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The LHCb Experiment
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Acceptance: 2 < η < 5
Vertex: σIP ∼ 20 µm
Time: στ ∼ 45 fs
PID: ε(K) ∼ 95%



Selection of Λ0
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• Selection highly optimized

• Size of dataset:
from 700 GB → 6.5 GB



The Nature of Exotic Hadrons
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Λ0
b → Λ+

c D
0K− Decay
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Selection of Λ0
b → Λ+
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0K− Decay Candidates
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Different selection requirements (cuts) are
applied to the candidates in the data set:

• Topological Cuts:

▷ Number of tracks in the event

▷ Impact parameter of tracks

▷ Distance of closest approach of
tracks

• Kinematic Cuts:

▷ Momentum P

▷ Transverse momentum PT

▷ Mass m

• PID Cuts:

▷ ProbNN response

▷ BDT response

▷ PID from RICH

Variable Cut Applied to
nLongTracks < 500 global

TRCHI2DOF < 3 all tracks

P > 1000 MeV all tracks

PT > 100 MeV all tracks

MIPCHI2DV(PV) > 4 all tracks

DOCACHI2 < 16/20/25 Λ+
c D0/Λ+

c K−/D0K−

DOCA < 0.2/0.4/0.5 mm Λ+
c D0/Λ+

c K−/D0K−

CHILDIP < 0.2/0.3/0.5 mm Λ+
c /D0/K−

CHILDIPCHI2 < 16 Λ+
c ,D0,K−

CHI2VXNDF < 32 Λ+
c D0K− vtx.

BPVVDZ > 0.2 mm Λ+
c D0K− vtx.

PT > 4 GeV Λ0
b

P > 32 GeV Λ0
b

Λ+
c BDT > -0.15 Λ+

c

D0 BDT > -0.3 D0

.

.

.

.

.

.

.

.

.



Λ0
b → Λ+

c D
0K− Data Sample
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Fit to Λ+
c D

0K− Invariant Mass Spectrum
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• Dominant component is
Λ0

b → Λ+
c D

∗0(→ D0π0)K−

• Λ0
b → Λ+

c D
∗0(→ D0γ)K−

∼ 23% in range of
Λ0

b → Λ+
c D

∗0(→ D0π0)K−

• Λ0
b → Σ+

c (→ Λ+
c π

0)D0K−

is suppressed,
but indistinguishable from
Λ0

b → Λ+
c D

∗0(→ D0π0)K−
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NΛ0
b
→Λ+

c D∗0(→D0π0)K− 7512 ± 162

NΛ0
b
→Λ+

c D∗0(→D0γ)K− 4071 ± 175

NΛ0
b
→Σ+

c (→Λ+
c π0)D0K− 1637 ± 178

Nbackground 4353 ± 131

D∗0 Decay Modes (PDG)

Γ1 D0π0 64.7± 0.9%
Γ2 D0γ 35.3± 0.9%
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Phase Space Simulation
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Phase Space Simulation



Reconstruction of D∗0 Missing Momentum ECC
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Extended Cone Closure (ECC) Method

• Kinematic over-constraint method devel-
oped used to reconstruct missing 4-
momentum of D∗0 under γ or π0 hypothesis

• Method is adaptable to any analysis with
missing particles (especially with similar de-
cay topology)

ECC Constraints

• mΛ0
b
→ 5619.6 MeV

• mD∗0 → 2006.8 MeV

• mX 0 MeV or 135 MeV (γ or π0)

• Flight direction of Λ0
b points to PV
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Phase Space Simulation
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Phase Space Simulation

Λ0
b → Λ+

c D
∗0K−
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Method of Moments Model Independent Approach

22 / 28

• Series of Legendre Moments up to order 4 describe the
Λ+

c D
∗0 distribution well

• Any sizable fluctuations in data here would already be
a hint to the presence of exotic resonances

• Interference effects from coupled channels or between
resonances in Λ+

c D
∗0 itself could also cause disagree-

ment

• The shape obtained from Legendre Moments analysis
becomes a background model to the CLs Limit Setting
procedure

kmax = 4

kmax = 100

kmax = 4 kmax = 100



Building the Full Model Pc(4457)
+
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• Background model is the shape ob-
tained from moments analysis

• Narrow P+
c signal is introduced

• Fit to data is performed

• Likelihood for Background only
model and for Signal + Background
model is evaluated

+ =



Building the Full Model Pc(4457)
+
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• Background model is the shape ob-
tained from moments analysis

• Narrow P+
c signal is introduced

• Fit to data is performed

• Likelihood for Background only
model and for Signal + Background
model is evaluated

+ =



Statistical Test
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• Test statistic is defined as the Likeli-
hood ratio

• Multiple test statistics were tried

▷ Profile Likelihood Ratio (PLR)
is the nominal test statistic

▷ Simple Likelihood Ratio (SLR)
yields very similar results but is
much faster

• A number of pseudoexperiments are
generated to obtain the distribution
of the test statistic

Experiment Test Statistic used

LEP Qµ = −2 lnL(data|µ,θ̃)
L(data|0,θ̃)

Tevatron Qµ = −2 ln
L(data|µ,θ̂µ)
L(data|0,θ̂0)

LHC Qµ = −2 ln
L(data|µ,θ̂µ)
L(data|µ̂,θ̂)
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Points on the workflow

• Snakemake was instrumental in setting up and developing the analysis

• Analysis had to be rerun many times O (100s)

• Snakemake allowed for easy parallelization of the analysis

• Snakemake allowed for easy integration of the analysis into REANA

• xrootd is important for this analysis and we are stuck on snakemake 7.32.4
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