
Prospectives LPC 2018 : Pôle Théorie

 Membres : Jean-François Mathiot, Vincent Morénas, Jean Orloff, AMT

 Prospectives : fenêtre de 2-3 ans
3 axes de recherche (théorie & phénoménologie)
   suivant de près les développements expérimentaux
   permettant des échanges avec des projets dans 
   le Pôle PU (LHCb, Solid, COMET, FCC, ILC)    

 Axes de recherche : Théorie des champs 
          QCD sur réseau 
          Recherches de Nouvelle Physique 
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 Théorie des champs 
 Nouvelle méthode de régularisation : 

amplitudes élémentaires finies -> Modèle Standard, processus à une boucle, 
                                e.g. H → γ γ, théories de masse nulle 

 Calcul de constantes de renormalisation : opérateurs non-locaux bilinéaires  
 Études des mésons lourds (Qq) et quarkonia (QQ) : spectroscopie, facteurs de forme, 

contraintes pour des modèles de nouvelle physique (Higgs pseudoscalaire léger) 

 Lattice QCD 

Théorie des champs sur front de lumière : 
brisure non-perturbative de symétrie (auto-interactions champs scalaires) ; 
mise en évidence par détermination de μ HHH    

 Élément indispensable pour l’étude de la physique des saveurs :
réduction incertitudes théoriques & interprétation de mesures expérimentales 

(LHCb, Belle II, NA62, ...) ; vérifier MS ou dévoiler Nouvelle Physique 

- -
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 Physique des saveurs lourdes et recherche de Nouvelle Physique
 Phénoménologie des baryons-b (Qqq) : 

calcul des facteurs de forme et règles de somme pour les désintegrations Λb -> Λc 
(écriture covariante des amplitudes de transition ; modèle relativiste 
                     pour les fonctions d’onde baryoniques) 

-> étude de violation de saveur leptonique 
Λb -> Λcℓν @ LHCb, Belle II, ... 

Modélisation des anomalies dans les désintégrations des mesons B : (si confirmées...)
Étude de modèles de Nouvelle Physique adressant les problèmes du MS et capables   
          d’expliquer RK(*) et RD(*) -> auprès de LHCb, CMS, Belle II...
Identification d’autres observables de 
   violation de l’universalité des saveurs leptoniques
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 Impact de NP pour les observables de “haute intensité” : SM + “fermions stériles”, ...
Violation de la saveur leptonique (cLFV), du nombre leptonique (LNV), 

moment dipolaires - électrique et magnétique - EDMs, g-2
Nouvelles observables (modes, asymétries, ...)  
Synergie d’observables pour dévoiler NP

 -> accent sur possibilités auprès de COMET (Phase I et II) 
[aussi MEG, Mu3e, NA62, ...]

 -> contribution aux études phénoménologiques pour COMET 

 Recherches auprès des collisionneurs (LHC, ILC, FCC-ee) : 
Désintégrations rares du Higgs et du Z (Z -> μ τ) 
Signatures de fermions lourds à hautes énergies (modes cLFV, LNV)
Recherches de “long-lived particles” (SUSY, stériles, ...)

 Nouvelle Physique - neutrinos et leptons chargés





Prospectives LPC 2018 : νs et haute intensité

 Expériences de neutrinos et haute intensité (hors collisionneur) : 
Soli∂, COMET, DUNE (?)  

 Domaine très riche :
- secteur leptonique offrant possibilités de découverte 

(1ères mesures, mesures de précision, ...)

- recherches de Nouvelle Physique 
- physique & instrumentations différentes 

 (well known “beam” composition, “unique” signal mode + backgrounds)
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 Anomalies dans les oscillations de νs -> au-delà de 3 νs “actifs” 
Plusieurs données en contradiction avec le paradigme {νe, νμ, ντ}   

Anomalies : “νe -> νe disappearance”  et  “νμ -> νe appearance” 
                                          (pas en “νμ disappearance”)

-> suggèrent la présence de neutrinos stériles (Δm2, θℓs) 

Anomalie “LSND” : confirmée par MiniBooNE @ 4.8σ (6.1σ combiné)  [2018]

-> “vraie” nouvelle physique : stériles + propriétés exotiques...  

 Confirmer νe -> νe : expériences “short baseline reactor”   

- Déformation du spectre d’énergie vs distance 
- Distance de la source (réacteur) : 6-9 m 

STEFANIA BORDONI (CERN)

WHAT’S NEXT ? 
▸ Very short baseline reactor experiment (5 and 20 m)  

▸ detection based on energy spectrum distortion as a function of the distance 

▸ extended and (highly) segmented detector to measure relative distortion among cells 
of the same detector 

▸ independent from reactor flux estimations 

▸ challenging experiment for bkg control (µ, n, ɣ) because on surface

51

@ reactor experiments 



Motivation
[Gariazzo et  al.,  JHEP06(2017)135]
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Prospectives LPC 2018 : collaboration SoLi∂

- Phase I (construction) terminé 
- BR2 reactor commissioning : Fev 2018
- Prise de données (physics mode) 

150 jours 2018 + 2019-2020
- Mesure du spectre ν de 235U
- Résultats de physique : fin 2018

 Confirmer νe -> νe : expériences “short baseline reactor”   

- 50 membres  [B, FR, UK, USA]  
- Découvrir (ou infirmer) états stériles Δm2∼ O(1eV2)
- Adresser disparités du spectre d’éléments lourds 

(identifiées par Long Baseline exps)
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 Violation de la saveur leptonique -> découverte de Nouvelle Physique 
                         (au-delà du Modèle Standard + νs massifs) 

Leptonic observables: signs of New Physics

e
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Past and future

from Ann-Kathrin Perrevoort NuFACT2017

- Désintégration rares de muons : plusieurs 
 canaux cLFV

- Accès à des faisceaux de muons 
 extrêmement intenses 

- Forte activité expérimentale (EU, USA, JP, ...) 

Conversion muon-électron en 
    présence de matière : CR(μ - e, N)

-> DeeMe, Mu2e, COMET



COMET	Experiment
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Transport  Section
Pion decays to muon, with 
momentum and charge 
selection

Pion Capture Section
A section to capture pions
with a large solid angle 
under a high solenoidal
magnetic field by 
superconducting magnet

COMET Phase-II
For R~10-17 muon conversion 
measurement
• 56 kW proton beam
• 1 year DAQ

COMET-Phase-I
For BG measurement, 
R~10-15 muon conversion
• 3.2kW proton beam
• Half year DAQDetector Section

A detector to search for 
muon-to-electron 
conversion processCOMET	Experiment
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Pion Capture Section
A section to capture pions
with a large solid angle 
under a high solenoidal
magnetic field by 
superconducting magnet

Pion-Decay and Muon-
Transport Section
A section to collect muons
from decay of pions under 
a solenoidal magnetic 
field.

Detector Section
A detector to search for 
muon-to-electron 
conversion process

COMET Phase-II
For R~10-17 muon conversion 
measurement
• 56 kW proton beam
• 1 year DAQ

Summary…

• SES	:	3.1	x	10-15

– SES	(Phase-II	@~2022):	
2.5	x	10-17

• Start	data	taking	at	2019

• Half	year	data	taking	for	

– Muon conversion	
measurement

– Beam	measurement

• … and	the	Future?
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Prospectives LPC 2018 : COMET @ JPARC

Detector systems : commissioned and tested
end JFY 2019

Beam studies in the proton beam "B-line" : 
early JFY 2020

Recherche de μ - e (Aluminium)
-> CR(μ - e, Al) < 10-15(-17) 

Signal : e- monochromatique, Ee ≈ 105 MeV
Bruits de fond : physique très “propre”

Muon decay in orbit ; radiative pion 
capture ; cosmic rays (!)



Prospectives LPC 2018 : νs et haute intensité

 Oscillations de νs -> les inconnues - Spectre : normal ou inversé 
- Violation de CP (Dirac), δCP

- Octant de θatm

STEFANIA BORDONI (CERN)

HOW DO WE MEASURE THE MASS HIERARCHY?
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Anatael Cabrera (CNRS-IN2P3 & APC)

energy resolution of JUNO detector…8

•the 3% requirement arises from ratio δm2/Δm2 

•i.e. the solar to atmospheric mass-squared difference 

•need energy resolution ~ 3% @ 1MeV 

•stochastic term (a/√E)→ a ≤ 3% 

•non-stochastic term under investigation (next)

Figure 1: The MH discrimination ability for the proposed reactor neutrino experiment
as functions of the baseline (left panel) and the detector energy resolution (right panel)
with the method of the least squares function in Eq. (10).

Cores YJ-C1 YJ-C2 YJ-C3 YJ-C4 YJ-C5 YJ-C6
Power (GW) 2.9 2.9 2.9 2.9 2.9 2.9
Baseline(km) 52.75 52.84 52.42 52.51 52.12 52.21

Cores TS-C1 TS-C2 TS-C3 TS-C4 DYB HZ
Power (GW) 4.6 4.6 4.6 4.6 17.4 17.4
Baseline(km) 52.76 52.63 52.32 52.20 215 265

Table 1: Summary of the power and baseline distribution for the Yangjiang (YJ) and
Taishan (TS) reactor complexes, as well as the remote reactors of Daya Bay (DYB) and
Huizhou (HZ).

uncertainty (1%). We use 200 equal-size bins for the incoming neutrino energy between
1.8 MeV and 8.0 MeV.

We can fit both the normal MH and inverted MH with the least squares method
and take the difference of the minima as a measurement of the MH sensitivity. The
discriminator of the neutrino MH can be defined as

∆χ2
MH = |χ2

min(N)− χ2
min(I)|, (11)

where the minimization process is implemented for all the relevant oscillation parameters.
Note that two local minima for each MH [χ2

min(N) and χ2
min(I)] can be located at different

positions of |∆m2
ee|. This particular discriminator is used to obtain the optimal baseline

and to explore the impact of the energy resolution, which are shown in the left and right
panels of Figure 1. Ideally a sensitivity of ∆χ2

MH " 16 can be obtained at the baseline
around 50 km and with a detector energy resolution of 3%.

The baselines to two reactor complexes should be equal. The impact of unequal
baselines is shown in the left panel of Figure 2, by keeping the baseline of one reactor
unchanged and varying that of another. A rapid oscillatory behavior is observed and
demonstrates the importance of baseline differences for the reactor cores. To evaluate
the impact from the spacial distribution of individual cores, we take the actual power

5

Y.F. Li et al, PRD88(2013)013008
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= 0.09. The spectral information provides an unambiguous determination of the oscillations
parameters and allows in principle to distinguish the two CP-conserving scenarios.

and distinguishable.

1.3 Nucleon decays

Grand Unification (GU) of the strong, weak and electromagnetic interactions into a single unified

gauge [32, 33] is an extremely appealing possibility which has been vigorously pursued, theoretically

and experimentally, for many years. The question is of fundamental importance and it has received a

great deal of attention in the past decades with large water Cerenkov detectors at the forefront, but

even relatively smaller fine grained calorimeters, as for instance Soudan-2 [34, 35], made significant

contributions.

Experimental hints in favor of Grand Unified Theories (GUT) are the apparent merging of the

three coupling constants at a large energy scale (⇠ 1016 GeV) when low energy measurements are

extrapolated [36], or the observation that the quantized electric charges cancel such that protons

and electrons compensate each other in atoms with such an enormous accuracy [37] that a specific

internal symmetry of nature must exist. On the other hand, the most direct signature of GU would

be the experimental detection of proton or bound-neutron decays, representing the direct observation

of baryon number violation [38]. The experimental search for decays of protons or bound-neutrons is
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FIG. 5: Same as Figure 4 for inverted hierarchy �m2
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< 0 (IH).

therefore another most important and research frontier problem of Particle Physics. In the simplest

GUTs, nucleon decay proceeds via an exchange of a massive boson X between two quarks in a proton

or in a bound neutron. In this reaction, one quark transforms into a lepton and another into an anti-

quark which binds with a spectator quark creating a meson. According to the experimental results

from Super-Kamiokande [39, 40] constraining the partial decay to ⌧/B(p ! e+⇡0) > 5.4 ⇥ 1033 years

(90%C.L.), the minimal SU(5) [33], predicting a proton lifetime proportional to ↵�2M4
X where ↵ is

the unified coupling constant and MX the mass of the gauge boson X, seems definitely ruled out.

In addition, in this model it does not seem possible to achieve the unification of gauge couplings in

agreement with the experimental values of the gauge couplings at the Z0 pole [36].

Supersymmetry, motivated by the so-called “hierarchy problem”, postulates that for every SM

particle, there is a corresponding “superpartner” with spin di↵ering by 1/2 unit from the SM particle

[41]. In this case, the unification scale turns out higher, and pushes up the proton lifetime in the

p ! e+⇡0 channel up to 1036±1 years, compatible with experimental results. At the same time,

alternative decay channels open up via dimension-five operator interactions with the exchange of heavy

supersymmetric particles. In these models, transitions from one quark family in the initial state to

the same family in the final state are suppressed. Since the only second or third generation quark

which is kinematically allowed is the strange quark, an anti-strange quark typically appears in the
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JUNO
NOvA, DUNE, HK ..

Matter effect:  
 !/anti-! oscillations enhanced depending 
from the MH (need LBL)

Oscillation interference:  
Spectral distortion on medium baseline 
reactor experiment (3% effect)

Two approaches : 

Anatael Cabrera (CNRS-IN2P3 & APC)

energy resolution of JUNO detector…8

•the 3% requirement arises from ratio δm2/Δm2 

•i.e. the solar to atmospheric mass-squared difference 

•need energy resolution ~ 3% @ 1MeV 

•stochastic term (a/√E)→ a ≤ 3% 

•non-stochastic term under investigation (next)

Figure 1: The MH discrimination ability for the proposed reactor neutrino experiment
as functions of the baseline (left panel) and the detector energy resolution (right panel)
with the method of the least squares function in Eq. (10).

Cores YJ-C1 YJ-C2 YJ-C3 YJ-C4 YJ-C5 YJ-C6
Power (GW) 2.9 2.9 2.9 2.9 2.9 2.9
Baseline(km) 52.75 52.84 52.42 52.51 52.12 52.21

Cores TS-C1 TS-C2 TS-C3 TS-C4 DYB HZ
Power (GW) 4.6 4.6 4.6 4.6 17.4 17.4
Baseline(km) 52.76 52.63 52.32 52.20 215 265

Table 1: Summary of the power and baseline distribution for the Yangjiang (YJ) and
Taishan (TS) reactor complexes, as well as the remote reactors of Daya Bay (DYB) and
Huizhou (HZ).

uncertainty (1%). We use 200 equal-size bins for the incoming neutrino energy between
1.8 MeV and 8.0 MeV.

We can fit both the normal MH and inverted MH with the least squares method
and take the difference of the minima as a measurement of the MH sensitivity. The
discriminator of the neutrino MH can be defined as

∆χ2
MH = |χ2

min(N)− χ2
min(I)|, (11)

where the minimization process is implemented for all the relevant oscillation parameters.
Note that two local minima for each MH [χ2

min(N) and χ2
min(I)] can be located at different

positions of |∆m2
ee|. This particular discriminator is used to obtain the optimal baseline

and to explore the impact of the energy resolution, which are shown in the left and right
panels of Figure 1. Ideally a sensitivity of ∆χ2

MH " 16 can be obtained at the baseline
around 50 km and with a detector energy resolution of 3%.

The baselines to two reactor complexes should be equal. The impact of unequal
baselines is shown in the left panel of Figure 2, by keeping the baseline of one reactor
unchanged and varying that of another. A rapid oscillatory behavior is observed and
demonstrates the importance of baseline differences for the reactor cores. To evaluate
the impact from the spacial distribution of individual cores, we take the actual power

5

Y.F. Li et al, PRD88(2013)013008

arxiv:1507.05613v2

- “very long baseline” (accélérateur)
1300 km (FNAL - South Dakota)

- 30 pays (~1000 membres !)
- Near detector <-> “beam dump” (3GeV)

- CERN ν platform (exp & th)  

Project timeline

July 2017 

Groundbreaking for LBNF/DUNE

2026 

Fermilab’s high-energy neutrino beam 
to South Dakota operational with two 

DUNE detectors online

Autumn 2018 

ProtoDUNE detectors online at CERN

2019 

Begin main cavern excavation in 
South Dakota

2022 

Begin installing the first DUNE 
detector

STEFANIA BORDONI (CERN)
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Variety of physics with 
atmospheric :  
• MH,   octant, CP  
• Sterile neutrino , LV, etc 
With atmospheric alone, 
• mass hierarchy sensitivity 
• >3 octant determination for      
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!  With10 years exposure, can 
exclude sin�CP=0 and 
demonstrate CP violation: 
! >8� if �CP = ±90o 
! >5� for 62% of �CP values 
!   >3� for 78% of �CP values  

! �CP resolution: 
! 21o precision at �CP=90o  
!   7o precision at �CP=0o  

CP violation sensitivity Mass ordering sensitivity

-Mass Ordering: 
normal vs inverted
-Dirac CP violating 
phase, δCP
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