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The LHCb detector

optimized for
b-physics

excellent also for
charm physics

unique kinematic
range: 2 < η < 5,

down to pT ≈ 0

excellent vertex resolution (VELO)
particle identification (RICH: π/K /p, ECAL: e/γ, MUON)
trigger: L0 (HCAL,ECAL,MUON: high pT e/γ/hadron/µ)
HLT1 (s/w: L0 confirmation + impact parameter cuts)
HLT2 (software: global event reconstr. & selection)
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LHCb and heavy quark physics

LHCb physics program:
precise measurements of CP violation and rare decays
with first data measure for charm & beauty:

first CP violation and rare decay measurements
cross sections and polarizations
fragmentation fractions
look for/confirm new resonances
tune MC generators

this talk covers these subjects
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Open charm cross sections

prompt1 open charm production in bins of transverse
momentum pT < 8 GeV/c, rapidity 2 < y < 4.5
1.8 nb−1, micro bias trigger (VELO track segment,
100 % efficient)
secondary charm: D from decay of long-lived particles
secondary fraction from D impact parameter (IP)
distribution
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Results for D0 → K−π+ + cc
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Results for D+ → K−π+π+ + cc
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Results for D∗+ → π+D0(K−π+) + cc
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Results for D+
s → φ(K−K +)π+ + cc
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Figure 8: Measured D+
s cross-sections compared to theoretical prediction. Data are shown

as a function of y integrated over 0 < pT < 8 GeV/c (left) and as a function of pT

integrated over 2 < y < 4.5 (right). Measurements with an uncertainty larger than 100%
are not shown. The error bars show statistical and uncorrelated systematics added in
quadrature. In addition, there is a global correlated error of 16%. The shaded areas are
theoretical uncertainties of the predictions by MC et al. [1].
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Figure 9: Measured cross-section ratio σ(D+ + c.c)/σ(D+
s + c.c.). The measurements are

integrated over rapidity in the range 2.0 < y < 4.5. The line shows the average value
obtained by fitting a constant to the data points.

sections. Since primary quarks are always produced in pairs, it follows that σ(cc̄) =
σ(D + D̄)/(2f(c → D)) = C ·σ(D + D̄). Numerical values for the transition probabilities
can be found in the literature [5,7,8]. A compilation is given in Tab. 4. Values are quoted
either for an energy scale in the Υ region or at the Z mass.

A priori, it is not obvious which energy scale is the relevant one for the LHCb mea-

13

σ(D+)

σ(D+
s )

= 2.32± 0.27± 0.26
consistent with (PDG):
f (c→D+)

f (c→D+
s )

= 3.08± 0.70
combining all modes:
pT < 8 GeV/c, 2 < y < 4.5:
σ(pp → Hc)y = 1234± 189µb
extrap.: σ(pp → cc̄)4π = 6100± 934µb
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Quarkonia: ψ(2S), X(3872)

ψ(2S)→ µ+µ−

ψ(2S) yields 2 % of J/ψ(1S)
(Stefano De Capua’s talk)
but: easier to interpret
(direct production dominates)
measure differential cross
section, polarization

.

Markward Britsch (MPIK) Heavy quarks at LHCb 2011-2-17 13 / 34

prompt J/ψ(1S)π+π− .

]2) [MeV/c-π +π ψm(J/
3600 3700 3800 3900

2
E

ve
n

ts
/5

 M
eV

/c

0

1000

2000

3000

4000

5000

]2) [MeV/c-π +π ψm(J/
3600 3700 3800 3900

2
E

ve
n

ts
/5

 M
eV

/c

0

1000

2000

3000

4000

5000

 101±(2S)) = 2991 ψN(
2 0.1 MeV/c± = 2.6 σ

2 0.1 MeV/c±(2S)) = 3685.9 ψm(

 95±N(X(3872)) = 433 
X(3872) mass fixed to PDG value

 = 7 TeV Datas

Preliminary
LHCb

-15 pb

measure X (3872) mass
cross section relative to
ψ(2S)

����
X (3872)

ψ(2S)



Heavy quarks
at LHCb

Markward
Britsch

Introduction

Open charm

Quarkonia

Beauty

Summary

Quarkonia: χc

sensitivity to χc1(1P) and
χc2(2P), if mass res. fixed
cross section ratio to J/ψ(1S)
and σ(χc1)/σ(χc2) in bins of
J/ψ pT (prompt and from b)
→ important to interprete
inclusive J/ψ(1S) correctly
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exclusive quarkonia production:
we see: J/ψ(1S) – photon
pomeron fusion
we see: χc → J/ψ(1S)γ –
double pomeron fusion

Markward Britsch (MPIK) Heavy quarks at LHCb 2011-2-17 14 / 34

12 pb−1



Heavy quarks
at LHCb

Markward
Britsch

Introduction

Open charm

Quarkonia

Beauty

Summary

Quarkonia: Υ

Υ→ µ+µ−, 4 nb−1 Υ→ e+e−, 1 nb−1

measure
cross section times B(Υ→ µ+µ−) in pT and/or y
ratio of cross section between different Υ states
polarization
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b cross section

using detached J/ψ(1S) (see Stefano’s talk)
in the following: using inclusive semileptonic decays:
b → D0Xµ−ν̄, (D0 → K−π+) and charge conjugate (cc)
estimate background prompt D separated by its IP
estimate long lived background from wrong sign events
D0µ+ and cc
measure cross section as function of pseudo rapidity
η = − ln(tan θ

2)
using 15 nb−1: Phys. Letters B 694 (2010) 209
similar: using B0 → D?−µ+νX (LHCb-CONF-2010-012)

!"

# $% #&'(

)

Markward Britsch (MPIK) Heavy quarks at LHCb 2011-2-17 17 / 34



Heavy quarks
at LHCb

Markward
Britsch

Introduction

Open charm

Quarkonia

Beauty

Summary

b cross section, b → D0Xµ−ν̄, (D0 → K−π+)

data (stat. error only):
micro bias triggered (×)
2.9 nb−1

µ-triggered (•)
12.2 nb−1

average (+)

LHCb Collaboration / Physics Letters B 694 (2010) 209–216 213

Fig. 5. σ (pp → Hb X) 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 prediction as a dashed line, and the
FONLL prediction as a thick solid line. The thin upper and lower lines indicate the
theoretical uncertainties on the FONLL prediction. The systematic uncertainties in
the data are not included.

the MSTW8NL parton distribution function (PDF). The FONLL [8]
prediction uses the CTEQ6.5 PDF, and improves the NLO result
with the resummation of pT logarithms up to next-to-leading or-
der. It also includes the b-quark fragmentation into hadrons. The
measured yields are averaged over b-flavoured and b-flavoured
hadrons, Hb , in η intervals:

σ (pp → Hb X)

= # of detected D0µ− and D0µ+ events
2L × efficiency× B(b → D0Xµ−ν)B(D0 → K−π+)

. (1)

Averaging the cross-sections from both samples, and summing
over η, we measure

σ (pp → Hb X) = (75.3± 5.4± 13.0) µb (2)

in the interval 2 < η < 6. The first error is statistical, the sec-
ond systematic. The LEP fragmentation fractions are used for our
central values [9]. Use of these fractions provides internal consis-
tency to our results as B(b → D0Xµ−ν) was also measured at
LEP. The measured value changes if the b-hadron fractions dif-
fer. Fractions have also been measured at the Tevatron, albeit
with large uncertainties [9]. The largest change with respect to
LEP is that the b-baryon percentage rises from (9.1 ± 1.5)% to
(21.4 ± 6.8)%. If the Tevatron fractions are used, our result changes
to (89.6 ± 6.4 ± 15.5) µb.

6. Conclusions

The cross-section to produce b-flavoured hadrons is measured
to be

σ (pp → Hb X) = (75.3± 5.4± 13.0) µb (3)

in the pseudorapidity interval 2 < η < 6 over the entire range of
pT assuming the LEP fractions for fragmentation into b-flavoured
hadrons. For extrapolation to the full η region, theories predict
factors of 3.73 (MCFM), and 3.61 (FONLL), while PYTHIA 6.4 gives
3.77. Using a factor of 3.77 for our extrapolation, we find a total bb
cross-section of

σ (pp → bbX) = (284± 20± 49) µb (4)

based on the LEP fragmentation results; using the Tevatron frag-
mentation fractions the result increases by 19%. The quoted sys-
tematic uncertainty does not include any contribution relating to
the extrapolation over the η range where LHCb has no sensitivity.

The production of b-flavoured hadrons has been measured in
pp collisions in 1.8 and 1.96 TeV collisions at the Tevatron. The
earlier measurements at 1.8 TeV appeared to be higher than the
NLO theoretical predictions [10]. More recent measurements by
the CDF Collaboration at 1.96 TeV are consistent with the NLO the-
ory [11]. The history has been reviewed by Mangano [12]. Here,
with a large energy increase to 7 TeV, we find that the measured
cross-section is consistent with theoretical predictions, both in nor-
malization and η-dependent shape.
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comparison with:
MCFM: NLO with a PDF MSTW8NL (http://mcfm.fnal.gov/)

FONLL: CTEQ6.5 PDF, NLO with next to leading log
correction, includes b-hadronization (Cacciari et al.)

integrated cross section:
σ(pp → Hb)η = (75.3± 5.4± 13.0)µb in 2 < η < 6
agrees with other results
σ(pp → bb̄)4π = (284± 20± 49)µb in 4π
LEP fragmentation fractions used (+19 % if Tevatron fb)
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b-hadronization fractions

fragmentation fractions are important, see above
to measure absolute branching fractions of Bs, use
normalization by B

0
+ B− decays→ need fs

fu+fd
method similar to above, now using final states
D0Xµ−ν̄, D+Xµ−ν̄, D+

s Xµ−ν̄
using dominant semileptonic decay modes, e.g.:
B

0
s → D+

s . . . , B
0 → D0 . . . , correct for cross feeds, e.g.,

B
0 → D+

s . . . , B
0
s → D0 . . .

correct for D & B branching ratios (ΓSL(Bs) = ΓSL(Bu/d ))
use 3 pb−1, µ-trigger

fs
fu + fd

=
N(B

0
s)

N(B
0

+ B−)
=

n(B
0
s → DXµ−ν̄)

n(Bd/u → DXµ−ν̄)

τB− + τ
B

0

2τ
B

0
s︸ ︷︷ ︸

B branching
ratio correction
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B
0
s → D0K +Xµ−ν̄, 3 pb−1

Cross feed for B
0 → D0Xµ−ν̄:

B
0
s → D0Xµ−ν̄ through B

0
s → DsJXµ−ν̄, DsJ → D0K +X

Phillip Urquijo    LPCC December 2010

•  D0K+

•  WS Kaon: D0K!

Ds1(2536) ! D*(2007)0 K+ 
                  missed "0 or #

Bs ! D0K+X!"# 3 pb-1

Ds2(2573) ! D0 K+

D0 observed Bs→Ds1(2536)+μν, Ds1(2536)+→D*+ K0  [PRL 102 051801]

Nobody has seen Bs→Ds2(2536)+μν before. We used more data to confirm it.
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ΓPDG < 2.3 MeV

16

DØ observed Bs → Ds1(2536)+µ+ν̄, Ds1(2536)+ → D∗+K 0

(PRL 102 051801)

Bs → Ds2(2573)+µ+ν̄ unseen before, confirm w/ more data
Markward Britsch (MPIK) Heavy quarks at LHCb 2011-2-17 20 / 34
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B
0
s → D0K +Xµ−ν̄, 20 pb−1

using 20 pb−1

8.3σ significance for
Bs → Ds2(2573)+Xµ+ν̄
Discovery!
arXiv:1102.0348,
submitted to
Phys. Lett. B

B(Bs → D∗+s2 Xµ+ν̄)

B(Bs → D+
s1Xµ+ν̄)

= 0.61± 0.14± 0.05

and together with yield from 3 pb−1:
B(Bs→D+

s1Xµ+ν̄)

B(Bs→Xµ+ν̄) = (5.3±1.2±0.4) %, (DØ: = (9.8±3.0) %)
(PRL 102 051801)

B(Bs→D∗+
s2 Xµ+ν̄)

B(Bs→Xµ+ν̄) = (3.2± 1.0± 0.4) %

Markward Britsch (MPIK) Heavy quarks at LHCb 2011-2-17 21 / 34
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Result on fs
fu+fd

fs
fu+fd

= 0.130± 0.004± 0.013
LEP: 0.129± 0.012
Tevatron: 0.18± 0.03 (higher pT threshold, different cross
feed treatment)

B
0
s → D0K +Xµ−ν̄ most important correction

largest systematics: due to this correction and
charm branching ratios’ error
most systematics cancel in ratio

within statistical errors
fs

fu+fd
constant in η

Phillip Urquijo    LPCC December 2010

Cross check
• Within error, 

fragmentation 
fraction constant in 
η.
• Only stat errors 

shown.

peaks are fit in the same way as in the 3 pb−1 data sample. The fit to the D+
s1 yields 155±15

signal events. For the D∗+
s2 we again allow the mass, the width and the number of events to

float in the fit. We find a mass of 2569.6±1.5 MeV, a width of 14.0±4.0 MeV, and a yield
of 82±16 events. These errors are purely statistical. Further study will be needed to quote
systematic errors on the mass and width values. A systematic error of 8% is assigned on
the yield, determined by changing the fit interval and background shape. The previously
measured mass and width values from the PDG are 2572.6±0.9 MeV, and 20±5 MeV [1].
The probability of the background fluctuating to form the D∗+

s2 signal corresponds to 8.3
standard deviations. Note that the D0 collaboration could not observe the D∗+

s2 in their
D∗+Ks search since it decays purely into DK final states.
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FIG. 19. The mass difference (K−π+K+)-(K−π+) added to the known D0 mass for events with

K−π+ invariant masses within ±20 MeV of the D0 mass (black points) semileptonic decays in an

in ≈20 pb−1 data sample. The solid line shows data with an additional K− instead of a K+ and

thus are of wrong sign of charge to come from a single semileptonic decay. The resonant peaks are

each fit a signal Breit-Wigner and linear background.

We measure the branching fractions relative to the B
0
s semileptonic rate as

B(B
0
s → D+

s1Xµ−ν)

B(B
0
s → Xµ−ν)

= (5.0 ± 1.1 ± 0.3)%

B(B
0
s → D∗+

s2 Xµ−ν)

B(B
0
s → Xµ−ν)

= (3.7 ± 1.1 ± 0.4)%, (8)
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b → D0Xµ−ν̄, dN
dη

Phillip Urquijo    LPCC December 2010

b!D0X!" dN/d#

• Background subtracted.

• Uncorrelated errors shown: stat, and systematics (including 
efficiency extrapolation errors).

• Correlated errors are not negligible.
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 ! X 0 Db 
FONLL

background subtracted
errors: statistical and uncorrelated systematics
(correlated errors not negligible)
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Observation of the decay B0
s → J/ψf0(980)

Rf0/φ = Γ(Bs→J/ψf0(980),f0→π+π−)
Γ(Bs→J/ψφ,φ→K +K−) = 0.252+0.046+0.027

−0.032−0.033

predictions between 0.07 and 0.5 [arXiv:1009.4939]

CP analysis w/o angular analysis seems possible

Markward Britsch (MPIK) Heavy quarks at LHCb 2011-2-17 24 / 34

significance: CP violation analysis on
Bs → J/ψφ needs angular analysis
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0

f (980)
0

m(π+π−),
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30 MeV

5200 5300 5400 5500
0

5

10

15

20

25

30

35

40

5200 5300 5400 5500
0

5

10

15

20

25

30

35

40
 = 7 TeV Datas

LHCb

) (MeV)π+π-µ+µm(

E
ve

nt
s/

(5
 M

eV
)

) (MeV)π+π-µ+µm(

(a)

- -
5200 5300 5400 5500

0

5

10

15

20

5200 5300 5400 5500
0

5

10

15

20
) (MeV)-π+π-µ+µm( ) (MeV)-π+π-µ+µm(

(b)

E
ve

nt
s/

(5
 M

eV
)

Figure 4: (a) The invariant mass of J/ψπ+π− combinations when the π+π− pair is required
to be with ±90 MeV of the f0(980) mass. The data have been fit with a signal Gaussian
and several background functions. The thin (red) solid curve shows the signal, the long-
dashed (brown) curve the combinatorial background, the dashed (green) curve the B+ →
J/ψK+(π+) background, the dotted (blue) curve the B0 → J/ψK∗0 background, the
dash-dot curve (purple) the B0 → J/ψπ+π− background, the barely visible dotted curve
(black) the sum of B0

s → J/ψη′ and J/ψφ backgrounds, and the thick-solid (black) curve
the total. (b) The same as above but for like-sign di-pion combinations.

fit likelihood when removing the B0
s signal component, shows that the signal has an

equivalent of 12.8 standard deviations of significance. The like-sign di-pion yield correctly
describes the shape and level of the background below the B0

s signal peak, both in data
and Monte Carlo simulations. There are also 23±9 B0 → J/ψπ+π− events.

Having established a clear signal, we perform certain checks to ascertain if the struc-
ture peaking near 980 MeV is a spin-0 object. Since the B0

s is spinless, when it decays
into a spin-1 J/ψ and a spin-0 f0, the decay angle of the J/ψ should be distributed as
1 − cos2 θJ/ψ, where θJ/ψ is the angle of the µ+ in the J/ψ rest frame with respect to
the B0

s direction. The polarization angle, θf0 , the angle of the π+ in the f0 rest frame

5

33 pb−1

di-µ trigger
wrong sign

B0

B0
s

m(J/ψπ+π−),
|m(ππ)−mf0 | <

90 MeV

arXiv:1102.0206, Submitted to Physics Letters B

33 pb−1

33 pb−1



Heavy quarks
at LHCb

Markward
Britsch

Introduction

Open charm

Quarkonia

Beauty

Summary

. . . and more heavy quark physics . . .
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4 Beauty: cross section and b-hadron fractions
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Summary and outlook

many analyses on heavy flavor ongoing at LHCb
heavy flavor cross sections agree with predictions
σ(pp → cc̄)4π = (6100± 934)µb
σ(pp → bb̄)4π = (284± 20± 49)µb

fs
fu+fd

= 0.130± 0.004± 0.013

discovered and measured relative B: Bs → D∗+s2 Xµ+ν̄

discovered and measured Rf0/φ: Bs → J/ψf0(980)

Ongoing work:
open charm update using 14 nb−1, including Λc

quarkonia analyses

use semileptonics to measure
fΛb

fu+fd
beauty and charm CP violation & rare decays analyses

Markward Britsch (MPIK) Heavy quarks at LHCb 2011-2-17 27 / 34
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Open charm cross sections: raw yields
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Open charm: Systematic errors – varying with
analysis

Correlated systematic errors:
luminosity determination: 10 %
tracking efficiency: correlated 3 % per track
branching ratio error: 1.3 to 5.8 %
peaking background: 0 to 1.6 %

Uncorrelated systematic errors:
cut efficiency correction: 3.4 to 5.4 %
MC statistics: 1 to 10% (high value only at edges)
PID efficiency correction: 1 to 10 %
prompt secondary subtraction: 2 to 4.1 %
fit procedure: 1 to 4.5 %
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Open charm: theory

BAK et al.: B. A. Kniehl, G. Kramer, I. Schienbein, H.
Spiesberger

CTEQ 6.5c0 PDFs
quark to hadron transition probabilities: [T.Ketsch et al.,
Nucl. Phys. B799 (2008) 34–59]

MC et al.: M. Cacciari, S. Frixione, M. Mangano, M.
Nason, G. Ridolf

CTEQ 6.6 PDFs
estimated error due to charm quark mass and
renormalization and factorization scale
we included: quark to hadron transition probabilities as
quoted by DPG from e+e− colliders close to Υ(4S)
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Example: b → D0Xµ−ν̄

Phillip Urquijo    LPCC December 2010
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FIG. 3. The logarithm of the IP distributions for (a) RS and (b) WS D0 candidate combinations

with a muon. The dotted curves show the sideband backgrounds, the small solid curves the Prompt

yields, the dashed curves the Dfb signal, and the large solid curves the totals. The invariant K −π+

mass spectra for RS combinations (c) and WS combinations (d) are also shown.

generated pt spectra for D0 plus µ− in each η interval. There are a substantial number of
events in the low η region at low pt where we have no efficiency. We use a systematic error
for each bin that is the quadrature of the error on the Monte Carlo simulated efficiency due
to statistics and an extrapolation era due to pt dependence that divides the 5% uncertainty
in each bin by the fraction of the sensitive regions. For 2 < η < 2.75 this factor is 2.5 as we
have essentially no efficiency below pt of 4 GeV, while for 2.75 < η < 3.5 its 1.4 as the no
efficiency region is < 2 GeV, and for 3.5 < η < 6.0 its unity as we are fully sensitive.

The resulting η dependent D0Xµ−ν shape, now with systematic errors, is shown in Fig. 11.
We also have plotted the prediction by FONLL [8]. The theory and data have been normal-
ized to have equal areas in the region of 2 < η < 6. In this note we have not attempted
to extract an absolute cross-section. We note that these data are not particularly well de-
scribed by the central value of the theory. The new shape is consistent with our previous
measurements.

IV. ANALYSIS OF THE OTHER DXµ−ν MODES

Here we extract the numbers of events from the other modes. In Fig. 12 we show the
log(IP) and K−π+π+ invariant mass combinations for events with muon candidates. The
extracted numbers of these D+Xµ−ν for the b direction in 2 < η < 6 are listed in Table VI.
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of the sum of the D0 and µ− pt in each indicated η interval.
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peaks are fit in the same way as in the 3 pb−1 data sample. The fit to the D+
s1 yields 155±15

signal events. For the D∗+
s2 we again allow the mass, the width and the number of events to

float in the fit. We find a mass of 2569.6±1.5 MeV, a width of 14.0±4.0 MeV, and a yield
of 82±16 events. These errors are purely statistical. Further study will be needed to quote
systematic errors on the mass and width values. A systematic error of 8% is assigned on
the yield, determined by changing the fit interval and background shape. The previously
measured mass and width values from the PDG are 2572.6±0.9 MeV, and 20±5 MeV [1].
The probability of the background fluctuating to form the D∗+

s2 signal corresponds to 8.3
standard deviations. Note that the D0 collaboration could not observe the D∗+

s2 in their
D∗+Ks search since it decays purely into DK final states.
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FIG. 19. The mass difference (K−π+K+)-(K−π+) added to the known D0 mass for events with

K−π+ invariant masses within ±20 MeV of the D0 mass (black points) semileptonic decays in an

in ≈20 pb−1 data sample. The solid line shows data with an additional K− instead of a K+ and

thus are of wrong sign of charge to come from a single semileptonic decay. The resonant peaks are

each fit a signal Breit-Wigner and linear background.
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measured mass and width values from the PDG are 2572.6±0.9 MeV, and 20±5 MeV [1].
The probability of the background fluctuating to form the D∗+

s2 signal corresponds to 8.3
standard deviations. Note that the D0 collaboration could not observe the D∗+

s2 in their
D∗+Ks search since it decays purely into DK final states.
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K−π+ invariant masses within ±20 MeV of the D0 mass (black points) semileptonic decays in an

in ≈20 pb−1 data sample. The solid line shows data with an additional K− instead of a K+ and

thus are of wrong sign of charge to come from a single semileptonic decay. The resonant peaks are

each fit a signal Breit-Wigner and linear background.
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Bs → DsXµ−ν̄: q2 fit

relative B of Ds/D∗s/D∗∗s
needed to constrain Ds mode
efficiency
use ν reconstruction
D∗s/Ds ratio well predicted, but
D∗∗ fraction highly uncertain

Phillip Urquijo    LPCC December 2010

Bs ! DsX!"#: q2 Fit

APPENDIX A B
0
s → D+

s DETECTION EFFICIENCIES

In B
0
s semileptonic decays to charm the b changes to a c quark, and if a single hadron

is formed it could be a Ds, D∗
s , or D∗∗

s . We have already discussed and measured the case
where a DK combination is produced either via a D∗∗

s or fragmentation. The cases where
Ds, D∗

s , and D∗∗
s (or non-resonant Dsπ0) are produced lead to somewhat different detection

efficiencies, so we need to model these fractions carefully. The efficiencies are listed in
Table VIII.

TABLE VIII. Monte Carlo simulated efficiencies for the different Ds final states in B
0
s semileptonic

decay

Final State Mass (MeV) Efficiency (%)

Ds 1968 1.17±0.02

D∗
s 2112 1.11±0.02

D∗
s0 2317 0.94±0.02

Ds1 2460 0.86±0.01

D′
s1 2536 0.86±0.01

We ascertain the various components by using an analysis that measures the fractions

by first computing the 4-momentum transfer between the B
0
s and Ds (q2) that uses the

measured direction of the B
0
s candidate and momentum and energy conservation to evaluate

the B
0

s momentum.
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FIG. 24. Fits to the q2 distribution of semileptonic decays including a Ds meson. The D∗
s/Ds

ratio has been fixed to 2.34, and the background contribution obtained using data fixed from the

sidebands in the K+K−π+ mass spectrum. The fitted decay fractions are Sideband (Orange), Ds

(Red), D∗
s (Blue), and D∗∗

s (Green).

30

Ds
Ds*
Ds**
BKG

!Efficiency(Bs → DsXμ"ν) =3%.

• Use neutrino reconstruction with B-flight 
information to access decay kinematics. 

• Ds*/Ds ratio well predicted, but D** fraction 
highly uncertain. 

peaks are fit in the same way as in the 3 pb−1 data sample. The fit to the D+
s1 yields 155±15

signal events. For the D∗+
s2 we again allow the mass, the width and the number of events to

float in the fit. We find a mass of 2569.6±1.5 MeV, a width of 14.0±4.0 MeV, and a yield
of 82±16 events. These errors are purely statistical. Further study will be needed to quote
systematic errors on the mass and width values. A systematic error of 8% is assigned on
the yield, determined by changing the fit interval and background shape. The previously
measured mass and width values from the PDG are 2572.6±0.9 MeV, and 20±5 MeV [1].
The probability of the background fluctuating to form the D∗+

s2 signal corresponds to 8.3
standard deviations. Note that the D0 collaboration could not observe the D∗+

s2 in their
D∗+Ks search since it decays purely into DK final states.
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FIG. 19. The mass difference (K−π+K+)-(K−π+) added to the known D0 mass for events with

K−π+ invariant masses within ±20 MeV of the D0 mass (black points) semileptonic decays in an

in ≈20 pb−1 data sample. The solid line shows data with an additional K− instead of a K+ and

thus are of wrong sign of charge to come from a single semileptonic decay. The resonant peaks are

each fit a signal Breit-Wigner and linear background.

We measure the branching fractions relative to the B
0
s semileptonic rate as

B(B
0
s → D+

s1Xµ−ν)

B(B
0
s → Xµ−ν)

= (5.0 ± 1.1 ± 0.3)%

B(B
0
s → D∗+

s2 Xµ−ν)

B(B
0
s → Xµ−ν)

= (3.7 ± 1.1 ± 0.4)%, (8)
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peaks are fit in the same way as in the 3 pb−1 data sample. The fit to the D+
s1 yields 155±15

signal events. For the D∗+
s2 we again allow the mass, the width and the number of events to

float in the fit. We find a mass of 2569.6±1.5 MeV, a width of 14.0±4.0 MeV, and a yield
of 82±16 events. These errors are purely statistical. Further study will be needed to quote
systematic errors on the mass and width values. A systematic error of 8% is assigned on
the yield, determined by changing the fit interval and background shape. The previously
measured mass and width values from the PDG are 2572.6±0.9 MeV, and 20±5 MeV [1].
The probability of the background fluctuating to form the D∗+

s2 signal corresponds to 8.3
standard deviations. Note that the D0 collaboration could not observe the D∗+

s2 in their
D∗+Ks search since it decays purely into DK final states.
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in ≈20 pb−1 data sample. The solid line shows data with an additional K− instead of a K+ and

thus are of wrong sign of charge to come from a single semileptonic decay. The resonant peaks are

each fit a signal Breit-Wigner and linear background.

We measure the branching fractions relative to the B
0
s semileptonic rate as

B(B
0
s → D+

s1Xµ−ν)

B(B
0
s → Xµ−ν)

= (5.0 ± 1.1 ± 0.3)%

B(B
0
s → D∗+

s2 Xµ−ν)

B(B
0
s → Xµ−ν)

= (3.7 ± 1.1 ± 0.4)%, (8)
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B(B
0

s → D∗∗
s Xµν)

B(B
0

s → D
(∗),∗∗
s Xµν)

= (11+22
−11)%

B(B
0
s→D∗∗

s Xµν)

B(B
0
s→D∗,∗∗

s Xµν)
= (11+22

−11) %

error (eff.(Bs → DsXµ−ν̄)) = 3 %
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