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Introduction

DO->K+PI-

DO->K+K-/PI+PI-
DO->Phi(1020)Ks ( in DO->KsK+K-)
DO->Ks pi+pi-

» Other charm decays
v DO->l+l-
v D(s)->Ksh+
v Ds->K+K+PI-

> Conclusions
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Long distance
Standard Model c
predictions for x and y i Him 3 v
Short distance X, y ~sin®fc x [SU(3) breaking]?> ~ 1%
c d.s b u FRD 63, 054034(2002) (Falk, Grossman, Ligeti &FPetrov)
> - - PRD 69, 114021(2004) (Falk, Grossman, Ligeti &Petrov)
0 {0 . . ..

o w w 7 | SU(3) flavor-symmetry _ 1y D Mixing Predictions
s ed breaking and long distance | £ |. ..o 44 S
sy o . L:- ) ® ] -4 oq

"I - D effects may raise both Z 10} e | | F
parameters x and vy, g0 { o« 1 "o 1107 S
. . . E* 10 | - ; >
GIM &CKM Difficult to calculate it. 0 bt ) .1(.)10%
. E 6 4 ] g
Suppression New physics can =0 Pk

° [J ol 1 -16

enhance DO mixing ot | {10

l 1 -19

_E" _ ol 110

x ~ 1072, y ~ 10 ! x and Y 10 5o~

Burdman, Shipsey, Ann.Rev.Nucl.Part.5ci.53 431 Reference Index
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CPV of charm decays in the SM is strongly
suppressed by CKM, negligible.

SM predictions for direct CPV in SCS decays are at most of the order of 1073

Observation of large O(1%) CPV in charm-decays
would be a sign of new physics, similar as other
FCNC(Flavor Changing Neutral Current) processes.

af: CP violation in decay

Classification of CP-violating effects: — i—r_ =1+ ATD (Ap # 0)
__ (D—H)—T D—f _ . . . ..
Acp = r((D—rf]:er[(_—rF; = a; + af" + af af': CP violation in mixing

— |9 =142 (Ay #0)

ai: CP violation in interference (f = f) — ¢ = arg ("7 AT) (¢ # 0)
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The time evolution of the
System is described:

al o )= (M) (

DO(t)
DO(t)

as mass eigenstates D;, D,
[D1) = p|D°) +q|D°)
[D2) = p|D°) —q|D")

where g2+ |p2=1 and

2 * 7 Tk
(g) _ My — 517,
p Mis — 512

time evolution of flavor eigenstate
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Eigenstates D,, D, have masses M,,
M, and widths T';, T,,
Mixing occurs when there is a
non-zero mass difference
AM = M, — M,

or lifetime difference

AT =T — T
For convenience define quantities
x and v: AM Al
L _AM ——
r 21
't +1
where I' = —

DO(¢)) = [|Dﬂxmh (+

2

)+

|D"‘J:-s.'nh (% r)] x e~ z(I+ P
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Events/0. 125MeV

Events/0. 1 25MeV

DO mixing in DO WS hadronic
decays: DO->K+PI-

RS events

0 Sr'gm;.f
B Random . 4
O D" 3body ]
B Combin.

/] 5 10 I5 20
0 (MeV)
WS events
I 0 Sigwal ]
1000 | B Random m A
; [ D° 3body
750 [ 0p,.p" ]
I B Combin.
500 F
250
ﬂﬂ 5 10 I5 20

0 (MeV)

D* — DO(K—nt)rt

[Rs o e~ &/ Too

Flavor tagging

require D*T — Dzt

D*t — DY(Ktrn )rt
— DCS or mixing
DCSD

+

D‘Ji1F K'm

— flavor tagging with 7's charge

— background suppression with

Q: Mp+ — Mpo - Mﬂ--l“

Proper decay time

I 12 2
[ws o [RD + ,VFR-""'.RD(FI) + %(FI)Z]E_” Vertexing with beam point constraint

® DCS @ interference ® mixing

— Rp: DCS/CF rate

— X’ = xcosd + ysind

— y =ycosd — xsind

— O strong phase between DCS and CF

DO mixing and other charm
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o uncertainty of the measurement

7



DO mixing in DO WS hadronic
decays: DO->K+PI-

Belle [400 fb~1]

PRL96, 151801 (2006).

§ 'ﬁ 1 Signal
= [ Do & Dabody
;:10{0- t+ [ combinatoric
g Tt [ Mixing (5% UL}
u ¢ '_J-'+|:|Imarfamn-m {a5%UL)
oy Fi '-14, ]
0 __‘_',.4‘.‘.";'; . E.:\'\._ L\\H_ X
-2000 ] fLii 4000
Proper time (f=)
CPV is not observed
DO | Fit separately | 1o
(R, X2, y'"N)po = (R, x" 7.
CPV in decay = Ap = i
RL+Ry
CPV in mixing = Ay = ~u=fu. g,
Ruy+Ry

Fit case Parameter Fit resnlt O55% C.L. interwal
Mo P R =10"2) 3.64 4+ 0017 (3.3.4.0)

w2 = 1073 0.18%+0-20 < 0.72

y'(=107%) 0.06F 535 (—0.99,0.68)

Fap (= 1073 - (0,63 = 1072 ,0.40)
L B "= 10 - < 0.72

o= 102 - (—2.8.2.1)

Rar( =107 - = 0.40

Ap 0.023 4= 0,047 (—0.07G6.0.107)

Anr 067 4= 1.20 [ —0.905 . 1.07%

[ (= 0.4(84.5) £ 25.3 No Lmits
Mo mixing g5 3.77 £ 0.08(stat.) & 0.05(syst. )

Belle [400 fb~1]

PRL96, 151801 (2006).

=

Ay =067 £1.2

Ap = (23 +47) x 1073

¥y )po

Rp (DCS/CF rate)

_ xX*+y?
— T2

mixing rate
( )
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No-mixing point (0,0) is
3.9%, significance: 2




DO mixing in DO->K+K-, PI+PI-
Decays

Measurement of lifetime difference between D” — K~ 7t (CP-mixed) and
D® — K+*K—, m+tm~ (CP-even) decays

— [(D°,D° — K—tgt)

— [(D°,D° — KTK—, ntr™)

t/T

x e /'pY

~x e _(1+J’CP}r.f“rTDD

_ TkF ,nL 1 q p . 1 q p -
yep = T 1=3 ( ol 15 ) ycos g — 5 ( ol = g ) X sin @
In limit of no CPV ycp = y
They all have the high signal purity (>90%)
CP Violation
_ 7(D"—fep)—7(D"—fep) _ 1 (|a] _|p 1 (|a p .
Ar = (D fep) t7 (D0 fep) — 2 ( ; q )ycosrp 5 ( ol g )xsmfp
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DO mixing in DO->K+K-, PI+PI-

Decays

Fit to the proper decay time distribution

dN

dt

< [e=t/T R(t — t')dt' + B(t)

R(t —t') = Ef" fi Vi:l wr G(t — t', o4, to)

L

[}

CPV is not observed

significance: 3.20, the first evidence

yep = (1.31 + 0.32 £ 0.25)%

Ar = (0.01 + 0.30 & 0.15)%

PRLO8, 211803 (2007)
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DO mixing in DO->KsPhi
decays

arXiv:0905.4185 (PRD accepted) [673 fb™!]
Measurement of lifetime difference between CP-even and CP-odd eigenstates

N OFF /So = Mk+x- dependent CP mixture

dso B — ON region: mainly CP-odd (¢(1020))
g — ‘T“E‘;‘? — OFF region: mainly CP-even (a0(980)°)
5 — CPo

2 r -
% = al(sﬁ)e_{lﬂ_yfp}r!wm + -:?E(SD)E_“_FCP}T.-"'Du

110 L1  1.z0
ap [GeV?E/ el

Effective lifetimes in ON and OFF regions

ToN,0FF = [1 + (1 — 2fon,0FF)Ycp]Tpe E> Yep = f--N—lfDFF (:ggjr:“ﬁ)
L [ .

fon, forr are CP-even fractions in ON and OFF regions

Topologically equal events in ON and OFF regions — reduced effects of
resolution function.

DO mixing and other charm 11
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Events per 0.1 ps

DO mixing in DO->KsPhi decays

=

=

=

oN E OFF Untagged sample used to increase the statistics
g Region ON OFF
fe Signal [x10%] 72 62
" = Purit 97% 91%
1 1
-4 -3 -2 10 1 2 3 4 3 -4 -3 -2 10 1 2 3 4 3
t [ps] t [ps]

Background estimated from sidebands in (mKEHJ,K_ ,mgg) plane
fon. forp from fit to myc4,— using 8-resonance Dalitz model

ToN. Torr determined from mean proper decay times of all events and

background events

, v ON,OFF
{tion. orr—(1—PoN, oFf ) (L)

PON OFF

— TON.OFF + tp =

it is consistent
with above
results(ycr)

ycp = +(0.11 + 0.61(stat.) &= 0.52(syst.))%

DO mixing and other charm 12
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DO mixing in DO->KsPI+PI-

can be determined separately,

decays

BY measuring the time evolution of Dalitz plot , x, y

DO decays to final states: )
>
(s|H|D°()) =&, (A +e,(t) A, =M g .l
_ L L L NE+
(s|H|D°() =eA +e,()A, =M |
D°: A(mi,mi) =Y, are'” A (m%, my) + ane® : : .
= —— m’ (GeV?/c?)
o . 2 2 — N 3 ol 2 2 dipk -
D" : A(m—,my)=>" 3% A (mZ,m)+ape PRLO9, 131803 (2007). [540 fb~ "]
Therefore, the decay rate of DO is a function of time, it
includes x and y, where t is in unit of DO lifetime.
M [ :{ Al e +|A e +2R[ AA; [cos(xt) + 21 [AIA;]sin(xt)}e‘t,
—2 —2 —2 -—— ——
M :{ Al e +[Al e"+2R AlAchos(xt)+2I [AIAZJSIn(Xt)}et
DO mixing and other charm 13
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DO mixing in DO->KsPI+PI-
decays

05% C.L. contours

2 ~ 17~ no CPV (stat. only) &
. — noCPV ] S
. —- CPV(stat. only) - =
S—-1 Y 2
: 3]
Tr :.-',.i-;i-'-f’f. _:;..__,_‘*__: ] U}J
- '+ . ] . PPt :
....... R T/ A <012 | G
L R CLARRREERDY - 4 z 012 ¢ _
i X '\H S _;:/ | T r + —+ ]
T T g X
I AN ] z 01 ¢ B .
. . 0.08 + .
1 0 1 2 2000 0 2000 4000
X (%) Proper time (fs)
Significance: 2.2ofor x, current best x value CPV is not observed
Conserved CP SYmm'Etry (lg/pl =1& ¢ =0) CPV allowed (lg/p| & < free parameters of the fit)
x = (0.80 £ 0.297%12)% lq/p| = 0.86 + 0.30 + 0.09
y = (0.33 £ 0.247%19)% ¢ = —0.24 +0.30 £ 0.09
DO mixing and other charm 14
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Search

for DO->L+L-

Motivation: FCNC does not appear in SM on tree level (higher order below allowed)

PRD79 114030 (2009)

Certain new physics scenarios allows this process: new particle replacing W boson

Model
Experiment
Standard Model (5D)
Standard Model (LID)

@ = +2/3 Vector-like Singlet
@ = —1/3 Vector-like Singlet
@ = —1/3 Fourth Family

Z' Standard Model (LD)
Family Symmetry
RPV-5USY

BD“ vt pe

| < 4.3 x 107 (CDF preliminary)

~ 1071#
~ several x 10718

4.3 x 101!
1 x 107! (s /500 GeV)?
1 x 1071 (ms /500 GeV)?
2.4 x 1072 /( Mz (TeV))?

0.7 x 10718
4.8 x 1077 (300 GeV /mj; )*

DO mixing and other charm
decays at belle

Except Family Symmetry
All NP exceed the SM
prediction

Largest data: 659 fb-|

Belle is most sensitive to
RPV-SUSY scenario
15
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Search for DO->L+L-

Estimation of background Combinatorial background
O] Sienal U} D°—n'x M@ Backeound 2 D estimation with a(l — bm)/\/@
“a) : : The ratio of combinatorial background in the
2 signal to the number in the side band
g channel | p[%]
: : wtp~ | 1.08
182 184 186 188 1.9
b : ; ete” | 1.49
etut | 143
N N N { Reflection background from
: | . 0 —
L2 1si 186 188 19 D° — mtm
' ' peak shifted in 772 but on peak in
:c) + _ ¢+ mis-id measured with D° — K —7xt
(Number of reflection in the signal window)
N H H { channel N2
el L L - T 18l 2000
) B H
m[GeV/c™|

ete” |0.0372 £ 0.0002

e“ut |0.1935 £ 0.0006
DO mixing and other charm 16
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Event counting at

1
q
(

N
(\))
D
:"
=t
O
-3
w4
o
T

the signal window

L] L5 Ty I.E: 'R
LT E usf
=t = .+ :
] 'J‘-JLL qu =20 | & té € 00 |§
B ash 3.1: 0.1 E wsf h“.T:tD.iE
g | 1 f
1 1_
0Js F l.'.I'E;

05 F “

I & & "N im o 1m i
mlGeV/c'] m[GaV/e’]
=
@
=X PDG PDG
2107} PDG
ﬁ ! @360 o

ICHEPO8 CDF

(43x 1077 7}

102

Emsm fb-1
@ms_u b1
@m it

Belle preliminary

DY p+p_ D ete~ DV E:tlf.l-:F

| channel events  bg
ot 1t | 2| 3.140.1
ete” 10| 1.7+0.2
et | 3126402

¢E=E_E=i,._.5r:
e
+
N
|

m

'I.E 'l.'DI- 1.88 e

m[:;-w.:‘]

New, best upper limits for
leptonic decays of DO

90% CL upper limit Belle preliminary

B(D° — ptpu) <1.4x1077
B(D’ — ete™) < 7.9x107°
B(D® — pFeF) <2.6x 1077

DO mixing and other charm 17
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%18@ - ——data KsK
=16000 [__1signal
- B D*— K+
§1m - random
17112000 [

Preliminary

1821841986188 19 192194196188 2
M{K_K'} (GeV.

2 C Preliminary First seen (@ Belle
im ;_KS'IT
ool 1 3
25000 E:'i
- 1000
20000
- foaieet MK o) (i
15000 [ Isignal
10000 Bl D~ KK
- S random
5000/ o~ |
Z2MMNMIHIIIIIIDNDGG

182184186188 19 192194196198 2
M(K ") (GeV.

02

sWelh o
ZNOIT™

look for ratios of CS to CF D(i) decays

Preliminary fit yields

Decay modes Yields

DY - KsK™ 100855 + 561

DY - KsK* 204093 + 768

DY - Kegt 566105 4+ 1159

DI — Kgrt 16817 + 448
I nhew best measurements

B(DT — KsK')/B(D" — Kgn)=0.190+0.001+0.002

B(Df — Kgn™)/B(D} — KsK)=0.077+0.002+0.002

Mode PDG2008 CLEO 2009 (%)
B(DY — KgK1)/B(Dt — Kgr™) 0.1891£0.016+0.007 0.199+£0.010
B(Df — Kgn)/B(Df — KsK™) 0.082+0.009+0.002 0.085+0.009

DO mixing and other charm
decays at belle
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Observation of Ds*->K+K+PI-

Motivation:

1) not observed yeft;

2) one can look at the double ratio to test
SU(3) flavor symmetry. LikinNPB 115 117 (2003)

B(Dy — K*K*7x~)B(D" — KFatn™) tanS 6,
B(DFf — K+K-7+)B(DY = K—mtat) 7€

Differences in the phase space cancel in the ratios

SU(3) breaking effects due to resonant intermediate
states in the 3-body violates the equation above

DO mixing and other charm 19
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Observation of Ds*->K+K+PI-

PRL 102 221802 (2009) B(Df — K+*K+n~) B(D* — K+mtn~) 5
( ) B(DF — KT K—nT) BDT = Kntrr) — LT £ 020 tan® 6

double ratio is OK

e
Dt - KTKtn—
events 8
“ ~‘ Tl First observation of

9.1 standard deviation

Branching fraction Belle World average [3]

B(D" — Kt a7) (5.2 0.2 +0.1) X 1074 (6.2 £0.7) X 107*
B(D! - K'K"'7) (L.3=02x0.1)X 1074 29+ 11) x10*

DO mixing and other charm 20
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Conclusions

T W U U W vV WSSy W vV W vV oW

It seems that there is a clear evidence
for no-zero y (DO mixing parameter)

The measurement of x is still a challenge
No evidence of CP violation is observed

The best limits are achieved for leptonic
decays of DO (preliminary)

The most precise branch ratios of
D" - >Ksh+ are obtained (preliminary)

The first Observation of DCSD In
Ds*->K+K+PI-.

DO mixing and other charm 21
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The end
thanks a lot

1

KEKE consists of a linear injector and two 3km-circumference storage rings.

DO mixing and other charm
decays at belle
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Backup

DO mixing and other charm
decays at belle
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Search for DO->L+L-

Particle identification, soft pion tagging for D meson
vertex fit for D(*¥) meson, ¢ = Mmpw«+ — Mpo — M, < 0.02 GEV/CQ
D meson momentum cut: pp«+ > 2.5 GeV/c

maximizing Eff /NUL

€¢¢ : efficiency NUL : Poisson average of FC 90% CL upper limit

Selection

Optimization -
lepton ID, Am, qu Emissj p5*+are used for the optimization

300 300 ¢ 0 | 00 [
_‘_‘-H-‘_h""—-..
250 —/_,_,'_/J! Cor 250 | \ 20 [ L
200 | 200 | i | el
150 | 150 | - 150 [
100 [ 100 | oo b 100
0 E0 + " =0 -
15101820 1830 1840 1850 1560 1370 1830 1890 1900 191 15101320 1850 1840 1550 150 1370 1350 1890 1900 1910 P TN S T T T T T T s 5 4 28 2 4 5 3 W
m-low (MeV) FOM 0 02 04 06 08 1 L2 14 L6 L 2 Emi“ (Ge\i) FOM
(MeV) m-up (MeV) FOM Aq (MeV) FOM
DO mixing and other charm 24
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