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Peak luminosity: 1.7 x 1034 cm2s-1
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Belle spectrometer at KEK-B e

u and K; detection system
Aerogel Cherenkov Counter

(n=1.015-1.030)

Silicon Vertex Detect

o
(4 layers DSSD)—_

s Electromag. Cal.
- f (CsI crystals, 16X,)
8GeVe -
Central Drift Chamber
(small cells, He/C,Hg)
ToF counter
1.5T SC solenoid

Data sample >750M BB-pairs, >850M cc pairs
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DO - DO mixing <o

GELLE

An arbitrary linear combination of the neutral D-meson flavor
- —0
eigenstates a‘ DO> n b| D

is governed by a time-dependent Schroedinger equation

d(a a j a
i—| |=H| |=WM-=T)
dt\ b b 2 b
M and I are 2x2 Hermitian matrices.

The light D, and heavy D, mass eigenstates are:

D,,)=p|D") 4 D)
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Time evolution in the B system  Plfa

GELLE

Time evolution is governed by the parameters x, y, T

X ml:mz;yzrl__rz;fz
I 2T 2

A DO at t=0 evolves as:

. . 1 LAY
‘Do(t)>=DDO>COsh(lx+ytj+1 Do>sinh(1x+ytﬂe N
2 p 2

Decay time distribution of different final states of D, DO,
and D : sensitive to different combinations of mixing
parameters.
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DO - DY mixing
Mixing in the neutral D system: highly suppressed due to GIM

mechanism (m,~m,). - A place to search for new physics (in
principle).

Mixing in SM: completely dominated by long-range contributions.

New physics: x>>y, CPV - E. Golowich et al., arXiv:0705.3650

New Physics mixing predictions
Standard Model mixing predictions
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Experimental methods in DO mixing searches g

The method: investigate D decays in the decay sequence:
D**+— DOx+, DO0—specific final states

Used for tagging the initial flavour and for background reduction

D° or D° at decay time T

\ K

‘—» K-t

D** — DO gt

. ' 4

D° or D° at
‘production time

+

e’ D Beamspot e

Pems(D*) > 2.5 GeV/c eliminates D meson production from b — ¢



Experimental methods

K
Performance of the apparatus: D
-PID performance '
-vertex resolution

g(K*) ~ 85%
g(m*—K*) <10%

dde -

forp < 3.5 GeV/c :

0.05 F

D*+ . Donslaws DO > Kt -
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DY mixing in D%—Kr and Kev decays E e

The method: search for D mixing in the decay
sequence: D**— D+, D9—flavour specific final state.

Semileptonic decay:

K" e* v :no mixing (RS, Right Sign)

oK* € v :mixing (WS, Wrong Sign)
m——p-  Measure WS rate

Hadronic decay:

eK" 7*: N0 mixing

oK* n—: mixing or doubly Cabbibo suppressed (DCSD)

=—p- Measure WS time evolution
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D% mixing in D9%—Knr decays

D0—Kn time evolution

I

Lo

GELLE

for x,y <<'1

dN/dt o {Ry+R,12y' t + (X2 + y?2) t2/4} et

DCS interference

X'=XCosd + ysind
y'=ycosd -X Sind
X = AM/I" 'y =AI'/2I

&= strong phase difference
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DO mixing in D9—Kr decays />

GELLE

PRL 96, 151801 (2006), 400fb-1
Signal extraction

30 Q interval 306 M interval
~ T e ~ : O Signal |
= = 1000 WS B RandomT
g 1500 g ; 0 D’ 3body
g : = 750" 0D,D
51000-_ 3 : B Combin.
' S s00:
i a8 I
500 250
0 0

1825 185 1875 19 0 5 10 15 20
Mass (GeV) O (MeV)
M=m(Kr) Q=m(n,Kn)-m(Kn)-m(n)

Wrong sign combinations: DO—K* r-
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Events/ 100fs

I

D% mixing in D9%—Knr decays <o

Results

GELLE

PRL 96, 151801 (2006), 400fb-!

Wrong sign time evolution " 50 x-95%,C.L.. X2,y contour.
[ signal S o CPV (atat. onb}
: D0 & D3body wlL N\ moChl ]
1000 = 2% Combinatoric — ]
Mixing (95% UL) I
_ 1 Interference (95%UL) _ O [ |
500 | ' - > T
| 10 - ]
0 - e ; e 5 - -20 __ ]
2000 0 2000 4000 (x’2 y) (O O) C L. 3. 90/0
Proper time (fs) ,
0 0 2 0 4 0.6 0 8
x’2 %107

Rp=(3.64 £0.17 ) -10-3
x2=(0.18 £ 021 _.)- 103
y'= (0.6 49,4)- 103

BaBar result consistent = previous talk
BaBar: PRL 98, 211803 (2007), 384fb-1
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PRD72, 071101 (2005), 253 fb- >

DO mixing in D9—Kev decays <o

GELLE

Wrong charge combination = mixing (no DCS decays)
Again tag with D** charge: D**— Dz*, D%— Ke*v

Selection criteria:

ec.m.s. momentum of the Ke system > 2 GeV (rejects bb, combinatorial
background)

eInv. mass of eet (et—n*) > 0.15GeV (rejects y conversions)

oCut on decay time (signal: t2 et)

b
n

Neutrino reconstruction: hermiticity, - | rightsign (RS)
kinematic constraints.

2%
<o

Signal yield: Am=m(rn Kev)-m(Kev)

[}
o

n

entries [1000 / MeV/cz]
=
o

Ngs = (229.45 + 0.69) -103

o

June 28, 2007 XXVII Physics in Collision, Annecy ’ 'AM [GeV/c?]



« . . PRD72, 071101 (2005), 253 fb-1
D9 mixing in D9—Kev decays E

Ry

Decay time:
x10-3

reduce bkg., increase sensitivity;
<t >(bkg., RS) < <t >(mix. signal)

M i

6 binsin1<t<10 P ~ Nygi &ps,

NRS,i Ews.i

Result:

2 2
R :NWSzx +y y
0.02

M N 2

allowed

0.015-

0.01

Ry = (0.20 £ 0.47 + 0.14) -10-3
Ry<1.2-103  95%C.L.

AN

0.005-

of-

Update this summer with 4x statistics .00 0 Y 7 S—r - a—




. . PRL 98, 211803 (2007), 540fb-! [ &
D% mixing in K*K-, ntr 800

DO - KK~/ ntn-
CP even final state;
in the limit of no CPV: CP|D,> = |D,>

D,,)= ‘DO>+(]‘BO>

210t b@) D'SK'K,
= measure 1/T, -
=
(K'7") 1 . g 10
Vep = — —lEycosp—— A, xsinp= =
“ (KK 2" £
g 10
— =
o S. Bergman et al., PLB486, 418 (2000) F0___
dad 182 184 186 188 19
A, ¢: CPV in mixing and interference M (GeV/c)
4 _(dD B SE K

Signal: D9 - K*K-/ n*rnfrom D

M, Q, o, selection optimized in MC

Events per 0.1MeV
o

K+K- K-rtt ntm e
Ngig 111x103 1.22x106 49x103 o f o
purity  98%  99%  92% e
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.. : PRL 98, 211803 (2007), 540fb-1
D% mixing in K¥K-, n*r

ecay time distributions for KK, nr, Kn

2 | KKt
r and K-r*ratio
Difference of lifetimes
visually observable

in the ratio of the distributions > ¢

011

0 e
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D% mixing in K¥K-, n*r

PRL 98, 211803 (2007), 540fb-1 [ 2
LD
o distribution BELLE

Fit Kt

simultaneous binned likelihood fit to s ¢

K*K- /Knt*In*n- decay-t 2 Yep 004

dN N | 0.032

= J‘e_t/rﬁ(l‘ —t")dt'+ B(t) 0.2 fl
dt 71 (M sideband)

R : ideally each o; Gaussian resol. term {0 I | —

with fraction f;; VS 9; /%G
(trectgen)/oy - described by 3 Gaussians = event-by-event o,

l MC e2C

3 — :
R(t—1')= ZwakG(t ts00k) S 408.7+0.6 f5
= A
parameters of R depend slightly 410 -*{ﬂ*'r’ """"""""" ———
on data taking conditions . v ?
é Belle preliminary
408.7+0.6 fs 400 ; B 5 .
run period
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. ] PRL 98, 211803 (2007), 540fb-1 D>
D% mixing in K*K-, n*n- <o

Expected statistical precision in ©(K*K*/n*r"): ~0.3%

—>Cross-checks:
MC: ycp(out) - yep(input) < 0.04% for a large range of input values

Yep independent of resolution function parameterization:
R(t) = single Gaussian > At = 3.9%, but Ay = 0.01%
Exchanging data side band with signal window background from
tuned MC: Aycp = -0.04%

Measure yqp With subsamples (run periods, K*K-/n*n", separate
free offset t;) = all consistent

—>Systematic error: conservative estimates: equal t, 0.14%,
acceptance 0.12%, selection variation 0.11%, signal
band/sideband background differences 0.09%, background
distribution B(t) 0.07%, M window position 0.04% - 0.25%
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.. : PRL 98, 211803 (2007), 540fb-1
D% mixing in K¥K-, n*r

Result

(b) K

-2000 0 2000 4000
t (fs)

simultaneous binned likelihood fit to ,
K*K- /Kn*In*n- decay-t 002

0.015[-

cp = (1.31 % 0.32+0.25) %

0.01

negligible CPV, ycp=Yy

'
.
'
v
'
"
v
v
v
'
'
"
v
0
.

.2 o from zero (4.1 o stat. only) 0005}

evidence for D? mixing
regardless of possible CPV
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L arXiv: 0704.1000, 540 fb-
DO mixing in Kg - submitted to PRL

L

time-dependent Dalitz plot analysis
different decays identified through Dalitz plot analysis
CF: D9 — K*-g*
DCS: DO — K**g-

(GeVeich If

2
+
L]

=
i

. - i L - 2 3

time-dependence: o Geviie!)

M(m>,m’,t) = <KS7T+7T_ ‘D0(1)> = m,2=m?(Kg 7*): Dalitz variables

- _ 1 . , .
:%ﬂ(n’ZE,mi)_e_Mlt _|_e—lﬂzt]_l_giﬂ(mf,mi)[e—lﬂlt _e—lizt:l

<f|DO> <f|D0>
analogous for M = < f| DO(t) > M= My "F1,2/2 =1(x,y)
Rate: terms with cos(xI't) exp(-I't), sin(xI't) exp(-I't),
exp(-(1+-y)I't) > sensitive to x and y  (n.b. for K*n~: x’2, y’)




arXiv: 0704.1000v2, 540 fb! %
ks

DO mixing in Kg m*m~  submitted to PRL

Fit

o,

assume no CPV: %=1,ﬂ=ﬁ:>9\4=9vﬂ A
fit M(m_2,m,2t) to data distribution = x, y ‘%
)
Signal -
M(Kg nt*m-) and d
Q= M(Kg nt*nn,)- M(Kg ttr)- M(m);
3 o signal region in M, Q
Nsig= (5634.4+0.8)x103 signal
P ~ 95Y B rnd slow =
~ 0 Bl combin.

Dalitz model

A(m>,m})=Y a, € B(m?,m})+a, e

18 resonant BW terms + non-resonant contribution
June 28, 2007 XXVII Physics in Collision, Annecy
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D9 mixing in Kg n*n-

Dalitz projection of fit

Phase (deg) Fit fraction

Resonance  Amplitude

K*(892)" 1.620+0.006 13434+0.3 0.6227
Kg(1430)~  2.124+0.02 —-0.9+0.8 0.0724
K3(1430)~ 0.87+0.02 — T8 112 0.0133
K*(1410)~ 0.65+0.03 Ll e 0.0048
K*(1680)~ 0.60+0.25 147429 (0.0002
K*(892)T  0.152+0.003 —375+1.3 (0.0054
KF(1430)t 0.541 +£0.019 01.8+2.1 0.0047
KX(1430)T 0.276 £0.013 —106+3 0.0013
K*(1410)t  0.3340.02 —-102+4 (0.0013
K*(1680)"  0.7340.16 1034+ 11 (0.0004
p(770) 1 (fixed) 0 (fixed) 0.2111
w(782) 50380 £0:0007 1151 £1.1 0.0063
fo(980) 0.380 £ 0.004 —-14714+1.1 0.0452
fo(1370) 1.46 + 0.05 086+ 1.8 0.0162
£2(1270) 1.43 4+ 0.02 —13.6+ 1.2 0.0180
p(1450) 0.72 + 0.04 41+ 7 0.0024
71 1.39 4+ 0.02 —147+1 0.0914
o2 0.267 0,013 —157+3 0.0088
NR 2.360.07 155 =2 0.0615

(GeVic?)

2
-+

m

Events /0.02 GeV/¢?

40000

20000

2 3
m? (GeV’ic?)

Results (fit fractions, phases) in agreement with P
(measurement of ¢5(y))

June 28, 2007

XXVII Physics in Collision, Annecy

arXiv: 0704.1000v2, 540 fb-1 ﬁ
f

10000

-""l
o]
=1
L=

6000

2500

Events /0.02 GeVic*

10000

5000

Events /0.02 GeV3/c?

0 05

1 1.5 42
m 2 (GeV’/c?)

RD73, 112009 (2006)
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L arXiv: 0704.1000v2, 540 fb-"
D9 mixing in Kentn- submitted to PRL

Decay-t projection of fit

X =(0.80£0.29 £ 009, . +£010, . )%
y = (033 + 024 + 0'080_12 + 0'060_08)%

+ stat. * exp.syst. £ decay model syst.
—->most sensitive meas. of x

10
Cleo, PRD72, 012001 (2005)

x=18+ 34 = 0.6%
v=-14+25+ 09%

10 ==

10t

\\\\\\\\\

R e SN
0}++++||+|i++*ﬂj ot

g § S
-2000 0 2000 4000

t [fs]

bkg.

= 409.940.9 fs

y
0.02r
0.0152— T
0.013—
0.0053— (/ Wm\)
A S

[ 5 g i P g A A
-0.01 0 0.01 0.02 0.03 X 0.04

Tope=410.1£1.5 fs

*(x,y)=(0,0) has C.L. 2.6% (2.2 o)
*x>0: 2.4 o significance
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DO mixing: results from Kentnw and KYK-/ntn- [(am

GELLE

PRL 98, 211803 (2007), 540fb-"

y
0  mMmMmmmmm e S arXiv: 0704.1000v2, 540 fb-1
| submitted to PRL
0.015
K*K-/ n*n: y=0 has
C.L. 6x104
0.005 Kg 2 (x,y)=(0,0) has
K C.L.2.6%
0-\ ..............................
-0.01
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D% mixing: Belle + Babar D%—Kr results combined

0015 — — Y sk

: \ — 5 [~
001 12—

0.005|— \ — 10
= S = 8-
-0.005— — 6
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2 | e
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D% mixing: all results combined

FFPCP 2007

=

— T

— T

-0.03 -0.02 -0.01 0 0.01 0.02 0.03

0.04

X

(X,y)=(0,0) excluded by >5c

XXVII Physics in Collision, Annecy

Assuming no CPV

o< X

(0.87 £999 3,) %
(0.66 £ 0215 59)%
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Search for CP violation

CPV in D? system

Relevant CKM elements of the 2x2 submatrix:
/ 1_%)\2_%)\4 A AN (p — in)

gt %Ag)\f’[l _op4im)]  1- %)@ _ éxlu 1 442) AN

T . T , 1
\A)\g[l —(1— 5)@)(,a +in)] —AXZ 4 5A>\4[1 —2(p+m)] 1-— §A2A4

phase: 2nA° 2
A

~0(107)

CPV in D% very small, < 1073,
parameterization:

A,

1 (1+7)€l¢ M,(D¢O

9.1 4
P P
DO - K K*K-/ n*n Kg mh

t evolution depends also on CPV parameters

- X, y at upper limit of SM expectation » search for CPV
- at current level of sensitivity: positive signal clear indication of NP

June 28, 2007 XXVII Physics in Collision, Annecy Peter Krizan, Ljubljana



Search for CP violation x

no CPV (stat. only)
”””” o CPV

CPV in D9-> K*i PRL96, 151801 (2006), 400 fb-"

0 o °
CPV allowed fit: > .
separate D? and D° tags 10 |
(X2Y",Rp) — (x*2, y*,Rp*) FAaN
N _ N _ 20 1 CPV allowed
A:RD_RD A:RM_RM _.‘.\...|...|...7
D + — M + —
R) +R; R +R,, 0 02 04 06 08

X2 % 107

Ap = (23 £47) 103 direct CPV
Ay = (670 + 1200) -10-3 indirect CPV

PRL 98, 211803 (2007), 540fb1

CPVin D%~ K*K-/n*n- Ar=(0.01+£0.30 £ 0.15) %
o = (K 7 )—I:ycosga—lA xsin g indirect CPV
“ T (KKY) o
i . ) o
AF_Z'(D > K K)-t(D">KK") 1 cosp—xsing

(D' > K K)H+1(D' > K K") 2
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Search for CP violation - continued

CPV in D9 - KS e arXiv: 0704.1000v2, 540 fb-1
submitted to PRL
95% C.L. contours for (X, y): 2 o ChV Lol
- . I . — noCPV ]
oCPV aIIowec_:i: _dash-dotted: stat!stlcal, _ S CPV (stat. only) |
dashed: statistical and systematic : . -—- CPV
(No CPV assumed: dotted and solid) T
Dalitz plot fit separately for D° and D°: >
oFit parameters consistent for both °
samples = no direct CPV
eParameters |g/p| and ¢=arg(q/p) I
consistent with CP conservation 1 0 1 2
X (%)
Fit assuming no dlrgct CPV > q/p| = 0.95 + 0_220 ”0
Parameters of CPV in mixing and - _ “90 10
interf. in mixing and decay: ¢ = arg(q/p) = (-21£'%,)
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Prospects: near future

B-factories o T
8 I [ . - fU ~ S
near future: 1 ab- Al
Contours for combined : —
Kgm*n-and KK/nt*r- ) EE— :
(assuming present mean) E
-1 :— KK/mn+K gnm 1 ab!
- o(x) ~ £0.25%
’E o(y) ~ +0.17%
Al o L b b e L
CLEO and BESIII 2 ? i ’ ‘ L

new measurements of the phase 6

- needed to interpret the measurements of X’ and y’ in
terms of x and y in the K*=-decays

June 28, 2007 XXVII Physics in Collision, Annecy Peter Krizan, Ljubljana



Prospects

Super-B factory: rough expectations at 5 ab-1

combination of results from Kr, KK/nn, Kgnn
co(X) ~ o(y) ~ 0.10% ->mixing

s(|a/p|) ~ 0.09, o(¢) ~0.1 >CPV

possible CPV - New Physics — would be tested with
~ O(5) better sensitivity at ~50 ab! (several
extensions of SM predict CPV ~ O(1%))

Y. Grossman et al.,
hep-ph/0609178
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