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•  Probe New Physics at very high energy scales:  Λ > 102-104 TeV 
•  High intensity frontier: complementarity with High energy frontier (LHC) 
•  Flavor is the usual greveyard of BSM EW theory  (European strategy @Granada) 

 
 

Flavor Physics 

Rare µ and τ decays: 
Charged lepton flavor 
violation  

g-2, EDM, 
oscillazioni n-nbar, 
Higgs.. 

Heavy flavor: 
b and c Physics 

Note: 
Logos show groups  
present at  
INFN-Roma1/Sapienza 

Topics 
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Muon very rare processes 

MEG group @ INFN Roma1/Sapienza (+ PI/PV/GE/LE) 
Other INFN groups active in Mu2e (Pisa Lecce) 
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µ→e transition processes 

 
 
 

•  Practically forbidden in the SM: BR~10-54 
•  Enhanced in many New Physics models 

16/5/19 22 

LFV are also optimal 
BSM windows
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LFV are also optimal 
BSM windows
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LFV are also optimal 
BSM windows

 New Physics (example) 
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Why µ→eγ? - theory 
•  As for other charged lepton flavor violating decays: 
  allowed but unobservable in the Standard Model (SM)  

•  Enanched (sometimes just  
  below experimental limit) in  
  many New Physics Model 

€ 

BR(µ → eγ) SM <10−50

Observation of µ→eγ is 
Physics beyond SM 

Cecilia Voena, FLASY 2014 

Heaviest Right Handed  
ν mass 

MEG previous  limit 

M.Cannoni, J.Ellis, et al. 
Phys Rev D 88 075005 

MEG present result 

18 CHAPTER 2. PHENOMENOLOGY

Figure 2.1: Possible diagram for the µ+ → e+γ decay in SU(5) SUSY GUT. The χ̃0 particle is a
heavy neutralino mediating the flavor changing process.

The large Yukawa coupling of the top quark further enhances the lepton flavor transitions, as a
consequence of the combined action of SUSY and unification. This results in a large transition rate
between the scalar partners of the muon and the electron, µ̃ and ẽ, which enhances the µ+ → e+γ

process through diagrams of the type depicted in Figure 2.1. The predicted rate depends on several
parameters of the theory. In [32] the following expression is given

BR(µ+ → e+γ) = 2.4 × 10−12

(
|Vts|
0.04

|Vtd|
0.01

)2 (100 GeV
mẽ

)4

. (2.3)

In Figure 2.2 predictions are given as a function of slepton masses. It has been calculated that, since
up-type quarks and down-type quarks and leptons belong to different representations of SU(5), the
left handed sleptons are not significantly mixed, and the branching ratio µ+ → e+

Rγ is negligible,
therefore only µ+ → e+

Lγ occurs in SUSY GUT SU(5). This asymmetry can be easily seen if we
write the Yukawa couplings (2.2) as a function of the SU(5) matter fields

WSU(5) = (yu)ij TiTjH(5) + (yd)ij F̄iTjH̄(5) (2.4)

↖
The large top quark Yukawa

coupling is here

where H(5) and H̄(5) are the Higgs fields associated with the 5 and 5̄ representations, and T and
F are the representations containing the matter fields as in Equation (1.45). Since the large top
Yukawa coupling enters in (yu)ij left-handed and right-handed fields are treated differently2.

2.3.2 SO(10) SUSY GUT

In SO(10) SUSY GUT models both left-handed and right-handed (s)leptons receive LFV contri-
butions, since the super-potential is now written as

WSO(10) = (yu)ij16i Hu(10) 16j + (yd)ij16i Hd(10) 16j (2.5)

2This point could be used in a future, since studies of the correlation between the muon spin and the direction

of the µ → eγ photon will distinguish between SU(5) and SO(10). As we shall see in the next Section, in SO(10)

leptons of both helicities take part in the µ+ → e+γ amplitude.

 Standard Model 
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µ→e experiments 
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MEG @ PSI

MU2E @ FERMILAB

µ - e experiments
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MEG @ PSI

MU2E @ FERMILAB

µ - e experiments
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MEG @ PSI

MU2E @ FERMILAB

µ - e experiments
MEG-II (PSI) Mu3e (PSI) 

Mu2e (Fermilab) 

COMET (J-Park) 
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MEG result 

 
 
 

•  7.5 x 1014 stopped muons in 2009-2013 
•  5 discriminating variables: Ee, Eγ, Teγ, θeγ, φeγ 
•  Likelihood analysis + frequentistic approach The Five Observables & Rsig
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The best fitted likelihood function is shown. “Signal” in arbitrary scales.

accidental

radiative 
decay

signal

teγ

θeγ φeγ

Ee Eγ

Rsig

Rsig = log10(S / (fRR + fAA)), where S=signal, R=radiative, A=accidental

sum

BR (µ→eγ) < 4.2x 10-13  

at 90% C.L. 
Eur.Phys.J.C76 (2016) 

 Magnified signal for illustrative purposes 
No significant excess of the signal 6	



µ→e present and future plans 

 
 
 

 European strategy update @ Granada Year
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Situazione> 2025
• Se esiste uno esistono anche gli altri 

• Discriminazione dei modelli?

Now

ballistic

future

•  Mu2e and Mu3e are structured in 
     different phases and upgrades 
     have been proposed 
 
•  For µ->eγ, preliminary (simulation) studies 
     have been performed for future 
    experiment (after MEG-II) 

from 36 institutions in six countries, including Italy, Germany, and the UK. Using 100 kW of
protons from PIP-II, the Mu2e-II projected sensitivity is a factor ten or more better than the
Mu2e sensitivity. Data taking could begin in the late 2020s.

The COMET collaboration is also heavily involved in R&D towards the PRISM project, which
combines COMET Phase-II with an FFAG muon storage ring to potentially provide muon beam
intensities of > 1012 stop-µ/s with a narrow momentum bite allowing the use of very thin
stopping targets, and significantly reduced pion contamination owing to the increased transport
path length. In conjunction with an upgrade to the J-PARC proton source to achieve 1.3 MW
and to the detector systems to accomodate the higher rates, PRISM o↵ers the potential to
achieve sensitivies to µ�N ! e�N of the order of 10�19. The monochromatic, pion-suppressed,
high-intensity muon beam provided by PRISM will allow the use of stopping targets comprised
of heavy elements, such as gold or lead, that can be important in understanding the underlying
new physics operators in the event of a discovery [33].

Summary
The MEG, Mu3e, Mu2e, and COMET experiments use intense muon beams to provide the broadest,
deepest, most sensitive probes of charged-lepton flavour violating interactions and to explore
the BSM parameter space with sensitivity to new physics mass scales of 103 � 104 TeV/c2,
well beyond what can be directly probed at colliders. Over the next five years, currently
planned experiments in Europe, the US, and Asia will begin taking data and will extend the
sensitivity to µ ! e charged-lepton flavour violating transitions by orders of magnitude. Further
improvements are possible and new or upgraded experiments are being considered that would
utilize upgraded accelerator facilities at PSI, Fermilab, and J-PARC. The schedule of planned
and proposed experiments is summarized in the figure below. Strong European participation
in the design, construction, data taking, and analysis will be important for the success of these
future endeavors and represents a prudent investment complementary to searches at colliders.

We urge the committee to strongly support the continued participation of European institu-
tions in experiments searching for charged-lepton flavour violating µ ! e transitions using
high-intensity beams at facilities in Europe, the US, and Asia, including possible upgraded
experiments at next-generation facilities available the latter half of the next decade at PSI,
Fermilab, and J-PARC.

Figure 1: Planned data taking schedules for current experiments that search for charged-lepton flavor

violating µ ! e transitions. Also shown are possible schedules for future proposed upgrades to these

experiments. The current best limits for each process are shown on the left in parentheses, while

expected future sensitivities are indicated by order of magnitude along the bottom of each row.

10
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MEG @Roma1: expertise 

 
 
 

•   The MEG Rome group participated also in the MEG experiment  
      (since 2007, timing counter, positron reconstruction, likelihood    
       analysis) 
 
 

MEGII @Roma1 
G. Cavoto 
G. Chiarello (assegnista) 
M. Gianfelici (laureanda) 
M. Meucci (dottorando) 
V. Pettinacci 
F. Renga 
C. Voena 

V.Pettinacci 

MEG-II 

Prototyping phase for  Drift Chamber 
+HV+gas+reco 

Very good expertise  
with gaseous detector  
(complementary to those  
already present in Rome  
..GEM, MPGD, RPC) 

Crucial support from  
LABE, mechanical shop,  
CAD service 

Target position measurement system 
Cooling system for CW target 
(search for X-boson 17.6 MeV) 

need specialized 
engineer: 

8	



•  The Rome group is considering future perspectives for µ→eγ 
experiments: 

     - currently limited by accidental background 
     - with an improvement of the resolutions and  
       a conversion techinque we can improve 
       the sensitivity by one order of magnitude 
 
•  Activity around the world to increase intensity 
     of muon beam to 109-1010 muon/s 

37 Page 14 of 15 Eur. Phys. J. C (2018) 78 :37
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Fig. 8 Expected 90% C.L. upper limit on the Branching Ratio of
µ+ → e+γ in different scenarios for a 3-year run. Calorimetery and the
photon conversion technique are compared. The lines turn from contin-
uous to dashed when the number of background events exceeds 10. The
horizontal dashed and dotted lines show the current MEG limit and the
expected MEG-II sensitivity

resolution. The photon energy resolution is degraded accord-
ingly (see Sect. 5).

In Fig. 7 we compare different designs based on the pho-
ton conversion approach. Apart from the obvious advantage
of having multiple layers, it should be noticed that a vertex
detector would be only useful at very large beam rates. We
do not consider the silicon vertex detector option because,
according to Table 8, it would not significantly improve
the expected performances. We consider instead a scenario
where the extended tracker is made of silicon detectors, with
the performances presented in [16], which could be the only
available solution if aging effects make impossible to operate
a gaseous detector.

In Fig. 8 we compare the performances of an experiment
with calorimetry with the performances of the best photon
conversion designs. We also show for comparison how the
MEG-II detector would perform at the same beam rates.
Calorimetry is definitively advantageous at low beam rate, as
expected, but there is a wide range of beam intensity where
this approach would be limited by the background, while the
photon conversion approach would not give yet a better sen-
sitivity, unless a very large detector with many conversion
layers is built.

In conclusion, a 2 × 10−15 limit seems to be within reach
with a 109 muons per second stopping rate, while a further
increase of the beam rate up to 1010 would only improve the
sensitivity by a factor of 2.

9 Conclusions

Efforts are ongoing to develop muon beam-lines with inten-
sities near 109 and possibly approaching 1010 muons per

second, to be used for a future generation of cLFV searches
in muon decays.The HiMB project at PSI aims to reach
1010 muons per second in the next decade, while the
MuSIC project at RCNP (Japan) is experimenting different
approaches to increase the muon yield per unit of power of
the primary proton beam. The FNAL project PIP-II could be
also competitive in this field.

In this paper we investigated the experimental factors that
will limit the sensitivity reach of future experiments search-
ing for the µ+ → e+γ decay with a continuous muon beam
at high intensity.

The most relevant issue is the choice of the photon detec-
tion technique between calorimetry and the reconstruction
of the e+e− pair from photon conversion in a thin layer of
high-Z material, being favored the former by the much higher
detection efficiency and the latter by the far superior resolu-
tions, along with the possibility of rejecting accidental back-
ground events by reconstructing the photon-positron vertex.

On the positron side, tracking with gaseous detectors
would ideally provide the best possible resolutions, which
would be eventually limited by the multiple Coulomb scatter-
ing experienced by the particle in the target and in the material
in front of the tracker. On the other hand, the high occupancy
in the inner part of the tracking system could severely limit
the possibility of using gaseous detectors. A significant dete-
rioration of the overall sensitivity (more than a factor 2) is
expected if a silicon tracker has to be used for this reason.

Sensitivity projections show that a 3-year run with an
accelerator delivering around 109 muons per second could
allow to reach a sensitivity of a few 10−15 (expected 90%
upper limit on the µ+ → e+γ BR), with poor perspectives
of going below 10−15 even with 1010 muons per second.
Below 5 × 108 muons per second, the calorimetric approach
needs to be used in order to reach this target. If a muon beam
rate exceeding 109 muons per second is available, the much
cheaper photon conversion option would be recommended
and would provide similar sensitivities.

The sensitivity would be eventually limited by the fluc-
tuation of the interaction of the particles with the detector
materials: this indicates that a further step forward in the
search for µ+ → e+γ would require a radical rethinking of
the experimental concept.
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Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecomm
ons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.
Funded by SCOAP3.

123

 µ→eγ perspectives 

 
 
 
 
 
 

Eur. Phys. J.C 78, 37 (2018) 
G. Cavoto et al. 
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Trackers

Converter

Positron TC

Photon TC

Fig. 6 Sketches of a detector design made of an extended e+ and an
e+e− pair trackers (sky blue) separated by a thin conversion layer (dark
gray, not in scale), with positron (light gray) and photon (cyan) timing

counters (TC). A typical µ+ → e+γ event with converted photon is
shown (positrons in black, photon in green, electron in red)

aration in space, the back-propagation of the e+e− pair
can be used to identify the foil where the photon has been
produced, and check if it is the same of the positron. In this
case, the accidental background is effectively reduced by
a factor of two. More generally, spreading the beam over
a larger surface makes more effective the background
rejection based on the goodness of the electron-photon
vertex.

8 Sensitivity reach

In this section we give an estimate of the sensitivity reach
of a µ+ → e+γ search based on the technologies described
above. At first, we consider a basic design based on the photon
conversion technique, with a single conversion layer, an inner
vertex detector (silicon pixels or a TPC) and a 200 cm long
extended tracker (a drift chamber or a TPC) which would
serve as a positron and a positron-electron pair spectrometer.

The inclusion of multiple conversion layers would be an
interesting improvement to this design. It can be made with-
out any loss in the timing performances only if timing is
provided by fast silicon detectors at the conversion layer.

We finally consider a calorimetric approach for the pho-
ton reconstruction, while leaving the positron reconstruction
unchanged.

In both cases, we neglect the difficulties connected to the
reconstruction of signal events in a crowded environment
with positron tracks from multiple Michel muon decays.

8.1 A design with photon conversion

In Fig. 6 we show a sketch of aµ+ → e+γ detector based on
the photon conversion technique, with two different options
for the inner vertex detector and a typical signal event. A
similar design was recently proposed in [15].

In this design, a target identical to the one of MEG-II is
surrounded by a positron tracker extending from R = 20 to

R = 30 cm. with a length of 200 cm. It can be a drift chamber
or a radial TPC. As in MEG and MEG-II, plastic scintillators
(positron timing counters) are placed behind it, in order to
measure the positron track timing.

At R = 30 cm, a 60 cm long Lead conversion layer is
placed, with a 0.1 X0 thickness. The longitudinal extent of
the conversion layer defines the acceptance of the detector,
∼ 70%.

Externally, a 84 cm long drift chamber or radial TPC is
used as an electron-positron pair spectrometer. This chamber
extends up to R = 42 cm, where plastic scintillators (photon
timing counters) are placed.

Optionally, a small TPC or a two-layer silicon vertex
detector can be considered. Both detectors are 40 cm long.
The TPC has an inner radius of 10 cm and an outer radius of
20 cm. The first silicon layer is placed at a radius of 10 cm.

Everything is immersed in a graded magnetic field similar
to the MEG one, such that, for events within the acceptance
defined above, the signal positron curls before reaching the
converter layer and finally reaches the positron timing coun-
ters, while at least one of the tracks from the photon con-
version goes through the whole e+e−pair spectrometer and
reaches the photon timing counters.

We estimated the expected performances of such a detec-
tor. For simplicity, we rely on the results shown in Table 6
for the photon reconstruction, although they are obtained
for a uniform magnetic field. For the positron angle and
momentum reconstruction in the tracker we assume the per-
formances of the MEG-II drift chamber, with a 90% recon-
struction efficiency, while for the vertex resolution with an
inner tracker we assume two different scenarios. In the first,
conservative one, the only improvement comes from having
the first measured point which is closer to the target, while the
momentum and angular resolutions are still dominated by the
extended tracker, and the angular resolution is deteriorated
by the presence of the inner wall of the TPC or the inner layer
of the silicon vertex tracker. In the second, optimistic one, the
vertex detector makes the tracking contribution to the angu-
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 - PSI 
-  Fermilab (PIP-II) 
-  RCNP 

potential synergy 
with Ph.D. in 
Accelerator 
Physics? 

muon beam intensity 9	



 New Physics reach  

 
 
 
 
 
 

arXiv:170203020 
A. Crivellin et al. 

Br (µ+ ! e+�) Br (µ+ ! e+e�e+) BrAu/Al
µ!e

4.2 · 10�13 4.0 · 10�14 1.0 · 10�12 5.0 · 10�15 7.0 · 10�13 1.0 · 10�16

CD
L 1.0 · 10�8 3.1 · 10�9 2.0 · 10�7 1.4 · 10�8 2.0 · 10�7 2.9 · 10�9

CS LL
ee 4.8 · 10�5 1.5 · 10�5 8.1 · 10�7 5.8 · 10�8 1.4 · 10�3 2.1 · 10�5

CS LL
µµ 2.3 · 10�7 7.2 · 10�8 4.6 · 10�6 3.3 · 10�7 7.1 · 10�6 1.0 · 10�7

CS LL
⌧⌧ 1.2 · 10�6 3.7 · 10�7 2.4 · 10�5 1.7 · 10�6 2.4 · 10�5 3.5 · 10�7

CT LL
⌧⌧ 2.9 · 10�9 9.0 · 10�10 5.7 · 10�8 4.1 · 10�9 5.9 · 10�8 8.5 · 10�10

CS LR
⌧⌧ 9.4 · 10�6 2.9 · 10�6 1.8 · 10�4 1.3 · 10�5 1.9 · 10�4 2.7 · 10�6

CS LL
bb 2.8 · 10�6 8.6 · 10�7 5.4 · 10�5 3.8 · 10�6 9.0 · 10�7 1.2 · 10�8

CT LL
bb 2.1 · 10�9 6.4 · 10�10 4.1 · 10�8 2.9 · 10�9 4.2 · 10�8 6.0 · 10�10

CS LR
bb 1.7 · 10�5 5.1 · 10�6 3.2 · 10�4 2.3 · 10�5 9.1 · 10�7 1.2 · 10�8

CS LL
cc 1.4 · 10�6 4.4 · 10�7 2.8 · 10�5 2.0 · 10�6 1.8 · 10�7 2.4 · 10�9

CT LL
cc 3.5 · 10�9 1.1 · 10�9 6.8 · 10�8 4.8 · 10�9 6.6 · 10�8 9.5 · 10�10

CS LR
cc 1.2 · 10�5 3.6 · 10�6 2.3 · 10�4 1.6 · 10�5 1.8 · 10�7 2.4 · 10�9

CV RR
ee 3.0 · 10�5 9.4 · 10�6 2.1 · 10�7 1.5 · 10�8 2.1 · 10�6 3.5 · 10�8

CV RL
ee 6.7 · 10�5 2.1 · 10�5 2.6 · 10�7 1.9 · 10�8 4.0 · 10�6 6.7 · 10�8

CV RR
µµ 3.0 · 10�5 9.4 · 10�6 1.6 · 10�5 1.1 · 10�6 2.1 · 10�6 3.5 · 10�8

CV RL
µµ 2.7 · 10�5 8.5 · 10�6 2.9 · 10�5 2.0 · 10�6 4.0 · 10�6 6.6 · 10�8

CV RR
⌧⌧ 1.0 · 10�4 3.2 · 10�5 5.3 · 10�5 3.8 · 10�6 4.8 · 10�6 7.9 · 10�8

CV RL
⌧⌧ 1.2 · 10�4 3.6 · 10�5 5.1 · 10�5 3.6 · 10�6 4.6 · 10�6 7.6 · 10�8

CV RR
bb 3.5 · 10�4 1.1 · 10�4 6.7 · 10�5 4.8 · 10�6 6.0 · 10�6 1.0 · 10�7

CV RL
bb 5.3 · 10�4 1.6 · 10�4 6.6 · 10�5 4.7 · 10�6 6.0 · 10�6 9.9 · 10�8

CV RR
cc 8.1 · 10�5 2.5 · 10�5 2.3 · 10�5 1.6 · 10�6 2.1 · 10�6 3.4 · 10�8

CV RL
cc 6.7 · 10�5 2.1 · 10�5 2.4 · 10�5 1.7 · 10�6 2.1 · 10�6 3.5 · 10�8

CL
gg N/A N/A N/A N/A 6.2 · 10�3 8.1 · 10�5

Table 3: Limits on the various coe�cients Ci(mW ) from current and future experimental

constraints, assuming that (at the high scale mW ) only one coe�cient at a time is non-

vanishing and not including operator-dependent e�ciency corrections.

the Wilson coe�cients of tensor operators) and gluons. However, it also appears to

be the best setup to study any kind of vector interaction (with the exception of the

aforementioned CV
ee operators, for which µ ! 3e represents the golden channel). This

is mostly due to notable RGE e↵ects in the vector operator mixing matrix.

Concerning, µ ! e conversion it is important to keep in mind that we chose for the

constraints in Table 3 a chiral basis, i.e. we worked with left- and right-handed fields.

However, for Wilson coe�cients given at the low experimental scale, the µ ! e conversion

rate is only sensitive to operators with vector or scalar currents on the quark side, but

not to operators with axial-vector or pseudo-scalar currents. Therefore, it is informative

to switch the basis and consider operators with scalar (vector) and pseudo-scalar (axial-

14
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Limits on the Wilson Coefficients of LFV effective operators from present 
and future cLFV muon processes 
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τ rare decays 

Groups @Roma1 are not currently involved in τ analysis 
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•  As for muons, charged lepton flavor decays pratically forbidden in the SM  

12	

τ rare decays 
Some examples

16/5/19 46 

•  B-factories expected to be the most powerful tool to constrain these 
decays (currently Belle-II) 

•  Presently many LFV studies also at LHC (LHCb ATLAS CMS) 
•  Opportunities also at HL-LHC and HE-LHC: arXiv:1812.07638 
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τ possible future facilities (E.strategy) 

•  Super Charm tau factory 
•  TauLFV @Ship Beam line 
     - Benchmark mode: τ → 3µ 
     - Enormous τ production rate 
     - Charm Physics 
 

- Interest @Roma1 
 
- We are in contact    
  with the CERN group 
 
- Possible envisaged    
  contributions in  
  muon detector and     
  reconstructions? 
  (At the moment this item is not  
  covered, we have the necessary    
  expertise) 

TauFV experiment                                                            !4

Physics opportunity: LFV τ decays at the SPS 
Enormous τ production rate in SPS beam from Ds→τν !  Consider possibility of using 
Beam Dump Facility (BDF) being planned at CERN.  However SHiP target  unsuited  
for searches for ultra-rare τ decays, because of excessive multiple scattering. 

Instead, design dedicated experiment upstream of SHiP, with thin, distributed targets,  
to bleed off ~2% of the beam intended for SHiP → 2 mm of tungsten (this value  
also set by upper limit of data rates in VELO).

τ
µ
µ

µ

>1 m

impossible to  
distinguish  
from…

µ
µ

µ
>1 m

combinatoric 
background  
(or similar  

topology decay)

…due to lack 
of useful  
vertexing and  
poor mass  
resolution

signal

ντ

Ds

τ

µ

µµ

10 - 20 cm
Synergetic with 
SHiP operation !

16/1/19

TauFV layout

TauFV experiment                                                           !8

Half-view schematic of a possible TauFV configuration (non bending plane).

Angular acceptance:  20→260 mrad   (geometrical efficiency ~40% for τ→µµµ).

16/1/19



The heavy hadron sector (b, c) 

LHCb & Babar & Belle-II @ Roma1 
CMS & ATLAS Rome group not involved in flavor Physics 

14	
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B anomalies @ Moriond EW 2019 
B anomalies…..

16/5/19 39 

Two examples: 
R(D(*) ) = B(B→D(*)τ −ντ )

B(B→D(*)ℓ−ντ )
(ℓ = e,µ)R

K (*)
=
B(B→ K (*)µ+µ− )
B(B→ K (*)e+e− )

=1(SM )

Anomaly is still out there

▻ Prospects

− LHCb still has x2 data to analysis (2017 and 2018) 
− Additional measurements with Bs, Bc and Λb will be useful to understand the puzzle 
− Updated R(K*) still to come  
− Updated R(D) and R(D*) could also help understand differences between charged and 

neutral currents (written before Friday PM session) 
− Input from BELLE-II and other LHC experiments most welcome

 44

RK result with 2011 to 2016 data LHCb-Paper-2019-009

Using 2011 and 2012 LHCb data, RK was:

RK = 0.745+0.090
≠0.074(stat.) ± 0.036(syst.),

≥ 2.6 ‡ from SM (PRL113(2014)151601).

Adding 2015 and 2016 data, RK becomes:
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Branching fractions and other results LHCb-Paper-2019-009
If instead the Run 1 and Run 2 were fitted separately:
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K Run 1

= 0.745+0.090
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Compatibility taking correlations into account:
I Previous Run 1 result vs. this Run 1 result (new reconstruction selection): < 1 ‡;
I Run 1 result vs. Run 2 result: 1.9 ‡.

B+ æ K+µ+µ≠
branching fraction:

I Compatible with previous result (JHEP06(2014)133) at < 1 ‡;
I Run 1 and Run 2 results compatible at < 1 ‡.

B+ æ K+e+e≠
branching fraction:

dB (B+ æ K+e+e≠)
dq2 (1.1 < q2 < 6.0 GeV2) = (28.6+2.0

≠1.7 ± 1.4) ◊ 10≠9 GeV≠2

10 Thibaud Humair
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~70% of events in common between 
old and new Run1 analysis

Thibaud Humair, LHCb

LHCb-paper-2019-009 
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Unitarity triangle 

SM scrutiny: quark flavor

16/5/19 42 

                     Today

SM scrutiny: quark flavor

16/5/19 43 

End of HL-LHC: Belle II + LHCb Upgrade II

•  The elements of the CKM matrix are fundamentals parameters and must 
     be measured as precisely as possible 
 
•  Overconstrain to check of possibile New Physics contributions SM scrutiny: quark flavor

16/5/19 43 

End of HL-LHC: Belle II + LHCb Upgrade II
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CPV in charm 

Observation of CP violation @5.3σ  
in D0→ππ and D0→KK decays 

▻ Dedicated TURBO stream with online calibration and reconstruction of events

− Increased event rate and faster turn around for critical measurements 

▻ Probing also D0 →KsKs but no CPV yet

Observation of CPV in Charm (at last)

 38

Federico Betti, LHCbStrategy – Prompt tag

11Moriond EW 2019 - 21/03/2019F. Betti - INFN Bologna, University of Bologna

Valid up to !(10%&)
Araw(f) ' ACP (f) +AD(f) +AD(⇡s) +AP(D

⇤+)

Physical CP
asymmetry

() detection asymmetry
è equal to 0, since *%*+ and ,%,+

are symmetric final states

,- detection 
asymmetry

(∗ production 
asymmetry 

Independent on 
the final state

) ACP (K
�K+)�ACP (⇡

�⇡+) = Araw(K
�K+)�Araw(⇡

�⇡+)

If the kinematics of the (∗+ and ,- for the two decay modes are equal

(∗+ → ()(→ *+*%),-+ (∗+ → ()(→ ,+,%),-+
LHCb-PAPER-2019-006

NEW!"#$ measurement

18Moriond EW 2019 - 21/03/2019F. Betti - INFN Bologna, University of Bologna
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19Moriond EW 2019 - 21/03/2019F. Betti - INFN Bologna, University of Bologna

• Fit % &'
distribution
• ()*+ parameter of 
the fit shared
between ,- and .,-
• About 9 million
signal events for 
/0/1 and 3 
million for 2021

SL
LHCb-PAPER-2019-006

NEW

9 M 3 M

soft pion tag muon tag

Results

• Compatible with previous LHCb results and the WA
• Combination with LHCb Run 1 gives:

23Moriond EW 2019 - 21/03/2019F. Betti - INFN Bologna, University of Bologna

!"#$ = −'(. * ± ,. - ×'/0*

LHCb-PAPER-2019-006

NEW
Run2 only

Results

• Compatible with previous LHCb results and the WA
• Combination with LHCb Run 1 gives:

24Moriond EW 2019 - 21/03/2019F. Betti - INFN Bologna, University of Bologna

!"#$ = −'(. * ± ,. - ×'/0*

CP violation observed at (. 12 !!

LHCb-PAPER-2019-006

NEW

Run2 + Run1

Giulia Tuci, LHCb
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Present & future 
 European strategy update @ Granada 

16/5/19 37 

Different environment à complementarity

and in the future ….

Belle-III?? 

- τLFV, charm-tau 
Long term future: (>20 y) Flavor physics @ FCC-ee running at the  
Z pole => unique potential for b decays (also for τ) 
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Babar @ Roma1 
•  BABAR data taking stopped in 2008, but Collaboration still active 
•   F. Anulli @ Roma 
•  10 papers published last year.   More than 20 analyses ongoing. Main target 

analysis:  
•  B → D* t ν  with Semileptonic tag 
•  Measurement of  e+e- → π-π+  cross section for (g-2)µ calculation 

•  Plan to continue data analysis until Belle II will accumulate significantly higher 
statistics (very likely, not before than mid 2021) 

•  “sigla” in CSN1 closed a few years ago.  Minimal support for conferences 
granted. 

•  BABAR in Rome: 
–  CPV in D+ → π+π0 decays,  by  
    Alessandro Pilloni, now with a theory  
    postDoc in Trento 
–  Measurement of Collins asymmetries  
     (polarized fragmentation functions), by 
     F. Anulli 
–  Physics analysis coordination (F. Anulli) 

A not exhaustive compilation of hadronic cross 
sections measured by BABAR 



Belle-II @ Roma1 
 
•  F.Ameli 

      - Collaboration with Napoli group for calorimeter electronic 
 

      - Evaluating solutions for a possible upgrade 
 
 

      - ENEA group (S.Baccaro) studying crystals for a possible 
        upgrade 
 

      - The experiment is taking data. Could be interest to join! 

50 ab-1 in 2027 
Future:  Physics case under study 

20	
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LHCB @ Roma1 

•  Control system of the electronic  
     for the muon system (UpgradeI)     
      
 

LHCb @Roma1 
V. Bocci 
G. Martellotti 
D. Pinci 
R. Santacesaria 
C. Satriano 
A. Sciubba 
 

LABE 

•   Analysis: exotic charmonium 
      (e.g. X(3872)->J/ψω) 

Server @ SICR 

•   Expertise in gas detectors 
      MWPC, GEM.. 
 

Interest in muon detector 
for UpgradeII 
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LHCB Upgrade-I 
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LHCB Upgrade-II – µRwell 
•  Preferred scenario: luminosity of 1.5*1034 cm-2 s-1 

•  Stringent requirement on the muon detector 

•  The MWPC that currently instrument the 4 LHCb muon stations 
cannot substain the foreseen rate 

Possible solution: µRwell 

Expertise @ Roma1 
in muon systems 
LHCb group will 
participate in production 
and test 
 
Possible synergy 
with τLFV 



LHCB Upgrade-II – Physics reach LHCb Upgrade-2
• Integrated luminosity 300 fb–1

30

⇡÷4 ÷4

24	



EDMs, g-2... 

There are no groups involved @Roma1 
(but other INFN groups are present) 

25	
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gµ-2 

The muon g–2 at Fermilab
• E989 (Muon g-2) running a Fermilab con una sensibilità aspettata di BNL/4 (0.14ppm)  
• Atteso risultato con ~BNL ppm per fine 2019 
!
!
!
!

• What if the central value stays while the error shrinks? 
!
!
!
!
!
!
!
!

• Le prospettive in questo senso sono molteplici per attaccare il problema da varie 
direzioni 

- (A) esperimento completamente diverso → E34 a J-PARC 

- (B) Riduzione dell’incertezza teorica nella computazione dei contributi (dominanti 
l’errore) adronici (HVP, HLbL) 19

g-2		=meline	

•  Fermilab	g-2	taking	data	

•  Poten$al	to	achieve	5-7	sigma	measurement	if	
discrepancy	confirmed	

•  Already	accumulated	1/10	of	the	BNL	sta$s$cs	

Zuoz,	August	16,	2018	 Augusto	Ceccucci/CERN	

•  Current disagreement vs SM 
•  Muon EDM as byproduct 
     
E989 @ Fermilab 
  - Expected sensitivity ~0.14ppm 
  - Expected first result end 2019 
      (BNL sensitivity) 
  - gµ-2  is a byproduct 
 

J-PARC E34 g–2/EDM experiment
• Fascio di muoni ultralenti riaccelerati da un linac ed inseriti in un piccolo magnete 

tipo NMR 

- local field uniformity ~1ppm vs 50ppm 

- 0.66m vs 14m 

- tracking vs calorimetry 

• Sistematiche “completamente” diverse 

20

HQL2018 Masashi Otani (KEK)J-PARC E34 g-2/EDM Experiment

Intro. Design & Status Summary

Detector

17/21

Calorimeters
@BNL, FNAL

tracking
@J-PARC

Acceptance ~ 65% Acceptance ~ 100 %
S. Nishimura et al., 

JPS Conf. Proc. 025015 (2015)

→0.1 ppm

> 2021

E34 @J-Park 
  - Different experimental technique 
  - Timescale: >  2021  
  - 0.1ppm 

- p. 10/62
B. L.  Roberts,  Fermilab , 3 September 2008 - p. 10/68

Inflector

Kicker 
Modules

Storage
ring

Central  orbit
Injection orbit

Pions
p=3.1GeV/c

Experimental Technique

B
v

R=711.2cm

d=9cm

(1.45T)

Electric Quadrupoles

xc ≈ 77 mm
β ≈ 10 mrad
B·dl ≈ 0.1 Tm

xc

R

R β

Target

narrow time 
bunch of protons

• Muon storage ring – weak 
focusing betatron

• Muon polarization
• Injection & kicking
• Focus with electric quads
• 24 electron calorimeters



EDM: Theory

16/5/19 16 

EDMs are optimal BSM windows:

BSM:  typically 1 loop

* Hadron EDMs:  strong CP and EW CP

* Lepton EDMs:  EW CP

SM: multiloop suppressed

BSM reach, for O(1) couplings,   
   
          à Λ > 103 TeV

  

dn
SM  ≈ 10-31 e cm  

•  Strong and EW CP violation 

•  No SM background 
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EDMs: n, e, µ, nuclei, atoms EDM: neutron

16/5/19 17 

Principle:

Prospects:

Proton EDM 
New: All-electric storage rings 
  => JEDI/CPEDM 
  => plan: start costruction in 2027 

16/5/19 19 

New players: proton EDM 
Charged particles EDMs : proton, charged leptons…
  

In Storage Rings (drawing here and name)  

e.g. dp  à 10-29 e cm   !!!

Neutron EDM  
- present limit:  
- SM prediction:  
      

BSM SM 

dn < 2.9 ⋅10
−26e ⋅cm

dn
SM ≈10−31e ⋅cm

dn ≈10
−29e ⋅cmReach: 

EDM: Theory

16/5/19 15 

BSM:  typically 1 loop

* Hadron EDMs:  strong CP and EW CP

* Lepton EDMs:  EW CP

limits:
  

dn  < 3.6 10-26 e cm 95%CL 

de  < 1.1 10-29 e cm 90%CL 

  

SM: multiloop suppressed
dn

SM  ≈ 10-31 e cm  

EDMs are optimal BSM windows:

dp ≈10
−29e ⋅cmReach: 



•  EDM/MDM from spin precession of channeled baryons in bent crystals 
 

28	

Measuring baryons MDM & EDM  

Sensitive 
to  
g-2  
of the  
particle 

Large deflection  (15 mrad) to enhance the precession effect and  
to send particles within the LHC-b acceptance 

N.Neri, https://indico.cern.ch/event/755856/contributions/3260539/
attachments/1779601/2895655/Neri_PBCJan19.pdf 



•  Flavor Physics: a lot of activity and many  projects for  
     the middle-term future under consideration 
 
•  Rome groups very active in Flavor Experiments: 
    - MEGII, Babar, LHCb, Belle-II 
 
•  Interest in future projects 
     - future µ->eγ searches 
     - LHCb Upgrade-II 
     - τLFV 
     - Possible Belle-II upgrades 
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Summary 

Summary of expertise 
- gas detectors 
- electronics 
- reconstruction algorithms 
- data analysis 

Crucial the INFN technical 
support for both the present 
and the future 



Backup 
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MuonE 
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MuonE
• Contributo adronico al g–2 generalmente ricavato utilizzando i dati dello scattering  

- e+e– → had (time-like data – KLOE…)  

- L’integrale a bassa energia dà contributo dominante all’incertezza 
• Si può calcolare indipendentemente il contributo adronico LO utilizzando dati space-like 

(scattering elastico µe→µe) 

- fascio di muoni da 150 GeV su bersaglio di Be al CERN  

- primo test beam 2017, secondo test beam in corso al CERN 

- run 2021-2024 con costruzione nel 2020-2021 (LoI expected in 2019) 

- possibile raggiungere un’incertezza di  0.3% (stat, syst. comp.) 

- rimuovere la componente QED ⇒ sforzo teorico in corso (full NNLO MC per µe scattering) 

- rivelatori utilizzano tecnologia attuale (no R&D). 60 tracking stations + Calo = ~50m  

- M2 beam line @North Area

21

Use of a 150 GeV µ beam on Be target at
CERN (elastic scattering µeàµ e)

t=q2<0
µ

e

µ

e

µ

e

target

α(t)
α0

2

=
1

1−Δα(t)

2

150 GeV

Experimental approach

G. Venanzoni,  PBC Workshop, CERN, 14 Jun 2018

Measuring the leading hadronic contribution to the muon g-2 via μe scattering, 
G. Abbiendi et al, Eur.Phys.J. C77 (2017) no.3, 139

Da=Dalep+Dahad

Calame, Passera, Trentadue, Venanzoni, PLB 746 2015!
Abbiendi et al, EPJC 77 2017.!



n-nbar oscillation 
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n nbar oscillation
• In questo contesto l’ultima cosa da considerare è un esperimento per la rivelazione 

delle oscillazioni neutrone-antineutrone 

• Costo elevato a causa dell’infrastruttura (screening,  neutron reflectors) ~100M€ 

• beam of neutron + far detector where the nbar annihilates 

• limit ILL in Grenoble τ>8.6 x 107 sec. 

• Spallation target to improve the limit by 2 orders of magnitude ⇒ optics technology 

developed for material science experiments 

• n-nbar exp at ESS (European Spallation Source, Lund, Sweden) Y. Kamishkov et al. 

• use the know-how of the 1991 exp + implementing a new idea of cold neutron 
focussing from the large aperture source. Improvement by a factor of 100 by using 
mirrors from swiss neutronics

45



Higgs 
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