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Outline

• Introduction to the B factories

• Recent results from the B factories

- measurement of the CKM angle γ

• Perspectives on SuperB physics reach

• Conclusions
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PEP-II KEKB

Recorded luminosity ~530 fb-1

Peak luminosity ~12x1033cm-2s-1
Recorded luminosity = ~1.02 ab-1

Peak luminosity ~21x1033cm-2s-1
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B factories - World Record Luminosities

~420 papers ~300 papers

Asymmetric B factories running mostly at the ϒ(4S) 10.58 GeV with 
c.m.s. boosted: βγ=0.55 (PEPII) and βγ=0.425 (KEK).
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The BaBar detector
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Main goal of the B factories
- Verify the Cabibbo-Kobayashi-Maskawa (CKM) mechanism of 

quark mixing and CP violation with 3 generations of quarks. 
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The legacy of the B factories, in one slide
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Before the B factories

-1 -0.5 0 0.5 1

-1

-0.5

0

0.5

1

)+sin(2

sm
dm dm

K

cbV
ubV

-1 -0.5 0 0.5 1

-1

-0.5

0

0.5

1

...and after the B factories

The CKM mechanism is confirmed

Constraints on the Unitarity Triangle
see http://www.utfit.org/

Kobayashi and Maskawa 
awarded half of 2008 N.P.

Winter 2010

See also CKMfitter analysis at 
http://ckmfitter.in2p3.fr/

Nicola Cabibbo



Recent results from the B factories: 
well beyond the original goal
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B factories recent results
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The Observation of the ηb
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The Search for the ηb at BaBar

• Decays of ηb not known ! Search for ηb signal in 
inclusive photon spectrum

– Search for the radiative transition  Y(3S)!γηγηγηγηb(1S)

• In c.m. frame:

– For ηb mass m = 9.4 GeV/c2 ! monochromatic line in    

Eγ spectrum at 911 MeV, i.e. look for a bump near 900 MeV 

in inclusive photon energy spectrum from data taken at the 

Υ(3S)

!s = c.m. energy = m(Y(3S)) 
m = m(ηb)

ηb discovery
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FIG. 7: Regions in the (mH+ , tanβ) parameter space of the 2HDM-II excluded at 95% probability by BR(B → τν), BR(B →
Dτν)/BR(B → D�ν) and BR(B → Xsγ).

mq̃ = [400, 1000] GeV, mg̃ = [400, 1000] GeV. The ex-
pressions of B → τν, Bs → µ+µ− and ∆ms can be found
in Eqs. (3), (11) and (14) of Ref. [32] respectively. The ex-
perimental constraints are ∆ms = 17.77± 0.12 ps−1 [33]
and the upper bound BR(Bs → µ+µ−) < 5.8 × 10−8 at
95% C.L. [34].

In Figs. 8 we show the p.d.f. in the plane (tanβ, mH+)
for µ > 0. For completeness, in Figs. 9 and 10 we present
the corresponding one-dimensional p.d.f. for mH+ and
tanβ. As expected, the constraint from B → τν re-
sembles the one obtained in the 2HDM analysis above
(see Fig. 7). Once the other constraints are included,
however, the region at large tanβ/mH+ is disfavoured.
The combined exclusion region is roughly bounded by a
straight line, giving tanβ < 7.3mH+/(100 GeV) at 95%
probability, with a remarkable similarity to the 2HDM-II
case.

For µ < 0, the constraint from B → τν is less stringent
for large tanβ, see Figs. 11-13. In fact, for µ < 0 and
very large tanβ, the interference with the SM in B →
τν becomes positive. However the combined bound is

more severe than for µ > 0: for mH+ < 1 TeV, there
is an absolute bound on tanβ < 38 with at least 95%
probability, while from the one-dimensional distribution
in Fig. 13 we obtain tanβ < 32 at 95% probability.
For both signs of µ, large values of tanβ for sub-TeV

charged Higgses are strongly disfavoured, including the
fine-tuned region where the SUSY contribution enhances
BR(B → τν) improving the agreement with the experi-
mental average.
From our analysis we also derive the following ranges

for BR(Bs → µ+µ−):

[3, 8]× 10−9 @68% prob. (11)

[2, 26]× 10−9 @95% prob.

for µ > 0, and

[3, 6]× 10−9 @68% prob. (12)

[2, 17]× 10−9 @95% prob.

for µ < 0. These ranges can be compared with the SM
prediction BR(Bs → µ+µ−)SM = (3.7± 0.5)× 10−9.

Limits on New Physics (2HDM-II) 
from B rare decays 6
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• Measurement of the CKM angle γ
- example of a measurement of unexpected success:

‣ a new analysis method proposed in 2003 (Phys.Rev.D68:054018, 2003) allowed 

measuring γ with unexpected precision at B factories.
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B± ! D(*)K(*) 

GLW, ADS and  
D0-Dalitz methods 
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!  from B±!D(*)K(*)± decays 

Color favorite amplitude b!c  Color suppressed amplitude b!u  

f 

f 

"B: relative 
strong phase Crucial parameter for 

sensitivity to  ! : 
(not precisely measured) 

Extraction of. !  from the interference of the decay 
amplitudes                           and   

!  is here 

f = CP modes KK,"",KS"0, KS#, KS$  (GLW) 

f = DCS  doubly-Cabibbo-suppressed decays (ADS) 

f = Three-body (Dalitz plot fit) 

K± D0 

B± 
K±D0 D0!f 

D0! f 
K± f quantum 

interference  

No penguin 

A#$3%

$=|Vus|%
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Distribution of events over 
the D0 Dalitz plot

A(B- ) =  AD(s12, s13)  +rB ei(-!+"B) AD(s13, s12) 

A(B+ ) =  AD (s13, s12)  +rB ei(!+"B) AD(s12, s13) 
CP 

|A(B- )|2 =| AD(s12, s13) |2 + rB
2 | AD(s13, s12) |2 + 

      
             +2rBRe[AD(s12, s13) AD(s13, s12)* e-i(-!+"B)] 

D0 3-body decay → Dalitz plot 
distribution |AD(s12, s13) |2 

!  from interference term 

Extraction of !  with a discrete ambiguity: 

Assuming CP is 
conserved in D decays  

B±
→D(*)K(*) ± Dalitz analysis  

f=KSh+h-!

Theory: PRD63 (2001)036005  
          PRD68 (2003) 054018 
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B±→DK± , D→KSππ Dalitz plots
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Signal event yields

• Signal yields are for sample used in final fit for CP parameters.

• BaBar efficiencies improved substantially (20% to 40% relative)

with respect to previous BaBar measurement (383 MBB).

– Reprocessed dataset with improved track reconstruction.

– Improved particle ID

– Revised Ks selection criteria.

28 ± 6163 ± 17(not updated to 657

MBB)
B± ! DK*±

31 ± 7191 ± 1983 ± 10B± ! D*(D")K±

53 ± 11246 ± 22168 ± 15B± ! D*(D#0)K±

142 ± 14920 ± 35757 ± 30B± ! DK±

BaBar (KsK
+K-)

468 MBB

BaBar (Ks#
+#-)

468 MBB

BELLE (Ks#
+#-)

657 MBB

B decay mode
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B±!D(*)K(*)± Dalitz: analysis samples
BaBar 425 fb-1 

(468 MBB)

BELLE 605 fb-1

 (657 MBB)*

BaBar analysis only

Signal separated from combinatoric background using

and

Continuum (e+e- ! qq) BG rejected using event shape variables

combined in optimal linear combination (Fisher discriminant).

Large B+! D(*)"+ data control sample (rb~0.01, x10 smaller than DK).

Very large, clean sample of flavor-tagged D0 from D*+!D0"+ produced in

continuum (e+e- ! cc) used for D.P. amplitude determination.

*BELLE B!DK* analysis uses 387 MBB.
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B±!DK± : D!Ks"
+"- Dalitz plots

BaBar
preliminary

BaBar
preliminary

Unbinned maximum

likelihood fits.

Probability density functions

in the likelihood depend on
     !E, mes,

     continuum rejection var(s),

     Dalitz plot position.

Interference terms in

intensity proportional to

Fit for x± and y± for each

B decay mode.

preliminary preliminary

s± ≡ m
2

± = m
2(K0

Sh
±)

Dalitz plot variables
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FIG. 3: Dalitz distributions of D → K0
Sπ

+π− decays from
B± → DK± (a,b) data, B± → D∗K± with D∗ → Dπ0 (c,d),
and B± → D∗K± with D∗ → Dγ (e,f), shown separately for
B− (left) and B+ (right) tags.

ference being the free parameters (mass and width) of
the K∗(892)± and ρ(770) states. A modified amplitude,
where the scalar ππ component is described using the
K-matrix approach [23], is used in the estimation of the
systematic error.
The amplitude f for the D0 → K0

Sπ
+π− decay is de-

scribed by a coherent sum of N two-body decay ampli-
tudes and one non-resonant decay amplitude,

f(m2
+,m

2
−) =

N
∑

j=1

aje
iξjAj(m

2
+,m

2
−) + aNRe

iξNR , (2)

where Aj(m2
+,m

2
−) is the matrix element, aj and ξj

are the amplitude and phase of the matrix element,
respectively, of the j-th resonance, and aNR and ξNR

are the amplitude and phase of the non-resonant com-
ponent. The description of the matrix elements fol-
lows Ref. [24]. We use a set of 18 two-body am-
plitudes. These include five Cabibbo-allowed am-
plitudes: K∗(892)+π−, K∗(1410)+π−, K∗

0 (1430)
+π−,

K∗
2 (1430)

+π− and K∗(1680)+π−; their doubly Cabibbo-

suppressed partners; and eight amplitudes with K0
S and

a ππ resonance: K0
Sρ, K0

Sω, K0
Sf0(980), K0

Sf2(1270),
K0

Sf0(1370), K
0
Sρ(1450), K

0
Sσ1 and K0

Sσ2.
We use an unbinned maximum likelihood technique to

fit the Dalitz plot distribution to the model described by
Eq. 2 with efficiency variation, background contributions
and finite momentum resolution taken into account. The
free parameters of the minimization are the amplitudes
aj and phases ξj of the resonances, the amplitude aNR

and phase ξNR of the non-resonant component, and the
masses and widths of the σ1 and σ2 scalars. We also
allow the masses and widths of the K∗(892)+ and ρ(770)
states to float.
The procedures for determining the background den-

sity, the efficiency, and the resolution are the same as in
the previous analyses [12, 14]. The background density
for D0 → K0

Sπ
+π− events is extracted from ∆M side-

bands. The shape of the efficiency over the Dalitz plot,
as well as the invariant mass resolution, is extracted from
the signal Monte-Carlo (MC) simulation.
The fit results are given in Table I. The fit frac-

tion for each mode is defined as the ratio of the in-
tegrals of the squared absolute value of the amplitude
for that mode, and the squared absolute value of the
total amplitude. The fit fractions do not sum up to
unity due to interference effects. The parameters ob-
tained for the σ1 resonance (Mσ1

= (522 ± 6) MeV/c2,
Γσ1

= (453 ± 10) MeV/c2) are similar to those found
by other experiments [25, 26]. The second scalar term
σ2 is introduced to account for a structure observed at
m2

ππ ∼ 1.1GeV2/c4: the fit finds a small but signifi-
cant contribution with Mσ2

= (1033± 7) MeV/c2, Γσ2
=

(88 ± 7) MeV/c2. Allowing the parameters of the dom-
inant K∗(892)+ and ρ(770) resonances to float results
in a significant improvement in the fit quality. We ob-
tain M(K∗(892)) = (893.7±0.1) MeV/c2, Γ(K∗(892)) =
(48.4± 0.2) MeV/c2, M(ρ) = (771.7± 0.7) MeV/c2, and
Γ(ρ) = (136.0± 1.3) MeV/c2.
We perform a χ2 test using 54×54 bins in the region

bounded by m2
± = 0.3 GeV2/c4 and 3.0 GeV2/c4. The

bins with an expected population of less than 50 events
are combined with adjacent ones. We find χ2/ndf = 2.35
for 1065 degrees of freedom (ndf), which is large. We
find that the main features of the Dalitz plot are well-
reproduced, with some significant but numerically small
discrepancies at peaks and dips of the distribution. In
our final results we include a conservative contribution
to the systematic error due to uncertainties in the D0

decay model.

IV. DALITZ PLOT ANALYSIS OF B+
→ D(∗)K+

DECAYS

As in our previous analysis [12] and in analyses car-
ried out by the BaBar collaboration [15, 16], we fit the
Dalitz distributions of the B+ and B− samples sepa-
rately, using Cartesian parameters x± = r± cos(±φ3+ δ)

5

0.5

1

1.5

2

2.5

3

0.5 1 1.5 2 2.5 3
m2

– (GeV2/c4)

m
2 + (

G
eV

2 /c
4 )

(a)

0.5

1

1.5

2

2.5

3

0.5 1 1.5 2 2.5 3
m2

+ (GeV2/c4)

m
2 – (

G
eV

2 /c
4 )

(b)

0.5

1

1.5

2

2.5

3

0.5 1 1.5 2 2.5 3
m2

– (GeV2/c4)

m
2 + (

G
eV

2 /c
4 )

(c)

0.5

1

1.5

2

2.5

3

0.5 1 1.5 2 2.5 3
m2

+ (GeV2/c4)

m
2 – (

G
eV

2 /c
4 )

(d)

0.5

1

1.5

2

2.5

3

0.5 1 1.5 2 2.5 3
m2

– (GeV2/c4)

m
2 + (

G
eV

2 /c
4 )

(e)

0.5

1

1.5

2

2.5

3

0.5 1 1.5 2 2.5 3
m2

+ (GeV2/c4)

m
2 – (

G
eV

2 /c
4 )

(f)

FIG. 3: Dalitz distributions of D → K0
Sπ

+π− decays from
B± → DK± (a,b) data, B± → D∗K± with D∗ → Dπ0 (c,d),
and B± → D∗K± with D∗ → Dγ (e,f), shown separately for
B− (left) and B+ (right) tags.

ference being the free parameters (mass and width) of
the K∗(892)± and ρ(770) states. A modified amplitude,
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B±!DK± : fit results

BaBar
preliminary

BaBar  (  5.7 ± 3.8 ± 0.7 ± 0.6)%

BELLE (10.5 ± 4.7 ± 1.1         )%

x-

BaBar  (  5.9 ± 4.5 ± 0.4 ± 0.6)%

BELLE (17.7 ± 6.0 ± 1.8         )%

BaBar  (-10.2 ± 3.7 ± 0.6 ± 0.7)%

BELLE (-10.7 ± 4.3 ± 1.1         )%

BaBar  ( -1.8 ± 4.7 ± 0.4 ± 0.9)%

BELLE ( -6.7 ± 5.9 ± 1.8         )%

x+

y+

y-

BaBar result is new and still preliminary.

(value ± stat. ± syst. ± model)%

preliminary

Contours are 1 and 2 sigma.13

B±!DK± : fit results

+"

!"
Interference terms in
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B±!D(*)K(*)± Dalitz: Interpretation
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B±!D(*)K(*)± Dalitz: analysis samples
BaBar 425 fb-1 

(468 MBB)

BELLE 605 fb-1

 (657 MBB)*

BaBar analysis only

Signal separated from combinatoric background using

and

Continuum (e+e- ! qq) BG rejected using event shape variables

combined in optimal linear combination (Fisher discriminant).

Large B+! D(*)"+ data control sample (rb~0.01, x10 smaller than DK).

Very large, clean sample of flavor-tagged D0 from D*+!D0"+ produced in

continuum (e+e- ! cc) used for D.P. amplitude determination.

*BELLE B!DK* analysis uses 387 MBB.

B±→D(*)K (*) ± results: interpretation
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Signal event yields

• Signal yields are for sample used in final fit for CP parameters.

• BaBar efficiencies improved substantially (20% to 40% relative)

with respect to previous BaBar measurement (383 MBB).

– Reprocessed dataset with improved track reconstruction.

– Improved particle ID

– Revised Ks selection criteria.

28 ± 6163 ± 17(not updated to 657

MBB)
B± ! DK*±

31 ± 7191 ± 1983 ± 10B± ! D*(D")K±

53 ± 11246 ± 22168 ± 15B± ! D*(D#0)K±

142 ± 14920 ± 35757 ± 30B± ! DK±

BaBar (KsK
+K-)

468 MBB

BaBar (Ks#
+#-)

468 MBB

BELLE (Ks#
+#-)

657 MBB

B decay mode

See O. Long talk at Moriond EW, 2010

arXiv:1003.3360v2



γ determination when 
combining all B±→D(*)K(*)± results
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CKM fitter uses “supremum method”: 
conservative approach but guarantees coverage.

See Karim Trabelsi’s talk at CKM 2008 for details.

- Theoretically clean.
- Statistically limited.
- Model independent approach exists.
- Large improvements using higher statistics                 
data samples at LHCb, SuperB.
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Bayesian interpretation
http://www.utfit.org

γ = (74 ± 11)◦

Frequentist interpretation
http://ckmfitter.in2p3.fr

γ =
(

67
+19
−21

)◦



A perspective on the future

...a different path to New Physics wrt LHC. 

SuperB a very high luminosity Flavor Factory.

17

New Physics
New Physics

LHC
Su

pe
rB



The SuperB path to New Physics

• New Physics (NP) is expected beyond the Standard Model (SM) but the energy 
scale is basically unknown: 1, 10, 100, 1000... TeV?

• Possible scenarios:

1. LHC finds New Physics (very good!) then SuperB can study the flavor 
structure of NP measuring the flavor couplings; 

2. LHC doesn’t find NP: SuperB has the possibility to explore NP scale beyond 
the LHC reach  (up to 10 TeV or more) looking for indirect signals.

• Complementary to LHC:

- sensitive to off diagonal terms of the squarks mixing matrix,  to the flavor 
structure of NP.

- many rare decays are only accessible to SuperB;

- search for NP in tau decays: Lepton Flavor Violation (LFV), CP violation;

- search for CP violation in D decays;

18

See F. Renga talk at this conference



SuperB: at the luminosity frontier

• Detection of the effects of new heavy quanta contributing in loop (tree) 
diagrams requires very precise measurements:

- Statistics greater than 50 ab-1 is necessary to reduce the experimental error below the 
theoretical one for most sensitive analyses.

• SuperB baseline Luminosity: L=1036 cm-2 s-1. Five years of running at  L=1036 
cm-2 s-1 → 75ab-1. A data set almost 2 orders of magnitude larger than present B 
factories.

• possibility of running at Ψ(3770)→DD , Y(5S)→BsBs

• use longitudinal polarized beam (>85%), effective especially for tau physics 

•  above dataset with:

-increased detector hermiticity, improved tracking and PID performance w.r.t. BaBar;

-limited machine backgrounds (beam currents similar to B-factories);

-reasonable electricity costs;

19
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Charm FCNC 

Charm mixing and CP B Physics @ !(4S) 

"  Physics Bs Physics @ !(5S) 

Spectroscopy 



SuperB vs. Super LHCb

21
Preliminary 

Bs time dependent analysis only
accessible to LHCb

Common

Decays with neutrinos, neutrals,  
only accessible to SuperB

- Super LHCb
- Super B

Super LHCb 100 fb-1 vs SuperB 50 ab-1

comparison from F. Muheim



Constraints on NP from            ,  
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,H+

B → τν B → Dτν

Charged Higgs contribution in 2HDM-II

B{ }D

 Regions in the (mH+,tanβ) parameter space  of the 2HDM-II 
excluded at 95% probability by B→τν and B→lν

Regions in the (mH+,tanβ) parameter space  of the 2HDM-II 
excluded at 95% probability by B→Dτν 



Constraints on NP with mass insertions
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! SM ! SM 

50ab-1 10ab-1 

for and 

MSSM with generic squark mass matrices 

(dij
q)AB=SUSY mass  

 insertions parameters 

constraints on (δ13 )LL from          ,     and ∆md β

D. Becirevic, et. al., Nucl.Phys.B634:105-119,2002

ρ̄, η̄

(δijq)AB= SUSY mass 
insertions parameters



CP violation in Charm sector
• Recent evidence of  D mixing  from BaBar, Belle and CDF opens new 

windows to search for New Physics.

• CP violation in charm decays would represent a signal of New Physics.

• The SuperB data sample would allow to improve the sensitivity on CPV 
almost by a factor 10.
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     no CPV point

As today At SuperB
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SuperB will be able to run  both at           and                Υ(4S) Ψ(3770)
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CKM precision measurements
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Parameters UT Fit Today UT fit at SuperB (50 ab-1)

ρ 0.154 ± 0.022 ±0.0028

η 0.342 ± 0.014 ±0.0024

α(o) 92.0 ± 3.4 ±0.45

β(o) 22.0 ± 0.8 ±0.17

γ(o) 65.6 ± 3.3 ±0.38

⎯

⎯

As today At SuperB (with 50 ab-1)

Expected an improvement in sensitivity of 
about an order of magnitude.

Test of CKM mechanism 
better than 1% level precision.



Conclusions
• B factories (BaBar and Belle) confirmed the success 

of the CKM mechanism:

- results well beyond the original physics goal:

‣ discovery of new states, evidence of D0 mixing, sizable constraints on New 
Physics models, many more...

‣ analyses sensitive to New Physics effects are statistically limited.

• SuperB experiment represents an alternative path to 
New Physics wrt LHC program:

- explore NP scale beyond the LHC reach looking for indirect signals.

- study the flavor structure of NP

26

Next SuperB meeting:
XIII SuperB General Meeting - Isola d'Elba from 30 May 2010 to 05 June 2010

http://www.pi.infn.it/bfactory/elba2010.html



Backup Slides
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B factories physics program

• B physics:
- CKM matrix and Unitarity Triangle (UT):

- Rare decays: leptonic decays, radiative decays

- Searches for Standard Model forbidden processes

- Spectroscopy

28

• Charm physics:
- D0 mixing and search for CP violation:

- Rare decays: leptonic decays, radiative decays

- Searches for Standard Model forbidden processes

- Spectroscopy

• Tau physics:
- Searches for lepton flavor violating (LFV) decays

- Lepton universality

• Upsilon(2S), (3S) physics:
- Searches for Standard Model forbidden processes

• Initial State Radiation (ISR)physics:
- Spectroscopy, form factors

Belle published about 
300 papers

BaBar published about 
420 papers
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•             mixing and search for CP violationD
0
− D

0

D
0

D
0

D
0 D

0

,π

,π

• Select D0 candidates from                          events:

‣ “flavor tagged” at production according to the pion charge                             .

‣ “flavor untagged”  4 times statistics wrt  “flavor tagged” sample but with lower purity. 

D
∗+

→ D
0
π

+

e
+
e
−

→ cc
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Flavor mixing occurs when flavor eigenstates differ from 
mass eigenstates: well established phenomena in neutral 
K, Bd, Bs systems.

 Mixing parameters are expressed in terms of x, y 
parameters, proportional to the mass and decay 
width differences of the mass eigenstates:

|D1,2〉 = p|D0〉 ± q|D
0
〉 |q|2 + |p|2 = 1

x =
m1 − m2

Γ
y =

Γ1 − Γ2

2Γ
Γ =

Γ1 + Γ2

2

where
x =

m1 − m2

Γ
y =

Γ1 − Γ2

2Γ
Γ =

Γ1 + Γ2

2; ,

Large theoretical uncertainties on x, y values. In SM expected |x|<10-2, |y|<10-2.
         Observation of large CP violation in                  system   would be evidence of new physics.D

0
− D

0



Mixing in lifetime ratio of the CP-even 
eigenstates  
•  Mixing and CPV will alter the decay time distribution of CP 

eigenstates to exponential with effective lifetimes       :

D0
→ K+K−, π+π− vs K−π+

τ
−

hh
= τ(D

0
→ h

+
h
−)

τ
+
hh

= τ(D0
→ h

+
h
−)

τKπ = τ(D0
→ K

−

π
+)

measured quantities

Mixing and CP violation (CPV) observables

〈τhh〉 =
τ

+

hh
+ τ

−

hh

2
yCP =

τKπ

〈τhh〉
− 1

def.

τ
±

hh
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∆Y =
τKπ

〈τhh〉
Aτ ;

(

∆Y = −
τKπ

〈τhh〉
AΓ

) Aτ =
τ

+
hh

− τ
−

hh

τ
+
hh

+ τ
−

hh

= −AΓ

Mixing:

CPV:

yCP ≡ y ∆Y = AΓ = 0If CP is conserved and



Belle results for CP-even decays: yCP, ΑΓ

Use only D* tagged events
110K evt
98% purity

PRL 98:211803,2007 

Ratio of D0
CP/D0 events varies 

as a function of time due to 
lifetime difference (yCP ≠ 0)

1.2M evt
99% purity

50K evt
92% purity

Evidence of mixing 
at 3.2σ level.

No evidence for CP 
violation

 Using 540 fb-1 of data

32

AΓ ! −∆Y

yCP (%) AΓ(%)

KK 1.25±0.39±0.28 0.15±0.34±0.16

ππ 1.44±0.57±0.42 -0.28±0.52±0.30

KK+ππ 1.31±0.32±0.25 0.01±0.30±0.15
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� 

D0 → K +K −

� 

D 0 → K +K −

� 

D0 →π +π −

� 

D 0 →π +π −

� 

t  (ps)

� 

D0 → K −π +  +c.c.

� 

t  (ps)

� 

t  (ps)

� 

t  (ps)

Kπ  and KK lifetimes differ!

730K evt 99.9% purity 70K evt 99.6% purity

30K evt 98.0% purity

� 

t  (ps)

BaBar results for “tagged” sample



BaBar results for “untagged” sample

KK Kπ

tKK (fs) = 405.85 ± 1.00 (stat.)                  tKπ (fs) = 410.39 ± 0.38 (stat.)      
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BaBar results based on 384 fb-1 of data 
- “Flavor Tagged” analysis:

Evidence of mixing at 3σ level No evidence of CP violation

-  Combined yCP  result: “Tagged” + “Untagged” analysis:
statistically uncorrelated samples, conservatively assuming 100% correlation in systematic errors 

yCP = [ 1.16 ± 0.22 (stat) ± 0.18 (syst) ]% 
Evidence of  mixing at 4.1σ level

PRD 78 011105(R) (2008) 

PRD 80, 071103(R) (2009)
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HFAG average for mixing and CPV parameters

    no mixing point

     no CPV point

no mixing point

no CPV point

Updated averages (CPV allowed) with all available measurements: mostly from B Factories 
(also CDF).

x = (0.976 ± 0.249)%
y = (0.833 ± 0.160)%

|q/p| = 0.866 ± 0.160
φ = -0.148 ± 0.126 rad

Evidence of D0 mixing exceeds 10σ combining all experimental results:
though no single measurement exceeds 5σ. 36


