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Why hadronic B-decays? 
! Hadronic decays very rich field. 

!   Sensitive to all combinations of: 
—  Cabibbo-favored and Cabibbo-suppressed decays, 
—  Tree-diagrams and loop-diagrams, 
—  Spectator-decays and exchange/annihilation decays, 
—  Color-favored and color-suppressed decays. 

!   Aim: disentangle new physics from hadronic uncertainties. 
—  Requires simultaneous measurements of many decays. 

!   Focus today on modes sensitive to the least known angle γ. 
—  B-→DK- (ADS method) 
—  B0

(s) →h+h’- decays. 
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Angle γ from B-→DK-    
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Cleanest ways to measure γ angle.  Only tree-level amplitudes are involved.  Tiny 
theoretical uncertainties. Exploit interference between the processes: 

b→cus  b→ucs  

Favored  b → c  decay:                           
∼ VcbV*us∼ λ3        

Color Suppressed  b → u decay:               
∼VubV*cs∼  λ3rB e-iδB eiγ        
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Several methods depending on D0 →f and D0→f: GLW  D→ππ/KK, ADS D→Kπ 
suppressed decays, etc. No tagging or time dependent analysis is needed, well suited 
for hadronic environment. 	


CDF already provided results for GLW method in 1fb-1 [PRD81, 031105(2010)]. 
 



ADS  method 
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ADS method [PRL78,3257(1997);PRD63,036005(2001)] uses the B- → D K- decays with D 
reconstructed in D→ K+π- : 

B! "D0K ! " [K +! ! ]K !

B! "D0K ! " [K +! ! ]K !

Color allowed B- → D K-  and Doubly 
Cabibbo Suppressed D0→ K+π- . 

Color suppressed B- → D K-  and 
Cabibbo Favored antiD0→ K+π- . 

between these two amplitudes is crudely given by [9]:

∣

∣

∣

∣

∣

M(B− → K−D0[→ f ])

M(B− → K−D
0
[→ f ])

∣

∣

∣

∣

∣

2

≈

∣

∣

∣

∣

∣

VcbV ∗
us

VubV ∗
cs

∣

∣

∣

∣

∣

2 ∣

∣

∣

∣

a1

a2

∣

∣

∣

∣

2 Br(D0 → f)

Br(D
0
→ f)

≈ (1)

≈
∣

∣

∣

∣

0.22

0.08

∣

∣

∣

∣

2 ∣

∣

∣

∣

1

0.26

∣

∣

∣

∣

2

0.0077 ∼ 1 ,

where M denotes the amplitude for the given process. Here the color-suppressed amplitude

(∼ a2) is reduced with respect to the color-allowed one (∼ a1) by the factor suggested in [10]:

|a2/a1| ≈ 0.26,

and the ratio of CKM elements |Vub/Vcb| ≈ 0.08 was used.

While a naive estimate for the ratio of twice Cabibbo suppressed to Cabibbo-allowed

branching ratio is
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form-factor and decay constant ratios may increase it somewhat. Such a ratio has been

observed by CLEO [11]

Br(D0 → K+π−)

Br(D
0
→ K+π−)

= 0.0077 ± 0.0025 ± 0.0025 ,

whose central value was used in Eq. (1) for the generic ratio.

The balancing of the amplitudes illustrated in Eq. (1) suggests that CP violating effects

in the interference of two amplitudes of this type can be large. Let us define, for a general

final state f , the CP violating partial rate asymmetry:

A(K, f) ≡
Br(B− → K−[f ]) − Br(B+ → K+[f ])

Br(B− → K−[f ]) + Br(B+ → K+[f ])

where the square bracket denotes that the bracketed mode originates from a D0/D
0

decay.

Based on the above argument potentially the largest CP violating asymmetry A(K, f) in

B± decays involving D0 − D
0

interference occurs when f is a doubly Cabibbo suppressed

decay mode of the D0.

3

1 

The two interfering amplitudes are comparable. Large CP violation can be observed.  

B-→DK- →[K+π-]K-  suppressed by factor of about 10-3 wrt favored B-→DK- →[K-π+]K-  

color suppression  



ADS method (cont’d) 

!   Expected large CP asymmetries. 

! Results have to be combined with other methods to 
obtain γ measurement. 

! Observables: 
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RADS (h) =
BR(B! "Dsuph

! )+BR(B+ "Dsuph
+ )

BR(B! "Dfavh
! )+BR(B+ "Dfavh

+ )

AADS (h) =
BR(B! "Dsuph

! )!BR(B+ "Dsuph
+ )

BR(B! "Dsuph
! )+BR(B+ "Dsuph

+ )

h = K or π 
Dfav→K- π+ 
Dsup→K+ π- 

From theory:  RADS(K) = rD
2 + rB

2 + 2rBrD cos(δB+δD) cosγ 
                       AADS(K) = 2rBrD sin(δB+ δD)sinγ/RADS(K) 

δB and δD relative strong 
phases of B and D decays. 

rB =
A(b! u)
A(b! c)

rD =
A(D0 ! K "! + )
A(D0 ! K +! " )



!   Selection is crucial to search for highly 
suppressed signals. 

!   Optimal point chosen using large sample 
of favored decays (same final states). 
—  Maximize the sensitivity for discovery of 

limit setting for an unobserved mode 
[physics/0308063].    

!   Simultaneous Extended Unbinned 
Maximum Likelihood fit on Favored and 
Suppressed modes. 

!   Using masses and particle identification 
(dE/dx) information to determine the 
signal composition. 

B-→DK- ADS analysis 
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Signal region 

]2 mass [GeV/cK
4.8 5.0 5.2 5.4 5.6 5.8

2
Ev

en
ts

 p
er

 1
0 

M
eV

/c

0

5000

10000

15000

20000

 + c.c.-] + - [K - fav
0 D -B

Favored decay

-1 = 7 fb
int

CDF Run II Preliminary L

]2 mass [GeV/cK
4.8 5.0 5.2 5.4 5.6 5.8

2
Ev

en
ts

 p
er

 1
0 

M
eV

/c
0

2000

4000

6000

8000

 + c.c.-] - + [K - sup
0 D -B

Suppressed decay

-1 = 7 fb
int

CDF Run II Preliminary L



!   Selection is crucial to search for highly 
suppressed signals. 
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of favored decays (same final states). 
—  Maximize the sensitivity for discovery of 
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[physics/0308063].     
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B-→DK- ADS analysis 
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Signal region 
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First evidence of B-→DsupK-   
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First Evidence of  B-→DsupK-  signal at hadron collider  (3.2σ level)  

N(B! "DsupK
! )+ N(B+ "DsupK

+ ) = 32±12

N(B! "Dsup!
! )+ N(B+ "Dsup!

+ ) = 55±14
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Physics observables 
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RADS (! ) = [2.8± 0.7(stat)± 0.4(syst)]!10
"3

AADS (! ) = 0.13± 0.25(stat)± 0.02(syst)
RADS (K ) = [22.0±8.6(stat)± 2.6(syst)]!10

"3

AADS (K ) = "0.82± 0.44(stat)± 0.09(syst)

First measurement of AADS and RADS  at hadron collider. They agree with other experiments.   

B-→Dfavπ-  ∼19700ev  
B-→DfavK-   ∼1460 ev 
 
B-→Dsupπ-  ∼55 ev 
B-→DsupK-  ∼32 ev 



Two-body non-leptoninc 
Charmless B-decays 

!   Among the most widely studied processes in 
flavor physics. 

!   Many B0, B0
s (and Λ0

b) channels involving 
similar final states provide crucial  
experimental information to improve 
knowledge of  strong interactions dynamics. 

!   Sensitive to Vub phase, CKM angle γ	



!   Significant contribution from higher-order 
(“penguin”) transitions provides sensitivity 
to NP.  
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B0
(s) →h+h’- at CDF 
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Today 

First evidence for  B0
s →π+π- and first two-sided bound for B0 →K+K-	



B0
s →K+K-	



B0
s →K-π+,            

Λ0
b →pπ-,          

Λ0
b →pK-	



ACP(B0
s →K-π+) 

ACP(Λ0
b →pπ-) 

ACP(Λ0
b →pK-)	





Annihilation topologies 

!   All initial-state quarks undergo a transition. 

!   Not yet observed. Small BR ∼10-7, with large uncertainties. 

!   Uncertainty depends on hard-to-predict hadronic parameters 
—  large source of uncertainty in many other calculations. 
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A challenging analysis 

7/21/11 EPS-HEP 2011 - M.J. Morello 

Despite good mass resolution (∼22 MeV/c2), 
individual modes overlap in a single peak 
(width ∼35 MeV/c2 ) 

Need to determine signal composition with a Likelihood fit, combining 
information from kinematics (mass and momenta) and particle ID (dE/dx).    
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dE/dx: 1.4σ K/π 
power separation for 
track p>2GeV/c.  
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the pairs KK/ππ 
and K+π -/π +K-.	
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B0  → K+π-   ∼ 10.200 ev 
B0

s→ K+K-   ∼ 3.008 ev 
B0 → π+π-    ∼ 2.600 ev 
B0

s→ K- π+  ∼ 760 ev 

6

TABLE I: Yields and significances of rare mode signals. The
first quoted uncertainty is statistical, the second is systematic.

Mode Ns Significance
B0 → K+K− 120 ± 49 ± 42 2.0σ
B0

s → π+π− 94 ± 28 ± 11 3.7σ

butions of positively and negatively charged pions and
kaons, whose fractions are determined by the fit. Pro-
tons are incorporated into the kaon component because
of the low background level. Electrons contribution has
been neglected. Muons are indistinguishable from pions
with the available 10% fractional dE/dx resolution and
are therefore incorporated into the pion component. The
physics background model, instead, allows for indepen-
dent charge averaged contributions of pions and kaons,
whose fractions are determined by the fit.

From the signal fractions returned by the likelihood fit
we calculate the signal yields shown in Table I. The sig-
nificance of each signal is evaluated as the ratio of the
yield observed in data, and its total uncertainty (statis-
tical and systematic) as determined from a simulation
where the size of that signal is set to zero. This evalua-
tion assumes a Gaussian distribution of yield estimates,
supported by the results obtained from repeated fits to
simulated samples. This procedure yields a more accu-
rate measure of significance with respect to the purely
statistical estimate obtained from

√
−2∆ln(L). We ob-

tain significant signal for the B0
s → π+π− mode (3.7σ).

No evidence is found for the B0 → K+K− mode (2.0σ).
Figure 2 shows relative likelihood distributions for these
modes.

To avoid large uncertainties associated with produc-
tion cross sections and absolute reconstruction efficiency,
we measure all branching fractions relative to the B0 →
K+π− mode. A frequentist interval [21] at the 90%
C.L. is quoted for the B0 → K+K− mode. The raw
fractions returned by the fit are corrected for the dif-
ferences in selection efficiencies between different modes,
which do not exceed 10%. These corrections are deter-
mined from detailed detector simulation, with only two
exceptions that are measured from data: the momentum-
averaged relative isolation efficiency between B0

s and
B0, and the difference in efficiency for triggering on
kaons and pions due to the different specific ioniza-
tion in the COT. The first one, 1.00 ± 0.03, is deter-
mined from fully-reconstructed samples of B0

s→ J/ψφ,
and B0→ J/ψK∗0 decays [16]. Only b–hadrons decay-
ing into pairs of charged hadrons are simulated and no
fragmentation products, collision remnants, or pile-up
events are present. The latter is instead determined from
samples of D0 mesons decaying into pairs of charged
hadrons [17], since the specific ionization of decay prod-
ucts is not simulated. We measure the relative branch-
ing fractions B(D0 → π+π−)/B(D0 → K−π+) and

B(D0 → K+K−)/B(D0 → K−π+). The numbers of
events are extracted from the available samples of tagged
D0 → π+π−, D0 → K−π+ and D0 → K+K− decays,
fitting the invariant D∗π mass spectrum [17], while the
reconstruction efficiencies come from the same simulation
used for the measurements described in this Letter. The
observed discrepancy with respect to the world averaged
values of these observables [20], is ascribed to the differ-
ent, non simulated, specific ionization in the COT. The
final corrections result momentum independent, do not
exceed 5%, and are applied as a multiplicative factors to
the final result.
The B0

s → π+π− modes requires a special treatment,
since it contains a superposition of the flavor eigenstates
of the B0

s meson. Its time evolution might differ from the
flavor-specific modes if the width difference ∆Γs between
the B0

s mass eigenstates is significant. The current result
is derived under the assumption that the B0

s → π+π−

mode is dominated by the short-lived B0
s component,

that Γs = Γd, and ∆Γs/Γs = 0.92+0.051
−0.054 [20]. The un-

certainty is included in estimating the overall systematic
uncertainty.
The dominant contributions to the systematic uncer-

tainty is the uncertainty on the dE/dx model, which de-
rives from the the statistical uncertainty of the 48 pa-
rameters used to analitically model the correlated dE/dx
response of the two decay products [16]. It is assessed
by repeating the likelihood fit randomly varying all pa-
rameters in a multi dimensional sphere, centered in the
central value of the parameterization, with a radius corre-
sponding to 1σ of statistical uncertainty. The procedure
was repeated 200 times to statistically sample a sufficient
number of directions in the space of parameters. The re-
sulting systematic uncertainty is given by the standard
deviation of the distribution of the observables of interest
returned from the likelihood fits performed with differ-
ent seeds. Although this approach is conservative, since
correlation between parameters have been neglected, the
uncertainty obtained is still smaller than the quoted sta-
tistical uncertainty. In addition the uncertainty on the
physics background model and the uncertainty on the
relative efficiency corrections play a role too. A system-
atic uncertainty, of the order of 10%, is assessed because
of a fit bias on the estimate of the relative fraction of
the B0 → K+K−. Other contributions come from trig-
ger efficiencies, physics background shape, kinematics, b–
hadron masses and lifetimes, and transverse momentum
shape of the Λ0

b baryon.
The final results are listed in Table II. Absolute

branching fractions are also quoted, by normalizing to
world-average values of production fractions and B(B0 →
K+π−) [20]. The branching fraction measured for the
B0

s → π+π− mode is consistent with the previous upper
limit (< 1.2× 10−6 at 90% C.L.), based on a subsample
of the current data [3]. This agrees with the prediction in
Ref. [8] and in Ref. [22] within the pQCD approach. It is

First evidence for the B0
s→ π+π-   

BR(Bs
0 ! ! +! " ) = [0.57± 0.15(stat)± 0.10(syst)]#10"6

First two sided bound for the B0→ K+K-   
BR(B0 ! K +K " )# [0.05, 0.46]$10"6 @90%CL
BR(B0 ! K +K " ) = [0.23± 0.10(stat)± 0.10(syst)]$10"6

Consistent with previous upper limits from CDF.   
B0

s→ π+π-  in agreement with recent pQCD estimates, 
higher than other predictions.  
B0→ K+K- in agreement with predictions, but large 
theoretical uncertainty on them. 
  



Conclusions 

!   CDF continuing to produce a rich and exciting 
program in heavy flavor physics. 
—  Exciting competition with LHCb, 

—  Complementary to e+e- machines. 

!   Many interesting results will benefit from more data. 
—  Anticipate ∼10fb-1 for analysis  by the end of this year. 

!   Results will continue beyond the end of the Run. 
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Backup 
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Trees and loops for γ measurement  

!   Loops: 
—  Better constraints. 

—  New Physics may enter. 

 

!   Trees: 
—  Less well constrained. 

—  ∼20° uncertainty on γ. 

—  Insensitive to New Physics.  

7/21/11 EPS-HEP 2011 - M.J. Morello 
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Very interesting to compare at high precision the two approaches. 



Fermilab Tevatron 
! pp collisions at 1.96 TeV 

!   Peak luminosity 3.5-4 ×1032cm–2s–1  

!   ∼9 fb–1“good” data on tape per experiment. 

!   End of operation by September 2011. 
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CDFII detector 
!   Central Drift Chamber (δpT/pT ∼ 0.0015 (GeV/c)-1pT ) 

!   Silicon Vertex Detector  (Hadronic Trigger) 

!   Particle identification (dE/dx and TOF) 


