
Semileptonic b decays 
at LHCb

Phillip Urquijo
Syracuse University

On behalf of the LHCb collaboration

CKM Workshop 2010
Working Group II



Phillip Urquijo    CKM 2010

Introduction
• Main goals for semileptonic decay measurements in LHCb:

• Cross section for bb production 

• Hadronisation studies: b (Bd
0/B+/Bs/Λb) fractions

• Exclusive semileptonic decays (Cabibbo favoured/ Cabibbo suppressed):

• Composition of the inclusive semileptonic width, form factors & 
CKM parameters: HQET tests beyond the B0/B+.

• Even Cabibbo suppressed decays are no longer rare at the LHC.

• Semileptonic asymmetry, Afs

@CKM2010:  

b-cross section measurement from semi inclusive b→DoXμ−ν, 
measurements of b→D+/Ds/Λc Xμ− decays, and a first look at neutrino 
reconstruction @ LHCb.
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σ(bb̄) = 284± 20± 49 µb @
√
s = 7 TeV

b Production Characteristics
Gluon-gluon fusion is prominent production 
mechanism. 
If gluons do not have equal momenta,        
system can have significant momentum and 
go forward in the CM. 

All b-hadron species produced
Bd, Bs, Bc, B**, Λb, Σb, Ξb, …

The LHCb Experiment 

!! Advantages of beauty physics at hadron colliders: 

"! High value of bb cross section at LHC: 

 !bb  ! 300 - 500 µb at 7 - 14 TeV  

(e+e- cross section at "(4s) is 1 nb) 

"! Access to all quasi-stable b-flavoured hadrons 

!! The challenge 

"! Multiplicity of tracks (~30 tracks per rapidity unit) 

"! Rate of background events: !inel! 60 mb at #s = 7 TeV!
!! LHCb running conditions: 

"! Luminosity  limited to ~2$1032 cm-2 s-1 by not focusing the beam as much as 

ATLAS and CMS (currently all experiments are at the same conditions)  

"!Maximize the probability of a single interaction per bunch crossing 

At LHC design luminosity pile-up of >20 pp interactions/bunch 

crossing while at LHCb  ~ 0.4 pp interaction/bunch 

"!LHCb will reach nominal luminosity already at the end of 2010 

"! 2fb-1 per nominal year (107s), ~ 1012  bb pairs produced per year 

!"

!"

!"

!"

2 ICHEP, Paris 2010 

Both b-quarks will go 
in the same direction. 

LHCb ICHEP2010
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The LHCb Detector
Muon System

RICH Detectors

Vertex 
Locator 
VELO

CalorimetersTracking 
stations

Proton 
beam

x
Collision 

point

Particle ID

• LHCb deals with overwhelming QCD background with 3-level trigger.
• For semileptonic decays we can trigger as low as pT(muon)~1GeV 

(much lower than Tevatron)
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LHC Performance

Exponential increase 
instantaneous luminosity at 
the LHC since Jan.

Current Luminosity of 
1×1031 cm2s-1

3.2 pb-1 collected by LHCb 
with a 91% data taking 
efficiency (Sep 1)

Jan/Feb June Sep

LHC Fill Number
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B Reconstruction
Fundamental: Vertex reconstruction.

• Separation of primary, secondary, tertiary 
vertices

• Suppresses combinatoric  background

• Measurement of proper decay times

• Precise B-flight direction allows 
reconstruction with neutrinos - 
semileptonic physics

Secondary
Vertices

Tertiary
Vertex
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• Signal: D0 μ− (D0 →K-π+) using tracks which 
form a common vertex. 

• Background from “Prompt” D  separated 
from Signal “DfB” using impact parameter 
(between D0 direction and primary vertex)

• 3nb-1 untriggered, 11 nb-1 triggered:
pT(muon)>1.3GeV: trigger Efficiency ~50 % 
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Figure 1: K−π+ invariant mass for “Prompt” selection criteria in 2.9 nb−1. The curve shows
a fit to a linear background plus double-Gaussian signal function with parameters σ1=7.1±0.6
MeV, σ2/σ1=1.7±0.1, and the fraction of the second Gaussian as 0.40±0.16.
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Figure 2: Natural logarithm of the IP for D0 mesons, with the IP in units of mm (points with
error bars) for the 2.9 nb−1 microbias sample. Background has been subtracted using mass
sidebands. The dashed curve shows the result of the fit to the Prompt component, the dotted
line the Dfb component, and the histogram the sum of the two.

3 Evaluation of the b → D0Xµ−ν yield in microbias267

data268

To enrich our sample of b-hadron decays we use the decay chain b → D0Xµ−ν, D0 →269

K−π+, that has an average efficiency of about 6.5%. We match D0 candidates with tracks270

identified as muons, by ensuring that they penetrate the iron of the MUON system. Right-271

3

~3 nb-1

Prompt

DfB

σbb from b→DoXμ−ν
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Figure 4: Natural logarithm of the D0 IP in the 12.2 nb−1 triggered sample for (a) right-sign
and (b) wrong-sign D0-muon candidate combinations. The dotted curves show the D0 sideband
backgrounds, the thin solid curves the Prompt yields, the dashed curve in (a) the Dfb signal,
and the thick solid curves the totals.

with a D0
signal candidate, but do not satisfy our muon identification criteria. These299

tracks are categorized by their identity as electrons using ECAL, or pions, kaons or protons300

using the RICH. These samples are then multiplied by the relevant fake rates and the301

ln(IP) distributions are examined, resulting in estimates of 2.2±0.4 RS Dfb fakes and302

1.1±0.4 WS Dfb fakes. The b → D0Xτ−ν, τ− → µ−νν rate is (5.3±1.6)% of the muon303

yield [3]. However, the relative efficiency to detect the resulting secondary muon is only304

29% leading to a 1.5% subtraction. The lower efficiency is due to the lower secondary305

muon momentum from τ decay and the finite τ lifetime that causes some events to fail306

the vertex χ2
requirement.307

4 Analysis of the triggered sample308

The trigger imposes a cut of pT > 1.3 GeV on muon candidates. The IP distributions309

for both RS and WS combinations are shown in Fig. 4. We find a total of 195.4±14.9310

RS Dfb, and 8.8±5.1 WS Dfb events. The Prompt contributions are determined to be311

9.3±4.8 RS with 5.3±3.0 WS.312

In order to extract the b cross-section from this data sample we have to make an313

additional correction for the overall η-dependent trigger efficiency. The Monte Carlo314

simulated efficiency is checked using data by studying J/ψ → µ+µ− decays in microbias315

events or those that triggered independently of the single muon trigger. The data show a316

somewhat larger efficiency than the simulation, from 2% at low η rising to 11% at high η.317

We correct for this factor and use the 2% error determined on the correction, to account318

for its uncertainty, that we add to the statistical error of this sample.319

The IP distributions in each η bin in both trigger samples are fit independently to the320

same functions as described above to extract the η-dependent event yields. The yields321

are listed in Table 2. Muon fakes and the τ− contribution are subtracted in the same322

manner as in the microbias sample. In the triggered sample the hadron-to-muon fake323

5

Prompt
SidebandsDfBSidebands

Prompt

RS WS
LHCb
Preliminary

LHCb
Preliminary

DfB

LHCb
Preliminary

IP (no μ 
requirement)
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Signal:
195±15

11 nb-1

Signal:
9±5
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b Cross Section
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Figure 5: σ(pp → HbX) as a function of η for the microbias (×) and triggered (•) samples,
shown displaced from the bin center and the average (+). The data are shown as points with
error bars, the MCFM model as a dashed line, and the CNFMR model as a thick solid line. The
thin upper and lower lines indicate the theoretical uncertainties on the CNFMR model. The
systematic uncertainties in the data are not included.

result changes to (89.6 ± 6.4 ± 15.5) µb. For extrapolation to the full η region, theories406

predict factors of 3.73 (MCFM), and 3.61 (CNFMR), while PYTHIA 6.4 gives 3.77. Using407

a factor of 3.77 for our extrapolation, we find a total bb cross-section of408

σ(pp→ bbX) = (284± 20± 49) µb (4)

based on the LEP fragmentation results; using the Tevatron fragmentation fractions the409

result increases by 19%. The systematic uncertainty does not include any contribution410

relating to the extrapolation over the η range where LHCb has no sensitivity.411

The production of b-flavoured hadrons has been measured in pp collisions in 1.8 and412

1.96 TeV collisions at the Tevatron. The earlier measurements at 1.8 TeV appeared to be413

higher than the NLO theoretical predictions [9]. More recent measurements by the CDF414

collaboration at 1.96 TeV are consistent with the NLO theory [10]. The history has been415

reviewed by Mangano [11]. Here, with a large energy increase to 7 TeV, we find that the416

measured cross-section is consistent with theoretical predictions, both in normalization417

and η-dependent shape.418
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HLT 11 nb-1
 Un-trig. 3 nb-1

Average

Extrapolated to full pseudo rapidity:

To be submitted to PLB

Cross section systematics large due to dependence on absolute normalisation 
i.e. luminosity 10%, tracking efficiency 10%, fragmentation fraction...
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First b-physics 

paper from LHCb

σ(bb̄) = 284± 20± 49 µb @
√
s = 7 TeV
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b→D+/Ds/Λc Xμ−ν

• All Preliminary results for CKM 2010:

• 3-prong studies of  b → D+/Ds/Λc X μ−ν
• ~800 nb-1 sample.

• Single muon triggers used at L0, Hlt1, Hlt2: pT μ>1.3 GeV

Species LEP Z0 fraction % Tevatron fraction %

B- 40.3±0.9 33.3±3.0
B0 40.3±0.9 33.3±3.0
Bs 10.4±0.9 12.1±1.5
Λb 9.1±1.5 21.4±6.8

• In fact there is a Large discrepancy on decay fractions to the different b species 
that must be resolved.
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b→D+Xμν

RS

WS

log(IP)

Use as cross check of Ds
+ studies 

Signal:
28.2±30

Signal: 
3649±82

RS

m(Kππ)

WS

Dfb

Mass SB

Prompt

10

~800 nb-1

Mass SB

Reconstruct D+→Kππ
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~800 nb-1
Inclusive Dalitz phase space selection.
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Λb Semileptonics

Λb
0→Λc

+μ−ν form factors measured at DELPHI: ρ2=2.03±0.5±1.0, some 
Lattice calculations exist.

Several exclusive measurements of 
Λb exist but not inclusive -  infer from 
lifetime.

!"##$%&'()*'+,-./0,12'*&%3'44'566780,9"/':;0-2'<:=2'>?$':@ 1"A&'B

C'D"-E,?'/1&%#-;9

Λc
+ l− ν           = ( 5.0+1.9

−1.4 ) 10−2

Λc
+ π+ π− l− ν   = ( 5.6 ± 3.1 ) 10-2

BR(baryonc →Λc
+)=1

Λc(2595)+ l− ν = ( 6.3+4.0
−3.1 ) 10−3

Λc(2625)+ l− ν  = ( 1.1+0.6
−0.4 ) 10−2

Σc(2455)0 π+ l− ν
Σc(2455)++ π− l− ν

13

bb pairs with uud (from p) and forms Λb B+ which may cause an 
asymmetry in B/B , and Λb/Λb production.

Upper limits from 
tevatron.

http://pdglive.lbl.gov/popupblockdata.brl?nodein=S040R15&inscript=Y&exp=Y&fsizein=1
http://pdglive.lbl.gov/popupblockdata.brl?nodein=S040R15&inscript=Y&exp=Y&fsizein=1
http://pdglive.lbl.gov/popupblockdata.brl?nodein=S040R16&inscript=Y&exp=Y&fsizein=1
http://pdglive.lbl.gov/popupblockdata.brl?nodein=S040R16&inscript=Y&exp=Y&fsizein=1
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Λb
0→Λc

+Xμ−ν 

σ=6.7±0.2 MeV
μ=2284.9±0.2 MeV 

RSRS
Signal

Fake ΛcPrompt

WS

Fake Λc

WS

~800 nb-1

Signal: 
1100 ± 38

14

Reconstruct Λc
+ → p+K-π+ (BR=5.0±1.3%)

Signal: 
3 ± 10

http://pdglive.lbl.gov/popupblockdata.brl?nodein=S033R1&inscript=Y&exp=Y&fsizein=1&dclumpin0=A
http://pdglive.lbl.gov/popupblockdata.brl?nodein=S033R1&inscript=Y&exp=Y&fsizein=1&dclumpin0=A
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Bs→DsXμ−ν Exclusive

Moriond QCD 2007                              Grenier Philippe !

"#$%&'()%$*+,'&,(-*(.'/01'()$),('23('4-5*6'()$),(7

Prior to B-factories:

Ds(1968)+  Ds
*(2112)+  Ds1(2536)+ Ds2(2573)+

BABAR/CLEO reported 2 new states:

(e+e- c )

DsJ
*(2317)+ ( Ds

+ 0): m= (2319.6±0.2±1.4) MeV/c2

DsJ
*(2460)+ ( Ds

*+ 0): m= (2460.2±0.2±0.8) MeV/c2

confirmed by BELLE (also in B decay)

…masses below expectations…

 missing levels 0+ 1+ ?

 c  states ?

 exotic states (molecular/tetaquark)?

Intensive studies at the B-factories, search for:

 neutral partner

 doubly charged ( Ds
+ +)

 decay modes: Ds
+ 0 0, Ds

+

Only state to be observed to 
semileptonic decays D*Kμ−ν

3

mesons Bs, Ds and vector meson D∗

s , we choose V0 =
−0.194 GeV, V0 = −0.34 GeV and V0 = −0.15 GeV.
With the parameters, we obtained the masses: MBs

=
5.3663 GeV, MDs

= 1.9685 GeV and MD∗
s

= 2.1123
GeV. The value of the CKM matrix elements we used in
this paper is: Vcb = 0.0412 [9].
In Fig. 2 and Fig. 3 we show the spectra of the electron

energy for the decays Bs → Dse
+νe and Bs → D∗

se
+νe,

respectively.
Our numerical results of the exclusive semileptonic de-

cay widths for Ds and D∗

s final state are:

Γ(Bs → Dseνe) = (1.27± 0.15)× 10−14 GeV

Γ(Bs → D∗

seνe) = (3.17± 0.39)× 10−14 GeV (7)

Correspondingly, the branching ration of the two de-
cays are:

Br(Bs → Dseνe) = (2.85± 0.35)%

Br(Bs → D∗

seνe) = (7.09± 0.88)% (8)

so these two channels have large branching ratios, and
with two electronic particles in the final states, these two
modes are easy detected in experiment. Our results are
close to the existing theoretical results by Blasi et al [17],
which are Γ(Bs → Dseνe) = (1.35 ± 0.21)× 10−14 GeV
and Γ(Bs → D∗

seνe) = (2.5± 0.1)× 10−14 GeV.

We also use this method to calculate the Bs semilep-
tonic decay to B and B∗, though these modes have a
favor CKM matrix element, Vus = 0.2255 [9], they are
deeply suppressed by phase space. And the decay widths
are:

Γ(Bs → Beνe) = 0.85× 10−20 GeV

Γ(Bs → B∗eνe) = 1.04× 10−21 GeV (9)

with the corresponding branching ratios:

Br(Bs → Beνe) = 0.19× 10−7

Br(Bs → B∗eνe) = 0.23× 10−8 (10)

which are too small to be measured.

In conclusion, we have calculated the decay widths
of the exclusive semileptonic Bs decays to Ds and D∗

s

mesons by means of the instantaneous BS equation
method. We find these two modes have large branching
ratios up to 10% of the full decay width, which consist
with the preliminary result of Belle. But the CKM ma-
trix element favored channels, Bs semileptonic decays to
B and B∗, are suppressed deeply by the phase space and
can not be measured easily.
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Theory predicts Γs(sl)~90% Ds+Ds*+DsJ

Exclusive Bs→DsXμ−ν states have not 
been isolated/observed but the inclusive 
Bs width has been measured by Belle.

arXiv:1003.5576

Ds1
’, Ds2

*  → D(*) K, small Ds
(*)+ n π 

contribution 

Dsj
(*) → Ds

(*)+ n π0/γ

Measurements of D(*)K will constrain Bs→Ds**l−ν
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B direction determined from vertex displacement. 

|pB| in semileptonic decays can be determined with two-fold ambiguity.

Lower |pB| provides better resolution → unfold for bias
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Neutrino Reco. Resolution
Resolution is adequate for sensitivity in q2 for Bs →Ds μ−ν.
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Signal predictions for Ds and Ds
* (→Ds γ/π0)

channels, based on D+ and D*+ form factors

Bs→Ds μ−ν 
Signal MC 
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Very clean signature for CKM studies! 

Constraints from B→D0K μ nu for Ds** & B→Ds* (→Ds γ) μ nu

Cross check with B→D+(→Kππ) X μ nu
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Summary
• First b-physics paper on LHCb using semileptonic B decays for the 

b-cross section.

• We have observed the main components of the b semileptonic 
decay width.

• Provides essential information for b fragmentation fraction 
determination.

• These measurements will be important for a deep understanding of 
the Cabibbo favoured sl width in Bs & other b-hadrons.

• Upon which precision CKM (in Bs and Λb), and ASL 
measurements will be based.

• LHCb resolution and phase space coverage good for CKM studies.
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WGII Lattice Request

• Exclusive semileptonic Bs exclusive decays are not yet 
described on the lattice. 

• Calculations exist for Λb .

• We need form factor normalisation input from lattice for 
high precision interpretations. 

• For both, Cabibbo favoured (Ds/Ds*) and suppressed 
modes(K/K*).
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Systematics

Table 1: Systematic uncertainties.
Source Error (%) Source Error (%)
Luminosity 10.0 Prompt & Dfb shapes 1.4
Tracking efficiency 10.0 B (D0 → K−π+) 1.3
B(b→ D0Xµ−ν) 5.1 D0µ− vertex χ2 cut 1.2
Assumed branching fractions 4.4 Kaon identification 1.2
LEP fragmentation fractions 4.2 Muon fakes 1.0
Generated b pT distribution 3.0 D0 mass cut 1.0
Muon identification 2.5 D0 vertex χ2 cut 0.6
χ2

IP cut 2.5 D0 flight distance cut 0.4
MC statistics 1.5 Pion identification 0.3

Total 17.3%

Since the b → D0Xµ−ν detection efficiency changes with pT, by about a factor of364

four linearly from zero to 12 GeV and then stays flat, the efficiency will not be estimated365

correctly if the Monte Carlo generator does not accurately simulate the pT distribution.366

We investigate this possible efficiency change by examining the difference between the367

measured and simulated summed pT distribution of the D0 plus muon. They are consis-368

tent, and an uncertainty of 3% is assigned as the systematic error from considerations of369

how large a difference the data allow.370

Because the detection efficiency is different for D0 mesons that result from B− →371

D(∗)0µ−ν compared to those from other b decays (such as B
0 → D∗+µ−ν, B → D∗∗µ−ν,372

B0
s → D∗∗

s µ−ν, or similarly from Λb), we include an uncertainty due to the precision of our373

knowledge of the branching fractions [3]. By varying these rates within their errors, we374

find an uncertainty of 4.4%. As discussed below, to translate our results on the yields into375

cross-section measurements we assume the fractions for fragmentation into the different376

b hadron species as measured by LEP. Varying these values within their errors gives a377

systematic uncertainty of 4.2%.378

The efficiency of the various selection criteria with respect to simulation has been379

evaluated by changing the cuts. The resulting changes of the yield are small. The D0µ−380

vertex χ2 cut efficiency was cross-checked comparing data and Monte Carlo using Ξ− →381

Λπ− decays. All of the uncertainties considered are listed in Table 1. The total systematic382

uncertainty due to all sources added in quadrature is 17.3%.383

6 Cross-sections and comparison with theory384

The extracted cross-sections are listed in Table 2. The η-dependent cross-section is shown385

in Fig. 5 for both data sets and the average. The agreement between the two data sets is386

excellent.387

We compare with two theories that predict b production cross-sections as a function388

7

• Cross section systematics highly dependent on absolute normalisation (i.e. 
luminosity, tracking efficiency, branching fractions, and fragmentation fraction).
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