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charged	Lepton	Flavour	ViolaFon	(cLFV)
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LFV	observed	in	the	neutral	sector	
but	not	in	the	charged	one	(yet)	

“accidentally”	due	to	,ny	neutrino	
masses	compared	to	electroweak	
energy	scale	

cLFV	signal	would	definitely	be	due	
to	BSM	physics
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Signal	and	background
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Accidental	background	is	
dominant	and	

determined	by	beam	rate	
and	resoluFons

BRMD ⇡ 0.1 ·Bacc

Bacc / Rµ�Ee�E2
��⇥2

e��te�
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Detector	overview
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Analysis	strategy
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• Decided	to	extract	CL	to	B(μ→eγ)	from	a	
likelihood	analysis	in	a	wide	signal	box	

• Each	event	is	described	in	terms	of	5	kinemaFc	
variables		

• xi	=	(Eγ,	Ee,	teγ,	φeγ,	θeγ)	

• resoluFons	and	PDFs	evaluated	on	data	outside	
the	signal	box		

• signal	box	closed	un<l	analysis	is	fixed	

• Use	of	sidebands	

• accidental	background	from	Le:	and	Right	
sidebands	

• Radia,ve	Muon	Decay	(RMD)	studied	in	the	Eγ	
sideband	

• BR(µ→eγ)<5.7	10^-13	@90%	CL	with	half	of	the	sta,s,cs	
“New constraint on the existence of the μ → eγ decay” 
PRL110, 201801 (2013) 

 (ns)γet
3− 2− 1− 0 1 2 3

 (M
eV

)
γ
E

46

48

50

52

54

56

58

60

Blinding Box

Analysis
Window

Positive
Timing

Side-band

Negative
Timing

Side-band

Energy
Side-band



ICHEP	2016 L.	Galli,	INFN	Pisa

Analysis	improvements	
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major	systema=c	error	
13%	sensi=vity	worsening

first	missing	turn	recovery	
+4%	of	tracking	efficiency

positron	AIF	events	
2%	bkg	suppression	
1%	sign	inefficiency
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NormalisaFon
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Two	independent	normalisa=on	procedures	

count	positrons	from	µ→eνν		

dedicated	pre-scaled	trigger	in	DAQ		

radia,ve	decay	events		

in	photon	energy	side-band	

Integrated	normalisaFon	=	1.73	x	10^13	

4%	uncertainty	
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SensiFvity
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median	90%	CL	Upper	Limit	on	toy	MC	experiments	with	null	signal	
hypothesis	

Comparison	with	last	publicaFon	from	2009-2011	data	

no	significa,ve	difference	

Checked	by	Fming	side-band	data	fits	

5.3	10^-13	for	all	data	

8	10^-13	for	2009-2011	data	

The	Blinded	Box	was	opened	in	December	2015

signal	contours	of	1,	1.64,	2σ	are	shown
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The	5(+1)	observables	&	Rsig
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RSig = Log10(
S

0.1R+ 0.9B
)

BR(µ→eγ)<4.2 10^-13 @90% CL

signal enhanced
by a factor100
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Final	MEG	result	and	constraints
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accepted by EPJ C, arXiv:1605.05081v3  
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MEG	II	at	a	glance
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The	first	MEG	II	data…
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Drift Chamber
Completed
by Spring

2017

RDC
tested with µbeam 

last July

LXe calorimeter
first tests this

fall

Work in
progress
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PerspecFves
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Conclusions
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The	final	result	of	the	MEG	experiment	is		

BR(µ→eγ)	<	4.2	10^-13	@90%	CL	

many	improvements	in	reconstruc=on	and	systema=cs	treatments	
developed	

The	MEG	II	is	going	to	improve	MEG	sensi=vity	by	one	order	
of	magnitude	

construc=on	on	going	

first	data	taken	last	year	with	a	part	of	the	TC	detector	and	the	
RDC	counter	with	the	first	TDAQ	system	

in	2016	is	going	to	be	crucial	for	the	realisa<on	of	the	new	devices



Thank	you…	
and	stay	tuned!



Backup
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Detector	overview
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• μ	decay	at	rest	

• Beam	rate:		3×10^7
	

μ/s	

• μ	stopped	in	205	μm	target	

• γ	detec=on	

• Liquid	Xenon	calorimetry	with	scin,lla,on	light	

• fast:	4/22/45	ns	

• high	LY:	~0.8	NaI	

• short	X0:	2.77	cm	

• positron	detec=on	

• magne,c	spectrometer		

• non-uniform	B	field	→	constant	bending	
radius	and	e

+

	swept	rapidly	away		

• ultra-thin	drih	chambers	to	limit	maier	
effects	(X0	~	0.0003	per	module)	

• TC	detector	

• Fme	of	flight	with	plasFc	scinFllator	counters
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CalibraFon	system	(a	subset!)
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Relevant	example
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γ	energy	scale	
before	and	aher	

calibra=on	

uncertainty	less	
than	0.5%
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Target	Alignment

21

PosiFon	and	target	shape	
are	surveyed	by		

hole	reconstruc,ons	from	
data	

op,cal	survey	between	runs	

worked	well	for	the	first	
part	of	the	experiment	

problems	arising	in	2012	
2013	data
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Target	Alignment	(2)
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Significant	target	planarity	deformaFon	
for	2012-2013	runs	

led	to	~0.5	mm	uncertainty	on	the	target	
posi,on	perpendicular	to	its	plane	

a	factor	2	larger	than	other	years	

treated	with	nuisance	parameters	in	
likelihood	analysis	

~13%	on	average	degradaFon	in	
sensi=vity		

largest	systema,c	effect	

A	few	different	target	materials	being	
studied	for	MEG	II
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AIF	Gamma-rays
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γ-rays	from	e+	annihilaFon	inside	DC	were	
idenFfied	and	rejected	

overall	BG	rejec,on	1.9%		

signal	inefficiency	1.1%	

protecFon	from	high	γ-rays	outliers	events	

Double	check	of	DC-Target-LXe	alignment
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Missing	1st	turn
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Possibility	to	miss	the	first	turn	
in	a	mulFple	hit	event	

Algorithm	revised	to	recover	
missing	first	turn	

signal	efficiency	improved	by	~4%
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One	event	in	the	box
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Probability	density	funcFons
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Photon Positron RelaFve	Fming

RMD	peak

Background
Left&Right
sideband

µ ! e⌫⌫

µ ! e�

µ ! e⌫⌫�
⇡0 ! ��

Signal

Resolutions from
Michel edge and

double turns method
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Likelihood	funcFon
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• Likelihood	func=on	in	terms	of	Signal,	Radia=ve	muon	decay,	and	accidental	
Background	number	of	events	and	PDFs	

• NS,	NR,	NB	measured	simultaneously	with	an	un-binned	Likelihood	fit	in	the	
analysis	box	

• B(μ→eγ)	C.L.	with	profiled-likelihood	raFo	ordering	

• Cross-check:	

• two	independent	analysis	with	different	PDFs		

• Analysis	A:	separated	angles	(θeγ,	φeγ)	and	event	by	event	PDFs		

• Analysis	B:	stereo	angle	Θeγ,	constant	PDF	(Pisa)

Number	of	background	events	constrained	
with	side	bands
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4D	Event	distribuFon
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signal	contours	of	1,	1.64,	2σ	are	shown
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Final	MEG	result
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Dataset 2009-2011 2012-2013 All

Best	Fit -1.3 -5.5 -2.2

90%	CL	
Upper	Limit 6.1	10^-13 7.9	10^-13 4.2	10^-13

Sensi=vity 8.0	10^-13 8.2	10^-13 5.3	10^-13

BR(µ→eγ)<4.2 10^-13 @90% CL
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MEG	II	at	a	glance
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MEG	II	at	a	glance
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MEG	II	sensiFvity
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