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Experiment and dataset
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D°D® mixingin D —» Km decays
3 Measure the time-dependent ratio of the D° - K+~ (wrong-sign) to D° —
K~n™ (right-sign) decay rates

O Tag RS and WS decays through the decay chain D** —» D° (K trnt)r} by
comparing charge of the pion from the D decay with that from the D* decay

"Wrong-sign" D*T — D%z DY — Ktn—
interference: mixing, double Cabibbo-suppression (DCS)
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DCS Rp = AT(DCS)/AT(CF)

1 Take the resolution effect into account in the measurement of mean decay time
of thetagged D’s
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Event yieldsin RS and WS decays

PRL 112, 111801 (2014)
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» Signal: A sum of a Gaussian and a Johnson distribution of common mean

Biometrika 36, 149 (1949)

> Background: An empirical threshold function (x — m,;)%*e~F*~mx)



Observation of D°-D° mixing

=(3.53+0.13) x 1073 PRL 112, 111801 (2014)
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d No mixing hypothesisisruled out at the 5.1 standard deviation (o) level

O Constitutes the first observation of D°-D® mixinginete™ collisions



CP violation in charm decays

Provides an interesting test bed for new physics as the standard model (SM)
predicts avery small asymmetry, owing to

» Large GIM/CKM suppression
» Lack of alarge hierarchy in the down-type quark masses

Typical SM vaue of the order of 10-3 m)»most promising candidates to study
are singly Cabibbo-suppressed (SCS) decays SrassmEn, Kagam and N
PRD 75, 036008 (2007)

While talking about a percentage effect, we need a good control on the SM
predictions, something that isin general lacking in this sector due to long-

distance effects
An example of “short vs. long”
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Further, with D°-D® mixing being firmly established, what about CP violation
(CPV) in the mixing or due to interference between mixing and decay?



Current expectation for direct CP violation

D = f)-1(D° =)

A{i = — X —ac
(D — f)+71(D° — f)
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Acp

r(D° — f) —~T(D" — f)

r(D° — ) +T(D" = f)

JPG 39, 045005 (2012)

: At :
AAcp = Acp(KTK™) — Agp(ntn™) = (1 + ycosgb<t>> Aads + (%) as

T

x=Am/JT,y = Al'/T and ¢ = arg(q/p), where Am and AT’ are the mass and width
difference between two D mass eigenstates, I' istheir average width and (p, g) are the
two complex coefficients that relate mass to flavor eigenstates
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Study of mixing and CPV inD° - Kdn*tr~

Q Determine D°-D° mixing and CPV effects by studying the time-dependent
decay rate of self-conjugated D° —» Kdn*tm~ decays

D e
B

0 Expressing Ar (Af), anplitude of the D° (D°) decay into f = K{n*n~, asa
function of the Dalitz plot variables (m12<§n+' mlz{gn_), the corresponding time-
dependent decay rates are:

=TIt —_— 2 e—l"i ¢
IM(f,6)]* = S{(As* + |22 A7) cosh(T'yt) M(f, )" = S—{(|A7" + |22 A7 [°) cosh(T'yt)
+(1As|* = |22 Afl%) cos(Tat) +(1A71* — [B[2|4;") cos(Tzt)
+23%(§Af¢4f*) sinh(I'yt) — 2%(%Af,4f*) sin(Tzt)} +2R(EA; A7) sinh(Tyt) — 23(2A;AfF") sin(Tzt) }

> T isthe mean decay width of the two mass eigenstates: |D; ,) = p|D°) £ ¢q|D°)
> x and y arethe D°-D° mixing parameters, defined earlier

> p and g are complex coefficients that satisfy |p|? + |q|?* = 1 in case of no CP
violation, whereas possible CPV canleadto 9/, # 1




Mixing and CPV resultsfrom D° —» KJdmtm™

O Time-dependent fit to the Dalitz plot (shown 2 Lifetime of DO
. . ) . S10° _
below together with one of its projections) S =410.31041s
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No CPV x(%) 0.56 &+ 0.19+9-93+0-09 appear in PRD(R)
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l9/p| 0.90105:18+0.0540.06)  Assume no direct CP violation =

—6+ 11+3+3 Ar = Ag for the K™ mode

» 2.5c away from the no-mixing hypothesis
» No evidence for indirect CP violation



Why worry about CPV in D° - 7%7%?

1 Large CP asymmetries expected in the decay for new physics scenarios having
large penguin contributions as well as large chromomagnetic dipole operators

: Cheng and Chiang,
Dx?cay mode Large penguins Large c.d.o. PRD 86, 014014 (2012)
DY — gt 3.96 (4.40) 5.18 (3.70)
D’ — 7’7" 0.93 (1.01) 8.63 (6.19)
... x10°3

[ Large penguin contribution is predicted for D°— 7°1® Bhattacharya, Gronau and
Rosner, PRD 85, 014014 (2012)
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How do we measure CPV in D° —» %797

d Charge of the accompanying “slow” pion in the decay process D** — Dr
determines flavor of the neutral charm meson (whether aD® or aD?)

N(°r°) = 34k

N(K27°) = 467k
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A A_S isdetermined subtracting A, of the “untagged” D® - K~n* decay from

that of the “tagged” D** — D°rnf; D° - K~n* decay 1



CPV resultsfor D° - %7%nd K{n° ¥2

BFLLE

O Agg isan odd function of cos 6*, 8*being the D* polar angle in the center of
mass frame: Apg = 1/, [A%35(cos 8™) — ASQL (—cos 6™)]

A A.p isindependent of kinematicsms Aq-p = 1/, [AS35(cos 6*) + AS2L(—cos 68™)],
where ASSE is already corrected for A7° [0(0.1%)]
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L epton forward-backward asymmetry in B - X £ £~

C(b—slTe™
App = £
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 Contributions from el ectroweak
loop and W* W~ box diagrams

dz?q2 — _SFOmb(l — 8)28 CloRe(Cg + %C7)

» C,, Cyand C,, are the Wilson coefficients representing el ectromagnetic loop,
electroweak vector and axial-vector contributions, respectively

> T, =

2 2
mlvthtSI and s = q?/mg with g2 = m3+,- PRD 75, 034016 (2007)

3 Previously measured by Bellein exclusive decaysviz., B - K®)¢+¢-

d Inclusive Az has a comparatively smaller theory uncertainty

PRL 103, 171801 (2009)
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Semi-inclusive reconstruction of B —» X £ £~

18 exclusive hadronic final stateswith Xg = {K}{nr}, K = K£, K andn =
1...4, where at most one pion can be neutral, and two leptons (£ = e, u)

In case of B®(B?) decays, only self-tagging modes with a K* (K ™) are used

I N I

A\

Event reconstruction using two kinematic variables: M, . and AE

Background suppression based on a neural network and veto the J/y and

Y(2S) regions

To reduce cross-feed from
the modes not used in Azg
measurement (total 8), we
remove them once the best
candidate selection is done

Plotson right are for (a)
XseTe™; cosO > 0, (b)
XseTe™;cosO <0, (c)
Xeutu~; cos8 >0 and
(d) Xqutu=; cos8 <0
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Resultson Ag: B = X7 4~
1.0 e
B S prediction - / 7 ar Xiv:1402.7134
JIY, ¥(2S) veto (e'e” : Z2Lll
7 a1, w(2S) veto (W -

Q Low g?: 1.8¢ away from the SM expectation
0 High g?: consistent with the SM and Az < 0 is excluded at the 2.30 level
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BF and A.p measurement in B® - n'K*(892)°

W~ > Dominant contribution from the
7T~ b — s loop transition
I VAP THCH S N V)
h —= — 5 . .
(QQ,< < 7 » Possible new physics can appear
RO - In the loop
: _ Z K*(892)

0 Previous Belle analysis based on 535x10° BB pairs put a 90% confidence-level
Upper limit B[BY — 1/ K*(892)°] < 2.6 x 10-9| PRD 75, 092002 (2007)

d BABAR claimed asignal at the 4c level and reported
B[BY — 5/ K*(892)°] = [3.170:3(stat.) + 0.30(syst.)] x 1076 PRD 82, 011502 (2010)

[ On the theory front, the branching fraction is predicted to be in the range of

(1.2-6.3)x10°° PRD 75, 054003 (2007)  NPB 675, 333 (2003)

PRD 78, 034011 (2008)  PRD 69, 34001 (2004)
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BF and A, resultsfor B® —» n'K*(892)°

Q Reconstructed fromn’ - nntn~,n - yy and K*(892) » K*n~

0 4D extended maximum likelihood fit comprising M., AE, Cyp (continuum
suppression variable), and cos 0 (cosine of the K* helicity angle)

: o : E Preliminary
=18 -
< 1%F (a) < .. (b)
= 3 12} ' > We measure
2 14f N | 2 10F + 4
2 IEZJ’ ~ gt B(B® — n'K*(892)) = [2.67 5§ (stat) + 0.2(syst)] x 10°°
= g} 5 6f
& = 4 > Condtitutes the first observation
ol 2 prov of the decay (5c significance)
527 ®.
2] o > Acp _is obte_:\i ned by spl i_tti ng the
" : obtained yields according to the
8 .7 51 flavor of the decaying B meson
== = O O/nO -
%30 % 4 [B (B )“-K-I_(K )]
@ 20 @ g Acp = —0.22 4+ 0.29(stat) & 0.03(syst)
10 13
0 0«
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Events / 0.254 GeV/c*

Amplitudeanalysisof B — J/YKn

L ook for possible exotic, charmonium-like resonances in the J /Y system

4D amplitude analysis comprising (Mz,,, M ]Z/W, cos 8, @), where 8 isthe J /i
helicity angle and ¢ is the angle between the two planes containing J /Y (£ €7)

and (Km) systemsin the B rest frame

Resonances. 10 K* resonances and the Z.(4430)* state for the J /Yt system;

additional Z/} states are used for a cross-check

Tried out five spin-parity hypotheses; 0~,1%,17,2%,27 forthe Z}(J¥ = 0% is

forbidden due to parity conservation)

1.2 GeVic' < MY(Kx) < 1.432° GeVPic!
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» Projections of the

J/ym invariant
mass including a
new Z; state along
with the Z.(4430)

Red dashed lines
with the Z.(4430)
only
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Observation of anew statein B = J/YKn

T ——

= —

JP 0 - 7 1T \| 2 o

Width, MeV 71 = 20 220 £ 80 370 £ 61 64 + 18 171 453

Mass, NIeV/C2 4220 + 14 | 4315 +40 |[[4196 4+ 27 \| 4200 =14 | 4203 + 24
8.20

Significance 3.30 2.30 3.90 1.90

R

ad Anew Zfstate[Z,.(4200)"] with J¥ = 1% isfound with 7.20 significance

M = 41961557 MeV/c*, T = 37072100 MeV

Q Other J¥ hypotheses are excluded: 07 (6.70),17(7.70),27(5.20), 2% (7.60)

Q Evidence for the Z.(4430)" at the 4.00 significancelevel Pfas Preliminary

BELLE

B(B° = J/yK~ =) = (1.15 £ 0.01 £ 0.05) x 103

B(B® — J/¢K*(892)) = (1.19 + 0.01 + 0.08) x 103

B(B® — Z.(4430)tK™) x B(Z-(4430)" — J/p7nt) = (5.4T1%H%) x 107°
B(B® — Z.(4200)" K™) x B(Zc(4200)" — J/opmT) = (2.25%0H7%) x 107°
B(Z:(4430)" — (2S)nt)

B(Z:(4430)" — J/¢nT) = 5
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Summary and outlook

1 Though close to five years have passed away since the last datataking, Belle
continues to produce high-quality results

d

A small sample of those are presented here, based on the full data statistics

>

>
>

>

>
>

First observation of D°-D° mixing using D — Km decaysine*e™ collisions
2.50 indication for D°-D° mixing and no sign of CPV inD —» Kdntm™

An order-of-magnitude improvement over the previous result for A.p inthe
D - 7Y decay

1.80 discrepancy with respect to the SM prediction for the lepton forward-
backward asymmetry at low gZ ininclusive B —» X.£1£~ decays

First observation of the b — s penguin decay B —» n'K*(892)°

Observation of another charged charmonium-like statein B — J /YK«

The unique explorations at the intensity frontier will continue with the start of
Bellell

>

Refer to yesterday’stalk by P. Urquijo
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