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(47 Outline

« Motivations:

« The PEP-lIl and KEKB B-factories and the
BaBar and Belle detectors:

> B> X vy, B> X I'l; ——

>B->1tv,B->D"1V;

extra Higgs

> DY mixing and CPV; bosons

> Hadronic efe-
cross-sections and (g-2)u;

extra gauge
bosons

e Conclusions. @ el
This picture is by no
means exhaustive...
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@]’ Motivations

« Many physics processes at the GeV scale can be sensitive to New
Physics at much higher energies;

« New Physics particles can enter in the ¢/ |
loop/box diagrams of SM suppressed S boson | evonpet
processes and modify the ¢ H
observables associated to them;

« Also at tree level, we could
expect Lepton Universality to  Bmesen
break due to the presence of
Higgs-like particles;

K* meson

 These indirect searches are complementary to the direct
searches of New Physics at the LHC;

« Today | will focus only on a few processes on which the BaBar
and Belle Collaborations have recently published results.
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PEP-Il and KEKB

Both Rings Housed in PEF Tunnel
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PEP-Il and KEKB delivered in
total ~1150 fb* at the Y(4S)

1 fb ~ 10° BB pairs
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@]‘ The BaBar and Belle detectors
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The BaBar and Belle detectors are conceptually similar.
They performed reliably and provided:

- high tracking efficiency and momentum resolution;

- excellent vertexing resolution (~150 um);

- great K-t separation capabilities;

- detection of neutral particles from 20 MeV to a few GeV;
- very good p detection and identification performance.
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@]‘ Electroweak penguins

using Sum of Exclusive Decays”,

? “Measurements of Direct CP Asymmetries in B = X_y decays
arXiv:1406.0534 [hep-ex], submitted to PRD

“Measurement of the B - XSK’“K' branching fraction and search
for direct CP violation from a sum of exclusive final states”,
arXiv:1312.5364 [hep-ex], PRL 112, 211802 (2014)

——y Measurement of the Lepton Forward-Backward Asymmetry in
Wamg Inclusive B » X_["/" Decays”,

arXiv:1402.7134 [hep-ex], submitted to PRL
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47 CPasymmetryinB - X_y

- B - X ydecays proceed through
electroweak penguin diagrams;

« The inclusive branching fraction and CP b
asymmetry are precisely predicted in the SM:

B(B — X¢y) = (3.15£0.23) x 10~"| for E > 1.6 GeV PRL98 0aa005 (3007)

dominated by lon M. Benzke et al.
—0.6% < Ail\f,y < 2.8% distance effe%ts J PRL 106, 141801 (2011)

 Scope of the measurement is to verify the SM prediction and constrain
possible deviations to the Wilson Coefficients (short scale physics).

00 . !B and B ! ﬂ
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% 350H Peaking | ....................... A oo ]
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CP asymmetry in B = X vy

« Results:

FEO/B——»(Sy —L'po/p+ o xey

= +(1.7 +1.9 + 1.0)%

Acp =

FEO/B——>X87 T FBO/B+—>X57

. Also the difference of A_, between charged and neutral modes
(SM predicts ~0) is measured:

AAx,y = Aptx.y —Apoox,, = +(5.0 £ 3.9 £ 1.5)%

« This allows to constrain the -

imaginary part of the
Wilson coefficients
corresponding to the
chromo-magnetic dipole
and the electromagnetic
dipole transitions.

CS
I
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(47 B- X I'l
These decays are potentially H X 2 X

sensitive to e.g. SUSY particles 7 ™ ﬂ ﬂ
or extra Higgs bosons. e

$-

b uct s b wuct s b ds b s

 The inclusive branching fraction is measured from a sum of 10
exclusive X_final states with m(X ) < 1.8 GeV ;

. Signal yields are extracted with a ML fit to m__ and a likelihood

ratio L, based on the BDT output that is used to suppress the

combinatorial and continuum background.
Fit example: 0.6 < m(X ) < 1.0 GeV

. S
Signal Enhanced Range: LR >0.8 Signal Enhanced Range: m_ > 5.27 GeV/c?

w A

—— Total PDF
—— Signal

Signal Crossfeed

Events / ( 0.0022 )
Events / (0.0190)

—— BB Bkgd.
udsc Bkgd.

Charmonium Bkgd.

5.23 5.24 5.25 5.26 5.27 5.28 5.29
m, (GeV/c®)
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(47 B- X I'l

« Results:
BB = X, (717) =
(6 73 0 b lstat] o os [exp syst] 4 0.50[model syst]) x 107°

—h
o N
T ' T

good agreement with SM predictions, e.q.
A. Ghinkulov et al. Nucl. Phys. B685, 351 (2004)

o
o (@) ]
T T T T T T T T T T 7 TT]

ee

U

1l

— SM

dB / dg? (10°/ [GeV/c?])

« The 7 self-tagging modes are
used to measure the direct CP

m*(1*1)

L .2I0. L
= @? (GeV/o)

asymmetry (expected to be ~0): & -

0.5

BB — X" )—B(B— XJ40) F
B(B = Xt )+ B(B — X4t0) o

Acp = 0.04 +0.11 + 0.01

Acp =

A .
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() A_inB-X I’

o First measurement of AFB for the inclusive B - XS Il

 The forward-backward asymmetry is defined as:
fqmax de? f dcosf sgn(cosf)—2—  6:angle between the I* (I')

momentum and the B (B)
momentum in the [*] rest frame

dq ch sf

d’T
dgZdcos

AFB(q?nim q?nax) -
02
f max g2 f d cos f———

. 18 hadronic final states are used for the X_system. 10 of them
are used for the A_. measurement:

BY decays B~ decays
(Ks) K~
K~ rt (Kar") K- 7" Kgn™
K7t (Kem~7t) K ntn™ Kgn~r"
K- rtrnt  (Kgrntr") |K 7tn n’  Kinntn™
(K rtn ot 2 ) (Ker nta o (K otr 7tn (Ker atn ")
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) A_inB- X I'l 5

GELLE

- A Is determined from an unbinned ML fit to four (+/-, e/p) Mbc
distributions:
- New Physics could enhance or flip the sign of A__.

[o)}
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(o)}
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€, cos6 >0
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@]‘ B decays to 1's

“Evidence for B = tv with a Hadronic Tagging Method
7 =g Using the Full Data Sample of Belle”,
arXiv:1208.4678 [hep-ex], PRL 110, 131801 (2013)

“Evidence of B = 1v decays with hadronic B tags”,
arXiv:1207.0698 [hep-ex], PRD 88, 031102 (2013)

Implications for Charged Higgs Bosons”,

? “Measurement of an Excess of B » D™ 1v Decays and
arXiv:1303.0571 [hep-ex], PRD 88, 072012 (2013)

—=3 ‘Measurement of B » D™ 1v using full reconstruction tags*,

pvrzl arXiv:0910.4301 [hep-ex]
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@]‘ B - 1V

« B - 1v can be sensitive to the presence b "
of charged Higgs particles;

. . (H",W")
« SM expectation (basedonCKM fit): 2 >~
BE(B _ +0.12 4 Vio
(B-w)= (0.73",) x 10 / y

CKMfitter, EP) C41, 1 (2005)

 Experimental challenge: the measurement can only be done on
the recoil of hadronic (or semileptonic) B decays;

. Four 1 decay channels are considered: e V, Vs UV YV, TV, nn"vT;

. The main discriminating variable is E__ : the sum of the energy

not associated to the hadronic B nor to the 1 decay products
(charged track and m° candidate).
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@]‘ B - 1V

Events / 0.05 GeV

Events / 1 (GeV?/c*)

120

100§ Sub-mode Ngg € (107%) B (107%)
80F TT e vy, 160, 3.0 0.687,7]
607] TT oy 26010 31 1067008
40F T or . 850 18 057000
20, Ty 1471 34 0527072

Combined 6273 11.2  0.72702]

Result:

B(B~ = 7 1,) =[0.721%27 (stat) £ 0.11(syst)] x 107
0.25 |

the significance is 3.00, and the measured
BF is in good agreement with both the SM
and previous measurements.

25 30
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@T B - 1V

g ™ BaBar performed a similar
S Dreco S@MPlE measurement on its full dataset;
=
:::: Decay Mode €;(x10~ ") Signal yield B(x10~%)
15000 3z0um - ™ setvr 2474014 41491 035703
10000 i 7-+ —>/J/+7/D 2454+0.14 129+9.7 1. 12+8 22
=71ty 098+014 17.1£6.2 3.697735
£35 5255 526 5265 527 5275 528 5285 T pty 1353011 240£100 37875
| Mes [GeV] combined 62.1+17.3 183053
>  f
2 300; :
: 0.53 —
8 250 B(BT = rTw) = (1.837 o (stat.) +0.24(syst.)) x 10~
2200
190 Significance: 3.80, ~20 tension with
100; the SM prediction.
50¢
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@]’ B = tv (summary)

—— BABAR hadronic tagging 2013 (1.83*%% +0.24)x10*
-0.49

BABAR semileptonic tagging 2010 y " (1.7 *08+02 90t

-0.80-0.20

(1 54 +0.38 +0.29)x1 0-4
T .0.37-0.31

Belle semileptonic tagging 2010

Belle hadronic tagging 2006 (1,79 *0564046) 4 (4

-0.49-0.52

—— Belle hadronic tagging 2013 ; (0.72 %47 +0.11)x10™*
0.25

- e e

Average before Belle 2013 —— (1.6520.34)x10™

Current average (1.15 40.23)x10™*

SM: Vub measurements | (1,09 40.26)x10™
SM: CKMfitter +0.090y_ 4 ~-4
.-?-| | | (0.739 0070 x10
0 | 2 3
B(B—tv)x10™

Despite the good agreement of Belle's recent hadronic tag
measurement with the SM expectation, the picture has not been
settled yet.

This is definitely a task for the Belle-Il experiment.
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@]‘ B - D%tv

« Also these channels are sensitive to
New Physics from extra Higgs bosons;

« Some of the quantities of interest
(thanks to the fact that many

uncertainties cancel in the ratios) are: q N
(B — DW¥rty,)
R(DU) = _ T _
(D7) T(B— DWity) | =&

Rsm(D) = 0.297 £ 0.017

for which the SM predicts:
Rgm(D*) = 0.252 + 0.03

The analysis is performed on the recoil of fully reconstructed
hadronic B decays;

The signal is extracted from a ML fit to m2miss and the charged
lepton momentum O

IPA 2014 A. Gaz - University of Colorado 18



Events/(0.25 GeV?)

ts/(100 MeV)

Even

200

100

100

50

100

50

« BF's of D" channels consistent

modes:

with previous measurements
and first observation of the D

« The R ratios are higher than
expected from SM:

R(D)exp = 0.440 + 0,072

R(D)sn = 0.297 £ 0.017
2.00

Dte

R(D)exp = 0.332 % 0.030

R(D*)sm = 0.252 +0.003
2.70

02

combined significance 3.20

IPA 2014
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D

@T B - D%tv Vs

GELLE

- Belle has performed a similar analysis (not yet on the full dataset)
on 657 x 10° BB pairs;

« The fit variables are m?  and E L
miss Belle preliminary

40
2 3 2 3
> o 20 * Data z g
é . ] DO @ Dav O] 2
o *
3 = B D ) =
£ 5 20 Wee | g
g 20 i g it
w i

2 0o 2 4 & 8 0 025 05 075 1 2 0 2 4 & 8
M2 e (GeV/ct) ELot (GeV) M2 .. (GeVZch)

Yo > Yo 10 L =
L + Data| & * Data| T T ¢ Data| @
& 30 O Dtv § 20 D*O ] Dtv 8 s - [ Dwv §
bt I W Dw | M Dwv pit r I D -
3 mec | £15 W 5G 3 6f W e | £
§ 20| & g i
w N 10 w 4 N
10; 5 2
0 0 o:
2 o0 2 4 6 8 0 025 05 075 1 2 0 2 4 6 8
Maiss (GeV2/c?) ECoh (GeV) M2, (GeV2ic*)
o _ +0.19 +0.11
RD") = 0-10 215 0s The same kind of
R(E*O o O 47 +0.11 +0.06

—0.10 —0.07 enhancement is seen in
0.22 +40.06

)
R(D™) = 0.48 J_ro,19 _0.05 Belle's data
)

_ +0.14 +4-0.06
= 0.48 —0.12 —-0.04
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@] B - D%tv

 We can interpret these results in view of New Physics models;

« One of the most popular models (especially after the apparent
excess of B = 1v) is type-ll 2HDM:

Experiment
Theory

) 55 -~ o . 1 T00 40 60 80 1000
tanB/m 4+ (GeV 1) M+ (GGV)
 The effects predicted by type-Ill 2HDM are not consistent for the D
and D" modes: this model is basically excluded at the 3o level;

 Other New Physics models (e.g. type-lll 2HDM) seem to have

regions of the parameter space that could explain the excesses
observed better than the SM.
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@]’ Charm mixing and CPV

“Observation of D°—~D° Mixing in e*e~ Collisions*,
el arXiv:1401.3402 [hep-ex], PRL 112, 111801 (2014)

“Measurement of D°—D° Mixing and CP Violation in Two-Body
D® Decays”,

arxiv:1209.3896 [hep-ex], PRD 87, 012004 (2013)

==y “Measurement of D°-D° Mixing and Search for Indirect CP
Mzl VViolation Using D° — K.t Decays”,

arXiv:1404.2412 [hep-ex], PRD 89, 091103 (2014)
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. . : 0 - I>
@]‘ Charm mixing with D” —» Kt e
« D°D° mixing is driven by the parameters: ¢ < N%WW < T
_Am _Ar
X = T - ? l_)o b,S,d A \ b,S,d Do
« The SM cannot make reliable predictions ” R Nm S c

on the values of x and y. CP violation
phenomena at the = 1% level would be an indication of New Physics;

« Charm mixing can be detected by searching for the “wrong sign” (WS)
decays D° » K*rr;

* In order to disentangle WS decays from charm mixing from Doubly
Cabibbo Suppressed (DCS) decays, a time-dependent analysis is needed:

. 2 o 9 R.: ratio of the rates of DCS
R(f/’r) _ FWS(f/T) ~ Rp+ RDyIE L Tty (t> over Cabibbo Favoured (CF)
-

~ ~

rRs(t/T 4 ; decays

I _ : r_ 5 — rsind 0: strong phase difference
v z080 + ysm5 Y Y eos between DCS and CF decays

More details in backup
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@]‘ Charm

The initial flavor of the D%s can be determined

from the charge of

© - 6 | %
2 RS events 21500 -
_ X Hy
= 200 f - ;
S | S i
E f & 2,1000 = ; ;
. I " 500 ~11500
- ] :'L ; WS events
I . [ .
8.12 0.15 \ 14 0.15 ,
AMgs (GeV/c?) AM,5 (GeV/c?)

the pion in D™ - D° 1t

0.005

0.004

M FET T

0 5 10

t/t

> 1o 30 5 Mixing hypothesis favored over the “no
002 " o ; O 20 mixing” at 5.1c level of significance.
f fit lt Lo, CONMTOUDS First observation of D° mixing from a

oo~ ML FESU single measurement at an e*e” collider.
/ R, =(3.53+0.13) x 107
001 nomixing - x'* = (0.09 + 0.22) x 10°°

0007 0 0.001 r 3
y' = (4.6 = 3.4) x 10
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@]’ Charm mixing with two body D° decays ?

« Charm mixing can be probed by measuring the ratio of lifetimes
of D° decays to CP-even and CP-mixed final states;

« D%s are reconstructed in the final states K7 1*, K*K’, t'1t and we

define:
Yop = [T+ 71 1 I partial decay width to Knt
2l N [*: partial decay width of D° to CP-even KK and mt
_|_ T —_ —_
AV = m-r [*: partial decay width of D° to CP-even KK and Tt

21
« D%s are can be tagged using the charge of the ntfrom D™ - D°rt;
« The mixing analysis relies on the measurement of the lifetimes
5, 1, and T
« Direct CP violation is not assumed, but CPV in the interference
between mixing and decay is allowed in the overall fit.
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@]’ Charm mixing with two body D° decays

Entries / ( 60 fs)

1

Pu

Entries / ( 60 fs)

1l

Pu

Entries / ( 6 fs)

Pull

Entries / ( 60 fs)

Entries / ( 60 fs)

Pull

Entries / ( 60 fs)

Pull

Entries / ( 60 fs)

S Results:
yop = [0.72 £ 0.18(stat) £ 0.12(syst)]%
AY = [0.09 = 0.26(stat) + 0.06(syst)]%
e The significance of the “mixing” vs “no

mixing” hypothesis is 3.30.

No evidence of CP violation in the
Interference between mixing and decay

—e—

Is found.

T (fs)

1 1 1 ]
404 406 408 410 412
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o ) _ —7I>
@] Charm mixing in D° - K 1t*rt

« The D® mixing parameters x and y can be extracted from a
time-dependent Dalitz plot analysis of D° —» K T

 The decay rates for D° and D° can be expressed as:

) . S

2 —_— 2 o Tt
M0 = {(!Af! + |22 A7[") cosh(Tyt) M(f,)] = {(yAfy + 2P Af[") cosh(Tyt)
(A" - 14 | !Af! )COS(Fxt) H A - |2 y Al )cos(m)
‘\'2%(;Afu4f ) sinh(T'yt) — 2\9(%A]Fy4f*)SiH(F$t)} +2%(ZAfAf )sinh(Dyt) — Qd(gAfAf‘*)Sin(FfL’t)}
Am Al N, F > F —
X= — y= — s @ S e, Qe
[ 21 E ‘Cj 10° 3 [ Combinatoria
. : . ;&;105_ g
g/p drives CP violation: > :>j1°4§'
la/p| # 1 = CPV in mixing '
arg(g/p) # 0 = CPV in the interference R , 102 BRI .
between miXin and deca 1.82 184 186 188 19 192 0 5 10 15 20
g y . M (GeV/c?) Q (MeV)
It is assumed that there is no direct CPV = Af = A Q = m(D") - m(D°) - m(m)
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@j’ Charm mixing in D° - K o B

OELLE
(7]
o~ 3 P = §
ICI ~o 15000 =
N o - m
® > €
<] c | s
oot — 10000 w
£ g *
a |
S 5000
g =%
[ T S R ! 5 T T ]
9 2 3 % 05 1 15 2 i ty ]
» 4 o Dbttt i A
m?2 (GeV?/c?) m2, (GeV?/c?) JRAR it T ;
. . “2000 0 2000 4000
L i L go000l Proper time (fs)
%15000_— 3
3 S o000 Fit type Parameter Fit result
S 10000/ S +0.03+0.06
3 S 40000f NoCPV (%)  0.56 £ 0.1975 09 Zpn0
2 | 2 +0.0440.03
S 000 - y(%)  0.30+0.1555 05 Zgg
w i L +0.0440.06
M A 10.0440.03
m2 (GeV?/c?) m?2 (GeV?/c?) y(%) (.30 £+ 0-15—0.05 —0.07
+0.16 40.0540.06
|9/l 0.90Z0715 2004 Z0.05

arg(q/p)(°)  —6+ 114377

The “mixing” hypothesis is preferred over the “no mixing” at the 2.50 level.

There is no evidence of CPV in mixing or CPV in the interference between
mixing and decay.
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@]’ Hadronic contributions to (g—2)H

“Precise Measurement of the e*e” - m*rt(y) Cross Section with
the Initial-State Radiation Method at BABAR",

arxiv:1205.2228 [hep-ex], PRD 86, 032013 (2012)

¥
{

“Cross sections for the reactions e*e” - KSKL, KSKLlT+1'[', KSKSn+1T,
KSKSK+K' from events with initial-state radiation”,

arxXiv:1403.7593 [hep-ex], PRD 89, 092002 (2014)

IPA 2014 A. Gaz - University of Colorado 29



@]’ Motivations and theory

 Long standing discrepancy between theory and experiment in

the (g-2)u: E821 Collaboration, PRL 92, 1618102 (2004)
— Experiment:  (g-2) /2 = 11659208.9 (6.3) x 107*°
L = eh ) S Theory: (9_2)“/2 = 11659180.2 (4.9) x 10*°
H = 8%mc ' ! 2 (4
anomalous magnetic moment Discrepancy : (28.7 = 8.0) x 10°

3.60 discrepancy

Most of the uncertainty in the theory prediction comes from the
hadronic contribution:

o

0.0 GeV,
| 9.5 GeV

B 31 Gev
2.0 GeV

u p

“hadronic vacuum polarization”

1.0 GeV
size uncertainty

of the hadronic contribution

Phys. Rept. 447, 1-110 (2009)
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@]‘ The ISR method

~v hard

« The vacuum polarization is
connected to the e*e” -» hadrons
through the optical theorem;

« At the B-factories we can exploit
the initial state radiation (ISR) e
and the large integrated § = M2Y; s=s(1—k), k=E,/Fpeam
luminosity to effectively have a
“scan” at low invariant masses;

A large number of exclusive
final states has been

investigated and more will be
added.

e+

7T+7T—7 0

2
I TT1 IIII ]
B

cross sections, nb
2
h.‘-

—t
T IHIIII! T II|II|T| T IHIIHi W'I.Iilil

!

102

Ecut = 1.8 GeV
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e"e - 1T

in the overall

3 UTOF - KLOE10 ] OLYA  * KLOETO -
E 4+ OLYA * SND — gl = CMD * SND ]
: = CMD 4 DM1 3 8T8 CMD2 4 DM1 T
B * CMD2 * DM2 B KLOEO8 ° BABAR —
Ed + KLOEO8 ° BABAR 3 i
In general good y Average - huersge 3
agreement with the 1w¢ E :
other experiments; - A ] 3 E
15_ 3 _i:‘” -L 3 - Yo 3 _
- Hf *.i. E 600 N .
Some tension with g1 eeonw ff" L#%q—; s00C %%‘%@é
KLOE above the p 05 145 2 25 07 072 074 076 078 08 082 084
mass needs to be \S [GeV] \5 [GeV]
understood;
020 —— S — 0.2 L L L IAI T
. ' ' § P Average g ete st verage
Significant progress $ o1 €€-%" A * KLOEos
3 ERN R 0

T T ]

. 3 E

g : ]

e 3 E

E : :

. = 0.05 -

uncertainty on g “ gl 4 -

e -0 a3 T

(g-2) /2 : o ﬂ e

. . © -0.05 =4 0 =

(discrepancy with &~ "¢ ER | E
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@]‘ Conclusions

« Several years after the end of data-taking, the BaBar and
Belle Collaborations continue to produce physics results;

« These searches, through indirect effects, are
complementary to those at the LHC;

« No unambiguous signs of New Physics have been detected
yet, but several hints in the most recent measurements
deserve further investigation:

>B - DY 1v;
>B-1tvVv(?);
> (9-2) ;

« Enormous progress is expected to come from LHCb and the
upcoming start of the Belle-lIl experiment and from the
other flavor physics experiments.
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47 CPasymmetryinB - X_y

# Final State # Final State

1* BT - Ksn™xy 20 B - Ksnn nhnn
List of exclusive B » X_y 2" B' » K'r’y 21 B = K'nlr n n'y

5 3% B 5> K 1~ 22 B = Kegr™n~ n%7%
modes. 4 B®— Ksn'y 23% BY = Kty
— 0

Those indicated with a * > 5 7 K'm'm" 24 B = Keny

6* BT — Kgm'm 20 BT — Kgnm'y
are used for the A _, 7% Bt o Kta%r0y 26 B - K nde
measurement. 8 B’ Kstin v 27% B - Ktnm vy

9* B’ — K'n w’y 28 B — Kgnr'y

10 B — Ksﬂ'oﬂ'o’)/ 20 BT — K+777T+7T_’Y

11* BY = Kentn nty |30 BT — Kenntn'y

12% Bt > Ktata 7% |31 B = Kgnntn

13* BT — Ksnn’n"y |32 B = Ktnpn n'y

14* B > Ktatn ny |33* BT 5 K"K K’y

15 B » Ken'nTn ™~ 34 B > K"K Kgsv

16* B - KTn~ 7%y 35 BT - KTK Ksn™y

17 Bt - Ktatn ntn (36 BT - KTK K7’y

18 BT = KenTn ntn%y |37* B' - KTK K 7~

19 Bt - Ktatn n%7% (38 B - KK~ Kosn'y
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@]‘ B - 1V

The analysis is validated on the
kinematically similar channel: B> D™ v,

160" < 80
> B o~ -
q,140% x 70;
O 120- o 60- }
S 100 2 50- +
2123} S a0 : H
2 60 +++ E 30, : #
O 40 < 20 gon
> - c -
W 20- ++++++ q>J 100 +++ ++++++ +++
0: L |++\_¢_+\_¢_¢_l-.-—01=+\++ L 0;.&%“& +‘ Y ++\++++q
0 0.5 1 04 -02 0 0.2 04
E.., (GeV) M .. (GeV?c?)
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@]‘ B - 1V

350L %2000 . .

Hadronic = o0 Semileptonic
h i © signal B

signal B © 1600 g
250 2 o

The analysis Is

o validated on doubly
5 tagged B decays
100
50

Y02 06 1 1.4 : e b02 06 1 14 18 22
Hadronic DT, E__ [GeV] Hybrid DT, E = [GeV]
extra extra
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v

B -» D"

TV

Decay mode

Nsignal

R(D™))

B(%)

Significance (o)

BT = DT,
BY - D 71y,
BT = D*0rty,
BY - D*— 71y,

314 £+ 60
177 £ 31
639 £+ 62
245 £+ 27

0.429 £ 0.082 £ 0052
0.469 £ 0.084 £ 0053
0.322 £ 0.032 £ 0022
0.355 £ 0.039 £ 0021

0.99 £0.19£0.13
1.01 £0.18 £ 0.12
1.71£0.174+£0.13
1.74 £ 0.19 £ 0.12

4.7
5.2
9.4
10.4

B — Drtu,
B — D*rtu,

489 + 63
888 £ 63

0.440 £ 0.058 £ 0042
0.332 £ 0.024 £ 0018

1.024+£0.13 £ 0.11
1.76 £0.13 £ 0.12

6.8
13.2
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@]‘ Charm mixing with D° —» K (¥==

BELLE
E < VA < ﬁ
Am Al W
X = — y _—
B 2 l_)o b,S,d A \ b,S,d Do
|14
174 > WV > C
FRS(E/T) ~ |ACF’2€_£ R.: ratio of the rates of DCS
) - /g %4 e i\ ?\ over Cabibbo Favoured (CF)
Fws(t/T) ~ |_ACF’26_? X | Rp++Rpy ; + 1 (;) decays

/ . / : d: strong phase difference
' = xcoso+ Y sin 9 y' = ycoso — xsin 0 between DCS and CF decays

Lf 2
T '

i - D)<

rsl(t/T

:1}/2 + y/2
4
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