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 Goals for Semileptonic B Decay 

 Measurements at LHCb 
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• Cross section of bb production 

 

• Hadronization studies   

» B0, B+, Bs, Λb production fractions 

 

• Semileptonic Asymmetry, as
sl 

 

• Exclusive semileptonic decays  

(Cabibbo favored/Cabibbo suppressed) 

» Composition of inclusive semileptonic width, form 

factors and CKM parameters 

   Phys. Lett. B 694 (2010) 209-216 

  

 

 

 

 Physical Review D 85, 032008 (2012) 

 

 

 

 

 

 

  LHCb-conf-2012-022 



 The LHCb Detector 
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Dedicated precision b-physics experiment 
Covers forward region 
Acceptance: 2 < η < 5 



 LHCb Data Sets 
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2011: 1.0 fb-1 @ √s = 7 TeV 

2012: Already reached goal of 1.5 fb-1 @ √s = 8 TeV! 
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At high multiplicity: 

X resolution: 13.1μm 

Y resolution: 12.5μm 

 Key Elements 

• Great b reconstruction 

» Separation of primary, secondary and tertiary vertices. 

» Precise b-flight direction 

• Excellent momentum, mass and time 

resolutions 

• Good particle identification 
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 b-hadron Production Fractions 
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• Many absolute branching fractions of B- 

and B0 decays have been measured at e+e- 

colliders 

» Enough to measure the ratio of Bs
  production 

to either B- or B0 to perform precise absolute 

Bs branching fraction measurements. 

• Fragmentation processes cannot be 

reliably predicted due to strong dynamics 

in the nonperturbative regime 

» Improvement of knowledge of b production 
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 b-hadron Production Fractions 
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Channel BF(%) Error(%) 

D0
K-π+ 3.89 ± 0.05 1.3 

D+
K-π+π+ 9.14 ± 0.20 2.2 

Ds
+
K-K+π+ 5.50 ± 0.27 4.9 

Λc
+
 pK-π+ 5.0 ± 1.3 26 

Measurement of b-hadron fractions using inclusive B 
semileptonic decays: 
 ƒs/(ƒu+ƒd) and ƒΛb/(ƒu+ƒd) 

   where ƒq ≡ B(b  Bq) 

 
Signal channels: D+Xμν, D0Xμν, Ds

+Xμν, Λc
+Xμν  

 
Get cross feeds, e.g.: 

BsDs
**Xμν with Ds

**→D0K+, D+K0, => must 
measure D0K+Xμν. 

 
Other cross feed channels: 
 D0, D±Kμν (B0,B+,Bs)  
 DsKμν (B0,B+,Bs) 
 D0p(n)μν (B0,B+,Λb)  

Physical Review D 85, 032008 (2012) 
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http://prd.aps.org/abstract/PRD/v85/i3/e032008


 b-hadron Production Fractions: 

 Key idea 

8 

 

ncorr  = corrected yields for detection efficiencies 
          and cross feeds 
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Equality of semileptonic widths assumed and justified by HQET 

arXiv:1105.4574 (hep-ph) 

s 



 Fit Method to Determine Yields 

 

• 2-dimensional fit in ln(IP) and charm mass. 

» “Prompt D” separated from signal (DfB). 

» Fit in bins of Pt (charm-μ) and η. 
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 PLB 694 (2010) 209-216 
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 Fit Results: 

 B+
D0Xμν and B0

D±Xμν  

10 

D+
K-π+π+ 

D0
K-π+ 

Prompt 

Signal 

Combinatorial 
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Physical Review D 85, 032008 (2012) 

http://prd.aps.org/abstract/PRD/v85/i3/e032008


 b-hadron Production Fractions: 

 ƒs/(ƒu+ƒd) 
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LEP: 0.128 ± 0.012 
Tevatron: 0.164 ± 0.026 (HFAG PDG 2012) 

ƒs/(ƒu+ƒd) does not depend on η or Pt(charm-μ ) 
 at this level of statistics over the limited Pt range 
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Physical Review D 85, 032008 (2012) 

http://prd.aps.org/abstract/PRD/v85/i3/e032008


 b-hadron Production Fractions: 

 ƒΛb
/(ƒu+ƒd) 
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CDF: 
Phys. Rev. D 77,072003 (2008) 

 
LEP: 
arXiv:1010.1589 
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Physical Review D 85, 032008 (2012) 

Excluded to 

4σ 

http://prd.aps.org/abstract/PRD/v85/i3/e032008


 CP Violation in B0
s Mixing 
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• Bs time dependent decays are 

governed by 2x2 complex Hamiltonian 

 

 

 

 

 

q = d,s 

arXiv:0904.1869 [hep-ph] 

arXiv:hep-ph/0612167 

•Measurements of mixing induced  

  CP violation in Bs
0  decays are 

  important in probing new physics 

 

•Can show up in flavor asymmetries 

• Off diagonal terms are related to 

important observable quantities 

• Mass differences 

• Width differences 

 

•Also: 
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 First DØ Result 
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DØ’s result with  

dimuon analysis:   

  as
sl = (-0.108±0.72±0.17)% 

  ad
sl = (0.93±0.45±0.14)% 

 

and Ab
sl = (-0.787±0.172±0.093)% 

 

 

 3.9 σ from SM. 



 as
sl at LHCb 
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Measurement is asymmetry between     and           .   
  
Final state included is Ds

+
φ(1020)π+ only. 

  

νμDs


νμDs



 
Production 
asymmetry ~1% 

0
s

0
s B/B

Acceptance integral is small 
in Bs case because of rapid 
oscillations. (~0.2%) 
 

Our measured 

quantity 

LHCb-conf-2012-022 



 The Measurement 

• Measure yields with mass fits 

» Fit D and Ds simultaneously with double Gaussians 

and 2nd order polynomial background. 

» Also fit in 50 muon p-px-py bins to reduce kinematic 

biases. 
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Ds
+ Ds

- 
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LHCb-conf-2012-022 



 

 

 

 

 

 

 

 

•                 selected in events triggered by b-hadron not decaying 

into a      , using only kinematic selections. 

• Used to determine ε(μ+)/ε(μ-) for the muon identification algorithm 

and muon dependent triggers. 

 

  The Measurement (cont’d) 

• Measure detection, trigger and tracking 

efficiencies with calibration samples. 

»     , D*+ 
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 μμJ/ψ
ψJ/
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ψJ/

LHCb-conf-2012-022 



 Pion Efficiency 
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• From D*+ calibration sample 

• Used to measure the momentum 

dependent  efficiency ratios. 

• No momentum dependence found. 

Full Partial 
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[PLB-D-12-00693R1 

http://arxiv.org/pdf/1205.0897.pdf
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 Systematic Uncertainties 
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Small differences 

between opposite 

signs 

K and π probabilities to be identified as a μ 

LHCb-conf-2012-022 



 Measured Result, Ameas 
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Magnet Up 

Preliminary 

Ameas = (0.10±0.41±0.15)% 

 

Magnet Down 

Preliminary 

Ameas = (-0.34±0.35±0.13)% 

 

Average 

Preliminary 

Ameas = (-0.12±0.27±0.10)% 

 

LHCb-conf-2012-022 



 DØ Results 
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• as
sl =(-1.81±0.56)% 

• ad
sl =(-0.22±0.30)% 

 

  

 a
s
s
l 
 

 ad
sl  

arXiv:1207.1769 [hep-ex] 



 LHCb Preliminary Result 

• as
sl = 2Ameas 

 

• as
sl = (-0.24 ± 0.54 ± 0.33)% 

 

• Most precise measurement of 

as
sl   

• In agreement with Standard 

Model’s prediction  

(Lenz, arXiv:1205.1444) 

» as
sl = (0.0019 ± 0.0003)% 

» ad
sl = (-0.041 ± 0.0006)% 
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     Towards CKM  

   Parameters Studies 

23 

• Ultimate goal: measure Vcb and Vub in Bs and Λb 

decays 

• On the way: form factor studies and hadron 

mass spectra 

» HQET validation in Bs and Λb semileptonic decays 

• Better modeling of Bs semileptonic decays  

• Understanding the Cabibbo favored 

semileptonic width, may allow Vub 

determination from Bs →K(K*)μν 
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  Bs and Λb Semileptonics  
• BsDsXμν Exclusive 

» Only two final states have been observed 

» Measurements of D(*)K will constrain  

BsDs
**l ν  

• First observation of 

 

• Λb
0
 Λc

+
 Xμ- ν 

» Several exclusive  

measurements exist, 

but no inclusive. 

» Λb
0
 Λc

+
 Xμ- ν form factors 

measured at DELPHI: 

ρ2 = 2.03±0.5±1.0  
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Λc
+
 l

- ν   = (5.0 +1.9 -1.4)% 

 Λc
+
 π

+ π- l- ν  = (5.6 ± 3.1 )% 

 Λc(2595)+ l- ν = (0.6 +0.4 -0.3)% 

 Λc(2625)+ l- ν = (1.1 +0.6 -0.4)% 

PLB 698 (2011) 14-20 νμDB s2

0

s

 *



  How We Infer the  

    Neutrino 4-vector 

Neutrino information and |pB| in semileptonic decays 

can be determined with a two-fold ambiguity. 

 

B direction determined from vertex displacement. 

25 

arXiv:1102.1160 
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 Example of q2 Fits  
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Signal predictions for 
Ds

 and Ds
* based on D 

and D*+ form factors. 
 
Relative fractions 
based on D*/D = 2.42 
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-•- data 

-- Ds
+ 

-- Ds
*+  

-- Ds
**+  

-- background 

-•- data 

-- Λc
+  

-- Λc
+ (2595) 

-- Λc
+ (2625)  

-- background 

νμDB s

0

s

 (*)(**)

νμc
0

b



Λc
+ (2595) / Λc

+ (2625) 

ratio fixed to its 

predicted value. 

Phys. Rev. C 72 035201 (2005) 

Physical Review D 85, 032008 (2012) 

http://prd.aps.org/abstract/PRD/v85/i3/e032008


 Conclusions 
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• Measurement of the b-hadron production 

fractions done to very good precision. 

 

 

 

• Using similar techniques from previous 

measurements, LHCb is able to measure as
sl:  

 

» More data to be added as well as more Ds final states 

• Studies of exclusive semileptonic Bs and Λb 

decays in progress  
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as
sl = (-0.24 ± 0.54 ± 0.33)% 

   /GeVp
ff

f
T

du

Λb 


0.003)0.004(0.03110.1050.0270.0170.404

  (sys.).)0.004(stat0.134 0.012

0.011



 dus ff/f



Thank you! 
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BACKUP 
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 b-hadron production fraction 

 Further Fit Results: 

 Bs
0
Ds

±Xμν and ΛbΛc
±Xμν  

30 

Λc
+
 pK-π+ 

Ds
+
K-K+π+ 

Prompt 

Signal 

Combinatorial 
Λc background 

Alessandra Borgia 10/19/2012 USLUO 2012 

D*+ (2010) background 

Physical Review D 85, 032008 (2012) 

http://prd.aps.org/abstract/PRD/v85/i3/e032008


 Pion Tracking Efficiency Method   

31 

• Data driven method 

• Applied for the first time to measure  
the production asymmetry of Ds

+ – Ds
- 

» Ap = (-0.33 ± 0.22 ± 0.10)% 

 

 

• Method 
» D*+

πs
+ D0, with D0

 K- π+ π+ π- 

» Partially reconstruct decay  
ignoring a π 

• Examine mass difference: 

 

» Fully reconstruct decay 

 

 

»                                      

 

 
 




spartial

sFull
reco

DN

DN
ε




0

0

)()(    KmKmm sprt

)()(    KmKmm sfull
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