 ; 3 '*—_ — Best fit preliminarv{
- T e Belle (10)] y
BaBar studied D’—>Kr decay PRI e I
% Evidence for mixing (3.95) = F .7 === ]
“* No sign of CP violation °j Within 2 S
 Consistent with other A0- le;t; ].'fn 8;(’)’ =
measurements and SM | | X
205 00 05
New results from Belle B
“*Evidence for mixing (3.20)
“*Measures x and y directly 0.03¢
“+*No sign of CP violation Ozi_ycp
z=0.80+£0.294+0.17 % (2.40) B ( \

» BaBar updating o= \/
multibody decays analysis, o — 10 K 1tre
Ycp Measurements S O =y

» BaBar Kt on-going 7 [Betle pretiminary | EEEE

_0.08_....1....1....|....|....1....

-0.03 -0.02 -0.01 0 0.01 0.0EJ.OS
X




Interpreting the Results

0 NO weak phase 2¢p of the mixing amplitude i ..
D aTd D ? Ciuchini et al.
yy = (1+ A,)(y cos2¢p F 2'sin2¢p), hep-ph/0703294
2 = (1£2A,,)(2" cos2¢p £y sin2¢p)?,
= 5 2 - Am 11 2 )
yop = Ycos2¢p $in 26 Am = 1—1q/p

Ar = A,,ycos2¢p — xsin2¢p,

>0.04_IITTITIIII]Il]II'I'IY]'ITIIIITIIITIITIYIIT_

I . 3‘

y 0.03 s B 0.8_
o.ozf— —f '§ i
0.013— —f g 0.6

o 3 2
o = [ ;
: 5 8 o4
wi HFAG i & |
-0.02F PRELIMINARY - 0_2_
-o.osf— —f I
g ey ey R R Y Y R TR 7 .

X
X
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New Physics?

In the standard model, ¢ ~ 2 4°\*p < 107
CP violation basically only in NP

& w0 Ciuchini et al.
- hep-ph/0703294
50 " - -"\_.
- S Sl -/

it
0 0005 001 0015 0.02 0.025 0.03 -150 -100 -50 0 S0 100 150

AD 2q,NP
In general NP weakly constrained if SM not known

Nevertheless SUSY coupling can be constrained
hints on squark and gluino masses!

Neutral meson mixing always a window into unknown (virtual) states!
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