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Unknowns:

013, O¢p, Sign(Am?), m,, , Majorana v, ..and a deeper understanding of flavor!

NN N :

[Minos] [T2K] [NOvVA] [King]

[Opera] [SN v] - A [Di Bari] !
V [Icarus] [New detectors, [Paradisi]
new facilities [Tachello] R : MEG
DChooz] ’ N [ ]
[ new beams] [Gomez-C.] .
[DayaBay] [Melchiorri][CUORE] [Dark Martter]
[RENO] [GERDA] [Astro sources]
[KL-Zen]
Some "mismatches:”
[Corwin] [Maltoni] [Mills] [Rubbia] [Giunti] [Lasserre]
v / anti-v (MINOS) ? LSND/MiniBooNE ? very SBL reactor disapp.?
N e AR < =T = ‘ T T Ll
NE af- i% £ = _ﬁ._»-'ff‘: 1 m k|
2 3 E :
o | mosremey Sy
I 2 7:24x 10 POT v,-mode | ‘ .
=< 05 06 0.7 08 09 1 on
sin?(26) and sin?(20)
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The rich NEUTEL 2011 program (talks and posters) reflects an
evolving field, open to surprises and challenges, both within and ...

..beyond the
standard 3v framework

But that's a land with no boundaries...

So, let me discuss just two examples
of possible surprises and challenges in
v non-oscillation and oscillation physics
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Flt ReSUItS If no Tt appearance, =0
Data = a(y)x bkg + [ (y) x signal

Events

e
o
R

I

[ | ||1|||1II|I|I|I|I|I |I|I|I|I|I|I|I|I||
I“-1 08-06-04-02 0 02 04 06 08 1 1
cos(0)

ESK-I+II+II _%— Tau signal clearly appears in upward-
250~ ~%>— going region
[ Preliminary o DIS fits to +1 &
200 e —{;H t normalization fit is 1.63 x expectation
S :
150 T . +0.10 +0.02
. Ty /8 =163+ 0-35(smr) —0.08 (sys) —0.22 (3 flav)
100'__,_ Fltted T EXCGSS Asymmetric Gaussian centered at 1.63 Prellmlnary
sol Atm v BKG MC P |
- 1-like events (NN > 0.5) £ ooy
L E?u.ozs;—

0.015F-

0.01

(This corresponds to 213.6 T Events) -
Measure of significance: Area under asymmetric 0-005;«;

Gaussian centered at =1.63,for <0 e 12

Signal Fraction
(= no T appearance)

SK data are inconsistent with no t appearance at 3.8c




eutrino Physics with the Borexino
experiment

Emanuela Meroni
On behalf of the Borexino Collaboration
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Hypothesis Expected rate BX measurement
(cpd/100t) confirms oscillations but

cannot discriminate

between High and Low

metallicity

46.0 + 1.5 (stat) £ 1.3 (sys)

Survival probability for solar neutrinos

0.7 \ — Peetlo
. —* BX 7Be ]
0.6 —®—  BX 7Be+flux uncertainty

—*- SNO®B

Survival Probability for ve, Pee
o
~

e L A s s s B B S B

03+ ]
0, Pecl’BeV)=0.51£0.05 *
0.1 05 1.0 50 10.0
Energy (MeV)
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| The day night preliminary result |

* The 7Be flux is obtained from the separated full fit of the day and
hight spectra

Ly =Pi _ 4007 +0073(star)

D +D,

* Preliminary (and conservative) result:|4py =2

> Apn is well consistent with zero: further confirmation of the LMA!
 Unique measurement for solar Be neutrinos

* Result not sensitive to many systematic effect influencing the 7Be
absolute measurement

< More refined analysis is in progress aiming to reduce the error

Neutrino Telescopes, 2011 15



5B v with 3 MeV energy threshold in Borexino

E =y
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—— Data

E
o
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BPS09(Gs9s):LMa-Msw H{gh metallicity

| BPS09(AGS05)+LMA-Msw LOw metallicity

N
(4]

Counts/ 2 MeV / 345.3 days

N
o

mnzmzasnsasd

8B solar neutrinos: electron recoil spectrum after
the background subtraction and comparison with
the models

-
(&}
7. 1
4

-
o

1

'_;_' |

Results in agreement with LMA-MSW
and solar models

o

< 6 8 10 12 14

Energy [MeV]

— Pee tlo

Probing for the first time with the
same experiment the Pee in the

vacuum regime (’Be neutrinos) and
in the matter-enhanced regime (8B

heutrinos);

Neutrino Telescopes, 2011

8 0-7 A4 BX‘ /Be\
° —*— BX 2B (>3 MeV)
2 061 —— BX 3B (>5MeV)
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GeoNeutrino Results:

21 candidates selected
+ exposure= 483 live days (252.6 ton-year after all cuts) December 07 - December 09

Extract signal with an unbinned maximum likelihood fit using reference

8 MonteCarlo shapes for both geo-neutrinos and reactor neutrinos, since
- 7: ®  Borexino data small statistics;
§, - best-fit just the result is plot in a binned spectrum;
\ - .
5 6 reactors v, result of the fit: amplitudes of the geo and reactor anti-v spectra;
g 5k [:-] contribution from geo-V,
m -
?i 45— - background 68.3 %
a N 9 9+4 A +14 6
< 3.; —
Q@ r _
0N o \ \
T 20 ; 1T o
g | 68.3 %
@ f —+ | T B ] _‘—,L_L N 10 7+43+158
o - —
i | PRI Y P T L i -
0 500 1000 1500 2000 2500 3000 500 react

Light yield of prompt positron event [p.e.]

e the first clear observation of geoneutrinos at 4.20 ;

e the rate is measured with 40% precision;

e confirmation/exclusion of geological models limited by the statistics;
e confirmation of oscillations (reactor antinu) at 1000 km @ 2.90;

e georeactor in the Earth core with > 3 TW rejected at 95% C.L.;

Neutrino Telescopes, 2011 21
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Phys. Lett. B 691 (2010) 138

Event: 9234119599, 22 Aug 2009, 19:27 (UTC), XZ projection
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ICARUS and Status of Liquid
Argon Technology

F. Pietropaolo (INFN-PD)

Venezia, 15-03-2011 for the ICARUS Collaboration






Preliminary results of first CNGS 2010 run

Analyzed sample: 1494 CNGS triggers, i.e. 4.54 108 pot = 78 % out of
whole sample. Classified by visual scanning into fiducial volume of 434 t.

Number of collected interactions compared with number of interactions

predicted ((2.6 v CC + 0.86 v NC) 10-1’/pot), in the whole energy range up

to 100 GeV, corrected by fiducial volume and DAQ dead-time.

Event type Collected Expected

v, CC 94 o8
v NC 32 31

v XC * 6 -
Total 132 129

* Events at edges, with  track too short to be visually
recognized: further analysis needed.

On overall statistics in agreement with expectations.

Venezia, 15-03-2011 XIV Int. Workshop on Neutrino Telescopes

Slide: 20



MINOS

Luke A. Corwin, for MINOS Collaboration
Indiana University

XIV International Workshop On Neutrino Telescopes
2011 March 15
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lp INDIANA UNIVERSITY  XIV International Workshop on Neutrino Telescopes - L. Corwin g7  Mar. 15, 2011

T
: | oPure decoherence
3.5 = :
: 1 disfavored at 90
R :
>3.0F .
530 /- OPure decay at 70
o -
=rY1s - ©World’s most precise
5~ | arxiv:1103.0380 I | Am2| measurement
5 20l e MINOS best oscillation fit
< — unos oo Swpark s\ - oIncluded Samples
1.5 | —— MINOS 68% —— Super-K L/E90% Fiducial Events
i MINOS 2008 90% KoK 90% i .
1.0 i T S N U NN NN T SR N AN T SR T S N N NN S i Events OUtSlde
06 07 08 09 10 fiducial volume
sin“(20)

, o1 . Muons from neutrino
Am~| = 2.32 )0z X 107 7eV events in rock

sin”(260) > 0.90(90% C.L.)



7 14

lp INDIANA UNIVERSITY XIV International Workshop on Neutrino Telescopes - L. Corwin &7 Mar 15, 2011

c\’; G:L MINOS vL 00% I;ln\|/nI|\|Iolsle l9(l)°I/ol: O Interesting Tension

p— Vv % == % .
O?GJ o o g";':tov? ;*i‘tGS & . '\B/';':g f’ ;;}68 & : (2.30 difference)

9 - 171X 10° POT  7.24x10°POT{ o Plan to have at least
=t /7 . double current data
\g o/ I set by this Summer.
- * Data taking

S 0 Nt interrupted by
~_ [ MINGS Preliminary target failure on
52—_ Feb. 26

TN ST ST ST N NN N R R N R

05 06 0.7 0.8 0.9 1  °Plantohavenew
sin°(20) and sin’(26) target in April



























The Reactor Antineutrino
Anomaly and implications

71 Y T __,J T
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The ILL electron Data Anchorage

Unique reference to be met by any other measurement or calculation

uncertainty

= Accurate e- measurements
@ ILL" (1980-89):

= High resolution magn.
spectrometer

» |ntense and pure thermal
n spectrum from the core

= Extensive use of
reference internal

conversion electron lines
- Normalization (1.8%)

CEADSM Irfu T. Lasserre

4/ Eror (%)
cbbibhonsoono

fission.MeV!
o

—
.
N

—
.
[9N)

10

- B spectra :
- |—241Pu e
= | —239Pu = 3
B + ]
:l | l I 1 1 | I I 1 1 1 | I 1 1 1 | I 1 1 1 | I I | | I | | I I |

2 3 4 5 6 7 8 9

B kinetic energy (MeV)
J

6



The New Mixed Conversion Approach

J
1. SAME ILL e- data Anchorage
2. Ab-Initio: “true” distribution of B-branches reproduces >90% of ILL e- data.
3. Old-procedure: five effective anchorage-branches to the remaining 10%.
S LA N B B 1 % O.1p T
= . Fitted] 2 oogh .
S 0sl S 4 =t
:% 08_ \T 2 (N0 e ———— |_ [ |
8 I 1 27 |
o 0.6_— N N - ’_'J
: Built ab initio 18 00 - ]
041 1 © B J -
N ] s - (-
02F S .
: 235U | o ]

Kinetic energy (MeV)

* +3% normalization shift with respect to old v spectrum
= Similar result for all isotopes (23°U, 23°Pu, 241Pu)
» Stringent Test Performed — Origin of the bias identified

CEADSM Irfu T. Lasserre

5 6 7 8
v kinetic energy (MeV)



19 Experimental Results Revisited (L<100m) .

<
Technology Baseline
Pl s
# result techno Y7 (s)| 2°U [Z°Pu| 28U [?Pu| old [ new [err(%)[corr(%) [L(m)
1 Bugey-4 “He+H,0|888.7 | 0.538 | 0.328 [ 0.078 | 0.056 {0.987(0.943| 3.0 3.0 15
2 | ROVNO91 [§*He+H20|888.6 | 0.614 |0.274 | 0.074 | 0.038 [0.985|0.940| 3.9 3.0 18
3 | Bugey-3-1 °Li-LS | 889 | 0.538 | 0.328 [ 0.078 | 0.056 (0.988(0.943| 5.0 5.0 15
4 | Bugey-3-I1 Li-LS 889 | 0.538 | 0.328 | 0.078 | 0.056 {0.994|0.948| 5.1 5.0 40
5 | Bugey-3-111 Li-LS 889 | 0.538 | 0.328 | 0.078 | 0.056 |0.915|0.873| 14.1 5.0 95
6 | Goesgen-1 J°He+LS | 897 [0.6198|0.274 [ 0.074 | 0.042 |1.018(0.966| 6.5 6.0 38
7 | Goesgen-1I f°He+LS | 897 | 0.584 |0.298 | 0.068 | 0.050 |1.045(0.991| 6.5 6.0 45
8 | Goesgen-11 J§*He+LS | 897 | 0.543 | 0.329 |0.070 | 0.058 |0.975|0.924| 7.6 6.0 65
9 ILL “He+LS | 889 ~1 |<0.01{<0.01|{<0.01|0.832{0.801| 9.5 6.0 9
10 Krasn. I “He+PE | 899 ~]1 |<0.01{<0.01|<0.01|1.013|0.944| 5.1 4.1 33
11| Krasn. II J°He+PE| 899 ~]1 |<0.01{<0.01|<0.01{1.031|0.960| 20.3 4.1 92
12] Krasn. II J*He+PE| 899 ~]1 |<0.01{<0.01|<0.01|0.989|0.954| 4.1 4.1 o7
13 SRP 1 Gd-LS | 887 | ~1 ([<0.01|<0.01|{<0.01|0.987/0.953| 3.7 3.7 18
14 SRP 11 Gd-LS | 887 ~]1 |<0.01{<0.01{<0.01|1.055|1.019| 3.8 3.7 24
15JROVNOS88-11 | °He+PE | 898.8 | 0.607 | 0.277 | 0.074 | 0.042 {0.969|0.917| 6.9 6.9 18
16 JROVNOS88-2I | °*He+PE | 898.8 | 0.603 | 0.276 | 0.076 | 0.045 |1.001 |[0.948| 6.9 6.9 18
17 JROVNOS88-1S§ Gd-LS |898.8 | 0.606 | 0.277 | 0.074 | 0.043 {1.026 |0.972| 7.8 7.8 18
18 JROVNOS&8-2Sf Gd-LS |898.8 | 0.557 | 0.313 | 0.076 | 0.054 |1.013|0.959| 7.8 7.8 25
Gd-LS ) 898.8 | 0.606 | 0.274 | 0.074 | 0.046 {0.990|0.938| 7.2 7.2 18
L
> <

CEADSM Irfu T. Lasserre 16 16



19 Experimental Results Revisited (L<100m)
v

OBSERVED/PREDICTED ratios: OLD & NEW (this work)

~
# result techno |7, (s)| U [**Pu| “°U [**'Pu| old | new Jerr(%) |corr(%) |L(m)
1 Bugey-4 “He+H-0|888.7 | 0.538 [ 0.328 | 0.078 | 0.056 |0.9870.943|| 3.0 3.0 15
2| ROVNO91 |*He+H20|888.6|0.614 |0.274 | 0.074 | 0.038 ]0.985]0.940f 3.9 3.0 18
3| DBugey-3-1 °Li-LS | 889 | 0.538 | 0.328 [ 0.078 | 0.056 |0.988[0.943 5.0 5.0 15
4 | Bugey-3-11 Li-LS 889 | 0.538 | 0.328 | 0.078 | 0.056 |0.994)10.948} 5.1 5.0 40
5 | Bugey-3-111 Li-LLS 889 | 0.538 | 0.328 | 0.078 | 0.056 10.91510.873 | 14.1 5.0 95
6 | Goesgen-I | °He+LS | 897 |0.6198|0.274 | 0.074 | 0.042 |1.018 |0.966 | 6.5 6.0 38
7| Goesgen-1I | ®*He+LS | 897 | 0.584 |0.298 | 0.068 | 0.050 |1.045]0.991§ 6.5 6.0 45
8 | Goesgen-11 | *He+LS | 897 | 0.543 [ 0.329 |0.070 | 0.058 |0.975]0.924|| 7.6 6.0 65
9 ILL *He+LS | 889 ~]1 |<0.01|<0.01|<0.01)0.832)0.801§ 9.5 6.0 9
10 Krasn. I “He+PE | 899 ~] |<0.01{<0.01|<0.01)1.01310.944§ 5.1 4.1 33
11| Krasn. II |*He+PE| 899 ~] |<0.01{<0.01|<0.0171.03110.960§ 20.3 4.1 92
12| Krasn. II |*He+PE | 899 ~]1 |<0.01|<0.01{<0.01{0.989]0.954} 4.1 4.1 o7
13 SRP I Gd-LS | 887 | ~1 |<0.01|<0.01(<0.01|0.987]0.953§ 3.7 3.7 18
14 SRP 11 Gd-LS | 887 ~]1 |<0.01{<0.01{<0.01}1.0551.019§ 3.8 3.7 24
15| ROVNOS88-11 | “He+PE | 898.8 | 0.607 | 0.277 | 0.074 | 0.042 ]0.969 |0.917 6.9 6.9 18
16| ROVNOS88-2I | *He+PE | 898.8 | 0.603 | 0.276 | 0.076 | 0.045 |1.001 {0.948 | 6.9 6.9 18
17| ROVNO88-1S| Gd-LS |898.8 | 0.606 | 0.277 | 0.074 | 0.043 |1.026 |0.972 7.8 7.8 18
18  ROVNOB88-2S| Gd-LS |898.8 | 0.557 | 0.313 | 0.076 | 0.054 |1.013]10.959 7.8 7.8 25
19| ROVNOS88-3S| Gd-LS |898.8 | 0.606 | 0.274 | 0.074 | 0.046 {0.990 |0.938) 7.2 7.2 18

H

<

CEADSM Irfu

T. Lasserre

g
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The reactor antineutrino anomaly

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
IIIIIIIII|IIII|IIII|tIllllllIlllllllllllllllll
ROVNOB8_3S i) 0.93g 0008 :0068
18.2m H I
ROVNO88_2S ah— | 0.959 :0.009 0075
252m : I
ROVNO88_1S : I 0.972 0009 0076
18.2m :

ROVNO88_2| | 0.048 0009 0065
18.0m E I
ROVNO88_1l = ol 0.917 0008 20063
18.0m S

; . £0.010 +0.038
SRP-II | e 1.019
SRP-| _a..._‘: 0.953 0006 +0.035

2m H
Krasnoyarsk-Il| g_ | 0.954 0010 =0.046
Krasnoyarsk-Il § : i 0.960 0190 20053
K!zi‘--w)vfll‘»k | i | 0.944 0.034 0.05
- i
ILL e | 0.807 0059 =0.048
8.76 m
Goesgen-lll | 0.924 :0.043 0055
65.0m |
Goesgen-I| [ N - £0.024  +0.059
46.0m g I 0.991
. — +0.023 +0.058
Goesgen-| 1 0.966
Bugey3 : " ;: 0.873 0115 =004
95.0m
Bugey3 | +0.009 +0.047
40 Ogm y li 0.948
Bugey-3/4 | 0.943 0004 =0047
149 m
ROVNQO91 : 0.940 0023 =0.028
1 ) m
Bugey-3/4 H—A—1 | 0.943 :0000 =0028
149 m
- o
IIII|IIII|IIII|IIII| EIIlIIII|IIII|IIII|I]II|III
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

VMeasured / vExpected

CEADSM Irfu T. Lasserre

= Best fit : p =0.943
» Uncertainty : 0.023
= v2=19.6/19
» Deviation from unity
= Naive Gaussian : 99.3% C.L.
= Toy MC: 98.6% C.L. (108 trials)
= No hidden covariance
= 18% of Toy MC have y? . <19.6

23



. The 4t neutrino hypothesis

= Combine all rate measurements, no spectral-shape information
= Fit to anti-v, disappearance hypothesis

1 dof A2 profile

10 T T T TTTT T T T TTTT T T T TTT
— ]l - ——1[—90.00%
"% 5 TN / - |——95.00 %
- — . - 99.00 %
2: L] | |\u|/ R _
108— T |2||||||| T ||l|||||—| IIIIIIE """ '||||| llllllll J
6F 2 dof Ayx” contours - 3
10, = E
; 45 E 58:
A I 1z
=10, = g ekl
== + 12
g 2: ::<~\ :m
10_35_ 5== E
10—2_3 é :|34|15|£|3;8|||_2 é 3z|15|é;8| > 5 34|15|678 |0||||||||é|||||||-|10
10 10 10 10 )

= Absence of oscillations disfavored at 98.6% C.L.

CEADSM Irfu T. Lasserre



gutting it all together: reactor rates + shape + Gallium + (M.B)
10

T T T TTTT] T T T T T T T TTTT
: / | [—90.00 %
N = - o
= 5 \ / i 95.00 %
a - - 4 |==99.00 %
2 | el | 1
10
B: 1 |2'l]l|l| I _E LS B IllltrE
s 2 dof A" contours =+ ]
4 = — =
2 - —r p-
10' - -+ -
BE == 3
— 5[ T i
N> 4= - B g_
—
A L = 1z
~ 100 =
— - - O
% = L -+ -l 3
oN_C ® -+ 12
4 Experiment(s) sin”(20pew ) [ [AmZE.,| (eV?)[C.L. (%) T 1a
Reactors (no ILL-S,R")| 0.02-0.23 >0.2 98.6 <
& Gallium (G) 0.06-0.4 >0.3 97.7 T N
-1 * MiniBooNE (M) — — 72.4
10 ., ILL-S ~ ~ 68.2 === =
6 R*"+ G 0.05-0.22 >1.5 99.7 F g
4 R*+M 0.035-0.20 >0.4 98.5 I N
R* 4+ ILL-S 0.02-0.20 >0.2 97.6 - B
2 ALL 0.06-0.21 >1.5 99.8 et -
-2 | | L1 | | 11 | | pleag bbb e b ey gy

10 L1l
2 i 4 587

S = T
10 107 5., 10 100 S5, 10
sin“(26__ ) A
The no-oscillation hypothesis is disfavored at 99.8% CL
> >y
CEADSM Irfu T Lasserre * Miniboone re-analysis of : C. Giunti, M. Laveder, Phys. Rev. D82 (2010) 053005 34




















































































sand muon + DIS candidate quasi-elastic candidate
single pion candidate DIS candidate
A.Rubbia XIV International Workshop on Neutrino Telescopes (201 )

Wednesday, March 16, 2011
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Delivered proton#
«10" P

Proton per pulse(tor physics run)

—— Physics run

4o = =
T Cycle: 3.52[s]

6 bunch / pulse

Delivered proton#

Proton per pulse(all runs)

Cycle: 3.20[s] = 3.04[s] -
8 bunch / pulse

Proton per pulse

Summer shutdown

D—-—E,E— | h—g

Mar/10 May/10 Jul;“l[l
2010a = 3.23x10"° pot

Run 2010a (Jan-Jun 2010)

e 6 bunches/spill, cycle: 3.52 sec
e 3.23x10"° p.o.t for T2K analysis
e 50kW stable beam operation

(trials at 100 kW)
e Super-K live time >99%

Wednesday, March 16, 2011

Jan/11

Run 2010b (Nov 2010-??? 2011)

» 8 bunches/spill, 9x1013 ppp

e cycle: 3.52 sec — 3.04 sec

e 135kW — 145 kW beam power

e 1.45x10%° p.o.t accumulated so far
e MR intensity limited by losses

22
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