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Outlook

Brief theory reminder

Charm @ the B-factories

Recent results

— Mixing with time-dependent Dalitz analysis of D0 -> p+ p- p0 @BABAR

— CPV and BR with  D0 -> F/K*/r g  @ Belle

— CPV with  D0 -> Ks Ks  @ Belle

Conclusions



  

3Franco Simonetto CHARM 2016 Bologna

Theory reminder : mixing

Production : flavor eigenstates D0 /D0

Time evolution : mass eigenstates 
|D1,2> = p |D0>±q |D0>

Flavor oscillation :
|<D0 |D0(t)>|2 ∝ [cosh (y t / τ)+cos(xt /τ)]

|<D0 |D0(t)>|2 ∝ [cosh (y t / τ)−cos(xt /τ)]

Mixing parameters :

Γ = (Γ1+Γ2)/2 = 1 /τ
x = (m1−m2)/Γ
y = (Γ1−Γ2)/(Γ1+Γ2)

D1 /D2

}
}
}
}

“UNMIXED”

“MIXED”
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Theory reminder : CPV

Direct :
|A f | = |A (D→ f ) | ≠ | A (D→ f ) | = | A f |

Mixing induced :

Prob (D0→D0) ≠ Prob(D0→D0) ⇔ | q /p | ≠ 1

Interference of the two  in CP eigenstates                  :

λ f =
q
p

A f

A f

= | q
p

A f

A f
| e i(δf +ϕ f )

(f ≡f )

ACP =
|A f |

2−| A f |
2

|A f |
2+| A f |

2
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Standard Model

Short distance:

— light quarks in the loop

— GIM & CKM supressed

Long distance:

— real particles in the loop

— dominant contribution

Large uncertainties in the calculation,  expect

— x , y  ~ 0.5 % , ACP ~ 10-3

Values in excess of ~ 1%  : 

— may be sign of  NEW PHYSICS 
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Status : mixing

Mixing assessed at the B-factories 
in D0 ->Kp transitions

Strong phases : measure effective 
parameters

x ' = x cosδK π+ y sinδK π

y ' = y cosδK π−x sinδK π

5 s
3 s

Then : 

— focus on  phase-free approches

— determine x and y

Phys.Rev.Lett.98:211802,2007
(BABAR Collaboration)
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Status : CPV ?

No positive observation – yet

Where to look ?

Nierste :  

— SCS decays in two pseudoscalar mesons ( D0 -> KsKs ) 

Bigi :

—  “3 & 4-body final states not backup for information from two-body – 
landscapes are very different”

“Charm and Strange, recent results and future perspectives”
(Gagan Mohanty, summary talk at ICHEP 2016 )
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Measurements at B-factories

Extensive study of mixing and CPV in several final states 

(Giulia Casarosa,XIII Int. Conf. on Heavy Quarks and Leptons )

Similar list for Belle
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Charm Physics at the B-factories

Belle :∼1.2⋅109 (e+ e− → c c) events

Babar :∼0.7⋅109 (e+ e− → c c) events
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Results from B-factories

This talk, focus on new results :

D0−D0 mixing with D0→π+ π− π0 decays at BaBar

ACP with D0→K s K s decays at Belle

ACP with D0→ϕ /ρ /K∗γ at Belle Belle Conf 1609
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Common Features

Use D*+ -> p+ D0 decays (and cc)

— very good signal / noise

— soft pion charge tags D0 flavor at 
production time (~ 99% efficient)

Focus on prompt charm

— cut on pD > pthreshold  (~ 2.5 GeV)

apply beam spot constraint in kinematic fits

— improve S/N

— improve proper time resolution 
σt ≃ τD0
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BABAR : Mixing with D0 -> ppp

Common final state to D0 and D0

A f = A (D0 → π+ π− π0)

A f = A (D0 → π+ π− π0)

Assuming CP conservation, D0 and D0 
belong to the same Dalitz plot with:

CP :
— exchange D0 and D0

— exchange p+ and p-

— invert all momenta
CP | π+ ( p⃗1) π

− ( p⃗2) π
0 ( p⃗ 3)> =

= | π− (−⃗p1) π
+ (−⃗p2) π

0 (−⃗p 3)>

A f (s - , s+) = A f (s+ , s-)
s+ =m2(π+ ,π0)

s− =m2(π− ,π0)

Strong phases not an issue anymore
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Mixing with D0 -> ppp

Tight cuts on m(D0), Dm 

— 125 k evts
— 91% purity
Time-dependent analysis across the Dalitz plot
Unbinned maximum likelihood fit to (t, s+, s-)
Blind analysis
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Time function

Direct decay

Through mixing

Interference

Resolution function : sum of three Gaussian
Account for correlations between s(t) and s+, s-  
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Dalitz Analysis

Isobar model

W k : relativistic Breit Wigner
× spin dependent angular factor

× Blatt Weisskopf form factors

Yields Pulls
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Dalitz Analysis

Large pull values nead phase space boundaries
— observed in MC as well
— finite resolution effect causing migration from the edges of the Dalitz plot

Bias from test on MC samples : Δ x = +0.58%
Δ y = −0.05%
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Results :BABAR Collaboration arXiv 1604.00857

x = (1.5±1.2±0.6)%

y = (0.2±0.9±0.5)%
τ(D0) = 410.2±3.8 fs

Output of amplitude analysis Systematic uncertainties
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CPVCPV
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Belle : CPV in D0 -> V g (V=f/K*/r)

SM extensions may enhance ACP to few %

Decay D0 ->r0g  not observed before

BR and ACP  measured w.r.t. normalization samples

A CP
sig = A raw

sig −A raw
norm+A CP

norm
A raw =

N (π+ V γ)−N (π− V γ)
N (π+ V γ)+N (π− V γ)

B sig = Bnorm×
N sig

N norm

×
ϵsig

ϵnorm

Signal Norm. Signal Yield 
PDGPDG
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Belle : CPV in D0 -> V g

Main background : D0 -> V p 0 , with a missed g 

— Neural Network to optimize p0 rejection by removing gg pairs

Tags :

— m(Vg)

— helicity angle qH  

signal ∝ (1−cosθH)2

π0 backg ≃ (cosθH)2
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Belle : CPV in D0 -> V g

ϕγ

κ∗γ

ργ

D0 D0 D0 D0
γ signalred
π0 background green
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CPV in D0 -> V g : results

consistent with BABAR

3.3σwrt BABAR

First observation

Results consistent with no CPV

Statistical errors dominate
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Belle : CPV in D0 -> KsKs

S.M. 95% Upper Limit. for direct CPV : 1.1 % 
(Possible) interference with NP : sizable enhancement 

K 0/K 0 interaction with the detector material

PDG

Normalization : D0 -> Ks p
0

ACP
D0→K s K s = ARAW

D0→K s K s−ARAW
D0→K sπ

0

+A CP
D0→K sπ

0

+A
ϵ
K0 /K0
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Belle : CPV in D0 -> KsKs

D0 D0 D0 D0
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Belle : CPV in D0 -> KsKs

A CP(D0 → K s K s) = (−0.002±1.53±0.17 )%
[Belle CONF-1609]
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Summary (I)

Years after shutdown, B-factories still provide competitive results on charm-
Physics.

I have discussed few brand new results on 

— Mixing in D0 ->ppp (BABAR)  

— CPV (Belle)

 

x = (1.5±1.2±0.6)%
y = (0.2±0.9±0.5)%

ACP (D0 → K s K s) = (−0.002±1.53±0.17 )%
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Summary (II)

Mixing is well established, and being studied in several new channels

... whereas CPV has not yet been observed

However all results are limited by s(STAT)

... paving the way for the super–B factory at BelleTwo
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Backup
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RARE non leptonic DECAY:RARE non leptonic DECAY:

D ->D -> gg gg at Belle at Belle

[PRD 93 (2016) 051102][PRD 93 (2016) 051102]
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Standard Model : B( D0-> gg)  ~  10-8 

D0 -> gg 

MSSM with gluino exchange : B( D0-> gg)  ~  10-6  

Peaking backgrounds :  

— D0-> hh' (h,h' = p0 ,h,KS,L) with unresolved gg

— Use p0 veto and e.m. cluster shape in calorimeter ( E9/E 25 ) 

Signal extraction :  

— 2D fit to m(gg),  Dm
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D0 -> gg

B (D0 → γ γ)<8.5×10−7 @ 90% CL
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The Dalitz Model

Fr ,FD : form factors, use Blatt-Weisskopf
penetration factors  
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Babar : systematic uncertainties 
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Results :

x = (1.5±1.2±0.6)%

y = (0.2±0.9±0.5)%
τ(D0) = 410.2±3.8 fs

WORLD AVERAGEWORLD AVERAGE

BABAR Collaboration arXiv 1604.00857
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