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need very high spatial resolution tracking by emulsion 

CHORUS search for ντ appearance 
ȮȪȃǡǻǦƚŝØĪƳÆ�ƱƽȈΔm2ȩ100eV2ȉ2ÛƤƿƒ 

Direct observation of τ decay in emulsion 
τ signature = kink  

τ-→ µ-  ντ νµ    18% 
τ-→ h- ντ n(πο) 50% 
τ-→ e- ντ νe      18% 

τ decay mode           BR 

ĨŒĊ�



Active target 
  ?h¼�¸ÁãȈ770kgȉ 
  ǗȀǞǽǈǗǹȀǭǅǈǨȃȭǺǟǎȃ 

Muon spectrometer 
       Δp/p = 10 – 15% 
        (p < 70 GeV/c) Calorimeter 

  ΔE/E = 32 %/√ E (hadrons) 
           = 14 %/√ E (electrons) 
  Δθ     h= 60 mrad @ 10 GeV 

Air-core magnet 
  Δp/p = 0.035 p (GeV/c) ⊕ 
0.22 

CHORUS detector 

Veto 

νµ

ƐE = øƐ27GeV  
ŞŞŞȞ= øƐ1 Km  

CERN SPS 
94�ƙƽ97�ƷƯ 
ǫȃǴÖr 



16	B�ƯÀğƣƨƚντ2ÛƱƣƒ 
Exclusion Plot 

Pµτ < 3.4.10-4  

Or, for large Δm2 

sin22θµτ < 6.8.10-4 

at 90% CL [1] 

[1] T.Junk, NIM A434 (1999) 435 
[2] G.J.Feldman and R.D. Cousins, Phys.Rev. D57 (1998) 3873 

0.6eV2 

6.8.10-4 [1]�4.0.10-4[2]�

0.5eV2 

Pµτ = 2.0.10-4 

Or, for large Δm2 

sin22θµτ < 4.0.10-4 

at 90% CL [2] 

Comparable with NOMAD 
sin22θµτ < 4.0.10-4    

ŸƀƊƆţŶžƇƇŞűũŮŬůŭŢŧŧšŧťťŦ�



 3 Tau Neutrino Events 
until 1998 (Final 9 events) 

ǝǉǤǸȃǡǻǦƳ5À2ȆƐțνȖȕ�

6 
Phys. Lett. B504 (2001)218-224�



OPERA 

730km 

KeFç	sƳ�
?h¼�¸oś�
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ƬƙƷƘƿ�

¨Å.JçðŞ: 
 çðąȗ140K, 
çðÃōŞŞ28ƐȈȎȎŞȁUȉŞ�

KEvejȈ�Ąȉâ¾ƳośƒŞ�

2006�Ɛ8°ȗ¯5ƳǤǸȃǡǻǦ�

2008�Ör3Ƽƾµ½î;�

L=730km 
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140 physicists,
 28 ins1tu1ons 
in 11 countries
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ǝǉǆǬǆǺȀǙÀğośĝě	
ĔÊǙǰǟǑ�

•  ǝǉǤǸȃǡǻǦƳJnć:ƒƐƐƐƐƐƐƐƐƐƐƐƐƐȈDONUTƯğ©ÐƸȉ	

•  ù�ƳŜƖǳǸȃǤǸȃǡǻǦǫȃǴƐƐƐƐƐƐƐƐƐƐƐƐƐƐƐƐƐ97ȇ	

ƐƐǤǸȃǡǻǦǫȃǴÝ�«ƲǝǉǤǸȃǡǻǦƳÏ,ƱƣƐƐƐƐƐƐƐ	

	

•  ŜǋǥǼǐȃƳǳǸȃǤǸȃǡǻǦǫȃǴƐƐƐƐƐƐƐƐƐƐ�YȎȔGeV	
ƐƐ�;�ƳǝǉǤǸȃǡǻǦƚB�ƣǝǉǃÝ�Ʋ�ĔƐ(3.5GeV��Şȉ	
	

•  ǝǉǤǸȃǡǻǦ%đ¡Ȏȍ#ì�ƲĝěƐƐțeÉǤǸȃǡǻǦǩǺǵȃǝ	
ƐƐŊįŐƲƤƿƠưƯ�;êÚǃƕƟƿƒƐƐƐƐƐƐƐƐƐ730ȅƐȈ1.7ȇȉ	

ƐƐ�:ƱǤǸȃǡǻǦǫȃǴƐƐƐƐƐƐƐƐƐƐƐƐƐƐƐƐƐƐ	

ƐƐeńƳǤǸȃǡǻǦÁãƒƐƐƐƐƐƐƐƐƐƐƐƐƐƐƐƐƐƐ1000-2000ǡȀúƐƐƐƐ	

Ů�



OPERA ECCƐǤǸȃǡǻǦB�ǃ0ƤǎǵǺ�
ņ¸(1mm) / ?h¼�¸Ş(OPERA film) ǕȀǢǈǟǞ�

125mm 

100mm 

Pb 
?h¼� �̧

ν

τ

1 mm 

56 ņ¸+ 57 ǭǇǼǴƐøȕǏǾ 

15	#Ưø1200ǡȀƳǝȃǓǟǡ 

930	ºƳǭǇǼǴȆ�

10	



intrinsic	resolu-on:	50	nm		

OPERA ǭǇǼǴƐFUJI FILM�	�

devia-on	from	linear-fit	line.	(2D)	

Plas-c	Base	(205	microns)�

Emulsion	Layer�

Emulsion	Layer	(44	microns)�

basic	detector:	AgBr	crystal,	
size	=	0.2	micron	
detec-on	eff.=	0.16/crystal	

1013	“detectors”	per	film	

11 

20	μm	

mip	
	

electron	ȩ100	keV	

sensi-vity	15	grains/44	microns	

high dE/dx tracks 
from nuclear evaporation 11 



ǻǭǽǟǗǸ�

ǻǭǽǟǗǸ¶��
ŞȂT= 30ƍ 
 ȂRH Ț95%  
  3 ¨�
KEvƳbȆ�

8�

B.G. > 30tracks / mm2 
��

B.G. < 1tracks / mm2 

Refresh1ÜƲƼƾĒķ«ƲČïƢǀƿkmĀƑĈÕ�rćƲƼƿ
B.G.Śİǃ98%��ÍAFćȆ�
Ɛ�

 
�Þ8ƲĜňƢǀƨ�ĔƱŚİǃ�

~ȖȕȇŞÍAŞŞŞŞŞ�

Nagoya & Fujifilm 
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ǭǇǼǴ900	ºŞǻǭǽǗǸƐ�
Jun 2004�ȓ°ŞƙƽŞApr 2007�ȑ°Ş�

·ÓŇxǻǭǽǗǸ{^ŞƐ�
Ē�ȗKeȈŅ{pȊejŎÝȉ�

13 
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ν 

OPERA À2QŞ@ ǈǝǻǆƐǒǺȀǕǟǜȃ�

15	#ƳŞECCȗǤǸȃǡǻǦB�ǃ0ƤǭǇǼǴǎǵǺ�14 



15	

LNGS 

< Eν >  ( GeV )        17 
 (νe + νe) / νµ 　ŞŞŞŞŞŞŞŞ0.9 % 
  νµ  /  νµ                     2.0 % 
  ντ  prompt   Negligible 

Covers the region indicated  
by Super-K, K2K & MINOS CNGS	Beam	

( ) ( ) %7.1~27.1sin2sin~ 23
22

23
2 ⎟

⎠

⎞
⎜
⎝

⎛ ⋅Δ⋅⋅→
E
LmP θνν ���

	sin22θ23	=	1.0ȋƐŞΔm23
2	=	(2.43±0.13)×10-3	eV2			

�

730km	



Final	performances	of	the	CNGS	beam		
a_er	five	years	(2008	÷	2012)	of	data	taking		

Year	 Beam	days	 P.O.T.	
(1019)	

2008	 123	 1.74	

2009	 155	 3.53	
2010	 187	 4.09	
2011	 243	 4.75	
2012	 257	 3.86	
Total	 965	 17.97	

Overall	80%	of	the	proposal	value	(22.5)	

2009	

2010	

2011	

2012	

2008	
date	

p.o.t.	(1018)	

Ŧū�



OPERA-CNGS	roadmap	

Gran Sasso 

CNGS RUN 

L = 732 km 

CNGS RUN 

17	



With	µ�

Without	µ�
	

ν	

ν	

Define:1µ	event	
νµ	CC	
ντ	CC,	τ→µƐ(17.4%)	
	
Pμ<15GeV/c	ƚ	
νµ ◊ντƐ�;ę¹qħ	

Define:0µ event		
ν  NC	
ντ	CC,	τ→eƐ(17.4%)	
ντ CC,	τ→h,3h	(17.4%)	
νe CC	
νµ ◊ντƐ�;ę¹qħ 

Neutrino	interac-on�

Ŧŭ�



		Underground@GranSasso,	~1400m	

ν 

ŦŮ�

Brick	=	ECC+CS	
ECC:?h¼�¸57ºưņ56º	
CS:ECC�¦Ʋƕƿ2ºƳ?h¼�¸,	
CƾcƣƮÒǍȀǺǈȀę¹�

Target	Super-Module	 Muon	Spectrometer	

Target	Mass	~1.2kton	



����ECC	

ŧť�

20 m 

ȏ�

1#äƳCSƯŚİƚƱƙƫƨƽ	
ÄƳECCǃCƾ2ƣƮę¹	
	
ę¹qħȗall	1st	+	2nd	ECCs	
ÿěƐ5408B�Ưǝǉz`�û
l�ƒ	

2nd	brick�

1st	brick�

1�
TT	hitƯÑƢǀƿǤǸȃǡǻǦB�Ôǃ
MƹêÚƳŜƖECCƙƽŔáƲ1#ƥ
ƬCƾ2Ƥƒ	
	
ƷƥCSƳƸǃę¹ƣǤǸȃǡǻǦB�ƙ
ƽƳŚİƚ0ƫƮƖƨƽECCǃÛ*ƣƮ
ę¹ƒ	



DONUT«ƳȔȍ$Ƴ	
ǙǏǷȀǗǙǠǴǃȒGŁ)	

Speed in cm2/h 

ŞŞE653         CHORUS      DONUT       OPERA          

 1983          1994             1998             2006-             
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źŹşźźŶŠ ŷźŹşŲŸŶųŠ ŻźŹşŴŸŵŰŠ ŹŻźŹşŴŸŵŰŠ 

Ƌŧťťťm2/Year 

Ƌŧťm2/Year 

Ƌťţťŧm2/Year 

NAKANO 
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Vertex	Loca-on	
� TT�CS�ECC� le

ad
�

em
ul
sio

n�

2.6	
cm�

ReconstrucUon�

All	track	candidates	
1cm2	×10plate	volume	scan�

Tracks	remaining	a_er	taking	
4	layers’	coincidence�

A_er	rejec-on	of	tracks	
penetra-ng	the	volume�

Japan	(S-UTS)� Europe	(ESS)�

Scanning	speed	:	
75cm2/h	x	5	system																			20cm2/h	x	10	system	

Tracking	to	the	vertex�

Vertex�

Raw	data�
Search	for	large	IP	tracks�

Scanning	system	

ŧŧ�



1mm	Pb	

Primary	
vertex	

Decay	point	

Long	flight	decay�

τ	IP 

ντŞCC	Detec-on�

(Mean	104.3	µm)	

Kink τŢƐƎƐµ- 17.7 ȇ�

τŢ ƐƎƐe- 17.8 ȇ�

τŢ ƐƎƐh- 49.5 ȇ�

Trident τŢ ƐƎƐh- h- h+ 15.0 ȇ�

τ	Decay	mode�

ντ	

ντ events	(MC)		
NC+CC	νµ	events	(MC)�
NC+CC	νµ	events	(Data)	

Impact	Parameter	distribuUon�

		10	µm				ȧȦƐƐcτ	=	87µm	
Decay	search	:	IP	10µm~500µm	ŧŨ�



                                                                                                                                       

                                 
 
 

ĺ;ńÑnƐȗƐmultiple coulomb scatteringƳÑn�

Pβ =  13.6 (MeV/c) 

δθ X0 

x 

1/P(GeV/c)-1 

  0.8GeV/c pion : P =0.79(GeV/c), dP/P =11% 

  1.5GeV/c pion : P =1.53(GeV/c), dP/P =16% 

P(GeV/c) 

24 



 öhJn�
D

ar
kn

es
s 

β 

β -- Darkness

dE
/d

X
 (M

eV
 g

-1
cm

2 ) 
Momentum(GeV/c) 

Momentum-dE/dX 

P 

π 

0.87 GeV/c 

P π 

D 

Entry 1063 tracks 

Particle ID 

<�ŊƢƕƨƾƳǋǥǼǐȃ�fdE/dX 
 ƴŚİƳƓÓƢƔưƣƮƴƙǀƿƒ�
è βƚÑǀƿƒ�

ĺ;ńưüƸIǂƦƿ�ƯöhJnFćƒ�

β = 0.98 

β = 0.54 

25 



E	=	0.5	GeV	

E	=	8.1	GeV	

ƠƳ2γƯƳ�aĪńƐŞ~	160	MeV	

ŒhJnȗƐŒhǗǷǿȃƌ
ȏ#ƳγĀƚ�2ƢǀƮƖƿ�ƒ 

26 

ŒëǗǷǿȃƳÑnȗ�
ǗǷǿȃƳâwƳ�ȊMCSƳĺ;ńÑnƒ� 26 



π0 mass resolution (OPERA  data) 

35 gamma pairs 

1 σ mass resolution:  ~ 45% 
27 

27 



1mm	Pb	

Primary	
vertex	

Decay	point	Charm 
νµ	

Muon�

Ć¬�ħȈȎȉǞǷȃǴ�B��

28 

Nu_mu	CC	ǞǷȃǴ�B�	
ø5%	
ƢƽƲ	
Muon	ƳJnƚƯƛƱƖ^Iƒ	
Ȥø3%ƒ	
ƢƽƲǝǉƳǚǽǑǗǹȀ¶�ǃǑǻǆȃ		



ŧŮ�

Efficiency	control	sample	
�•  Charm	decay	has	similar	topology	as	tau	decay	

•  Muon	asached	to	the	interac-on	point	
	νµ	+	n	à	µ	+	D	+	p	+	(anything)�

Good	agreement	between	data	and	MC	
Eur.	Phys.	J.	C	(2014)	74:	2986�



Ć¬�ħȈȏȉǧǢǾȀȏÄB��

30 

Nu_mu	NC	B�	
ǧǢǾȀƳ2ÄB�	
ƙƬz`ƳƼƗƲĕƘƿƒ	
-  ?h¼Ƴéèöh´À2	

Ù�ƒ	
�ǀ®ƚƾƳÂLƛĺ;ńƚtƢƖƒ	
NC	B�	
pi	ưƧǀ�cƳöhƚJ¦Lƒ	
	
	1mm	Pb	

Primary	
vertex	

Interac-o	point	

π
νµ	

ǫȃǴıƙƽĕƨ	
ĺ;ńǯǑǡǼ�



1mm	Pb	

Primary	
vertex	

scaser	point	
muon νµ	

Ć¬�ħȈ3ȉmuonƳ 
�

31 

Nu_mu	CC		
1ry	MuonƐƳȰȬȱȯȫȭȱ 
ƒ		
	
Ù�Ƒ	
1)Ɛ 
ƳÂLƛĺ;ńƚtƢƖƒ	
2)ƐØĪƳńȈǑǌȃǑȉƲÈ�ƒ	

Muon	scaser	�ħ¡�



ǝǉǤǸȃǡǻǦJnƳ¶�Ş�

z`ĘȈθȉ 
>20mrad �

z`göhƳ 
ĺ;ńȈȠȉ 
>ȏGeV/c  
 
z`ÂLƛ 
ĺ;ń 
PtșPȂsinȈθȉ 
>300MeV/c (γ�) 
>600MeV/c 

z`öhƳŚì 
ȘņȏºȈȏȌȓmm ȉ�

ǫȃǴıƙƽĕƨT 
ĺ;ńñŌ�

ǝǉư 
ǧǢǾȀı 
ƳĘ 
ƐȚ90°�

Side view�

ÂLƛĺ;ń 
ǆȀǨǺȀǙ 
<1000MeV/c�

32 



ŨŨ�

ĺ;:jãǎǟǡȗ	
Ə�ǀ®ƚƾĘ�ƐƐƐƐƐƐƐƐƐƐƐƐ	
Əz`PT	
Əz`göhƳĺ;ń	
ƏŞτǽǮǡȀƳǭǺǈǡǽȀǒǙ	
ƏŞ1ry	vertexƳǫȃǴı[å¦LƯƳmissing	PT	
ƏŞ1ry	vertexƳǫȃǴı[å¦LƯƳτǽǮǡȀưǧǢǾȀıƳƱƤĘ�	
	



4	tau	neutrino	events	
�

τ−→ρ−	ντ	
						ρ−→π0	π-	
																							π0	→	γ	γ	

1st	ντ�
τ	->	3h	

τ	->	µ (τŢ	->	µŢ)

2nd	ντ�

3rd	ντ�

τ	->	h

4th	ντ�

JHEP	1311	(2013)	036�

Phys.Rev.	D89	(2014)	051102�

τ	->	h	

Ũũ�

PTEP	2014.101C01�

ŸƀƊƆţŶžƇƇţŞűūŮŦŞşŧťŦťŠŞŦŨŭŢŦũŪŞ�



Previous	paper	by	4	events	
published		Oct	2014�

ƀƇƇƄůŤŤżƅƉƁƈţƃƅſŤżŽƆŤŦũťŬţŨŪŦŨ�

ŨŪ�

4.2σ�
P_value=	1.24	x	10-5�



Ũū�

ó3ǝǉǤǸȃǡǻǦƐ%đ 



Kink Angle 
(mrad) 

245±5 

Decay Length 
(µm) 

376±10 

P (Gev/c) 2.8±0.2 

Decay Pt 
(Mev/c) 

690±50 

Phi Angle 
(degrees) 

154.5±1.5 

pτ

ph	total	
pri.	h	

e-pair	

φ=154.5°	

ν	beam	transverse	plane	

ó3ǝǉǤǸȃǡǻǦƐ%đ 

Bending by the  
magnetic field 

37	

ØĪńƳuƱƖ	
ǮǺǙǠǇǟǑ�Ưz`�



Muon charge and momentum reconstruction 
Parabolic fit with p2 as quadratic term coefficient in the magnetized region 

Linear fit in the non-magnetized region 

X	
B	

Target	Tracker	hits	

RPC	hits	

p2<0 à negative charge 
5.6 σ  significance 
R ~ 85 cm 

The negative muon charge rules out charm background!  
38	



Kinematical variables. All cuts passed: τ àµ  candidate	

39	

Kink angle (mrad) 245 ± 5 

decay length (µm) 376 ± 10 

Pµ (GeV/c) 2.8±0.2 
Pt (MeV/c) 690±50 
ϕ (degrees) 154.5 ± 1.5 

PHYSICAL REVIEW D 89 (2014) 051102(R)  

eƛƱȠȢ�



óȑǝǉǤǸȃǡǻǦƐ%đ 

ν	beam	transverse	plane	

40	

Values� Selection�
P daughter (GeV/
c)�

6.0 +2.2 
        -1.2 

> 2�

Kink Pt (GeV/c)� 0.82 +0.30 
            -0.16

�

> 0.6�

Pt at 1ry (GeV/c)� 0.55 +0.30 
           -0.20

�

< 1.0�

Phi (degrees)� 166 +2 
           -31

�

> 90�

Kink angle 
(mrad)�

137 ± 4� > 20�

Decay position 
(µm)�

1090 ± 30� < 2600�
RPCǦȃǪǟǡ�



	ē¡BrickƲƼƿöhJn(μ?	hadron?)�

���

Z (cm)400 500 600 700

X 
(c

m
)

-350

-300

-250

2

3

4 daughter

Track	“2”	from	neutrino	interaction	
vertex,	p	=	1.9	GeV/c	stopping	in	
first	iron	slab	of	the	magnet	

D =
L

Rlead(p)

�average

�lead
= 0.40+0.04

�0.05

0.35% � 10.2%�

D	<	0.8	:	hadron�

Track	2	follow-down	along	walls�
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ó5 ǝǉǤǸȃǡǻǦƐ%đ 
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óȒǝǉǤǸȃǡǻǦB��ħ 
TThitȈīƚB�ÔǃMƹBrickȉ�
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1ÄöhƳöhJn 

 
ȂτöhƳǩȃǡǣȃưƣƮĊŒöh1µƚiW 
 
ȂŚİǃŘ�ŉǙǠȃǘƯĵƖ�ƟƿưǭǇǼǴ98º�Ì(19X0)Ư	
ƐǧǢǾȀB�ƲĎƛæƖƨƒƎ1ÄöhƴǧǢǾȀƯƕƿƒ	
	



45	

THE FIFTH ντ CANDIDATE 
Kinematical variables	

(Flight length    960±30 µm) 

45	

óȒǈǯȀǡƴ-ĺ;:jãǎǟǡ
ƲI½ƣƑ	
ǝǉǤǸȃǡǻǦB�ưJnƢǀƨƒ�



5ντB�%đƳÙ��
	%đ� Decay	

channel�
Branch� Ù�� �OƤƿưƠǁ�

Ȏ� Şτ	à	h	� γ	�	
25% 

Ɛτ	à	ρȊντƐ2�z`	
   					ρ	àπ	+π0

Ć¬�ħuƱƖƒ�

ȏ� 	τ	à	3h� 15%� ǮǺǙǠǇǟǑ�Ưz`� ǧǢǾȀ2ÄB�ƣƱƖƒ�

Ȑ� Şτ	à	µ� 17%� 	µŢ Ʋz`	
ǮǺǙǠǇǟǑ�Ưz`	
eƛƱz`ƐPTƐŞ�

Ć¬�ħuƱƖchannel	
		µ Ƴ 
ƣƱƖƒ�

ȑ� Şτ	à	h� γƱƣ	
12%�

	eƛƱz`ƐPT	
ƐτƐà	π	+ντ	Ɛ2�z`�

Ć¬�ħuƱƖƒ	
�

Ȓ� τ	à	h�
�

γƱƣ 
12%�

eƛƱz`ƐPT	
		τƐà	π	+ντ	Ɛ2�z`�

Ć¬�ħuƱƖƒ�
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Phi	distribu-on	of	4	tau	neutrino	candidates�
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3rd candidate 
2nd candidate 

4th candidate 

1st candidate 

5th candidate 

SelecUon	>90	°�



Phi	distribu-on	on	Charm	BG	MC�
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SelecUon	>90	°�



VISIBLE ENERGY OF ALL THE CANDIDATES 
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Sum of the momenta of charged particles and γ’s measured in emulsion  



STATISTICAL CONSIDERATIONS 

50	

Ć¬�ħ³�&0.25B�ŞƲqƣƑȒǝǉǤǸȃǡǻǦB�ǃÀ2 
   

       
 

±��Ƴĕïƻƾȗz`ǶȃǢơưƳĆ¬�ħ³�&ǃBªƣƨFisherã¦Ë	
ȂǤǸȃǡǻǦ�;êÚǃ0ưƣƨ'ośǃd¡RĬƽƦHz`ǶȃǢƯǗǒǣǼŕ\Ƴ�ħ	
¡ǃǎǉȀǡƣƑp-valueǃÊƺƿƒ	
Ȃp-valueƴĕïƻƫƨĆ¬�ħ¡ƙƽǱǆǜȀ3~ǃ�nƣƮÊƺƿ	
Ȃp*ǃHǶȃǢƳp-valueƳïƯnăƣƑoŏƳOPERAośƳp*ǃĮƘƿƻƳƚÛǀƿŖ�ǃ	
Ɛĥƶƿ	
ƎĆ¬�ħƯģ©ƯƛƿêÚƴ1.1	x	10-7		(5.1	σ	significance)		

	Fisher	=	1.10	x	10-7		
	Profile	likelihood	=	1.07	x	10-7		
This	corresponds	to	5.1	σ	significance	of	non-
null	observa-on		



New	paper	with	5	events		
have	just	been	published	18Sep!�

ŪŦ�

5.1σ�

P_value=	1.1	x	10-7�
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∆m2
23 Ñn&ư�ośưƳÈĲ 

53	

90% C.L. intervals on ∆m2
23 by Feldman & Cousins method                   

[2.0 – 4.7] x 10-3 eV2ƐƐ(full mixingǃ�n) 

P�Ƴ2ÛËƯƳý»Ş�



ǝǉǆǬǆǺȀǙƯÊƺƨΔm2
23Ƴ÷�L��

•  OPERAƴ5σ	Ƴ!ŗ�ƯǝǉǤǸȃǡǻǦƳ2ÛėÑǃļ�ƣƨƒ	

•  OPERAƴƑǝǉǆǬǆǺȀǙ2ÛƳę¹ƯƳΔm2
23Ƴ&ǃ5]N	

ƐƐƐ5]NƐ4ǝǉB�ėÑ«	
ƐƐƐƐƐƐƐƐƐPTEPƐƐƐƐ[1.8,	5.0]	x	10-3	eV2				(90%CL,	F&C)	
ƐƐƐÛWƐƐŞŞ5ǝǉB�ėÑ	
ƐƐƐƐƐƐƐƐƐPRL														[2.0,	4.7]	x	10-3	eV2				(90%CL,	F&C)	

•  �ƷƯƑǝǉǤǸȃǡǻǦ2ÛėÑǃǛǾĆ¬�ħȈ0.25#ȉƯĚƖ4ƿƨƺƑ	
ƐƐ@ƣƖǝǉŀ6ƳǎǟǡƩƫƨƒ	
	
ƐƐΔm2

23ƐƳ÷�ǃ�ƟƿƲƴu¡(Ȏì�)ƳĆ¬�ħƳÏ,ǃĞƣƮƻ	
ƐƐėÑǝǉǤǸȃǡǻǦB�Ƴþě¡ǃL�ƢƦƨ¦ƚ±7Ưƕƿƒ	
ƐƐ	
ƐƐ�ƷƯƳŀ6ǎǟǡƯǝǉǤǸȃǡǻǦB�%đƙƽċƪƨƑǎǟǡ_àĀĴ(Ƴ	
ƐƐø20B�ǃėÑńƳ¢ÜƑda¡Ƴĺ�:jãėÑńǃ�ƫƨ¥ǎǟǡƯƳ	
ƐƐę¹ǃĎƫƮƖƿƒ	
ƐƐ���/ƳpreliminaryƱý»]Nǃä�ƣƮƖƿƒ	
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Ʒưƺ�
•  ȟȠȝȡȜośƴSK	ƳeÉǤǸȃǡǻǦ�;Ƴý»ǃDƞƑνµàντƐƯƕƿƠưǃ	
ƐƐŞǝǉǤǸȃǡǻǦƳ2Ûǃå��ƘƿƠưƯÀğƤƶƝò¾Ƣǀƨƒ	
	
•  ÿłń1250ǡȀƳ?h¼�¸ECCÁãƲqƣ2008�ȩ2012�ƷƯƳ5�ŌƯ	

ƐƐǮǾǱȃǖǼƳ80ȇƳǤǸȃǡǻǦÖrǃl�ƣƨƒ	

•  5408ǤǸȃǡǻǦB�Ʋqƣǝǉöhz`�ûǃECC�ƯĎƖƑ5�ƳντB�ǃÀ2ƒƐ	

ƐƐ5�Ƴ%đƚĆ¬�ħƳƸƯģ©ƯƛƿêÚȈp_valueȉƴƐ1.1x10-7ƐưƱƾƑ	

ƐŞŞŞŞǝǉǤǸȃǡǻǦ2ÛƳėÑǃ!ŗ�Ɛ5.1σȈDiscovery	ǽǯǼȉƯ]Nƣƨƒ	
ƐƐŞƠƳý»ƴ2015�9°18ƲPRLġƲ�ĳƢǀƨȈPRL	115,121802(2015)ȉƒ	
ƐƐŞ¿ßƢǄƳǦȃǯǼĩDĩƳĐƭƞğ�ƲƱƫƨƒ	
ƐƐȈScience	BackgroundƐon	the	Nobel	Prize	in	Physics	2015	@	Press	Release		Oct	6	2015ȉƒ	
	
•  ǝǉǤǸȃǡǻǦ2Û�ħǃÞƖƮΔM2

23Ƴ&ǃ]NƒƐƐƐƐƐ	
						÷�ƴǝǉǤǸȃǡǻǦ%đ¡ƳþěĢ|Ʋ�ŁƢǀƮƖƿƒƐƐƐ	
						Ć¬�ħ¡ǃ�ƟƤƜƱƖõSƯǝǉǤǸȃǡǻǦ%đƳŀ6ǎǟǡǃāƺƑ	
	ƐƐΔM2

23Ƴ÷�L�Ʋqƣ¯ĿƱǎǟǡǃ�Þƣý»ǃƷưƺƿƒ	
ŪŪ�



��Ƴw²�
•  OPERAƯƴöhJnȈǧǢǾȀƑŒhƑμȉǃ	
Ɛ?h¼�¸Ƴ�]ƙƽ�ƮƖƿƒ	
ƐŞƬƷƾƐνµCC,	νeCC,	ντCC,	νNC	ƳJnƚƯƛƿƒ	
ƐƷƨĺ;ńǃ?h¼�¸ę¹ƙƽ�ƮƖƿƒ	
	
ƠƳ�ďǃâwƢƦƮ	
•  ǤǸȃǡǻǦB�Ƴ¤œïƑÝ�öhƳ�n�ƳÜ
ęǃĹƺƿȈȢȓȍośȉƒ	

	
•  �řƚƑǈǯȀǡÇƲJnƣƨǝǉǤǸȃǡǻǦB�ƴ
DONUTȈ9#ȉ,OPERAȈ5#ȉƳě14#ƣƙƱƖƒ	

•  ǝǉǤǸȃǡǻǦB�¤œïÑnośǃeþě	
				1770ȈÆντCC	ȉƑ900ȈBντCC	ȉB�ƯĎƗȈSHiPośȉƒ	

Ūū�


