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Filières de formation concernées  : 

DUT Génie Thermique et Energie (IUT d’Allier)  

Licences Professionnelles du secteur Energie et Génie climatique  : Chargé d’affaires 

en Génie climatique ; Bâtiment à Energie Positive en Construction Bois  

Objectifs pédagogiques et besoin d'encadrement 

L’enseignant sera intégré à l’équipe pédagogique du département Génie Thermique et Energie. 
En DUT, les effectifs sont actuellement de 2 groupes TD en 1ère et 2ème années soit environ 85 
étudiants au total ; en LP, une cinquantaine d’étudiants avec 1 groupe TD pour chacune des 2. 
Les enseignements liés à ce poste sont la mécanique des fluides, la thermodynamique, le 
transfert de chaleur et la métrologie. 

L’enseignant aura plus particulièrement en charge les bases de la mécanique des fluides 
(Hydrostatique, hydraulique, aéraulique et aérodynamique des fluides incompressibles et 
compressibles), la thermodynamique (notions de température et de pression, différents états 
de la matière et les changements de phase, 1er et 2ème principe et application aux machines 
dithermes), le transfert de chaleur et ses 3 modes de propagation (rayonnement, conduction, 
convection naturelle et forcée) en régime permanent et en régime variable. La partie 
technologique pour quantifier toutes ces notions est contenue dans l’enseignement de la 
métrologie (les unités légales en France, dimension d’une grandeur physique). Les différents 
appareils de mesure de température, de pression et de débit/vitesse seront décrits ainsi que le 
calcul des incertitudes (Type A et Type B) et la propagation de celles-ci. 

L'enseignant recruté sera aussi amené à intervenir dans les enseignements des licences 
professionnelles de GTE. 

En dehors de ces enseignements spécifiques, les formations (DUT et LP) impliquent un 
encadrement des activités pratiques, le suivi des projets et des stages des étudiants, la 
participation aux tâches d’organisation du département, ainsi que les relations avec les 
professionnels des disciplines enseignées. 

L’enseignant devra à terme assurer des responsabilités pédagogiques au sein du diplôme. 
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Physics motivation

CKM quark mixing matrix

Unitarity triangle: γ = arg
[
−V

ud
V ∗

ub
V

cd
V ∗

cb

]
Current measurements

γLHCb =
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)◦
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}
LHCb dominates WA

γind. =
(
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)◦

1σ shift against WA

A sub-degree precision of γ is needed to
test SM and probe NP
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[CKMfitter, ICHEP 2018]
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http://ckmfitter.in2p3.fr/www/results/plots_summer18/ckm_res_summer18.html


LHCb detector

2 < # < 5

[JINST 3 (2008) S08005, Int. J. Mod. Phys. A 30 (2015) 1530022]

High-precision tracking system, distinguish displaced vertices
Efficient distinction for charged hadrons, high performance PID
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https://doi.org/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227


LHCb detector (cont.)

σ ∼ O(10)µm [JINST 9 (2014) P09007]

Momentum (GeV/c)

2

Figure 14: Reconstructed Cherenkov angle as a function of track momentum in the C4F10

radiator

ring does not overlap with any other ring from the same radiator.
Figure 14 shows the Cherenkov angle as a function of particle momentum using information

from the C4F10 radiator for isolated tracks selected in data (∼ 2% of all tracks). As expected, the
events are distributed into distinct bands according to their mass. Whilst the RICH detectors
are primarily used for hadron identification, it is worth noting that a distinct muon band can
also be observed.

5.3 PID calibration samples

In order to determine the PID performance on data, high statistics samples of genuine K±, π±,
p and p̄ tracks are needed. The selection of such control samples must be independent of PID
information, which would otherwise bias the result. The strategy employed is to reconstruct,
through purely kinematic selections independent of RICH information, exclusive decays of
particles copiously produced and reconstructed at LHCb.

The following decays, and their charge conjugates, are identified: K0
S → π+π−, Λ →pπ−,

D∗+ → D0(K−π+)π+. This ensemble of final states provides a complete set of charged particle
types needed to comprehensively assess the RICH detectors hadron PID performance. As
demonstrated in Fig. 15, the K0

S, Λ, and D∗ selections have extremely high purity.
While high purity samples of the control modes can be gathered through purely kinematic

requirements alone, the residual backgrounds present within each must still be accounted for.
To distinguish background from signal, a likelihood technique, called sPlot [23], is used, where
the invariant mass of the composite particle K0

S,Λ, D
0 is used as the discriminating variable.

The power of the RICH PID can be appreciated by considering the ∆logL distributions for
each track type from the control samples. Figures 16(a-c) show the corresponding distributions
in the 2D plane of ∆logL(K − π) versus ∆logL(p − π). Each particle type is seen within a
quadrant of the two dimensional ∆logL space, and demonstrates the powerful discrimination
of the RICH.
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[Eur.Phys.J. C73 (2013) 2431] Slide 4

https://doi.org/10.1088/1748-0221/9/09/P09007
http://link.springer.com/10.1140/epjc/s10052-013-2431-9


Physics in B0
(s) → D0K+K− system

Time-dependent B0
s → D0K+K− Dalitz analysis

Sensitive to γ and φs [Phys. Rev D85 (2012) 114015]

First observed by LHCb in 2018
Rich structures in Dalitz plot for charm spectroscopy study

Untagged B0
s → D

(∗)0
φ measurement

Possible to extract γ [Phys. Lett. B253 (1991) 483]

B0
s → D∗0φ is observed in 2018

Search for B0 → D0φ

Strongly suppressed in SM
Predicted branching fraction: [Phys. Lett. B 666 (2008) 185]

B(B0 → D0φ) = (1.6± 0.1)× 10−6 [Phys. Rev. D 84 (2011) 112007]

Can be used to determine ω-φ mixing angle
Observation of B0

s → Ds1(2536)K decays
Structures observed on D0K+ spectrum
Could obtain γ with time-dependent analysis

[Z. Phys. C54 (1992) 653]
Slide 5

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.114015
https://www.sciencedirect.com/science/article/abs/pii/037026939191756L?via%3Dihub
https://linkinghub.elsevier.com/retrieve/pii/S0370269308008423
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.112007
https://link.springer.com/article/10.1007%2FBF01559494


Observation of B0
s → D0K+K− [Phys. Rev. D98 (2018) 072006]

LHCb run1 data used,
√
s = 7(8) TeV,

∫
L= 1.0(2.0) fb−1

B0
(s) → D0K+K− could be mediated by multiple processes with

many charm resonances
A Dalitz plot analysis of B0

s → D0K+K− could increase the
sensitivity to γ and φs
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.072006


Observation of B0
s → D0K+K− (cont.) [Phys. Rev. D98 (2018) 072006]

B(B0 → D0K+K−) = (6.1± 0.4± 0.3± 0.3)× 10−5 most precise

B(B0
s → D0K+K−) = (5.7± 0.5± 0.4± 0.5)× 10−5 first measured

B0 signal region B0
s signal region
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.072006


Observation of B0
s → D∗0φ [Phys. Rev. D98 (2018) 071103(R)]

B0
s → D

(∗)0
φ mediated by

b→ cW or b→ uW process
Both color-suppressed and
propotional to λ3

Could probe γ via GLW mode
and flavour-specific D decays
Measuring longitudinal
polarisation (fL) of B0

s → D∗0φ

helps to constrain QCD models
B0 → D0φ mediated by

W -exhange decay, suppressed
by OZI rule
Color-suppressed B0 → D0ω

with ω-φ mixing, sensitive to
mixing angle δ
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.071103


Observation of B0
s → D∗0φ (cont.) [Phys. Rev. D98 (2018) 071103(R)]

Selected candidates from B0
s → D0K+K− measurement

sP lot technique is adopted to extract φ signal
Very clean B0

s → D0φ signal
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B(B0
s → D0φ) = (3.0± 0.3± 0.2± 0.2)× 10−5 most precise

B(B0
s → D∗0φ) = (3.7± 0.5± 0.3± 0.2)× 10−5 first measured

fL = (73± 15± 4)% consistent with others

B(B0 → D0φ) < 2.3× 10−6 and |δ| < 5.5◦ at 95% CL
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.071103


B0
(s) → D0φ optimization

Selection criteria for D0K+K− now optimized for
φ→ K+K− resonance
Expect higher signal significance with 10 ∼ 20% increase in
signal yields
All data used: 3 fb−1 for 7&8TeV, 6 fb−1 for 13TeV

Improved event selection
Pre-selection inherited from
D0K+K− analysis
BDT classifier with B0

s → D0φ

simulation as input
PID variables included in
training
Use of discriminating variables
like φ helicity angle |θ|cos
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γ sensitivity study

Based on LHCb public note [LHCb-PUB-2010-005]
Signal yields estimation

Extrapolated from previous run1 B0
s → [Kπ]D(∗)φ yields

Naively scale with luminosity, ∼ 5× statistics
Relative efficiencies taken from B± → [X]DK±

More decays considered: B0
s → D

(∗)0
φ with

D0 → hh,K3π,Kππ0,K0
Shh

Decay Kπ K3π K+K− π+π− Kππ0 K0
Sπ

+π− K0
SK

+K−

Events 1145 432 151 44 114 52 7∼8

Decay-time acceptance study
B0

s -B0
s oscillation will influence sensitivity to γ

Acceptance determined from simulation
Corrections relate to y = ∆Γ

2Γ
Results in a reduction of total decay rate, adding ∼ 3◦ to
the uncertainty of γ Slide 11

https://cds.cern.ch/record/1243068


γ sensitivity study (ongoing)

Compute constraint on γ with expected yields
Including B0

s → D
(∗)0

φ, D0 → hh,K3π,Kππ0

Fitted with CKMfitter package (VERY PRELIMINARY!)
Stat. uncertainty on γ: ∼ 10− 15◦
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Observation of B0
s → Ds1(2536)K

Studied by a partially reconstructed
approach
Decays sensitive to γ by interference in
B0

s -B0
s mixing and decays

Current work with LHCb run1 data,
plan to add run2
Expect ∼ 3 k signal yields with all
LHCb collected data
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Summary

2 paper published in 2018 under FCPPL framework
Observation of the decay B0

s → D0K+K−

Observation of B0
s → D∗0φ and search for B0 → D0φ decays

B0
(s) → D0K+K− system provides lots of interesting

physical topics
Ongoing works, thanks to FCPPL program

Measuring γ by B0
s → D

(∗)0
φ

A precision of ∼ 10◦ can be obtained

Search for B0 → D0φ

B0
s → D0K+K− Dalitz analysis

Observation of B0
s → Ds1(2536)K
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Communication

Our project supported by FCCPL is also a micro working group
in LHCb B to Open Charm Analysis Working Group
Meetings: regular monthly phone meeting (Vidyo) since
September 2018 + in person meetings at the LHCb Weeks at
CERN, regular exchanges/travels Beijing/France/CERN
facilitated by FCPPL
Visit by Zhipeng Tang (Tsinghua) and Daniel Decamp (Annecy)
in Clermont Ferrand: 1 week each in June 2018
Visit by Vincent Tisserand (Clermont Ferrand) in Beijing: 1
week in November 2018 + 1 seminar in IHEP & 1 on Tsinghua
Visit by Xiaokang Zhou (UCAS) in Clermont Ferrand after the
LHCb December 2018 at CERN: 2 weeks
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