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Precise Measurement of the π+ → e+ν Branching Ratio
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        Well controlled theoretical uncertainties for the the π+→e+ν decay render this process the most accurate experimental tesion by an order of magnitude. Able. At present, accuracy of the π+→e+ν decay measurements lags behind the theoretical precision by an order of magnitude. A number of exotic physics scenarios outside the standard model may lead to a violation of lepton universality. Lepton universality and lepton properties in general, have acquired added significance in the light of developments in the neutrino sector. A stringent experimental test of electron-muon universality will remain relevant regardless of the path that future theoretical and experimental developments may take.
     The goal of the activity is study of rare decay the π+→e+ν(γ) with the best precision up to date. The experiment is realized by the international collaboration at the Paul Sherrer Institute (PSI). Calculations of the relative probability of the π+→e+ν(γ) decay in the Standard Model reached a precision of 1∙10-4. Meanwhile, the experimental precision is more than one order of magnitude worse:
Re/μexp =[Г(π+→е+ν(γ))/Г(π+→μ+ν(γ))]exp =B(π+→е+ν(γ))exp=(1.2327±0.0023)×10-4 [10]
B(π+→е+ν(γ))calc = 1.2352(1) x 10-4  [4]
      The measurements in PSI were carried out using the PEN detector. JINR has made a major contribution to this experimental setup: cylindrical proportional chambers with electronics, pure CsI crystals for the calorimeter and DAQ system. Also an original mini-TPC chamber has been developed and implemented for the PEN experiment by the JINR physicists. Data taking had been finished in 2010, and JINR participates in the analysis of data. There were detected about 23 million of π→eν decays, more than 1.5∙108 of π→μ→e decays as well as a great amount of radiative muon and pion decays. The expected total error including both statistics and systematics for π→eν, will be ΔR/R < 5∙10-4 as originally planned.

Measurement of the π+ → e+ ν decay at PSI
      In 2006 a new measurement of Re/μ was proposed at the Paul Scherrer Institute by a collaboration of seven institutions from the US and Europe [1], with the aim to reach ∆Re/μ/Re/μ ~ 5∙10-4. PEN has acquired data in three runs, in 2008, 2009 and 2010.
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                                          a)                                                                   b)

      Figure 1:   a) Schematic cross section of the PEN apparatus shown in the 2009-10 running configuration with its main components: beam entry with the upstream beam counter (BC), active degrader (AD), mini time projection chamber (mTPC), active target (AT), cylindrical multiwire proportional chambers (MWPC’s), plastic hodoscope (PH) detectors, CsI electromagnetic shower calorimeter. 
      b)  PIBETA Detector Assembly (1998).
PEN apparatus and measurement method

       The PEN experiment uses the key components of the PIBETA apparatus with additions and

modifications suitable for a dedicated study of π→eν and π→eνγ decay processes. The PIBETA detector has been described in detail in [2, 3], and used in a series of measurements of rare allowed pion and muon decay channels [4, 5, 6, 7]. The major component of the PEN apparatus, shown in figure 1, is a spherical large-acceptance (~ 3π sr) electromagnetic shower calorimeter. The calorimeter consists of 240 truncated hexagonal and pentagonal pyramids of pure CsI, 22 cm or 12 radiation lengths deep. The inner and outer diameters of the sphere are 52 cm and 96 cm, respectively. Beam particles entering the apparatus with p ~ 75 MeV/c are first tagged in a thin  upstream beam counter (BC) and refocused by a triplet of quadrupole magnets. After a ~ 3m long flight path they pass through a 5mm thick active degrader (AD) and a low-mass mini time projection chamber (mTPC), finally to reach a 15mm thick active target (AT) where the beam pions stop. Decay particles are tracked non-magnetically in a pair of concentric cylindrical multiwire proportional chambers (MWPC1, 2) and an array of twenty 4mm thick plastic hodoscope detectors (PH), all surrounding the active target. The BC, AD, AT and PH detectors are all made of fast plastic scintillator material and read out by fast photomultiplier tubes (PMTs). Signals from the beam detectors are sent to waveform digitizers, running at 2 GS/s for BC, AD, and AT, and at 250 MS/s for the mTPC.
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Figure 2: a) the PEN target region: 1- degrader, 2-mini TPC, 3- target scintillator, 4 - inner MWPC.
     The central part of the spectrometer is schematically shown in Fig. 2. The beam of positive pions with the momentum of 65–80 MeV/c loses part of its energy in the active degrader (AD) and stops in the active target (AT). Pulses arising in the target from the stopping pion and its decay particles are detected by a PMT through the cylindrical air light guide 10 cm long.  On the other hand, the mTPC, hodoscope (PH), multiwire cylindrical proportional chambers, and CsI (pure) calorimeter make is possible to reconstruct the complete kinematics of the event.

    The mini time projection chamber (Fig. 3.) is specially designed for this experiment [8]. It allows determining the pion trajectory in front of the target, which makes it possible.

—To monitor the distribution of π+ and μ+ stops in the target, which is necessary for calculating the detector acceptance.
—To reconstruct the vertices of the pion decay in the active target and correct the π+, μ+, and e+ energy loss with allowance for inhomogeneity of light collection in the active target.

—To reconstruct the length of e+ tracks in the target for finding e+ energy loss for each individual event.

—To reject events with π+ and μ+ that decayed in flight.

The length of the drift gap and anode wire is 40 mm. The chamber is made of plastic foam with the density of 0.1–0.2 g/cm3.

[image: image6.emf] [image: image7.emf]
Figure 3: a) Photo of the mTPC.  b) mTPC coordinate resolution      
 PEN data and their analysis
      Measurements of pion decay at rest, such as PEN, must deal with the challenge of separating the π→e ν and π → μ → e events with great confidence. Hence, as in earlier π→e ν studies at rest, a key source of systematic uncertainty in PEN is the hard to measure low energy tail of the detector response function. The “tail” is caused by electromagnetic shower leakage from the calorimeter, mostly in the form of photons. Other physical processes, if not properly identified and suppressed, also contribute events to the low energy part of the spectrum; unlike shower leakage they can also produce high energy events. One process is ordinary pion decay into a muon in flight, before the pion is stopped, with the resulting muon decaying within the time gate accepted in the measurement. Another is the unavoidable physical process of radiative decay. The latter is well measured and properly accounted for in the PEN apparatus, as in the PIBETA studies of [3, 6]. Shower leakage and pion decays in flight can only be well characterized if the   π → μ→ e chain can be well separated from the direct π → e decay in the target. Therefore, much effort has been devoted to digitization as illustrated in figure 4. The input is provided by the beam and MWPC detectors, used to predict the pion and positron energy deposition in the target, and the times of their respective signals. Once the predicted waveform is subtracted, the remaining net waveform is scanned for the presence of a 4.1MeV muon peak. The difference between the minimum χ2 values with and without the muon peak is reported as ∆(χ2), constructed so that clean 2-peak and 3-peak fits return values of +1 and -1, respectively. The scan is fast and returns a ∆(χ2) value for every event, as illustrated in the figure.
[image: image8.emf]
     Figure 4: Full and filtered active target (TGT) waveform in the PEN experiment for two challenging π → μ → e sequential decay events with an early π → μ decay (left) and early μ → e decay (right). The filtering procedure consists of a simple algebraic manipulation of the signal. To the naked eye both raw waveforms appear to have two peaks only. The separation of events with/without a muon signal depends critically on the accuracy of the predictions for the pion and positron signals. For the pion the prediction is based on the times and energies observed in BC and AD. For the positron the prediction depends on PH timing and the path length reconstructed with the pion and positron tracking detectors (see figure 5).
[image: image9.emf]
    Figure 5: Left: correlation between observed positron energy in the target waveform and the e+ path length in the target, reconstructed from the observed π+ and e+ trajectories. Shown are events with proper π → μ → e sequences for which the e+ signal is well separated from other signals. Right: difference in χ2 for the assumptions of a target waveform with/without a muon pulse present. The observable is normalized such that π → e ν events peak at +1, and π → μ → e  at -1. Shown are events for two different combinations of e+ energy and decay time resulting in almost pure samples of π → e ν and π → μ → e respectively. Tiny admixtures of another process are readily identified and are of great help in reducing the systematic uncertainties.
[image: image10.emf]
     Figure 6: Decay time histograms for a subset of 2010 PEN data: π→e ν events and π→μ→e sequential decay events. The two processes are distinguished primarily by the total e+ energy and by the absence or presence, respectively, of an extra 4.1MeV (muon) in the target due to π→ν decay. The π→ e ν data are shown with a pion lifetime τπ = 26.03 ns exponential decay function superimposed. The  data π→μ→e were prescaled by a factor of ~1/64; they are shown with the cut on the probability of < 2:5% for a second, pile-up muon to be present in the target at t = 0, the time of the nominal pion stop. The turquoise histogram gives the π→μ→e yield constructed entirely from the measured π→e ν  data folded with the μ decay rate, and corrected for random muons; it perfectly matches the bold dark blue histogram. The two lower plots show the observed to predicted ratios for π→e ν and π→μ→e events, respectively. The scatter in the ratio plots is statistical in nature.
     A particularly telling figure regarding the PEN data quality are the decay time histograms of the  decay π→e ν and π→μ→e sequence, shown in figure 6 for a subset of data recorded in 2010.

The  π→e ν data follow the exponential decay law over more than three orders of magnitude, and perfectly predict the measured π→μ→e sequential decay data once the latter are corrected for random (pile-up) events. Both event ensembles were obtained with minimal requirements (cuts) on detector observables, none of which biases the selection in ways that would affect the branching ratio. The probability of random μ→e events originating in the target can be controlled in the data sample by making use of multihit time to digital converter (TDC) data that record early pion stop signals. With this information one can strongly suppress events in which an “old” muon was present (“piled up”) in the target by the time of the pion stop that triggered the readout.

     The “intrinsic” low energy tail of the PEN response function below 50MeV, due to shower

losses for π→e ν  decay events for pions at rest, amounts to approximately 2% of the full yield. Events with π→μ decays in flight, with subsequent ordinary Michel decay of the stopped muon in the target, add a comparable contribution to the tail. The two contributions can be simulated accurately, with the respective detector responses independently verified through comparisons with measured data in appropriately selected processes and regions of phase space. Although verified through comparisons with Monte Carlo simulations, the intrinsic tail itself is not directly measurable at the required precision because of the statistical uncertainties arising in the tail data selection procedure. Radiative decay processes are directly measurable and accounted for in the branching fraction data analysis. More information about the PEN/PIBETA detector response functions is given in [2, 3].
      We next turn our attention to the strongly radiative decay events, i.e., those with photons energetic that lead to clearly separated showers in the PEN pure CsI calorimeter. The PEN collaboration has recorded a substantial new data set of such events, to be added to the previously recorded PIBETA π→e ν γ data set. Since the PEN beam stopping rate is lower than that used in the cleanest, 2004 PIBETA run, the impact on the statistical uncertainties, while significant, will not be profound. However, the cleaner running conditions of PEN present greater access to the kinematic region Eγ ; Ee < 50MeV, previously strongly contaminated by muon decay background. These are the regions needed to probe meaningfully the SD- amplitude in π→e ν γ decay. Accessing SD-  leads to and independent uncertainty limit on the quantity FV - FA, poorly constrained in the PIBETA main result [3]. Hence, the PEN data analysis holds the prospect for a better constraint of the SD- amplitude, which, in turn, would lead to improved precision in the direct determination of FV . These results will be forthcoming in the near future.
Conclusions

    During the three production runs, from 2008 to 2010, the PEN experiment accumulated some 2.3∙107 π→ ν e, and more than 1.5∙108  π→μ→e events, as well as significant numbers of pion and muon radiative decays. A comprehensive blinded analysis is under way to extract a new experimental value of Rπ,e/μ. As of this writing, there appear no obstacles that would prevent the PEN collaboration to reach a precision of ΔR/R < 10-3. The competing PiENu experiment at TRIUMF [9] has a similar precision goal. The near to medium future will thus bring about a substantial improvement in the limits on e-μ lepton universality, and the attendant SM limits.

    It is important to note that even subsequent to the completion of the PEN and PiENu data

analyses, there will remain considerable room for improvement of experimental precision with high payoff in terms of limits on physics not included in the present Standard Model. If fully successful, the current experiments will bridge the gap between the experimental and theoretical uncertainty levels only half-way, leaving room for new experiments. Furthermore, this work remains relevant and complementary to the direct searches on the energy frontier currently underway at particle colliders, providing valuable theoretical cross checks.
  JINR DLNP contribution to the PEN experiment 
	PEN 

	Pure CsI Crystals

	Time projection chamber

	Two cylindrical chambers MWPC1 and MWPC2 

with anode and cathode electronics                      

	 DAQ and slow control systems

	Participation in data taking runs

	Monte-Carlo simulation and data analysis


        [1]     http://pen.phys.virginia.edu.
        [9]   A.Aguilar-Arevalo et al., Improved measurement of the π→eν branching ratio, PRL, 071601, 2015.
      [10]    C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016).
        Project publications:

        [2]     E. Frlež, D. Počanić, K. Assamagan, et al., Design, commissioning and performance of the PIBETA detector at PSI // Nucl. Instrum. Meth. A 526 (2004) 300.
        [3]    E. Frlez, D. Pocanic, W. Li, R. Minehart et al., PIBETA spectrometer for investigation of rare and forbidden decays of muons and pions (In Russian) // Instrum.Exp.Tech. 48 (2005) 168-176;  Prib.Tekh.Eksp. 2005 (2005) no.2, 39-48
        [4]     D. Počanić, E. Frlež and A. van der Schaaf, J. Phys. G: Nucl. Part. Phys. 41 (2014) 114002.
        [5]   M. Bychkov, D. Počanić, B.A. VanDevender, et al., New Precise Measurement of the Pion Weak Form Factors in pi+ ---> e+ nu gamma Decay // Phys. Rev. Lett. 103 (2009) 051802.
        [6]     D. Počanić, E. Frlež, V.A. Baranov, et al., Precise measurement of the pion axial form-factor in the pi+ ---> e+ nu gamma decay // Phys. Rev. Lett. 93 (2004) 181803.
        [7]     E. Frlež, D. Počanić, V.A. Baranov et al. Phys. Rev. Lett. 93 (2004) 181804.
        [8]     V. A. Baranov, M. A. Baturitskii, A. Van der Schaaf, N. P. Kravchuk, A. S. Korenchenko, S. M. Korenchenko, N. A. Kuchinskiy, P. Robmann, V. V. Sidorkin, V. S. Smirnov, N. V. Khomutov, and S. N. Shkarovskiy, Time_Projection Chamber for the PEN Experiment, Physics of Particles and Nuclei Letters, 2012, Vol. 9, No. 2, pp. 168–171.     
Search for the Lepton Flavor Violating μ+ → e+γ decay

in the MEG experiment
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     The MEG experiment

    One of the most important tasks of modern elementary particle physics is to determine the limits of the applicability of the Standard Model (SM) for electroweak interactions, to search for phenomena that go beyond it and thereby testify to the existence of a "new physics".
     Along with the search for exotic phenomena at newly built high energy accelerators, the signals of the "new physics" can, in principle, be detected by high accuracy measurements of known, including rare, processes. In 1948 that approach was pioneered by B. Pontecorvo and E.P. Hincks who searched for the μ → e γ decay in cosmic muons [1]. 
     For 50 years of the history of research of rare processes, the experimental accuracy has improved by 12 orders of magnitude. This is achieved both by improving the measurement technique, and the progress in building new high intensity accelerators.
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Fig.1: History of search for μ → e γ
      The MEG Experiment searches for a lepton flavour violating muon decay,µ+[image: image15.png]


e+γ, with a branching ratio sensitivity of 10−13 in order to explore the parameter region predicted by many theoretical models beyond the Standard Model. Among many theoretical predictions on possible  charged lepton flavour violating processes, the muon system is thought to be most sensitive to the new physics because of two reasons: a high muon production rate and long muon lifetime. 

    It is necessary to notice that in the Standard model (SM) a conservation of lepton number exists in case of zero neutrino mass. Introduction of neutrino mass and mixing leads to immeasurably small charged lepton flavor violation (10-51).

    On the other hand fundamental theories, such as supersymmetry, predict the µ+[image: image16.png]


e+γ decay at a measurable level. The charged lepton flavor violation is especially sensitive to supersymmetric expansion of the SM (SUSY). This experiment has therefore a real chance of making a discovery, which would provide very clear evidence for new physics beyond Standard Model.

    Even non-observation of the decay at the foreseen level of sensitivity would place a stringent constraint on these theories and on the general nature of the new physics, and will thus be of crucial importance in pointing out the future direction of particle physics.

    The first physics runs had been performed in 2009-2010, and the second phase of data taking was carried out in 2011 after some detector upgrades. For achievement of the desired result a setup with use of detectors with the best possible spatial, time and energy resolution both for е+ and for γ has been created. 
    The MEG setup
    A schematic of the MEG apparatus [3] is shown in Fig. 2, positive muons stop and decay in a thin target located at the centre of a magnetic spectrometer COBRA. The signal has the simple kinematics of a two-body decay from a particle at rest: one monochromatic positron and one monochromatic γ−ray moving in opposite directions each with an energy of 52.83 MeV (half of the muon mass) and being coincident in time.
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Fig. 2: A sketch of the MEG experiment

     This signature needs to be extracted from a background induced by Michel (μ+ → e+ ν ν) and radiative (μ+ → e+ γ ν ν) muon decays. The background is dominated by accidental coincidence events where a positron and a γ−ray from different muon decays with energies close to the kinematic limit overlap within the direction and time resolutions of the detector. Because the rate of accidental coincidence events  is proportional to the square of the μ+ decay rate, while the

rate of signal events is proportional only to the μ+ decay rate, direct-current beams allow a better signal to background ratio than pulsed beams. Hence, we use the PSI continuous surface muon beam with intensity ∼ 3 × 107 μ+/s.
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Fig. 3:  Signal μ → e γ and background
The Drift Chamber spectrometer

     The Drift CHamber (DCH) system is designed to ensure precision measurement of positrons from μ+ → e+γ decays. It must fulfil several stringent requirements: cope with a huge number of positrons from Michel decays from muons in the target, be a low-mass tracker, as the momentum resolution is limited by multiple Coulomb scattering and in order to minimize the accidental γ-ray background by positron annihilation-in-flight (AIF), and finally provide excellent resolution in the measurement of the radial as well as of the z coordinate. The DCH system consists of 16 identical independent modules, placed inside COBRA. 

      Each module has a trapezoidal shape with base lengths of 40 cm and 104 cm, without any supporting structure on the long side to reduce the amount of material. The modules are mounted with the long side in the inner part of the spectrometer (small radius) and the short one positioned on the central coil of the magnet (large radius).
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[image: image21.emf]Fig. 4: Schematic view of the cell structure of a DCH plane.
     Each module consists of two detector planes operated independently. The two planes are separated by a middle cathode made of two foils with a gap of 3 mm. Each plane consists of two cathode foils with a 7 mm wide gap filled with a gas mixture He:C2H6 = 50:50. In between the foils there is a wire array containing alternating anode and potential wires. They are stretched in the axial direction and mounted with a pitch of 4.5 mm. The anode-cathode distance is 3.5 mm. The two wire arrays in the same module are staggered in radial direction by half a drift cell to resolve left-right ambiguities (see Fig. 4). The two detector planes are enclosed by the so-called hood cathode, a very thin polyamide foil. On the cathode foils, both inner and outer, a double wedge pad structure is etched with Vernier cycle λ = 5 cm. Thanks to such a low-mass construction and the use of a helium-based gas mixture, the average amount of material in one DCH module sums up to only 2.6 × 10−4X0, which totals 2.0 × 10−3X0 along the positron track.

The LXe detector  

The MEG γ-ray detector requires excellent position, time and energy resolutions to minimize the number of accidental coincidences, which are the dominant background process. We decided to employ a homogeneous calorimeter able to fully contain the shower induced by a 52.83 MeV γ-ray with capability of measuring the interaction point, the time and the energy. That allows a γ-ray high detection efficiency with the drawback of not measuring directly the γ-ray direction.

      Liquid Xenon (LXe), with its high density (and short radiation length) is an efficient detector medium for γ-rays, which can rely both on ionization charges and on scintillation photons. In MEG, only the scintillation photons are used to simplify the detector construction and to utilize a

prompt response of the detector.

     The active volume is ∼ 900 ℓ, covering 11% of the solid angle viewed from the centre of the stopping target; it is read out by 846 PMTs submerged directly in LXe to detect the scintillation photons, placed on all six faces of the detector (inner, outer, upstream, downstream, top, and bottom), with different PMT densities. Its depth is 38.5 cm, corresponding to ∼ 14 X0 and fully containing showers induced by 52.83 MeV γ-rays.
The Final result
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Figure 5: Event distribution of the observed events in the ( Ee+, Eγ) and (cos ϴe+γ, te+γ) planes. In the left figure, selections of cos ϴe+γ < −99963 and |te+γ| < 0.24 ns are applied with 90% efficiency for each variable, and in the right figure 51.1< Eγ <55.5 MeV and 52.4 < Ee+ < 55.0 MeV are applied with 74 and 90% efficiency respectively. The signal PDF contours (1σ, 1.65σ and 2σ) are also shown.
     The goal of the MEG experiment is to detect the lepton flavour violating decay μ+ → e+γ or put an upper limit on its branching ratio. The final result obtained in 2016 is based on the analysis of 7.5 × 1014 muons stopped in the target.  No significant excess of events is observed in the dataset with respect to the expected background and a new upper limit on the branching ratio of this decay of B(μ+ → e+γ) < 4.2×10−13 (90% confidence level) is established, which represents the most stringent limit on the existence of this decay to date.
       Also we determined the residual beam polarization at the thin stopping target, by measuring the asymmetry of the angular distribution of Michel decay positrons as a function of energy. The initial muon beam polarization at the production is predicted to be Pμ = −1 by the Standard Model (SM) with massless neutrinos. We estimated our residual muon polarization to be Pμ = −0.86 ± 0.02 (stat) (+0.05/−0.06 )(syst) at the stopping target, which is consistent with the SM predictions. The knowledge of beam polarization is of fundamental importance in order to model the background of our μ+ → e+γ search induced by the muon radiative decay: μ+ → e+νμνeγ .
   The MEG-II experiment [3]
   
     Collaboration propose the continuation of the MEG experiment to search for the charged lepton flavor violating decay (cLFV) μ+ → e+ γ , based on an upgrade of the experiment, which aims for a sensitivity enhancement of one order of magnitude compared to the final MEG result. The current MEG experiment can be considered, apart from its discovery potential, as a benchmark for next-generation cLFV decay experiments.

      The planned sensitivity for an upgraded MEG experiment would, together with the planned

next generation μ→ e conversion experiments COMET at J-PARC and Mu2e at Fermilab and the next generation μ → e e e experiment at PSI, which seek to probe the other two ”Golden” cLFV muon channels, and in addition to efforts at future B-factories to measure the charged LFV tau-decays, test models beyond the Standard Model (BSM) with unprecedented sensitivity, in a complementary way, to the direct searches at the energy frontier of high-energy colliders. Furthermore, the cLFV experiments also allow access to mass scales for ”New Physics” well beyond the reach of the direct searches at colliders.

       The key features of this new MEG upgrade, aimed at significantly improving the experimental sensitivity, are to increase the rate capability of all detectors to enable running at the intensity frontier, while also improving the energy and angular and timing resolutions, for both the positron and photon arms of the detector. This is especially valid on the positron-side, where a new low-mass, single volume, high granularity tracker is under development. This, in combination with a thinner stopping target and hence a reduction in the multiple scattering of the positrons, will lead to the spatial, angular and energy requirements being met on the positron side. A new highly segmented, fast timing counter array will replace the old system, so allowing improved timing resolution capabilities in order to minimize the number of background events

entering the signal timing window.  The photon-arm, with the largest liquid xenon (LXe) detector in the world, totaling 900 l, will also be improved by increasing the granularity at the incident face, by replacing the current photomultiplier tubes (PMTs) with a larger number of smaller photosensors and optimizing the photosensor layout also on the lateral faces. This should also lead to improved energy and spatial resolutions for the LXe detector. Finally, in order to meet the stringent requirements of an increased number of readout channels and to cope with the necessary bandwidth required by such a system, a new DAQ scheme involving the implementation of a new combined readout board capable of integrating the various functions of digitization, trigger capability and splitter functionality into one condensed unit, is also under development.   

    Summary of the main improvements of the MEG-II upgrade:
1. Increased statistics of muons stopped in the target.
2. A thinner but more solid target and smaller amount of matter on the path of muons and positrons.
3. New positron tracker with reduced radiation length,  better granularity and position resolution.
4. Improved characteristics of the positron tracker by measuring the e+ trajectory in the timing counter.
5. Improved granularity and characteristics of the timing counter.
6. Larger detector acceptance for gamma by more than a factor 2.
7. Improved energy, spatial and timing resolution for surface gamma.
8.  New DAQ system.
  MEG                                MEG - II
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Fig. 5. Positron tracker, timing counter and calorimeter

Table 1: Resolution (Gaussian) and efficiencies for MEG upgrade
PDF parameters                             Present MEG                                  Upgrade scenario
e+ energy (keV)                               306 (core)                                  130

e+  (mrad)                                        9.4                                              5.3

e+  (mrad)                                        8.7                                              3.7

e+ vertex (mm) Z=Y(core)              2.4 / 1.2                                     1.6 / 0.7

energy (%) (w <2 cm)/(w >2 cm)  2.4 / 1.7                                     1.1 / 1.0

position (mm) u/v/w                       5 / 5 / 6                                      2.6 / 2.2 / 5

γ-e+ timing (ps)                               122                                             84

Effciency (%)
trigger                                              99                                              99

γ                                                       63                                              69

e+                                                     40                                              88

         Thus, as a result of  of the MEG (MEG-II) experiment in 2018-2020, a new upper limit on the branching ratio of the μ+ → e+γ decay of  (4-5) × 10−14 will be reached.
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