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Le groupe et ses evolutions depuis 05/2014
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Eli Ben-Haim (responsable) MdC (HDR) 07/2010 - Analyse | Upgrade

Pierre Billoir PR (Emérite) 06/2015 - Analyse | Upgrade

Mat Charles MdC (HDR) 09/2013 - Analyse |

Luigi Del Buono (75%) CR1     2005 - Analyse | Upgrade

Vava Gligorov CR1 02/2016 - Analyse |

Francesco Polci CR1 10/2011 - Analyse | Upgrade

Diego Milanes Postdoc 11/2012 - 07/2014 Analyse | Upgrade

Andrea Mogini (Dir: Fra) Doctorant (2ème année) 10/2015 - Analyse | Upgrade

Emilie Bertholet (Dir: Eli+Mat) Doctorant (1ère année) 10/2016 - Analyse |

Louis Henry (Dir: Eli) Docteur 10/2013 - 09/2016 Analyse |

Samuel Coquereau (Dir: Fra) Docteur 10/2012 - 09/2015 Analyse |

Actuellement : 2 MdC, 3 CNRS, 2 doctorants, 1 émérite.
Départs : Diego (poste permanent), Louis (vers postdoc), Samuel (postdoc)
Nouveaux membres : Vava, Emilie, Pierre

Olivier Le Dortz (50%) IR1 électronicien 06/2013 - Analyse | Upgrade

Diego Terront (45%) IR informaticien 07/2014 - fin 2016 Analyse | Upgrade

Eduardo Sepulveda (~ 30%)* IR informaticien fin 2016 - Analyse | Upgrade

ITA soutien au projet

Physiciens

* temps pas encore décidé



Activités

• Vava parlera des activités d'analyse

• Fra+Olivier parleront de l'upgrade

• Je parlerai de tout ce qui reste ...
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Nos responsabilités
Responsabilités dans la collaboration :

• Vava :
• Deputy Physics Coordinator

• Francesco :
• Coordinator of Rare Decays : EW Penguins sub-WG
• Coordinator of Tracking, Alignment & Vertexing WG

• Mat :
• Membre du Editorial Board (06/2015 - 03/2017)
• Early Career, Gender & Diversity Officer (09/2016-09/2018)

• Louis :
• MC production liaison for Charmless B Decays WG

• Andrea :
• Tracking liaison for Rare Decays WG

• ... et, bien évidemment, nous sommes impliqués dans les revues 
internes (CWR et RC)
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Nos responsabilités
Shifts et piquets :
• Nos rôles :

• Run Chief (Vava)
• Shift Leader
• Data Manager
• L0 Trigger Piquet (« on-call »)

• Nous nous engageons :
• ~ 7e en 2015 pour (shift+piquet par auteur)
• Prélim. : ~ 12e en 2016 pour (shift+piquet par auteur)

Organisation d'événements scientifiques :
• 6th LHCb Computing Workshop (nov 2015)
• 11th Franco-Italian Meeting on B Physics (avril 2016)
• 8th LHCb Computing Workshop (nov 2016)
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https://indico.cern.ch/event/337568/
https://indico.cern.ch/event/456947/
https://indico.cern.ch/event/464394/


La physique de LHCb
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... en combien de minutes?



Here's one I made earlier

Heureusement, il y a un mec beaucoup plus 
éloquent que moi qui en a déjà parlé à :

• LHCP (12/06/2016)

• LPNHE (réunion de vendredi du 22/07/2016)
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Status and recent highlights 
from LHCb

Matthew CHARLES (UPMC/LPNHE)

1

!

http://indico.cern.ch/event/442390/timetable/
https://indico.in2p3.fr/event/12518/
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LHCb en bref
• Objectif primaire : mesurer 

avec précision des 
observables de la physique 
des saveurs qui sont bien 
connues/contraintes dans le 
Modèle Standard, mais qui 
sont sensibles à la nouvelle 
physique.

• Objectif secondaire : étudier 
la physique des saveurs -- 
surtout celle qui pourra 
améliorer les contraintes de 
l'objet primaire.
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Mat Charles – LHCP – Lund – 13 June 2016

Central exclusive production @ LHCb
Herschel

I Limitation from inelastic background with activity outside of LHCb:

! Need to increase the rapidity gap coverage

I High Rapidity Shower Counter for LHCb (HeRSCheL) installed during TS1.

I Increases the tagging of rapidity gap by 6 units of rapidity (5 < |⌘| < 8).

I Five stations located along the beamline, 2 in the forward (F) LHCb region and 3
in the backward (B).

Victor Coco, on behalf of the LHCb Collaboration Electroweak physics and QCD in the forward direction at LHCb March 22, 2016 35 / 16

Run 2: Detector
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The LHCb detector we 
know and love from Run 1...

... with a new subdetector, 
HERSCHEL*, to instrument  
5 < |η| < 8 for CEP physics.

* High Rapidity Shower Counter for LHCb



LHCb en bref : anomalies
• Aujourd'hui, la nouvelle physique n'a pas été mise en évidence...

• ... mais il y a plusieurs anomalies au niveau de 2-4σ, concentrées 
dans les désintégrations via b → sl+l−.
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Figure 8: The optimised angular observables in bins of q2, determined from a maximum likelihood
fit to the data. The shaded boxes show the SM prediction taken from Ref. [14].
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B0 ! K⇤0µ+µ�

Table 1: The signal yields for B0

s

! �µ+µ� decays, as well as the di↵erential branching fraction
relative to the normalisation mode and the absolute di↵erential branching fraction, in bins of q2.
The given uncertainties are (from left to right) statistical, systematic, and the uncertainty on the
branching fraction of the normalisation mode.

q2 bin [GeV2/c4] N
�µµ

dB(B0
s!�µµ)
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�
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Figure 4: Di↵erential branching fraction of the decay B0

s

! �µ+µ�, overlaid with SM predic-
tions [4,5] indicated by blue shaded boxes. The vetoes excluding the charmonium resonances are
indicated by grey areas.

measurement is evaluated by varying the Wilson coe�cient C
9

used in the generation
of simulated signal events. By allowing a New Physics contribution of �1.5, which is
motivated by the global fit results in Ref. [38], the resulting systematic uncertainty is
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Figure 8: Measured values of (left) the leptonic and (right) the hadronic forward-backward
asymmetries in bins of q2. Data points are only shown for q2 intervals where a statistically
significant signal yield is found, see text for details. The (red) triangle represents the values for
the 15 < q2 < 20 GeV2/c4 interval. Standard Model predictions are obtained from Ref. [17].
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interval 15 < q2 < 20 GeV2/c4) as a two-dimensional 68 % confidence level (CL) region,
where the likelihood-ratio ordering method is applied by varying both observables and
therefore taking correlations into account. Confidence regions for the other q2 intervals
are shown in Fig. 10, see Appendix.

18

⇤0
b ! ⇤µ+µ�

JHEP 06 (2015) 115

http://arxiv.org/abs/1506.08777
http://arxiv.org/abs/1512.04442
http://arxiv.org/abs/1506.08614
https://arxiv.org/abs/1406.6482
http://arxiv.org/abs/1504.01568
http://arxiv.org/abs/1503.07138


LHCb en bref : autres résultats
En plus, plein d'autres résultats d'intérêt, p.ex.

11

In practice resonances decaying strongly into J/ p must have a minimal quark content
of ccuud, and thus are charmonium-pentaquarks; we label such states P+

c

, irrespective of
the internal binding mechanism. In order to ascertain if the structures seen in Fig. 2(b)
are resonant in nature and not due to reflections generated by the ⇤⇤ states, it is necessary
to perform a full amplitude analysis, allowing for interference e↵ects between both decay
sequences.

The fit uses five decay angles and the K�
p invariant mass m

Kp

as independent variables.
First we tried to fit the data with an amplitude model that contains 14 ⇤⇤ states listed by
the Particle Data Group [12]. As this did not give a satisfactory description of the data,
we added one P

+
c

state, and when that was not su�cient we included a second state. The
two P

+
c

states are found to have masses of 4380± 8± 29 MeV and 4449.8± 1.7± 2.5 MeV,
with corresponding widths of 205± 18± 86 MeV and 39± 5± 19 MeV. (Natural units are
used throughout this Letter. Whenever two uncertainties are quoted the first is statistical
and the second systematic.) The fractions of the total sample due to the lower mass and
higher mass states are (8.4± 0.7± 4.2)% and (4.1± 0.5± 1.1)%, respectively. The best fit
solution has spin-parity J

P values of (3/2�, 5/2+). Acceptable solutions are also found
for additional cases with opposite parity, either (3/2+, 5/2�) or (5/2+, 3/2�). The best
fit projections are shown in Fig. 3. Both m

Kp

and the peaking structure in m

J/ p

are
reproduced by the fit. The significances of the lower mass and higher mass states are 9
and 12 standard deviations, respectively.
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Figure 3: Fit projections for (a) m
Kp

and (b) m
J/ p

for the reduced ⇤

⇤ model with two P

+
c

states
(see Table 1). The data are shown as solid (black) squares, while the solid (red) points show the
results of the fit. The solid (red) histogram shows the background distribution. The (blue) open
squares with the shaded histogram represent the P

c

(4450)+ state, and the shaded histogram
topped with (purple) filled squares represents the P

c

(4380)+ state. Each ⇤

⇤ component is also
shown. The error bars on the points showing the fit results are due to simulation statistics.
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-PH-EP-2015-153
LHCb-PAPER-2015-029

July 13, 2015

Observation of J/ p resonances
consistent with pentaquark states in

⇤0
b ! J/ K�p decays

The LHCb collaboration1

Abstract
Observations of exotic structures in the J/ p channel, which we refer to as
charmonium-pentaquark states, in ⇤0

b

! J/ K

�
p decays are presented. The data

sample corresponds to an integrated luminosity of 3 fb�1 acquired with the LHCb
detector from 7 and 8 TeV pp collisions. An amplitude analysis of the three-body
final-state reproduces the two-body mass and angular distributions. To obtain a
satisfactory fit of the structures seen in the J/ p mass spectrum, it is necessary
to include two Breit-Wigner amplitudes that each describe a resonant state. The
significance of each of these resonances is more than 9 standard deviations. One has
a mass of 4380± 8± 29 MeV and a width of 205± 18± 86 MeV, while the second is
narrower, with a mass of 4449.8± 1.7± 2.5 MeV and a width of 39± 5± 19 MeV.
The preferred J

P assignments are of opposite parity, with one state having spin 3/2
and the other 5/2.

Submitted to Phys. Rev. Lett.

c� CERN on behalf of the LHCb collaboration, license CC-BY-4.0.

1Authors are listed at the end of this Letter.
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Figure 2: Reconstructed invariant mass fits used to extract the signal yields. The
invariant mass distributions for (a) Λ0

b → pπ−π+π− and (b) Λ0
b → pπ−K+K− decays are shown.

A fit is overlaid on top of the data points, with solid and dotted lines describing the projections
of the fit results for each of the components described in the text and listed in the legend.
Uncertainties are statistical only.

reconstructed Λ0
b decays are described by an empirical function [41] convolved with a

Gaussian function to account for resolution effects. The shapes of backgrounds from
other b-hadron decays due to incorrectly identified particles, e.g. kaons identified as pions
or protons identified as kaons, are modelled using simulated events. These consist mainly
of Λ0

b → pK−π+π− and B0 → K+π−π−π+ decays for the Λ0
b → pπ−π+π− sample and of

similar final states for the Λ0
b → pπ−K+K− sample, as shown in Fig. 2. The yields of

these contributions are obtained from fits to data reconstructed under the appropriate
mass hypotheses for the final-state particles. The signal yields of Λ0

b → pπ−π+π− and
Λ0

b→ pπ−K+K− are 6646± 105 and 1030± 56, respectively. This is the first observation
of these decay modes.

Signal candidates are split into four categories according to Λ0
b or Λ0

b flavour and
the sign of CT̂ or C T̂ in order to calculate the asymmetries defined in equations (1)
and (2). The reconstruction efficiency for signal candidates with CT̂ > 0 is identical to
that with CT̂ < 0 within the statistical uncertainties of the control sample, and likewise
for C T̂ , which indicates that the detector and the reconstruction program do not bias this
measurement. This check is performed both on the Λ0

b → Λ+
c (pK

−π+)π− data control
sample and on large samples of simulated events, using yields about 30 times those found
in data, which are generated with no CP asymmetry. The CP asymmetry measured in
the control sample is aT̂ -odd

CP (Λ+
c π

−) = (0.15 ± 0.31)%, compatible with CP symmetry.
The asymmetries AT̂ and AT̂ in the signal samples are measured with a simultaneous
unbinned maximum likelihood fit to the invariant mass distributions of the different
signal categories, and are found to be uncorrelated. The values of aT̂ -odd

CP and aT̂ -odd
P are

then calculated from AT̂ and AT̂ .
In four-body particle decays, the CP asymmetries may vary over the phase space due

to resonant contributions or their interference effects, possibly cancelling when integrated
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Figure 4: Distributions of the asymmetries. The results of the fit in each region of binning

schemes A and B are shown. The asymmetries aT̂ -odd
P and aT̂ -odd

CP for Λ0
b → pπ−π+π− decays

are represented by open boxes and filled circles, respectively. The error bars indicate the total
uncertainties. The values of the χ2/ndf are quoted for the P - and CP -conserving hypotheses
for each binning scheme.

value of the CP -symmetry hypothesis is determined as the fraction of pseudoexperiments
with χ2 larger than that measured in data. Applying this method to the χ2 values from
schemes A and B individually, the p-values obtained agree with those from the χ2 test.

Table 1: Definition of binning scheme A for the decay mode Λ0
b
→ pπ−π+π−. Binning

scheme A is defined to exploit interference patterns arising from the resonant structure of the
decay. Bins 1-4 focus on the region dominated by the ∆(1232)++ → pπ+ resonance. The other
eight bins are defined to study regions where pπ− resonances are present (5–8) on either side of
the ρ(770)0 → π+π− resonances (5–12). Further splitting for |Φ| lower or greater than π/2 is
done to reduce potential dilution of asymmetries, as suggested in Ref. [19]. Masses are in units
of GeV/c2.

Phase space bin m(pπ+) m(pπ−
slow) m(π+π−

slow), m(π+π−
fast) |Φ|

1 (1.07, 1.23) (0, π2 )
2 (1.07, 1.23) (π2 ,π)
3 (1.23, 1.35) (0, π2 )
4 (1.23, 1.35) (π2 ,π)
5 (1.35, 5.34) (1.07, 2.00) m(π+π−

slow) < 0.78 or m(π+π−
fast) < 0.78 (0, π2 )

6 (1.35, 5.34) (1.07, 2.00) m(π+π−
slow) < 0.78 or m(π+π−

fast) < 0.78 (π2 ,π)
7 (1.35, 5.34) (1.07, 2.00) m(π+π−

slow) > 0.78 and m(π+π−
fast) > 0.78 (0, π2 )

8 (1.35, 5.34) (1.07, 2.00) m(π+π−
slow) > 0.78 and m(π+π−

fast) > 0.78 (π2 ,π)
9 (1.35, 5.34) (2.00, 4.00) m(π+π−

slow) < 0.78 or m(π+π−
fast) < 0.78 (0, π2 )

10 (1.35, 5.34) (2.00, 4.00) m(π+π−
slow) < 0.78 or m(π+π−

fast) < 0.78 (π2 ,π)
11 (1.35, 5.34) (2.00, 4.00) m(π+π−

slow) > 0.78 and m(π+π−
fast) > 0.78 (0, π2 )

12 (1.35, 5.34) (2.00, 4.00) m(π+π−
slow) > 0.78 and m(π+π−

fast) > 0.78 (π2 ,π)
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-EP-2016-212
LHCb-PAPER-2016-030

September 16, 2016

Measurement of matter-antimatter

differences in beauty baryon decays

The LHCb collaboration†

Abstract

Differences in the behaviour of matter and antimatter have been observed in K
and B meson decays, but not yet in any baryon decay. Such differences are as-
sociated with the non-invariance of fundamental interactions under the combined
charge-conjugation and parity transformations, known as CP violation. Using data
from the LHCb experiment at the Large Hadron Collider, a search is made for
CP -violating asymmetries in the decay angle distributions of Λ0

b baryons decaying
to pπ−π+π− and pπ−K+K− final states. These four-body hadronic decays are a
promising place to search for sources of CP violation both within and beyond the
Standard Model of particle physics. We find evidence for CP violation in Λ0

b to
pπ−π+π− decays with a statistical significance corresponding to 3.3 standard devi-
ations including systematic uncertainties. This represents the first evidence for CP
violation in the baryon sector.

Submitted to Nature Physics
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Figure 1: 1� CL curves for the DK-only combination obtained with the Plugin method.
The central values (solid vertical lines) and 1� uncertainties (dashed vertical lines) are
labelled. The 1� and 2� levels are indicated by the horizontal dotted lines.

from the DK-only combination.358

5.3 Coverage of the frequentist method359

The coverage of the Plugin method is tested by generating pseudoexperiments and360

evaluating the fraction for which the p-value is less than that calculated for the data. In361

general, the coverage depends on the point in parameter space. The tests are done at362
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Abstract

A combination of tree-level measurements of the CKM angle � from LHCb is
performed. The inputs are from time-integrated analyses of B+ ! DK
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time-dependent analysis of B0

s ! D
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s K

± decays are included. The combination
yields � = (70.9+7.1

�8.5)
� where the uncertainty includes systematic e↵ects. The

confidence interval at 95.5% CL is determined to be � 2 [51.0, 85.0]�. A second
combination is investigated, additionally including measurements from B

+ ! D⇡

+

and B

+ ! D⇡

+

⇡

�
⇡

+ decays.
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Run 2 !

Beaucoup de données de Run 2 déjà enregistrées à analyser.
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Sujets de thèses des prochaines années

• Sujets de thèse futurs pour LHCb :
• 2017, Vava, Recherches de violation de saveur leptonique avec l’expérience 

LHCb
• 2018, Eli+Mat, Recherche de nouvelle physique dans des désintégrations de 

mésons beaux en trois corps sans particule charmée avec l’expérience LHCb
• 2019, Francesco, Recherche de nouvelle physique dans les désintégrations  

b→sll avec l’expérience LHCb

• Remarques :
• Nous avons la capacité d’encadrement et les sujets de physique pour 

démarrer une thèse par an
• Chaque thèse aura une composante liée à l’upgrade de LHCb
• La demande s’ajustera si Vava obtient un ERC

13



En résumé

• LHCb avance !

• Notre groupe se compose de 8 physiciens (5 
permanents, 1 émérite, 2 doctorants) et 2 ITAs
• Partis depuis la dernière biennale : 2 docteurs (vers des 

postdocs) et 1 postdoc (vers un poste permanent)

• Nous sommes bien impliqués dans la collaboration
• Deputy Physics Coordinator, Editorial Board, Physics & 

Performance Working Groups, ...

• Et nous faisons de la physique aussi ! Je passe la 
parole à Vava.
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