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We know:

* V's have mass.

* V's change flavour.
* Flavour change is
consistent with
oscillation.

- 0, ~ 35°.

« 0,, 7 37-53°.

- 0, < 12°.

e« Am?,, Am? ..

23/

We don't know:

(1) Value of 0,..

(2) Sign of the mass ordering.
(3) Deviation of 6,, from maximal.

(4) Value of ©.

(5) Number of v types.
(6) Majorana or Dirac?
(7) Absolute v masses.

atmospheric
~3x1073eV?2

m2
s Vv & A
-V,
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2
| m,
solar~5x102eV?2 2
1 my
atmospheric
~3x1073eV?
2
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We know:

* V's have mass.

* V's change flavour.
* Flavour change is
consistent with
oscillation.

- 0, ~ 35°.

« 0,, 7 37-53°.

- 0, < 12°.

e« Am?,, Am? ..

23/

(1) Value of 0,..

(2) Sign of the mass ordering.
(3) Deviation of 6,, from maximal.

(4) Value of ©.

(5) Number of v types.
(6) Majorana or Dirac?
(7) Absolute v masses.

atmospheric
~3x1073eV?2

solar~3x10eV?2

solar~5x10eV?2

atmospheric
~3x107%eV?
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We know:

* V's have mass.

* V's change flavour.
* Flavour change is
consistent with
oscillation.
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Neutrinos - known and unkno

Long and short baseline expe
Chooz/Double Chooz

MINOS

T2K

Nova

Daya Bay

Future frontiers Lancaster University
The Next Big Measurement OP HEP 2010

A muon in Super Kamiokande

Laura Kormos




- Solar/Atmospheric

0.,/6

12 23

SNO (ended 2006)
Borexino
Super Kamiokande

Long-baseline/
accelerator
e23,e 13/
MSW effects, O

K2K (ended 2005)
MINOS
MiniBooNE
Icarus and Opera
T2K
Nova

Not an exhaustive list!
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Neutrinos - known
Neutrino experimer

Long-baseline/
accelerator
e2 3,e 13/
MSW effects, O

K2K (ended 2005)
MINOS
MiniBooNE
Icarus and Opera
T2K
Nova

Long and short baseline

Chooz/Double Chooz
MINOS

T2K

Nova

Daya Bay

Future frontiers

experiments

Target Hall
A

The Next Big Measurement
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Long-baseline/

accelerator
ez 3,e 13/
MSW effects, O

K2K (ended 2005)

MiniBooNE

Icarus and Opera
* Neutrinos - known

* Neutrino experimer
* Long and short baseline experiments
> Chooz/Double Chooz

* MINOS

* T2K

* Nova

* Daya Bay

* Future frontiers

Laura Kormos

. Lancaster University
* The Next Big Measurement (OP HEP 2010




Chooz B
Nuclear Power Station
| 2 x 4200 MWth

Btﬂgﬂ

distance = 1.0 km

8868686866

AR A EE RN EE] w

Chooz Underground Neutrino Laboratory
Ardennes, France

Chooz: Reactor anti-v,
Looking for anti-v_disappearance.
Detected via V_+p—e*+n

*Baseline: 1.0 and 1.1 km
Target: 5 ton 0.09% Gd in LS
*Data: Apr '97 - Jul '98

No evidence of disappearance but
best limit to date on O ..

" yield (counts GW ¢”)
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tor 1 (best fit)

tor 2 (best fit)

5, 7 8
energy (MeV)

+
e’ energy

R =1.01 = 2.8 % (stat)
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*Near: 400m
Expected limi

Phase 1 2010

FD 1.5 yrs sin?20,.< 0.08.

Phase 2 2012

v)
Q
3
<
Q

Y
N
AY
S

J

ND+FD, 3 yrs sin?20,,< 0.03.

L’c5

’

LVErs

’

Lancaster Un

(OP HEP 2010




DoubleChooz: sin?20 ,< 0.03

Doube Chooz : sensitivity imil versus year

“l” I i | 1 1 | 1 Ll
: ! ___phase: 1.5y with the far detacter (1,05 km) anly
| : 5 phase 11 3.5 y with both near (400 m) and far detectors
Atmospheric masa splilting =25e-1 &\2

y—
¢

/£ Predicted 7 . .

Limnmid 0% . L.
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Double Chooz
2 identical detectors
*Near: 400m; Far: 1.05 km
Expected limits:

Phase 1 2010

FD 1.5 yrs sin?20,.< 0.08.
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Phase 2 2012 e szpuaureiﬁelnmrzu o4k
ND+FD, 3 YTs sin22913< 0.03. Laura Kormos
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MINOS: Accelerator v, R

- h.lD.vA If-a.rLD?'t"é‘cu;F{\,_ =
Looking for v, appearance, B it
v, disappearance, sterile v i

-"4'.

*NUMI beam from FNAL
*Baseline: 735 km

*Far detector in Soudan Mine
*Near detector at 1 km.

* Neutrinos - known and
* Neutrino experiments

> Long and short baseline B el
* Chooz/Double Chooz T
* MINOS

> T2K

* Nova

* Daya Bay

* Future frontiers
* The Next Big Measurement

U Sindiana
i L

| ndianapots “Google”

t Virgi

Eye alt 1499.65 km

Laura Kormos

Lancaster MinCrsLtg
(OP HEP 2010




MINOS detectors

Steel/scintillator sampling calorimeters, magnetised ~1.3T

Near Detector:

1Ikm downstream of target, “IKT fotal mass, shaped as squashed octagon
4.8x3.8x15m3, partially instrumented (282 steel, 153 scintillator planes)

Far Detector:

735km downstream of target, 5.4KT with 2 supermodules shaped as octagonal prism
8x8x30m3, 486 steel, 484 scintillator planes)

—_—

S

s (Ema B e UVUVUVU
4 steel [[[[[[[
\.. ) )
scintillator ~ ~ ~
\x? i i
orthogonal : : :
orientations of | L L
strips N i L
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v/ T e Laura Kormos
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- —MINOS FD Data
| — Background Prediction f——
. [ 0sc. v,-CC

|- | i i 1 i I

a 20} _|_ +
: }
10 __
0= — 0.5
ANN Selection Variable
20 1 JEIN PR ST I T O R B |
i —=— MINOS FD Data
- Background Prediction
- 15_— s Osc. v -CC -
g " J7
8 10 2.7 k:
s | %%
051

2 4 6 8
Reconstructed Energy (GeV)

With an exposure of 3.14x102° POT
BG Expectation: 27+5(stat.)+2(syst.) events

FD Observation: 35 events

1.50 excess of events over background

Sy (1)

Feldman-Cousins C.L. contours for ANN

i;|r1"|

L T :| T

3.14x10°" POT _

sin®(20,,) = 1.0 |
|Ami,| = 2.43%10” eV

— Best Fitam® > 0 ]

Analysis with double the exposure,

coming soon!

Laura Kormos
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MINOS disappearance highlights

Events (GeV)

5]
_o

Ratio to no oscillations

T

15{][_- j

s
=
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T -

*  MINOS Far Detector
No Oscillations

—— Best Oscillation Fit
[ NC background
%N, = 90/97

% 5

Reconstructed neutrino energy (GeV)

. - .
10 15 20 30 50

B | ENNLJNNLI B e NN NN B me e |

MINOS Data —

Best Oscillation Fit
Best Decay Fit

Best Decoherence Fit |

% 5

Reconstructed neutrino energy (GeV)

10 15 20 30 50

nconstrained fit:

|Am|[2=(2.43+0.13) x 103 eV?2

sin?(26) > 0.95

KNAOT = - oL.L.
[ %?/ndof = 90/97, 68% C.L.]

Constrained (sin?(260)=1.) fit:

|Am[2= 2.33 x 103 eV?2

sin(20)=1.07

Decay
Ax?2= 14
disfavored at 3.7c
Decoherence
Ay?= 33

disfavored at 5.7c

[Ax2=-0.6]

o
Tc’l.Ir T =
- \

f
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0
Q
T.r'l.[

IAm?| (x107%eV?)
NN
=

® MINOS Bast Fit —— Super-K 90%
1.5 —— minos 90% —— Super-K LIE 80%
| —— MINOS B2% —— K2K 80% 1
| 1 a1 L I T W |
1.006 07 08 009 1
sin®(20)
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MINOS search for active neutrino disappearance

PRL 101,221804 (2008)

o0
Z-decay width — 3 —— Far Detector Data
active v flavours. > 40t — 0, =
O E: 1 5 ]
Sterile v do not interact 2 30l ’ , e 6,3=0.21,8 = 3n/2
via weak force. |2 ' v,-CC Background
-
o 20 _ 3.\/24 ]
Sterile v — deficit of > | gy =ZERITENRE |
NC events in MINOS. 10F i 28y5) = 1 k:
f = fraction of —— My 1= 2232 :
disappearing v, that 00 S 10 15 20 25 30
could convert to v._. Erecn (GeV)
. 'PV#L _?'L";.;
s=T"p < 0.68 (90% CL)
I 2 d 7 Lawra Kormos

Lawncaster Mwiversi’cg
(OP HEP 2010




MINOS upcoming!

April 9th!

New V_ result with 2x statistics.

2010

VoV, sterile V.

Just finished Vv, run with 1.8 x 10 POT.
Switching back fo v .

Plan to run until Oct 2011

Laura Kormos

Lancaster Mwiversitg
(OP HEP 2010




T2K: Accelerator v .
Looking for v_ appearance,
v, disappearance,
= 2 near detectors at 280 m
= INGRID (on-axis)
= ND280 (off-axis)
* Far detector at 295 km
= SuperKamiokande

___

Neutrino Beam:

T 2 K N nond Coil
_ i J-PARC

Barrel ECAL

Laura Kormos
Lawncaster Mwiversi’cg
(OP HEP 2010




AM2=3x10%  Osc. Prob.— UA1 magnet (recycled) = 0.2T field

] sz(l-g?'ﬂ?ﬂ-iﬂﬁ‘v) UA1 Magnet Yoke

Downstream
I ECAL
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Barrel ECAL

e mEmEEE——— - W

ND280
118 m ~280m
Laura Kormos
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Am?=3x10-3 Osc. Prob.=
sin?(1.27Am?L/ E,)
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Target & horns

118 m “~280m
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T IL2K..

Laura Kormos
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STI2K. B First N'D28o Neutrino Event
“Event number 491 | Partition : INVAI ].91.h Dec 2009 07:40

TPCl TPC3

(not there yet) (not yet
X fully read out)

Laura Kormos
Lancaster Mwi\/ersitg

(OP HEP 2010




TI2K..

First ND28o Neutrino Event
“Event number 491 | Partition : INVAI ].91.h Dec 2009 07:40

TPl TPC3
ek G Now working!

74
Lauwra Kormos
Lawncaster Mwi\/ersitg
(OP HEP 2010




Super-Kamiokande IV
TZE Beam Run 0 Spill 1143942

Time (ns)
. < 921
L] 3 3 F

* 1047-1061
® 1061-1075
L0758=-1089
1085%-1103
1103-1117

>1117

" 8 & @

1st ring + 2nd ring
Invariant mass : 133 MeV/c?
(close to 7° mass)
momentum : 148 MeV/c

Laura Kormos

Lancaster Mwiversi’cg
[OP HEP 2010



TIL2K..

90% CL 0,, Sensitivity

v, appearance
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5% sys ‘%‘\\‘\\
B 10% sys error \\ =
| 20% s:s error ;\\Qb \
[ cHooz Excluded \\
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10° 107 10° 1
sin’ 2 0,, sensitivity

Predicted sensitivity fo
,, (v.,appearance) and

., (v, disappearance) after
5 years (750 kW)of beam (end 2014)
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Am?=0.003eV?

Total BG

BG from vp+antiv”

e13

00511522533544.55

Reconstructed Ev(GeV)

v, disappearance

wl 122

sin®20, .,
fyb 41

b, O

>
4; I
> Am23

iIIIII 1900 3000

E[] (MQV)
[a

J 400 4500 300



L ;% ZKUML

candidate v event
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Nova: Accelerator v, _
! ST T et
Looking for v_ appearance, Rt g

MINOS. F'a‘f_‘i);et'ecmr ;
; <

Vv, disappearance, 8, mass
hierarchy.

Detectv, + N = p + N' (CC)
*NuMI beam from FNAL
*Baseline: 810 km

e off-axis 0.8°, 2 GeV

23

L 4

L 4

5

Neutrinos - known and
Neutrino experiments

Long and short baseline g ST e el
Chooz/Double Chooz T
MINOS

T2K

Nova

Daya Bay

Future frontiers

The Next Big Measurement

U Sindiana
i L

| ndianapots “Google”

t Virgi

Eye alt 1499.65 km

Laura Kormos

Lancaster MinCrsLtg
(OP HEP 2010




Nova: Accelerator v, _
- iR r:-,}sa?act;fu\,_ =
Looking for v_ appearance, Rt g e

MINOS Far Detector', - $
. <

Vv, disappearance, 8, mass Bl e N

hierarchy.

Detectv, + N = p + N' (CC)

*NuMI beam from FNAL % o

eBaseline: 810 km B, ‘
. off-axis 0.8°, 2 GeV 5 &

*Far detector 15 KT

5

: : S R I‘b
* Ash River MN | | ;
eIdentical Near detector | | |
* 215T at 1 km. e e | “Google"
*3 years V“,3 years an’rl—vu. : ‘

ND taking data on surface spring 2010. Move UG autumn 2011.
FD construction 2011-2013. Modular — data after 1*' few KT.
Sensitivity =~ T2K, reactor experiments. Lawra Kormos

Lancaster l/Lwi,\/ersLtg
(OP HEP 2010




.'-."h- X S T A

Neutrinos - known and unknown

Neutrino experiments

Long and short baseline experiments
Chooz/Double Chooz

MINOS

T2K

* 70 km NE of
Hong Kong airport.
* Detectors underground
in the hills.

Nova

. Lawra Kormos
Future frontiers

_ Lancaster University
The Next Big Measurement (OP HEP 2010




2 power plants, 2 ND, 1 FD.

8 moveable, identical, interchangeable
20 T, anti-nu detector (AD) modules.
Each ND has 2 modules.

FD has 4 modules.

Expect 1% sensitivity.

Peak E = 4 MeV.

e V. +p > n+e’
e

=
oo

Survival Probability
[=]
~

0.4 |
0.3

02 L

E:?
(s3]
TTT

1
Distance (km)

Laura Kormos

Lancaster Mwiversi’cg
(OP HEP 2010




Baselines in meters

m far detecto Si[ﬂS
reactors DYB LA far
Daya Bay 363 1347 1985
™ Ling Aol 857 481 1618
e g S LingAoll 1307 526 1613

Expected number of IBD events,
hall depth, expected muon and
background rates.

| DYB LA far
IBD Event/AD/day | 840 760 90
Hall depth (m) | 98 112 350
Muon Rate/AD (Hz) | 36 22 1.2
Accidental B/S (%) | <02 <02 <0.1
Fast neutron B/S (%) | 0.1 0.1 0.1
8He/°Li B/S (%) | 03 0.2 0.2

Laura Kormos

Lancaster l/Lwi,\/ersLtg
lOP HEP 2010



Calibration Boxes
Overflow
Reflector

PMT

Radial Shield
-Stainless Tank
Mineral Oil

Outer AV & LS

~Inner AV &
Gd doped LS

Civil construction started 2007.
First pair of ADs
to Daya Bay 2009.
Data 2010.
3 years to reach sensitivity goal.

Lawra Kormos
Lawncaster Mwivcrsi’cg
OP HEP 2010



2 \
4.5 f_ Chooz
- D Bay 3
3 years 90% CL. JFE aya Bay 3y
Green band is 90% s
Confidence region At -
2 S
on Am? . =
g
<

Civil construction started 2007.
First pair of ADs

to Daya Bay 2009.
Data 2010.

3 years to reach sensitivity goal.
Lawra Kormos

Lancaster Lnalvers Lta
OP HEP 2010




Whaf does ’rhe Fufure ho[d‘? .
- * Many new-experiments, comlng onllne

" now’or in'the next 5'years. - |

* P055|ble upgrades (dependlng on wha’r

.we ﬁnd) = - '
L TakK, T2HKK

ﬁ'fj*DUSEL s

.' ':.'--'_‘.*B beams v Fac’rorles 2
S ; R Al purpose neufrlno/DM/OvBB S|tes._

. Neu’rrlnos - known and unknown T, _ |

¢ o '-*_'.Q'_Neufrlno experlmen’rs e |

.+ Long dnd short bdseliné experlmen’rs

o Chooz/Double Chooz e
‘:MINOS .

i G

*. " Nova °

ok Daya Bay

© " Future Fronﬂers

The Nex’r Blg Measur‘emen’r




e Neu’rrlnos - known and unknown S
r '.-*_'.@'_Neu’rrlno experlmen’rs R
. Long dnd short bdseliné experlmen’rs
e Chooz/DoubIe Chooz S S

e MINOS |
Sl TRK
.+ "Nova -
o j{',;-Daya Bay ._
* " Future Fron'rlers ,.
. ... The'Next Big Measurement



O , constrains existing models
(GUT, tribimaximal mixing, flavour models).

If large enough, we next measure 0.
(It could be why we're all here....)
See next talks for more details!

e Neu’rrlnos - known and unknown S
r '.-*_'.@'_Neu’rrlno experlmen’rs R
.+ Long dnd short basellne experlmen’rs
e Chooz/DoubIe Chooz S S
e MINOS |
Ca e TRK
> 'Nova
o j{',;-Daya Bay ._

* " Future Fron'rlers ,.

. ... The'Next Big Measurement
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