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Introduction: The py— ey search

Current upper limit

Future sensitivity

+  Historical plot and current sensitivity
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Signal and backgrounds

- Positive muons from a continuous beam are usually stopped in a (thin) target to fully exploit the clear signature of a decay at rest

- Five observables (Ey, Ee, Atey, Oey, @ey) to identify a p— ey event and reject background events

+ Precise expectation for a signal event, poor correlated for RMD events, not correlated for Accidental events
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Experimental approach
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EXperimental approach
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Experimental approach. One example for all: The MEG Il experiment
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Experimental sensitivity and background rejection

* More sensitive to the signal...
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* More effective on rejecting the background... D
" Baco ~ RX AFe X (AE)2 X ATey X Nt

Brvb ~ (AEe) X (AEy)™ X (ABey)" with l+m+n = 6



Experimental sensitivity as a function of beam rate
for few experimental approaches
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Experimental approached as a function of the beam rate
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Experimental approached as a function of the beam rate
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Experimental approached as a function of the beam rate

Calorimeter

|s a calorimeter still an option for the
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Stat-of-Art: The MEGII LXe calorimeter
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- Increased granularity and uniformity (pile-up rejection)
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Future developments: Large LaBr3(:Ce) and LYSO crystals

- LaBr3(:Ce): Ideal medium due to ultra high light yield LY (1.65 x LY(Nal)), ultra-fast response, high density (relative compact
size)

- LYSO: Very attractive medium (excellent alternative to LaBr3(:Ce)). The very-high density and the fast response compensate
for the reduced LY (0.70 x LY(Nal))

. . B | | | p- LY
-+ Comparison with other scintillators via the figure of merite F.o.M. = \/( )

o

Scintillator Density p [g/cm3] Light Yield LY [ph/keV] Decay time 7 [ns] Fo.M. J (p x LY / 7)
LaBr3(:Ce) 5.08 63 16 4.55
LYSO 7.1 27 41 2.17
YAP 5.35 22 20 2.13
L Xe 2.89 40 45 1.61
Nal(TI) 3.67 38 250 0.75
BGO 7.13 9 300 0.46
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A LaBr3(Ce)/LYSO large prototype

The first large crystal assembly with a MPPC/SIPM (&) double readout scheme:

Vlaximal photosensor coverage area

High granularity and uniformity - detector segmentation

High rate sustainability

Optimum energy, timing and position resolutions: 5D kinematical variable reconstruction
Insensitive to magnetic field

LaBra(:Ce) 4.45 (R) x 20.32 (L) cm or LYSO 3.5 (R) x 16 (L) cm
Photosensors: Hamamatsu 240/152; sensl 336/214

LaBr3(:Ce) / LYSO
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carbon fiber
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LaBr3(Ce): (R,L) =4.45 x 20.32 cm - Ey= 55 MeV

250

200

150

100

o0
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Ultimate performances
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Projections

-+ Based on the current technology development the calorimetry is still an option for beam rate not higher than 5 108 mu/s
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Photon detection efficiency (%)

The Photosensors
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Shower inside the crystal

- LaBr3(Ce); crystal size (R,L)
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Shower inside the crystal
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Extended source: Geometrical cut

Two type of events: inner and border line events -
simplified view

Detector performances spoiled by border line events

High segmented photosensor coverage: A powerful
tool for geometrical cut

Optimal trade-off between kinematical variable
resolutions and event selection efficiency

Valid in view of a segmented/multi-element
scalable big calorimeter for increasing the
detector uniformity - i.e. parallelepiped elements

Two methods:
Reconstructed radius cut
Skewness cut
Both compared to the simulated radius cut

Effective kinematical variable resolutions
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Extended source: Geometrical cut

Large crystal case
Crystal: LYSO with size (R,L) = (7.5, 16) cm
Photosensor: Hamamatsu S13360-6025PE

Radiation: 55 MeV gammas

J (X2 + y?2) < 65 mm
Radial Skewness (F,B) > -0.6

on/N [%] = 0.9 = 0.7, (reconstructed radius cut)
on/N [%] = 0.9 = 0.7, (skewness cut)
on/N [%] = 0.9 = 0.7 (simulated radius cut)

For all cases: €sel > 75%
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(b) Cut based on the skewness
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(c) Cut based on the MC truth Radius
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