cheetah oscillations
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due to multispace parameters...
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uca Stanco

The experimental observation of neutrino

oscillations

* A touch of physics
« How the recent history enlighted the path,

opened up to new questions
and drives us into the future

* MiniBooNE(sBL) and MINOS/OPERA(LBL)

- Expectations...
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Here is our START and END point:
the lepton mixing

Why, how, which

In 1998 new history for neutrino begins

- Neutrinos oscillate* (SK and afterwords SNO, K2K ...):
they own masses

- Neutrinos mix themselves (CHOOZ and afterwords KamLAND ...):
MNS matrix

=

* 41 years after Pontecorvo idea on oscillations in 1957
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Mainly after KamLAND...
re-interpretation
of Chooz result in terms of
oscillations of Mass eigenstates

$
ve) = Viilvi)

- ~

Gauge Mass
eigenstates eigenstates

Maki-Nakagawa-Sakata
(1962)

Lepton mixing arranged (and quark
BE) nixing in 1963 by Cabibbo)
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where ¢;9 = cos 15 and s19 = sin s,

Message: leptons and quarks mix in a similar way

1) Phase 6 violates CP and

2) so phases o4,0, in Majorana picture
3) Matrix unitarity if no sterile neutrino
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Am122:7.5*10-5 eVZ

/ "solar” frequency
2 2 Amzsz

2 _ 2
Amig = m — ;| = o= ¢; = =g | O = SID Pii S| Am,;2=2.5*10°3 eV

‘atmospheric” frequency

sx20scillationszz=

/ consider the limit |Am2;| > Am2,, i.e. Si3 & Sa3 #PCP — 8.Jsin? (V13 SIN V19

\ P(v, — v,) = 8535in®2013S93 + c535in” 2015 S}y + Pop,

P(ve — v;) = c535in% 20,3593 + s5,5in% 2015 S, — Pop,
4 . 2 -
P(v, — v;) = cj58in® 203593 — s2,¢2,sin? 2015 S, + Pop

‘ ‘ ‘ Strumia-Vissani, arXiv:hep-ph/0606054v2

SK, K2K/ MiﬂOS, SNO, KamLand YES (they see oscillations)

Chooz NO : it did not see anything because S;, # 0 (L# 1 km) and 6,5 too small
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Searching of disappearance:

1 — sin® 20,5 Sp3 — ci5sin® 20,5 Sio,
2 .2 2 .2 4 - 2

11— 4033033(1 - 033033)523 - 333 sin® 2012 S1y

e Data-BG-Geo¥V,
—— Expectation based on osci. parameters

Effective baseline ~180km

[ + determined by KamLAND
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S. Abe et al., Phys. Rev. Lett. 100, 221803(2008)
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Amzlz ~ 7 X 102 eVZ
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Lepton Mixing is weird

What does all that means ?

Is there any meaning at all ?

(more than those for cabalistes)

generation
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However....

06 T T T T T T T d —
o[‘.(_)() ....... i
0-=45 ceceenne 9,,= 1 = 0
30788 o and sin6;3=0.15 9,,=8.6

> |Vail® = 0.9992 £ 0.0011

> |Vig|* = 1.001 £ 0.005 02 3 .
i='u.,0,t o1 b \ .,. -

ST |Viyl? =2.002+0.027 Vs 5
1=u,c,j=d,s,b oo 02 04 06 08 1 12 14 16 18

V Fansnn in N71N 4Q47 (TS S ronnrt)

Message: leptons mixing matrix poorly known ...
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W.Buchmuller
at EPSQ9:
Summary talk

Right-handed neutrinos have been "found"”;
no exotics have been found

Message: be prepared to the unexpected !

Luca Stanco - Padova nu oscillations - BEYOND 2010
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Then what do we have to measure?

Three angles (0,5, 043, 03)
Two mass differences (Am2;,, Am2,3)
The sign of the mass difference Am? (+Am?,5)

One CP phase (0)

The source of atmospheric oscillations (detect t appearan.)

The absolute mass scale
Are neutrino Dirac or Majorana particles (or both)?

Are there more - sterile - neutrinos?

the BIG items can be studied with LBL experiments
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Example for 3 flavour Oscillation probability !
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Imperative to measure 6,; !
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There are also "INTERNAL" problems |

.2 . 9 2 . ) )
Fose = sin"20sin"(12TAm°L/E) A 3 peutrino picture requires

Am;;2 = Amp,? + Am,;?

N; 10 E_l T lll'l |ﬂllll| T T T lllll T T T ll'l!
Ol LSND ;
2 i T
EoE VoV, ‘_7
0L Sterile neutrino interpretations:
g (3+1) scheme
af b
0 F Atmospheric
C 4 M ]
| vV, —Vy \
10"k [ IR Am” | qup
0 L Solar MSW .é M v, .
V,5Vy : m
10‘5 Ll L el L il l ETIT ? RS
-3 2 -
10 10 . , ! L] v, 1 Ay
sin 20

The three oscillation signals cannot be reconciled
without introducing Beyond Standard Model Physics
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From WINO9 (Perugia, Oct.09)

Neutrino mode result (2007/09) i

« Based on 6.46x1020 POT

MiniBooNE

* Ruled out interpretation of LSND signal as oscillations
» Unexplained excess of events in low-energy region

MINIBOONE SEES AN EXCESS OF v, EVENTS AT LOW ENERGY
BUT NO v, = v, OSCILLATIONS AT THE LSND L/E
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MiniBooNE
Anti-neutrino mode result
(2008/2009) a

* Based on 3.386E20 POT (low statistics)
» Similar backgrounds at low energy 1

(G.Karagiorgi)

- - - - Z — a0t CLImLET > 200MaY
« Same analysis chain as in neutrino mode F e . o, £ > ZOMDY
i 00 CL g by, EX 5 475 MV
10E- —— 80T anaysic 8% CL imt
> 04 ~ E
© 2
§0.35 . : ] \l'),afl:m u* 2
- B v, fromK" -
6 03 | v, from K° E
ﬁ B ~° misid
0.25- ANy
B dirt
0.2 [ other
—— Syst. Error -
— 90°% CL 'imiL. E;™ = 200 MV
0.15 S 9% CL imi, EX > 475 MoV
0.4 lo-— "‘ weee KARMENR 90°%CL
E _l_Lo L[—‘ < - — )
0.05 =T ) %
- Tl
02 04 06 08 1 1.2 1415 3. E -
EX* (GeV) W A
* no low-energy excess i o -
« currently work on combined v - v analysis e ""'%'o:";z('z;)"'%hr' B
* need more stats arXiv:0904.1958
EPS HEP 2009 16-22 July, Krakow, Poland Bari Osmanov, University of Florida Il of 18
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= MiniBooNE data are themselves not conclusive

s No evidence for neutrino and/or anti-neutrino oscillations

m There is an excess for low energy neutrinos that is not there for anti-neutrinos

= A 3+1 model can reconciles all appearance data, but not the
disappearance once (also adding more neutrinos does not help)

= Models with sterile neutrinos and exotic physics have been therefore
proposed

= A fact: the experimental situation is confused!
= Can MINOS/OPERA help?

Luca Stanco - Padova nu oscillations - BEYOND 2010 19



MINOS actually...

Far Detector v, Data

Feldman-Cousins C.L. contours for ANN

* 37 v,selected events seen AR 7 srec1d® ot
» Expected background: 27 £ 5, £ 2, .5 i Am:,l..-“::;i ;:.th

» Excessis 1.5¢ s

Fit to the oscillation hypothesis using £ ey

Feldman-Cousins method e

» Best fitis at the Chooz limit
> sin?(20,;) < 0.29 (90% c.l.); Am?>0 6.,=0

.
+

.

. A
0-2

04 0.6
mn2 < (. 0 1): 2z
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Far Detector 4o 2 Detector MINOS PRELIMINARY
'_ao—' ~ Preselection 5 " mmiseecws ]
(o) I — Prediction a o
T T o1s —ttiarern
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$ 3
101 [
g g 5 ]
& [ ]
. T ==
%% o 0.5 1 % 2 4 6 .
v, selection variable (ANN)  Justin Evans Reconstructed Energy (GeV) 2

* updated to 35 events...
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1998 SK atmospheric neutrino anomaly:
deficit of v, ( and not v,) with
zenith angle dependence: OSCILLATION Il

CHOOZ: final
flaveur not (only) v, ...

1999 CNGS beam design

2000 DONUIT “sees”
the v_in the nuclear
emulsions

| |

Luca Stanco - Padova
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provide an unambiguous evidence for

v,~v_ oscillation in the region of

nu oscillations - BEYOND 2010

atmospheric neutrinos by looking for
V. dppearance in a pure v, beam
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(almost) Near future. (aimost) Assured.

B Systematic MINOS&
Correlation ICARUS&
Degeneracy OPERA

D-CHOOZ
Reactor I1

CHOOZ & Solar
excluded (90% CL)

107!
‘/“9:112/2013 sensitivity limit Reactors

Neutrino superbeams

1- P(v, —=v,) =sin’ 26, sin> A + &’ A’ cos* 6, sin” 26,

P(v, —v,) =sin’ 26,;sin’ 20,, sin” A

T asin 26, sin 8., cos O, sin 26,, sin 26,, sin” A with A=Am’siL /(4E, ) a = Am’a / Am,

. . . . . 2
+asin 20, sin ., cos b, sin 26,, sin 26,, cos Asin” A

Different patterns of oscillations: synergy

2 2 o 2 o 2
+0a” cos” Oy sin” 20, sin” A
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Luca Stanco - Padova

The present

nu oscillations - BEYOND 2010
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The MINOS way

e Two detector experiment to reduce systematic errors:
— Flux, cross-section and detector uncertainties minimised

— Measure unoscillated v, spectrum at Near detector
e extrapolate using MC
— Compare to measured spectrum at Far detector

1.4
8 o
£ v, spectrum 2., spectrum ratio
@>00r Unoscillated r= R |
: t
200+ Oscillated % 0.8 ++++H+
206 4t
Z Fas
100 5 04 .
0 0.2 *
Rty Monte Carlo ~ Monte Carlo
00 2’4" } é 8L 10 00 Vis?ble ersier 8(GeV1)o
Visible energy (GeV) gy

P(v, —v,)=1-sin’26)sin*(1.267AmL/ E)
1 2
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What MINOS observes

Far Detector v, CC Data

1501 -
e See strong energy ! J- MINOS Far Detector .
dependent distortion @ ~ | *  Far detector data
of spectrum % 4 00; -1 —— No oscillations i
i (O —— Best oscillation fit
[ ~ .
Er.\ergy SpEC'lEI’UIT.\ t §2 ! '1: [ NC background |
with the oscillation § _ ?Ngos = 90/97 -
hypothesis: o 9 ;
o o[127AmL I
P(v, — v, ) =sin"(26)sin ;EL
.. .1, .. ,.1.,

e Ly ey
% 5 10 15 203050
Reconstructed neutrino energy (GeV)
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MINOS result

Allowed Region

PRL 101 131802 (2008)

* Fit constrained to 40T
physical region and 3 53
includes 3 largest cg :
systematic uncertainties o 3.0f
[ . b :
Results: = 25
& &
|Am2,,|=(2.434£0.13)x103eV2 E 2.0}
at 68% C L S E ® MINOS Best Fit —— Super-K 90%
o 1.5 — MINOS90%  —— SuperK UE90%
[ — - MINOS68%  —— K2K 90%
in2 > 0. B T TN U SR S
5in%(2053) > 0.90 006 07 08 09 1
0 o
at 90% C.L. S|n2(26)

Most precise measurement of |Am2,,| performed to date
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(013:014:024:034) | N | background [ (013:014:04:034) | N, | background
(5°:5°:5°:20°) 8.9 1.0 (10°:5°:5°: 20°) 8.5 1.0
(5°:5°:5°:30°) 6.9 1.0 (10°:5°:5°: 30°) 6.5 1.0
(5°:5°:10°:20°) 8.3 1.0 (10°:5°:10°:20°) | 7.9 1.0
(5°:5°:10°:30°) | 10.5 1.0 (10°:5°:10°:30°) | 10.3 1.0

3 families 15.1 1.0 3 families 14.4 1.0

Table 1: Event rates and expected background for the v, — v, channel in the OPERA detector,
for different values of 614, 624 and 634 in the (3+41) scheme. The other unknown angle, 6,3 has been
fixed to: 613 = 5°,10°. The CP-violating phases are: §; = do = 0:; d3 = 90°. As a reference,
the expected value in the case of standard three-family oscillation (i.e., for 6;4 = 0) is shown for
maximal CP-violating phase 4. The rates are computed according to eq. (@).

From A.Donini et al., JHEP 0712:013,2007

Similarly for Non-Standard-Interac, M.Bennow et al., Eur.Phys.J.C56:529-536,2008
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From SPS: 400 GeV/c

Cycle length: 6 s

Extractions:
— 2 separated by 50 ms

Pulse length: 10.5 us

Beam intensity: |
— 2.4 - 10" proton per extr

Expected performance: '
— 4.5- 10" pot/year
p.o.t. : protons on target

‘ = . DI . 0 el A AL DS ——
Luca Stanco - Padova 2 BEYONRRM 0o ; Eyelaiti290274% mi




CNGS 2009 Daily Cumulated protons on target

2E19

1.5E19

a

Cumulated Intensity

L |

1E19

5E18

L

CNGS record operation (good prospects for >2009)

OEO

o~
OPERA on-time events: 21428
Sub-sample of candidates in the target: 3693
$ $ S & & & & S &
3 S S S
4 osf"& s & ¥ £ & F

Days

Last update : 23-Nov-09 08:15
Current expected intensity : 32.1E18 - Achieved intensity : 35.023E18
End of 2009 run expected intensity : 3.22E19

Luca Stanco - Padova
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... for tau neutrino CC detection in OPERA

V
o o T
oscillation EEE

G ST (=600 i o 7o) (uth = 357 f Non-Scaing QEand 657 D15)
) V.-~
VI cerereennes Vi corvereeenne ~—~——h
cc| Vu pom NC
no-oscillation W no-oscillation "
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The OPERA way (the principle)

OPERA adopts the ECC concept (Emulsion Cloud Chamber):

o 1 mm thick Pb plate interleaved with

emulsion film with 1 um space resolution
(2 emulsion layers (44 um thick) poured on a 205 um plastic base)

emulsion

emulsion

Emulsion layers

Track reconstruction accuracy inside emulsion film: Ax =1 pm A6 =1 mrad

arranged in a "BRICK"

- 57 emulsion sets
- 56 Pb layers

plus downstream

Plus 2 external emulsion sets for
“interplay” with Electronics Data, | €S
arranged in a white plastic box
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The completion of the OPERA construction®

OPERA 1s based on the only proven technology (DONUT) to identify v_ on an
event-by-event basis (nucl.emuls.&lead driven by real time detectors). It 1s
celebrated as a major engineering achievement since it brought such
technology to an immense size (1.25 kton)

scintillator
trackers

BMS: Brick

Moo Manlipulating Spectrometer: Target Tracker
System RPC, Drift Tubes, magnet
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(*) R.Acquafredda et al., “The Opera experiment in the CERN to GS v beam”; JINST, 4:P04018,2009



Columns (top view)

| Event: 9151034867, 31 May 2009, 05:44 (UTC), XZ projection I

g g
LT

e
o

-

n

o
=~

-
=]
=]

-

Columns (top view)
o

FT T L

7

+ Select the brick containing the neutrino interaction
- Reduce the analysis time
- Minimize the target mass loss

S0—T , , , P O S IS S Y T S S S S NS S S Sl L\ 1 n "
1500 1000 500 0 500 1000 1500 750 \ 700 550 Walls
(_Energynist | Event: 9151034867, 31 May 2009, 05:44 (UTC), YZ projection | = Selected brick \ [ Event: 9151034867, 31 May 2009, 05:44 (UTC), YZ projection | = Selected brick
500 = = Brick in cell C = Brick in cell
- = Empty cell — 3 I
- < 20— H
3 3 6 i .
2 - 2 - i
> N > L5 :.
[] Q 340 — i
T o R 4 i
2 2 r i
4 - 0 - i
3 3 = i
] = Q - i
o N 14 L i
I 1 'l
GM__I.---:IA---_L‘---I----_A P R - T 6 T P—
1500 1000 500 0 500 1000 1500 750 -700 Walls
Brick finding information: Super module 1 Muon track parameters: Mut Brick finding information: Super module 1 Muon track parameters: Mu+
BrickId Wall Side Column Row Prob CS x CS y Momentum: 9.051 GeV/c BrickId Wall Side Column Row Prob CS x Momentum: 9.051 GeV/c
brick 1: 1005281 8 1 17 4 0.91 21.6 62.2 Angle XZ (rad): -0.018+/-0.006 8 4 0.91 21.6 Angle XZ (rad): -0.018+/-0.006
brick 2: 1025547 8 1 18 4 0.07 149.6 62.2 Angle YZ (rad): 0.138+/-0.006 8 4 0.07 149.6 Angle YZ (rad): 0.138+/-0.006
brick 3: 1069021 7 1 17 4 0.01 24.8 42.8 7 4 0.01 24.8
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X (micron)

. = — 1 P —
~ - emulsian = oo i T TH
30} 10-20 measurements : 1 : : :
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- \ 200_ ; : -
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Event: 222274169, 25 Jul 2008, 06:41 (UTC), XZpro]ectlon

Columns (top view)

I

Primary interaction

Decay in 3 pron

Event: 222274169, 25 Jul 2008, 06:41 (UTC), YZ projection ] = Selected brick

/

3
>
(]
2
3
1’3
H
12

Three charged prong decay

Flight length : ~1150 um
Angle (muon — 3 prongs decay) : ~150°

Kaon decay probability : 104 %

= Brick in cell
‘ | I | T
1 1l

Hadron re-interaction probability : 1x10-> %
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OPERA: tau physics search potential

Full mixing, 5 years run, 4.5x10 pot/year and M =1.3 Kton

Efficiency before T identification: € X €, XE X € = 99% x (=70%) x 94% x 90%

trigger geom vertex location

T decay

channels Am? Am? Background

=2.5x103 eV2 | =3.0x1073 eV2
T > n

0.17
0.17

- -

a0 o208 et i 8| s 3:B s aiin3 Qs

b - s 495 o s 03 i it i i 024
L P —

e S i 3 it iV S it
£xBR=10.6%

0.17
0.75

Occur if primary muon 1s

Expected backgrounds: :
b & _ _ _ . not detected and possible
Charmed patticles produced in v, CC and NC interaction wrong charge measurement
Hadron reinteractions in lead of secondary muon. Muon

ID is very crucial issue

Laroe angole scattering: muons produced in v, CC events )
& gle U S P b for the experiment!

7t° mis-identification
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RUN 2009 expectations

173 days

48s supercycle

75% efficiency
2.1F13 pot/extraction

>3.5€19 pot

- 3500 events of nu interactions
With 2008-10 runs

. . OPERA be able to confirm
Efforts needed for improving the bec o, ynearance with a

performance... reasonable probability

RUN 2010 expectations R

(with LHC permit) at a not so large probab.
>4 BE19 pot to exclude tau appearancel

->4500 nu interactions in OPERA bricks
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* Neutrinos mass and oscillations new history

(many results in last 10 years but still far from settling them)
* Matrix of leptonic mixing clue issue

MNS elements: more measurements, better resolutions...
MiniBooNE/MINOS/OPERA challenges:

1) collect more statistics

2) disantagle the physics measurements !
3) find the taus | Measure 6,5 (if > 79)...
4) confirm the unexpected !

NEXT few years exciting (and unclear) !
FAR future does really exist
out of present facilities ?
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