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= D% meson mixing
® four new measurements

® summary of all measurements:

no CPV
allowing for CPV




Neutral meson mixing |:

c ds,b u
U ds,b c
Flavor eigenstates are 0 [ |DY i | D°)
not mass eigenstates: za( |ID°) ) - (M B _F> ( |D0) >
|D,) = p|D°) +¢q|D°) D, (t)) = |D,)e(Fr/2Himy)t
|D,) = p|D°) —q|D°) [D,(t)) = |D,)e(F2/2+ima)t
1 _ 1
DY) = 5 (1D, + |D,)) D% = 5 (ID,) — D))
ID°(t)) = e (T/2tim)t {cosh [(Avy/4 +iAm/2)t] | D°) + <3> sinh [(Avy/4 4+ iAm/2)t] |E°)}
p
DO(t)) = e (T/2tim)t {(9) sinh [(A~v/4 4+ iAm/2)t] |D°) + cosh [(Avy/4 + iAm/2)t] |E°)}
q
1 _ 1
mE§<m1—|—m2) in(r1+r2) Am =m, —m, Ay=T,-T,
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Neutral meson mixing ||

For Amt < 1 and Ayt K 1:

_ 2 2
(DO x e {1+ [yRe) — ot @) + W rop )
2 2
(AHDYE x e {1+ [yReh) = otm®)] ) + WL oy
Direct Interference Mixing
- T Y= 91 ~ \p) AD =) ~ \q) AD° =)
Mixing parameters CPV enters here
DCS
DO KTt

MD()/C;
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Neutral meson mixing I 11:

‘ ‘ C u
¢ ds, b u ™~ «

ds.b u c

Cl

but mixing dominated by long-distance

“box” di . Am
ox” diagram contributions (both Am and Al )

m doubly-Cabibbo-suppressed wi/r/t FD

= GIM cancellation: V'V _+V 'V +V_ 'V =0 S b . Jwo' Z
Cl u cs us Ci u 45 i o | E
= o ® o A. ® &A| 2 46
= 10 ¢ T A j 110 7
Meson flavors Am/  Al'/2r observed? =B bl el 1107 %
A= - )
K° sd 0474 0.997 1958 S 10| e el e 0Z
B bd 077  <1% 1987 < LT hedaa®Th 10072
B bs 27 0.15+0.07 2006 2 09 s SRR S A
D° cu <0029  0011+0.005 March2007 = | =¢ [0 =
10_87 T 1016
< 107 — 102 (short distance) ' "
TSY ~ ] -
1072 — 1072 (long distance) oL Thleoryl 10

0 20 40 60
Reference Index
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D° mixing measurements

® \\/rong-sign semileptonic D(t)— K*I"v decays
measures X'+Y’, no DCS contamination

® \\rong-sign hadronic D°(t)— K*1t decays
measures X' = X cosd + Yy sind, y'=Y cosd —X sin0,
where O is a strong phase difference

oy @ Decaysto CP eigenstates: D°(t)— K'K”, 'mr
measures Y cos@, where @is a weak phase difference

D
new @ Dalitzplot analysisof D°(t)— K°tt'rt decays
measures X, y

® \\W/rong-sign hadronic D°— KTt ri'rt, K1t decays
measures X+Y’

® Quantum correlationsin e'e —»D°D(n1?%), D°D%/(nTP)
measures Y, cosO
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Experimental Method

® [nitial flavor of D°(t) isdetermined from D™*— D%t or D"™— Dt
Thisalso greatly reduces background: Q=m__-m_-m_only 6 MeV/c

(very near threshold)

® D°proper decay time At = (IdeC/p) X (m/c) measur ement:

® p(D) > 2.5 GeV to eliminate D”sfrom B meson decay
(at e'e — Y (4S) resonance, a(bb)/o(all) = 1/3)
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Belle (KEKB) and BaBar (PEPII)

e'e" —-Y(4S) —»BB

92572007

wa_,H‘,‘HHHHH,‘SL‘]’QHH
maé + ,_/ ]

Ea} 60 ]

g o0 | 710 fb -1 :///J/_/ ]

T =

i i

g o ¢ /__,/

%e zo:m; -

= i | j:/ a——
401999 5n2001 71812003 8160005
Detectors:

Integrated Luminosity [fb"]

m Silicon strip detectors for good vertex resolution

m Drift chamber for charged particle tracking and momentum measurement

m Cherenkov detector (aerogel, DIRC) for K/midentification

m Electromagnetic calorimeter for ydetection and electron ID

m Solenoid flux return instrumented with RPCs, limited streamer tubes for p detection

A. J. Schwartz
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CP eigenstates; D°(t)— K'K™, Tt'mT

Master formula: Rpoy_y; x e {1 + [yRe(A) —zIm(N)] (Tt)}
A = (q) A(D°— f)
p) A(D°— f)
D°(t) » K™ 1t Al < 1= Rxe It
DO(’[) 5 KK (or T[+T[_) IAl~1 = R x e ' (1 —ycos¢Tt)
~ e—ft e—ycosd)ft
E791, PRL 83, 32 (1999) = e T(tycosd)t
FOCUS, PLB 485, 62 (2000)
CLEO, PRD 65, 092001 (2002) - ( K_7r+)
Babar, PRL 91, 121801 (2003) T(KtK™)
= 0 T(K_7T+)
Yo, = (1.09 £0.46)% So ycos¢ = yop = BT .
(world average)
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= 10000

events/b

Belle: D(t)— K'K™, T'TT with 540 fb™  prL 98, 211803 2007)

.o m(D°) = 1865 MeV
D" E, T ) = s } 2004 Mev
K'K', Tt m(D™) = 2010

Select candidate events: require = m(KKm)-m(D%-m(m) to be very small:

0 + 0 + 400010 +_-
D —=Kmx woor D° > K K 3500 DO —= T X
8000 3000
6000 “000 2500

2000
1500
1000

500

- . |
0 1.82 1.84 1.86 /.88 1.9 0 1.82 1.84 1.86 /.88 1.9 0 1.82 1.84 1.86 /.88 1.9
m (GeV) m (GeV) m (GeV)

8000

4000 4000

side band
side beand

2000 2000

1200k events 110k events 50k events
99% pure 98% pure 92% pure
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Belle: D°(t)— KK, TI'TT with 540 fb*

Maximum likelihood fit to decay time spectrum:

dN N
— = e /T Q@ R(t) + B(t)
k ¥ background
resolution function distribution
H(Q 104; 10°L g
n (@ KK - (b) Km :
B 3 i 103
103L 104 g
o i i
o [ [
2 1% 103 3
& | : ;
> r [
o a3 ik
[P s, 0 , \ zE .
-2000 0 2000 4000 -2000 -2000 0 2000 4000
t (fs) t (fs)
1=403.2+14fs T1=408.6 £ 0.7 fs T1=4025+2.2fs
(110k events) (1200k events) (50k events) 212
HKK O
= there is a difference between KK and Kt K OB
. 0.12;
(here, tO is free for Km) on |
0.1 bt

_ 0 100 200 300 4000
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Belle: D°(t)— KK, TI'TT with 540 fb*

cross-check: divide the data into sub-samples

o 440 F | X/ndf 2183 / 3 o 440 F | x/ndf 4072 /1 3 o 440 F | X/ndf 4027 / 3
~— F P1 403.2 + 1.434 ~— r P1 408.6 + 0.6531 ~— F P1 402.5 + 2.199
= 430 =430 [ T o430
420 420 420 F
a E o a
KT[ 410"; """"" éé‘ """""" [ 410 E O O 410"; """"" %) """"" ‘ """"" (}3 """""""""""
400 | | @ | Q 400 [ 400 [ Q T %
390 KK 390 KTt 390 -
380 L 1 1 1 | 1 1 1 | 1 380 L 1 1 1 | 1 1 1 | 1 380 L 1 1 1 | 1 1 1 |
0 2 4 . 0 2 4 . 0 2 4 .
run period run period run period
—
K T[ )/ T o 7 E | x°/ndf 2165 / 3 ’\5‘ 7 E | X°/ndf 1533 / 3
P 6 | P1 1.437 + 05675 | &= 6 | P1 1.311 + 0.3195
[a E o E [a
= 5 =125+039% | > °Fy =144+0.579 = 5 =1.31+0.32 %
4 yCP— . + 0. 0 47ycp— . + 0. 0 4L yCP— . + 0. 0
3 F 3 b 3 F
2 b 2 b é 2 b +
AW | JP E J E | A\ |
1 ? \ 1E | f 1 ¢ ’ ?
0 F 0 F 0 F
1F -1 F 1
2 - KK 2 & TOT 2 - KK+t
3 E I I | I | _3 E I I | I | _3 E | I I I |
0 4 . 0 4 . 0 4 .
run period run period run period
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Belle: D°(t)— KK, TI'TT with 540 fb*

Systematic errors:

acceptance
equal t assumption

mass window position

difference btw background and sidebands
difference btw final states opening angles
background parameterization

resolution function

analysis cuts

binning

TOTAL

Finalresult: 1y '=1.31+0.32+0.25%

Yer Ar
0.12% 0.07%
0.14% 0.08%
0.04% 0.003%
0.09% 0.06%
0.02%

0.07% 0.07%
0.01% 0.01%
0.11% 0.05%
0.01% 0.01%
0.25% 0.15%

>3 o above zero
(first evidence for D°-D° mixing)

I'D°-KTK™)-T(D°-KTK™)

Search for CP violation:

A =0.01x0.30£0.15%

Ap = -
' D KTK )+ T(D°>KTK™)

no evidence for CP violation
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Dalitz plot analysisof D°(t)— K°1t'Tr

(KYmtn~|H|D"(t)) = %(wgﬁ—mwlu» + (KYntn|H|Dy(1)))

A, e~ Tu/zHim)t | g o=(Ta/24imy)t

R(Do(t) —>Kg7'r+7'r_) — |A1|2 e—f(l-l-y)t 4 |A2|2 e—f(l—y)t n
2¢ Tt lRe(A1 Aj)cosxt — Im(A, AJ)sin wt]

i, A
A Zaje iA
j

NOTE: sign of X is determined

The amplitudes Al are functions of m2(K ) and

o U u e Ks
2(K 10) and account for variousintermediate states:. D . . @ o
Each amplitude has a magnitude (aj) and phase (6j) <3 T

= must include these parameters (36 of them) in the fit
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Eventy5MeV

Belle:

D°(t)— K’ TTTT with 540 fb*

arxXi1v:0704.1000
(submitted to PRL)

DY—- D1t

L»KSn*n

Select candidate events based on m(Krm), g = m(Kromg)-m(D®)-m(T) :

Events/0.125MeV

1825 185 1875 19 0 5 10 15 20

A. J. Schwartz

Mass (GeV) Q (Mev)

534k events
95% pure

UK Forum — Cosener's House, Abingdon

signal

& —
background #1: Do
real D°, fake D**

background #2:
random combinations

/
e
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w

25

n? (GeV'ich)

Events /0.02 GeV'/c!
[~ (A} W
4 8 3
g8 8 8

20000 |-

15000 |

10000 |

5000 |-

Belle: D(t)— K TUTT with 540 fi™

L
05

L L
1 15

2 25 3
e (GeViic')

| mZ(KSﬁ') |

L
05

L n
1 1.5

2 25 3
n? (GeVic')

A. J. Schwartz

Events /0.02 GeV/c!

Events /0.02 GeVic'

8000 F 7

7000 |-

8000 |-

5000 |-

4000 |-

3000 |-

2000 |-

1000 |-

9000

8000 |

7000 |

6000 |

5000 |

4000

3000 |

2000 |

1000 |-

o . L L L . . . L L
0 02040608 1 12 14 16 18 2

mZ(KSﬁ)

0s 1 15 2 25 3
m (GeVich)

| m 2‘(n‘*nl') |

m 2 (GeVich)

Fit fraction

Resonance Amplitude Phase (deg) Fit fraction
K*(892)- 1.629+0.005 134.3+0.3  0.6227
K:(1430)- 2.124+0.02 —0.94+0.5  0.0724
K;(1430)~ 0.87+0.01 —47.3+0.7  0.0133
K*(1410)~  0.65 4 0.02 111 + 2 0.0048
K*(1680)~  0.60 & 0.05 147+ 5 0.0002
K*(892)* 0.152+ 0.0038 —37.5+1.1  0.0054
K}(1430)* 0.54140.013 91.8+ 1.5 0.0047
K}(1430)* 0.276 +0.010  —106+ 3 0.0013
K*(1410)* 0.33340.016  —102+ 2 0.0013
K*(1680)*  0.7340.10 103 + 6 0.0004
p(770) 1 (fixed) 0 (fixed) 0.2111
w(782) 0.0380 & 0.0006 115.1-+0.9  0.0063
£2(980) 0.380 + 0.002 —147.14+0.9  0.0452
£2(1370) 1.46 +0.04  98.6+1.4 0.0162
f2(1270) 1.434+0.02 —13.6+1.1  0.0180
p(1450) 0.724+0.02  40.9+1.9 0.0024
o 1.387 + 0.018  —1474+1 0.0914
o 0.267 4+ 0.009  —1574 3 0.0088
NR 2.36 £+ 0.05 155 4+ 2 0.0615
1.19

/ la, A, (m? ,m2)|*dm? dm?

r=1

UK Forum — Cosener's House, Abingdon
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Belle: D(t)— K TUTT with 540 fi™

Time fit (in projection):

10—
10 ¢
10 ¢

10 £

- E

x = (0.80 % 0.29)%

positive

y = (0.33 = 0.24)%

t_=(409.9+0.9)fs
consistent with PDG

. *++++++*++ + +++ +++ N T +Jrl+1 s (in fact better precision)
JUPs +f+ ++TTTW+T+*+ T4 E
'-Eéooo o 2000 4000
Largest systematic errors: AX (x 1079 Ay (x 107
p(D*) cut +0.076 -0.078
t dependence of Dalitz background —0.056 —0.057
background timing parameters +0.037 +0.063
decay model (form factors, variation of
fixed masses & widths, K-matrix,
no non-resonant comp., others) +0.13 +0.051
-0.11 -0.066
TOTAL (+0.17, -0.15) (+0.10, -0.15)

A. J. Schwartz UK Forum — Cosener's House, Abingdon
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Belle: D(t)— K TUTT with 540 fi™

o 2 R no CPV (stat. only
Preliminary result: . — nocCPV f
----- CPV (stat. only)
x = (0.80 £ 0.29 *213)0q T oPv
: a |
— +0.10\0
y = (0.33 £ 0.24 *210)04 _
systematics: scale by sqrt(1+r?) ” ‘
(1/r)2 — (COSG/AX)Z + (SInG/Ay)2 Ok vvvonrit ‘ :3.‘ .............. L AR .
_ o _ " reflection ,
rise of the likelihood function at (0,0) thru (0,0) &S -
which corresponds to no mixing: L alsosoln @
—2AINL£=7.33 = CL=only 2.6% 17 5 1 5

—i(m(172)—iI‘(1’2)/2)t

X (%)

Allow for CPV: €12 = €
M(m?,m?,t) = A(m?,m?) e (?) _g e (t) + (%) A(m?,m?) ex(t) ; 210
M i) = A md) VO T (P) a2ty 40
CPV result: ‘013 +0.30 +0.22 +0.10
y = (0.37 + 0.25 *%1%)0 argalp) =-14 70 TP apalp)=(-27]£5)
A. J. Schwartz UK Forum — Cosener's House, Abingdon 17




Wrong-sign D°(t)— K*1t decays

Master formula:

_ 2 2
R(D°(t)— f) o e {1 + [yRe(A) — 2Tm(A) ] (Tt) + |A[22 :y (Tt)2}
for f=K'mt: = ¢ A _ l l i($+9) d strong phase
‘A Fe { (@ weak phase

R(D°—K*n) x e {RD+ ! Ry ly cos(6 -+ 6) — @ sin(s+ )] (T1) + | W(W}
= e~ { D—I—\/i(ycosd—acsmé)(I‘t)—{—( +y)(I‘t)2} (qu/bp|:201>
. P L (wl2+yl2) ., no CPV
= e { bV Rpy (T) + (rt)}

DCS
(' = xcosd + ysind y' = ycosd —xsind ) /\
+_
DY KTt

&»DO CF
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Belle D°(t)— K*TT with 400 fb™

R.Barate et al. (ALEPH), PLB 436, 211 (1998)

E.M.Aitala et al. (E791), PRD 57, 13 (1998)

R.Godang et al. (CLEO), PRL 84, 5038 (2000)
J.M.Link et al. (FOCUS), PRL 86, 2955 (2001); PLB 618, 23 (2005)

B. Aubert et al. (Babar), PRL 91, 171801 (2003)

=y
74 » L.Zhang et al. (Belle), PRL 96, 151801 (2006)

new —» B. Aubert et al. (Babar), PRL 98, 211802 (2007)

D
=
BELLE

A. J. Schwartz

Events/5MeV

o I

1.85 1.875 1.9

Mass (GeV)

Events/0.125MeV

1000 |

250 |

4024 events
52% purity

UK Forum — Cosener's House, Abingdon

750 |

500 |

B Random Tt -
W D°3body |
I D,,D" ]
B Combin. ]
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0 + - PRL 96, 151801 (2006)
D"(t)— K'TU (Belle and BaBar) PRL 95, 211802 (2007)
Time fit: Em E
g 12000 B viocon o difference between mixing and no-mixing
%‘ ‘g‘;‘:: B Combinatorial : curves matches the no-mixing residuals
E snog— —; |
= - P
= - N no CPV (stat. only)
| ) =(0,0)
g 1 hasCL=39%
t (ps) :
A R_ =(0.364 + 0.017)% =t | v 2odf

0 0.2 0.4 0.6 08 + °

400t X 2=(0.018 *00%1 %

—-0.023 )

)%
-0.39 no CPV

y. — (0.06 +0.40

R_ =(0.303  0.019)% (xy) = (0,0)
P has CL = 0.01%
X'?= (-0.022 +0.037)% evidence
384 fb™ y' =(0.97+£0.54)% ,,cpv i A for mixing
new ool ]
(hep-ex/0703020) 1.0 0.5 x'zt;l‘:(]'a 0.5 1.0
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Belle D°(t)— K'Tt allowing for CPV

A

A= (2L = /R ei(¢+9) N = [PV — |P] /R eit—¢+9)
( )A ‘ ‘ (q> A ‘q D °
2 2 2
(y' cos ¢ — x’sin @) (T't) + g W(I‘t)z}
D

R (y' cos ¢ + z’sin ¢)(T't) + M(I‘ t)? }

E0—>f

Rpo_,; o { R, + /Ry
e

rQI"@ 'UI»-Q

'QI"G

A ,=(R,—Ry)/(Rp+ Rp) #0  CPV in the decay amplitude (direct CPV)

Ay = (lgl* = IpY)/(lal* + Ipl*) #0  CPV in mixing
¢ #0 CPYV in mixed/direct interference

6 total parameters; in practice, we fit for R;, R, and

1+ A, \"*
't = <1Z|:AM> (z’ cos ¢ £ y' sin @)
M
14+ A,,\"* ,
R e T
M
from these we calculate A_, A , @, x and y' (note sign ambiguity for x' *)
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Belle D°(t)— K'Tt allowing for CPV, BaBar

x'+2= (-0.024 + 0.043 + 0.030)%
x'~2= (=0.020 % 0.041 + 0.029)%

Ap=(-2.1+52+ 15)%

y'*= (0.98 + 0.64 * 0.45)%
y'~=(0.96 + 0.61 * 0.43)%

no evidence
of CPV

unusual contour due
to 2-fold ambiguity in
sign(x' “)(x' )

A. J. Schwartz

y' 1107

- BABAR

=10 preliminary
05 ee o5 B T Y R
x?/10% x?/10%
Fit Case | Parameter 95% CL interval (x1073)
20
— 1 2 2
N e no CPV (stat. only) ' 2’ <0.72
10 | s ] No CPV Y —9.9<y'<6.8
s Ry 3.3<R;,<4.0
0 b, = e
e Ry, 0.63 x 107°< R,,;<0.40
16 g A, “T6< A, <107
i CPV allowed Ay —995< A,,; <1000
20 i ' 22 <0.72
v Il Il Il ] ! /
0 0.2 0.4 0.6 0.8 y —28 <y’ <2l
x'? x 10° Ry, R, < 0.40

UK Forum — Cosener's House, Abingdon
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What have we |learned?

FOCUS 2000

CLEO 2002

Belle 2002

Belle 2007

World average

A. J. Schwartz

Moriond 2007

4 -3 -2 -1 0 1 2 3 4 5
Yep (%0)

0.732 +£ 2.890 + 1.030 %

3.420 + 1.390 + 0.740 %

-1.200 + 2.500 + 1.400 %

0.800 * 0.400 + 0.500 %

-0.500 + 1.000 + 0.800 %

1.310+ 0.320 + 0.250 %

1.122 + 0.321 %

All semileptonic

CLEOCc 2006 double-tag

World average

Moriond 2007

| |
0005 01 015 02 025 03
R = (+y9)/2 (%)

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

UK Forum — Cosener's House, Abingdon

23

0.050 + 0.045 %
0.023 2% +0.004 %
0.019 " 22 +0.002 %

-0.015 —

0.170 + 0.150 %

0.023 £ 0.011 %



Combining all measurements — no CPV

INL(R,, x' 2, y") for D(t)— K'TT measurements: Adding -2In £ functions from
e project onto (x' % y') plane by allowing R to K*'1t, semileptonic decays, K_TTT,
always take its preferred value y KTeTe. K TETTTe W(3770):
CP’ ) ) -

® map likelihood values to (x,y,d) volume
® project onto (x,y) plane by allowing dto
always take its preferred value:

>,004 L L ]
20.04 e . 0.03 - Moriond 2007 _i
0.03| Moriond 2007 _: 0.02 :_ _:
0.02 — 0.01 —
0 - - . : / .
= . -0.01 no-mixing point | -
-0.01— — 0,025 (0,0) has —2AIn =37, | ]
s . - excluded at 5.70 —1o
-0.02 __ - | —20
- — 1o -0.03F | —30
-0.03— —30 - .
= -0.0 Coovvv v v v v b b ey 1

-0.0 :I co e b b b b by L 50 . _604 _003 _002 _001 0 001 002 003 004

'-6.04 0.03 0.02 0.01 0 0.01 0.02 0.03 0.04 X
X -2In L
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-2ALL

>0.04 LA o o B S N Ao e e
0.03| Moriond 2007 | =

0.02 -

0.01F

0.01 / —

Summary (no CPV)

All data [semileptonic decays, K'tt, K Ly _, K*erl, Kreme're, Y(3770)]:

of

nb-mixing point

! —1lo
excluded at 5.70 | “
(—ZAInL:37) T -

0 0.01 0.02 0.03 0.04

X

16\\\\‘\\\\‘\\\\‘\\\
y=0.0066

+0.0021
-0.0020

2
Moriond 2007 | | | 3‘ |

-0.04 -0.03 -0.02 -0.01 0 0.01

T B e R —

+0.0030
-0.0034

x=0.0087

2 |
Moriond 2007 | | i

y projection

0.02 0.03

o
o
D

X

y

= (0.87 "33))%

(2.60 above zero)

= (0.66 + 0.21)%

(3.20 above zero)

Conclusions:

—8.04 -0.03 -0.02 -0.01 0 0.0i - 60é ‘ 0.03
X projection

A. J. Schwartz

©
o
=

Evidence is consistent and convincing that D%s mix;
effect is dominated by non-perturbative processes.
Unless |x|>>]y|, may be hard to identify new physics.

Sincey_, is positive, CP-odd state is longer-lived

(like other neutral meson systems); but positive x/y
implies CP-odd is lighter

No evidence for CPV (considered a true sign of NP)

UK Forum — Cosener's House, Abingdon
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Combining all measurements — allowing for CPV

D°(t)— K'l'v , K'mut, K*rum

D(t)— K*'K™, Ti'TT

D°(t)— KT

D°(t)— K*TT :

13 observables,
7 underlying parameters

= MINUIT fit

i

1+

g
g

1
R, = 5(:132—|—y2)

2ycp = (la/pl +Ip/al)ycos¢ — (la/p|l— Ip/q| )z sin¢
24. = (la/pl —Ip/al )ycosé — (la/pl+ |p/a| )z sing

wKOﬂ'ﬂ =
Yore — Y
la/Plgors = la/pl

Arg(q/p)KOﬂ'ﬂ' = d)

1+A4,,\" . la/pI* — Ip/al®
) (' cos ¢ £ ¢ sin @) A, = 5 5
1FA,, la/p|*>+ |p/al
1+ A,, 1/4 , , . x’ cosd sind
1:|:AM> (4" cos  F a’sin ) (y’>:<—sin6 cos d
1 o
5[R(DO—>K+W—)+R(D°—>K—7r+)] = R,
R(D°—-K*n~) — R(D°—K—=n™) _ 2
R(D°—K+n—)+ R(D°—K-=n+) P

A. J. Schwartz UK Forum — Cosener's House, Abingdon 26

)

T
Yy

)



Combining all measurements — allowing CPV (cont'd)

MINUIT preliminary:

FCN= 16.25622 FROM MINOS STATUS=SUCCESSFUL 1302 CALLS 1649 TOTAL
EDM= 0.11E-04 STRATEGY=1 ERROR MATRIX ACCURATE
EXT PARAMETER PARABOLIC MINOS ERRORS
NO. NAME VALUE ERROR NEGATIVE POSITIVE
1 X 0.84868% 0.34165 —-0.33549 0.32270 tiny change
2 y 0.69453% 0.16558 —-0.21093 0.20730
3 delta 0.39985 0.21088 —-0.28525 0.26413
4 Rd 0.33499% 0.13034E-01 -0.13035E-01 0.13035E-01
5 Ad 0.40591 3.5452 -3.5477 3.5428
6 q/p 0.87321 0.19001 -0.19976 0.23345 no CPV (yet)
7 phi -0.82871E-01 0.15484 -0.19215 0.16715

y (%)

x°/dof = 16.2/18 = 0.90; largest contributions
are from Belle/BaBar RDdifference and small

“tension” betweeny_, and y(K_mm
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Wrong-sign D°(t)— K®*1"v decays

E.M.Aitala et al. (E791), PRL 77, 2384 (1996): 2504 RS events
B. Aubert et al. (Babar), PRD 70, 091102 (2004): 49620 RS events
U. Bitenc €t al. (Belle), PRD 72, 071101 (2005): 229452 RS events
new —» B. Aubert et al. (Babar), arXiv:0705.0704: 4780 RS events

Method: flavor at production tagged via D™*— D°t" (pion charge)
flavor at decay tagged via D°(t)—» K®*1'v (lepton charge)

= mixing signal is 7T |” or T |" (“wrong-sign”), normalize sens. to 1T 1" or 1T |” (“right-sign”)

D
D

BELLE

vmomentum: P=P —P -P |P_|adjustedtogive (P_~-P )*=m_?2
\Y cms TKe rest rest cms rest
_ ?Srest direction adjusted to give m =0
Fit: Am=m__ m__:
. 0 i,
gright_-sign SOO?WI’Oﬂg-Sign . - / P(D K0 p,)dt N x? + y?
’ 16430 =155 | " -1 %31 /P(D°—>K‘£+vg) dt 2
600 ’
500 , . 253 fb™*
00 R~ =(0.020 +0.049)%
> 3
2200 < 0.10% at 90% CL
e 2100 -
N - NN T I (], ly| < 4.5%)
0.14 0.15 0.16 0.17 0.18 0.14 0.15 0.16 0.17 0.18
Am [GeV] Am [GeV]
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Wrong-sign D°(t)— K®*1"v decays  arxivior0s.0704)

= new
344 fb™*, make many selection cuts to eliminate background:

® Fully reconstruct D decay on opposite side (“double-tagging”) 0.10 effic
e Neural network selection based on p, p,, thrust axis, opening angles

® p > 600 MeV/c, . p_and P_selection 0.72 effic
e lifetime must be in the range 600 —3900 fs (1.5t — 9.5 1) 0.80 effic

dN/N / 1251s

0.1~ 4

Determine “signal” yield by counting events; 005
background estimate comes from MC sample:

E 27\ ‘ T 11 ‘ T 11 ‘ T 11 ‘ T \7 Ng ? ‘ J T ‘ T T ‘ T T ‘ T T E
3 Data: 3events 1 3 16° MC: 2.85 evnts _ . .
E i 1 S 14 = Determine confidence intervals
o5 2 3 o3 1.2 ) 3 from rise of likelihood function:
g r 1 & 1; ,
T 1 Eo8 . _ +0.070 g
: I Yos E R, =(0.004 _; s, )%
> ] N = (-0.13, 0.12)%
0:\\\\\\\\\\\\\\\\\\: .0: L 1 J at90%CL
015 02 025 03 0.35 015 02 02 03 035
AM [GeV/c?| AM [GeV/c?]

(shaded histogram: after 1t p_and P_selection)
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