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Outline

All measurements presented use data collected at
√
s = 7TeV

1 Dd ,s asymmetry

2 Open charm production cross-sections

3 Double charm production

4 Study of excited B0
s mesons

5 B±c production

6 Observation of excited Λ0
b baryons

7 Measurement of Λ0
b polarisation

Emphasis on Λ0
b→ ΛJ/ψ polarisation measurement as it is shown

for the first time.
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Dd ,s production asymmetry

• We measure AP =
σ(D+

d,s)−σ(D−d,s)

σ(D+
d,s)+σ(D−d,s)

• Production of charm is flavor symmetric:
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• An asymmetry could be caused during the hadronisation:
• Beam drag (color connection between the c and the beam remnants)

• c prefers to form a meson, c a baryon
⇒ σ(D−) > σ(D+) ⇒ AP < 0

• Other hadronisation effects (which could depend on pT or
rapidity)

• Very important to perform precise CP violation studies at
hadron collider where to measure a CP asymmetry, the
production asymmetry needs to be subtracted
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D±s production asymmetry PLB 713 (2012) 186, 1.0 fb−1

• D±s reconstructed in D±s → φ(→ K+K−)π±

• ~p(D±s ) required to point at a primary (pp) vertex (prompt D),
unlikely to come from B decay
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• We measure AP(D±s ) = (−0.33± 0.22± 0.10)%
• Sub-percent precision
• For 2 < y < 4.5 and pT > 2GeV/c

• Consistent with being independent on rapidity or pT
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D± production asymmetry PLB 718 (2013) 902, 1.0 fb−1

• Prompt D± reconstructed in D±→ K 0
S (→ π+π−)π±

• Intrinsic asymmetry from CP effect due to the production
through K 0 factored out
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• We measure AP(D±) = (−0.96± 0.26± 0.18)%
• With sub-percent precision
• About 3σ below zero
• For 2 < y < 4.75 and 2 < pT < 18GeV/c

• Again, no strong dependence on pT or rapidity

• For both measurements, systematics (PID, tracking, ...) can
be reduced with more statistics
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Open charm production LHCb-PAPER-2012-041 (in preparation), 15 nb−1

• Measure differential cross-sections (dσ/dpT) of the prompt
production of the following charm hadrons
• D0, D+, D∗+, D+

s and Λ+
c

using these decays: D0→ K−π+, D+→ K−π+π−,
D∗+→ D0π+, D+

s → φ(→ π+π−)π+, Λ+
c → pK−π+

• Binned in pT and rapidity
• pT < 8GeV/c , 2 < y < 4.5

• And compared with predictions from
• FONLL: Fixed-Order-Next-to-Leading-Logarithm, JHEP 1210 (2012) 137
• GMVFNS: Generalized Mass Variable Flavour Number Scheme,

Eur.Phys.J.C72 (2012) 2082
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Charm cross-sections LHCb-PAPER-2012-041 (in preparation), 15 nb−1

Figures show the y ranges scaled by 10m
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• Our measurements are systematically above the FONLL
curves and below the GMVFNS curves, but in general good
agreement
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Double charm production JHEP 06 (2012) 141, 355 pb−1

• Study σ, pT, rapidity, correlations of double charm production
• Two charm hadrons pointing at the same pp vertex

• Background subtracted using χ2 of the vertex fit

Large signals observed with significances >5σ; plots show M(C1) vs. M(C2)
Same sign: cc Opposite signs: cc

D0D0 D0D+ D0D0 D0D−

D0D+
s D0Λ

−
c D0D−s D0Λ+

c

Using D0→ K−π+, D+→ K−π+π+, D+
s → K−K+π+ and Λ+

c → pK−π+ decays
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∆φ dependence JHEP 06 (2012) 141, 355 pb−1

∆φ: difference in azimuthal angle between the two hadrons

Same signs: cc Opposite signs: cc

• Same signs: almost flat ⇒ no production correlation

• Opposite signs: peak at ∆φ∼0 consistent with g→ cc
splitting (in agreement with E. Norrbin and T. Sjöstrand, EPJC 17 (2000)

137)
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Study of excited B0
s mesons arXiv:1211.5994, 1.0 fb−1

• Using ∼1 million B+→ J/ψK+ and B+→ D0π+ decays,
reconstruct B∗s → B+K−
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• Confirmation of Bs1 and B∗s2 states established by CDF & D0
(PRL 100 (2008) 082001 and 082002)

• B∗s2→ B∗+K− observed for the first time (∼300 events, >8σ)
• B∗s2 decaying to both VP and PP final states favors JP = 2+

• Masses measured with highest precision to date:
m(Bs1) =5828.40± 0.04± 0.04± 0.41MeV/c2

m(B∗s2) =5839.99± 0.05± 0.11± 0.17MeV/c2
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B±c production PRL 109 (2012) 232001, 370 pb−1

• Unique in SM: meson formed by two different heavy quarks

• Study B+
c → J/ψπ+ ⇒ ∼160 events

• Ratio wrt B+: Rc/u =
σ(B+

c )B(B+
c→J/ψπ+)

σ(B+)B(B+→J/ψK+) = (0.68± 0.10± 0.06)%

• No prediction available. Input for theoreticians!

• Mass: M(B±c ) = 6273.7± 1.3± 1.6MeV/c2

• Most precise measurement to date
• In agreement with lattice QCD computations (arXiv:0704.3495)
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Observation of excited Λ0
b baryons PRL 109 (2012) 172003, 1.0 fb−1

• Using ∼70′000 Λ0
b→ Λ+

c π
− decays, look at Λ0

b
∗→ Λ0

bπ
+π−

• Two narrow (Γ < 1MeV) resonances observed for the first
time with masses equal to

1 5911.97± 0.12± 0.66MeV/c2 (5.2σ)
2 5919.77± 0.08± 0.66MeV/c2 (10.2σ)

• Assumed to be orbitally excited Λ0
b baryons

• Masses in poor agreement with predictions (work for
theoreticians!)

• M(π+π−) in agreement with phase-space decay, i.e. no
evidence of intermediate decay
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Angular analysis of Λ0
b→ Λ(→ pπ−)J/ψ (→ µ+µ−) decays

• 1
2→

1
2 + 1 spin decay

• Four amplitudes in the helicity basis
• Contains enough angular correlation to measure the

polarisation and the relative magnitudes of the amplitudes

Polarisation

• Longitudal component ⇒ 0 due to
parity conservation of QCD

• Predicted to be 20% (PLB 614 (2005)
165)
• Polarisation of Λ depends on

xF = pL/(2
√
s)

• xF(Λ
0
b)∼0 at LHC ⇒ small value?

• Sufficient polarisation would allow to
measure the photon helicity in
Λ0
b→ Λγ ⇒ search for New Physics

(J. Phys. G 24 (1998) 979, PLB 645 (2007) 204)
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Definition of the angles

• θ: polar angle of pΛ wrt. to ~n = pΛ0
b
× pbeam in the Λ0

b frame

• θ1: polar angle of pp in the Λ rest-frame

• θ2: polar angle of pµ+ in the J/ψ rest-frame
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Angular distributions

• Taken from R. Lednicky, Sov. J. Nucl. Phys. 43 (1986) 817.
• Amplitudes can be parametrised with:

• αb ≡ |M+ 1
2 ,0
|2 − |M− 1

2 ,0
|2 + |M− 1

2 ,−1|2 − |M+ 1
2 ,+1|2

• P-violating asymmetry of the Λ0
b→ ΛJ/ψ decay

• r0 ≡ |M+ 1
2 ,0
|2 + |M− 1

2 ,0
|2

• r1 ≡ |M+ 1
2 ,0
|2 − |M− 1

2 ,0
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• cos θ ∼depends on Pbαb: Pb = (-0.5, 0., 0.5) for αb = -0.7

• cos θ1 ∼depends on αb and r1: αb = (-0.5, 0., 0.5) for r1 = 0.5

• cos θ2 ∼depends on r0: r0 = (0.1, 0., -0.1)

• ∼ because of correlations
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Λ0
b→ ΛJ/ψ signals LHCb-PAPER-2012-057 (in preparation), 1.0 fb−1

• Λ can decay inside (IN) or outside (OUT) of the vertex
detector
• OUT: worse mass resolution and background level
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OUT: ∼5500 signal candidates IN: ∼1700 signal candidates

• We use these fits to subtract the background in the angular
distribution (sPlot technique)
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Acceptance LHCb-PAPER-2012-057 (in preparation), 1.0 fb−1

• Detector and selection create large acceptance effects
• Different for cos θ1 between IN and OUT events

• Modeled using phase-space and unpolarised MC data
• All three distributions are generated flat ⇒ what you see below

is the acceptance
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• From these, we obtain weights to correct the data
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Fit of the data LHCb-PAPER-2012-057 (in preparation), 1.0 fb−1

• Perform weighted fit
• Weights subtract the background and correct the acceptance
⇒ only the signal (physical) PDF in the final fit
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Results LHCb-PAPER-2012-057 (in preparation), 1.0 fb−1

We measure: Pb = 0.05± 0.07± 0.02,

αb = −0.04± 0.17± 0.07,

r0 = 0.57± 0.02± 0.01,

r1 = −0.59± 0.10± 0.05,

• Polarisation in agreement with extrapolations from Λ and in
disagreement at 2.7σ with prediction of 20%

• αb in agreement with most predictions (−0.2 to −0.1); in
disagreement with 0.78 and 0.49 at 6.1σ and 3.9σ

Method Value Reference
Factorization −0.1 PRD 56 (1997) 2799
Factorization −0.18 PRD 58 (1998) 014016
Covariant oscillator quark model −0.21 Prog.Theor.Phys 101 (1999) 959
Perturbative QCD −0.17 to −0.14 PRD 65 (2002) 074030
Factorization (HQET) 0.78 and 0.49 PLB 614 (2005) 165 and LHCb-2008-005
Light front quark model −0.20 PRD 80 (2009) 094016

Pb and αb measured for the first time (in pp for Pb)
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Summary

Using data collected at
√
s = 7TeV, LHCb studied:

• Dd ,s production asymmetry at sub-percent precision

• Measurement of open charm cross-sections

• Double charm production

• First observation of B∗s2→ B∗+K− decay

• Study of the B+
c meson production

• Two excited Λ0
b baryons observed for the first time

• Angular analysis of Λ0
b→ ΛJ/ψ decays performed

• Λ0
b production polarisation compatible with zero

• Measurement of Λ0
b→ ΛJ/ψ decay asymmetry in agreement

with most predictions

More results to come with the 2012 dataset:

∼2.2 fb−1 at
√

s = 8 TeV!
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