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Several decades of long baseline

experiments
o [st generation: K2K/T2K, MINOS, OPERA
= 250 km - 730 km, 1.8-22.5 kton
e 2 generation: T2K, (MINOS), NOvA -3 sector

= 300 km - 830 km, 750 kW, 5-22.5 kton (2010-2020)

e 3rd generation: upgraded |PARC, LAGUNA-LBNO, LBNE
conventional MW-class superbeam

= 600 - 2500 km ? 100-1000 kton detectors ? Ocp sector ?
(2020-2030)

e 4% generation: next generation LU beams (NF)

= 3000-7000 km ? 100 kton magnetized ? 'precision era ?
(2030-7)
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Oscillation experiments represent a
new kind of interferometry test

Interference |

T . Interference

I . two paths in energy or
s E— time
NN = 45 m 7
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;77;;;4;2;#1__'_; ,.'I —

|4' '/ i emltted detected

o o Neutrino - L > 100s km ” neutrino

Courtesy: M. Diwan

® Just as classic optical or quantum mechanical interferometry has led
to new precision, neutrino interferometry measures extremely small
mass differences or interactions.

® “Any” perturbation along the path changes the neutrino interference
pattern at the far detector "™ powerful window to new physics !

® Measurement can be sensitive to new unknown phenomena !
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Three-neutrino flavor oscillations
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Phenomenology of 3-neutrino oscillations
Current knowledge of parameters "

Am3,  (7.65T

sin® 612 0.3047 0073

023y10%eV? | |Am3| (2.407717) 1073 eV?

sin® fy3  0.501 )04

SNO, KamLAND

SK, K2K, MINOS

sin220 0.08410.028|T2

K,...

Main open questions "=

Normal
m;m , ——
(Am®) 4
(Am®) 5,
m, v

Inverted
m, ——
,3(Am?),,, (Am®)2i
m, —
(Am®),,
(Am?®) 4,
m.m m— Y

® sin22613 ~0.17
e CP-violation 0 #0 ?

® Mass hierarchy

Am3z12>0 ?, Am3z12<0 ?
® How precisely do we want
to know the parameters ?
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Theoretical input - tri-bimaximal mixing

Tri-bimaximal mixing Harrison, Perkins, Scott, PLB 2002, hep-ph/0202074

sinf1o = 1/3, sin®fy3 =1/2, sin’613 =0

2/3  1/v/3 0
U=| -1/vV/6 1/V3 1/V/2
1/v/6 —1/v/3 1/v2

Parameterize deviations | King arXiv:0710.0530

r 1 1
S13 = —=, S12=—=(1435), s93=—=(14a)

V2 V3 V2

0.07 <r <0.21, —0.05 <s<0.003, —0.09 <a<0.04

r = reactor a = atmospheric

Present data is essentially consistent with r,s,a=0
— tri-bimaximal so need to measure r,s,a to “%-level” ?
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The BIG picture - ultimate goals

e T appearance
e 043 # 0 at >50 significance

e Precision measurements Ama32+0/Amao32, B23+77?
(maximal?), 013+??

e Mass hierarchy Am232>0 ?, Amaz2<0 ?

e CP-violation 6+0,m at >2,3,50 significance, 0x?7?

e Unitarity of PMNS matrix

¢ Understand the v-mixing parameters: tri-bimaximal ?

¢ Understand differences between the quark and lepton
sectors

e Even more physics beyond the SM in neutrino sector ??
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Appearance vs disappearance

Ve appearance in a Vu beam (accelerator neutrinos):

Amgl
4E,

+ higher order f(6.,,0,,)
+matter effects

P(l/ — v )N sin” 26, sin” ,, sin”

Ve disappearance probability (reactor neutrinos):
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A.Rubbia International Europhysics Conference on High Energy Physics, July 2011

* limited by systematics
* no information on Ocp
or mass hierarchy
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Matter effects

: 0.04
Lx+e— Lx+e (x=e,u,T) Baseline L = 2300 km Ocp = 0 deg.
" 0.035 -
) 70 . “ Am? = +0.0025 eV2, _ _ _ Vacuum
R S sin220,3 = 0.01, + solar
A A O03E. terms — Matter
| .
p:n,€ =. 0.025HH;
Lete— Uet G ‘. Significant modification of
ere T vere 3 ol the oscillation probability
W S oosfli ™ because of MSW effect !
: a :
e e 0.01 |
' matter____.._]|
Effective potential: 0.005 R
A = 2V/2GyN.E ) I L Al B T
. 756105 CV?( 0 )( E ) 1000 T ZOOOT 3000 4000 5000
g/cm’ ) \GeV Ene (MeV
2nd Max.  1st Min. 1st Max. (

Grows quadratically with distances:

AM?L Matter effects can be used as a handle to
Py(v. = v,) = sin® 29, sin® (T) oc L? determine the neutrino mass hierarchy
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«"Ash River.

T2Kand NOv 30k

& &4 & L L - T

s

— Ran from Jan 2010 till March 201 |

— Presently stopped; restart foreseen in 2012 — Far detector ur.lder construction

— Current beam power 145 kW (goal 750kwy) | — Start foreseen in fall 2013

— Muon disappearance result released at this — Beam power 750 kW (after upgrade)
conference — Baseline L=830 km gives some matter
— Electron appearance result published effect sensitivity

(90%C.L.): — Consider neutrino + antineutrino runs

0.03 < sin220,3 < 0.28 (best fit 0.1 1) normal . o
0.04 < 5in22013 < 0.34 (best fit 0.14) inverted | Am: sensitivity sin220,3 > 0.007
Aim: sensitivity sin220,3 > 0.006 @ 90%C.L.for | @ 90%C.L.for dcp=0

Ocr=0 B ——
Amzl , :
P(uﬂ —>1/¢,) sin” 26, sin’ 6,, sin” AE higher order f(6.,.0,,)
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NOvVA mass hierarchy resolution
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Courtesy: NOVA collaboration
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95% CL Resolution of the Mass Ordering

NOVA + T2K -

3 years for each v and v
NOvA at 700 kW,
1.2MW, and 2.3MW

+ T2K 6 years of v

at nominal, x2, and x4

L =810 km, 15kT
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Am’ >0
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Compare NOvA's neutrinos w/ matter effect to
T2K’s neutrinos ~w/o0 matter effect



NOvVA mass hierarchy resolution
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95% CL Resolution of the Mass Ordering

NOvA + T2K
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NOvVA CP-violation search

1 and 2 o Contours for Starred Point for NOVA
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1 and 2 o Contours for Starred Point for NOVA
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NOvVA CP-violation search

1 and 2 o Contours for Starred Point for NOVA

2

o (m)

1.8

1.6

14

1.2

0.8

0.6

0.4

0.2

NOvA

Am,,2=2410" eV’
sin“(20,,) =1

NOvA 3 years
at 700 kW
for each v and

0.02 0.04

Courtesy: NOVA collaboration

A.Rubbia

-
=
~

Vel

T2K ..

indication

0.06

0.08 0.1 0.12
2 sin®(6,,) sin®(26,,)

1 and 2 o Contours for Starred Point for NOVA

2

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

NOvA

\m.,2=2.4 10" eV

sin“(2 ) =1

NOvA 3 years
at 700 kW
for each v and
\m“>0
\m* <0
0.02 0.04 0.06 0.08 0.1 0.12

International Europhysics Conference on High Energy Physics, July 2011

2 sin’(0,,) sin®(26,,)



Beyond T2K and NOvA:
Measure the higher order terms !

NeXxt step: Ve appearance in a Vu beam with high precision to
test higher order terms that depend on Ocp and determine the
matter effects
m Measure energy-binned probability with rel. error < O(5%)

d dependence mass hierarchy dependence
0.15"'1"'1"'1"'1"'_0.15"'l"'l"'l"'l"'
L =735 km L =735 km
Sinf(20,,) = 0.15 sin’(20,,) = 0.15
;3 0.10 higher order A nﬁ >0 -1 0.10 matter 5=0 -
1 terms 2 ] effect ]
- —0=0 —A m§2 >0 |
2z | i
2 0.05 — d=m/2 ~ 0.05 —A m§2< 0 .
—d="
leading term
0-06 I L s A L

Courtesy: L Whitehead Neutrino Energy (GeV) Neutrino Energy (GeV)
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v, — 1, with matter effect

Approximate formula (M. Freund) quad ratic deP on 03
4= -~ matter effect ~E

Sill2 2913 ) ~7500 km

~ 11 2 1 2 —_—
P(vy — ve) =~ sin”fa3 A1) sin“((A I)A/ magic bin
8Jop

+or— — sin(A) siu(AA) sin((1 — 4)A)
crvem® 0 '

erm R ~2540 km
aPPrOXimate +— SICPA_ cos(A) sin(/iA) sin((1 — A:)Ar)naglc bln
dependence A1 - A) solar
2 -2« X
~L/E L2808 92282111 2012 42 (A A)« term

&= linear dep.on 0,3

Jop = 1/8sin d¢ p cos 013 sin 2619 sin 26013 sin 2093

Icp = 1/8cosdep cos B3 sin 2019 sin 2643 sin 26094

a = Am3,/Am2,, A = Am3,L/AE CPasymmetry grows as
03 becomes smaller !

A =2VE/Am3, ~ (E,/GeV)/11 For Earth’s crust.
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Potential 3" generation
experiments

® Giant detectors ..
® Water Cerenkov 300-500 kton at least x| 0 statistics
e Liquid Argon TPC 100 kton compared to T2K or
® Liquid Scintillator 50 kton NOvVA

® High proton beam intensities
o FNAL:750 kW — 2 MWV, 120 GeV MI protons
e CERN:400-700 kVV, 400 GeV SPS — 2 MW 30-50 GeV HP-PS
® |-PARC: [40-750 kW, 30 GeV MR — [.66 MW
e CERN:4MW @ 5 GeV SPL

® Conventional beams with Long Neutrino Flight Paths

® Being Pursued worldwide
o |LAGUNA (EU), Future @ J-PARC (Japan), LBNE (USA)
® Where will they be realized ? one or two sites / technologies ?

A.Rubbia International Europhysics Conference on High Energy Physics, July 2011 = I5



1 Requ.ires new bean;_(LBNE)
Requires new far site detector
(LBNE/DUSEL ?)

“In Japan (since 2008):

o d
Pl "ﬂ!’d

Exustmg beamlme (up to >1 MW)
Requires upgraded MR proton accelerator

Requires new far detector
A.Rubbia International Europhysics Conference on High Energy Physics, July 2011

In Europe (since 2005)
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EU, Japan, US worid tour

Proton driver Baseline L D etgctor/ Method
Fiducial mass
LAGUNA WC 440kt —

[ CERN SPL 4MW 130 km (MEMPHYS) (%) V/V asymmetry
J-PARC- J-PARC MR 295 km WC 600kt V/Y asvmmetr
Kamioka (1.66MW) (HyperK) Y 4
J-PARC- J-PARC MR

Okinoshima (1.66MW) 2295 L7 L WAL
FNAL MI 750kW WC 200kt or
LBNE 12 3MW Projecoy| 390 km LAr 34kt WS
;’:‘SCU(':Q c(ﬁ%l?\qazsggf)é\)/v 1570 km LAr 100 ke WBB
CERN SPS
':P';‘gga'l\'nfl‘ 700KW 2300 km | LAr 100 ke (%) WBB
(1.6MW HP-PS)

(*) physics reach of LENA option under investigation in LAGUNA - not considered here
(**) site provides only shallow depth - lower priority
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Measuring higher order terms

295km

Probability (%)
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06 \
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658 km, sin?(26,,)=0.1

Red: v NH, 0<5<180
Dark-Red: v NH, 180<5<360

Blue: v IH, 0<6<180
Dark-Blue: v IH, 180<5<360

. : i .
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Ev (GeV)

2300km

2300 km, sin*(20,,)=0.11

Red:v NH, 0<3<180
Dark-Red: v NH, 180<3<360

Blue:v IH, 0<3<180
Dark-Blue:v IH, 180<6<360

® Two main modes of investigation (or a combination of both)

W Ve Appearance Energy Spectrum Shape in Wide Band Beam (VWWBB) at fixed L
Peak position and height for |st, 2nd maximum and minimum
Sensitive to all the non-vanishing ® including 180°

Investigate CP phase with v run only, but need VBB
Need very good energy resolution and low background systematics

v Vv Vv VW

A.Rubbia

Also in Narrow Band Beam (off-axis)
Need both beam polarities with similar statistics to study effect
Need good control of systematic errors between neutrino & antineutrino run
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Simultaneous solution to CP and mass
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2%3 . ; VVBB averaged ‘
............... . O™ Ue probability Longet: baselines
5 <Eu> = 4 GeV, are better to
Am23<° .................. width=425 G\ | determine mass
sin229|3 =0.11 hier'ar'chy.
...................................................... +5%error s e
ellipses are better
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unambiguous Ocp
determination

5=180 §=27°

]lllllllllllllllllllllllllllllllll

%
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0.05 0.1 0.15 0.2 0.25 0.3 0.35
Neutrinos Average <0*P(vup — ve)*c > (a.u.)
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Baseline consideration
bimagic baselipe L~2500km

X)
o

VVBB averaged

0.3 - 2N §=2700
Uu— Ue probability 7o
osF <Eu>=3.5 GeV
width=+2.5 GeV
sin2013 = 0.1 |

normal hierarchy

Averagg <H*P(vp — \ée)*c > (a.u.):
=] - o
— ()] N

o
=)
o

lllllllllIllllllllllllllllllll]lll

4
L (k)

10°

The optimal baselines are in the range 1300-2500 km
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Staged plans towards high power
proton beam facilities . umow

Now ™  Foreseen upgrades "™ Major upgrades

@ T2K T2K T2HK (300km)
— (300km) - (300km) W)  Okinoshima(658km)
(a - 0.15MW operation in - expected 0.75MW - expected 1.66MW
e 2011 gradually ~2014 operation, by >2014
[ NUMI/MINOS NUMI/NOVA LBNE/DUSEL
< (730km) . (810km off-axis) - (1300 km)
E - 0.3MW sustained - 0.75MW upgrade - 2MW operation
_ _ operation (~2013) requires Project-X
CNGS CNGS+ (730km) or CN2PY(2300km)
(730km) CN2PY (2300km) CN2FR(130km)
- 0.3MW sustained . e ey . el engo;pHH PPS
. requires SPS and injector requires L= » OF
operation, 0.5MW if no upgrade HP-SPL+Accumulator
beam sharing (4MW)
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Delivered proton#

May/10 Jul/10

*145 kW beam power
*1.45x10%° p.o.t @ 30 GeV
accumulated so far

MR intensity presently limited by
losses at injection

Sep'10 Nov/10

PS-PAGE]1

Current user: CNGS1 02-05-11 08:02:52

FT: S90ms Last update: O seconds ago

Duty factor:

SC 31945 (368BP, 43.2s)

J V [/
|

I/E11
T2 0.0
T4

MUL

Dec/10

Protons on Target per week (x10")

Mar IP

T6 Selllf Beam Intensity:

T10

0.0
CNGS T40.1 209 E11 OK(0) Comments (01-05-11 0
CNCS T40

2 213 E11 hone: 77500 or 704
1591 E10 Dest: m

Injected

4269 E10

A.Rubbia

~2.1E19 pot/extr
87% nominal

Proton per pulse

High Energy Beam

Real life

examples

4 Ik ;‘h']}v'”l

30s (CNGS)/43.2s (total) = 69%
- 311 kW average power
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-300 kW beam power
*12.5x10?° p.o.t @ 120 GeV
accumulated so far

*311 kW average beam power
*1.5x102° p.o.t @ 400 GeV
accumulated so far

eIntegrated intensity limited by
shared mode of operation

L)

" Total Protons on Target (x10%)

‘ ‘ |
)

258 ()

/1 U6
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Kamioka L=295km OA=2.5deg

A i

Okinoshima L=658km OA=(.78deg
Almost On-Axis

witiel Koom

P32 proposal (Lar TPC R&D)
Recommended by J-PARC PAC
(Jan 2010), arXiv:0804.2111




Upgraded J-PARC + Hyperkamiokande

4 8km south from Super-K
4 same T2K beam off-axis angle
e o 4 2.6km horizontal drive from entrance
" 4 under the peak of Nijuugo-yama
_* 648m of rock or 1,750 m.w.e. overburden

1Mton total volume, twin cavity i (o
~0.6Mten fiducial volume C N o
Inner {D43m x L250m) x 2 hYiges .
Outer Detactor »2m -
Photo coverage 209% (1/2 x SK) or less?

Excellent performance especially for
low energy w/ low multiplicity

Cherenkov threshold

Energy reconstruction assuming CCQE ve+N> +N
Efficient for low energy

Good PID (p/e)

Established analysis
Good at low E (<1GeV)
narrow band beam
Match with low energy off-
axis beam

A.Rubbia International Europhysics Conference on High Energy Physics, July 2011

Courtesy: M. Shiozawa

GEQLOGY AND ORE DEPOSITS OF KAMIOKA MINE
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J-PARC + HK physics performance

1.5yrv +3.5yrsv @ 1.66 MW

diff. from

O
_ Events/5S0MeV

g

o r]

Ve candidates

0 case

Events/50MeV
nN + o
e prrerprerey

g

2E o %

S

v mode

1
E,¢ (GeV)

400

Events/50MeV
8 8

8

v mode Very good chance to detect CPV & have
oo potential on sign(Amz3) with atm v
"* 1 Becomes more difficult for large 613

_Total 86 Challenge: reach a systematic error <5%

11111

Sensitivity on dcp

Hyper-K (540kt FV) / 1.5yrs v + 3.5yrs ¥ /1.66MW

AR A L A e
R LAY LAY LA LAY LA R LA

e

— 10
—_— 20
— 30
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3 g, we | DS
% 5(:2_ Hi ]Ih [1[] it :_ | 10
£ “1 L = | 20
‘el [00E%
e E,/'* EGeV) : —_— f_
- r
oo o) @@
_15 lﬁ NS KA TN
0 002 004 006 008 0.1 0.12

no aé%umptlon pn ﬁ‘?ass hlerarch9°

sin

sin?20
Courtesy: M. Shiozawa
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J-PARC + HK physics performance

1.5yruv +3.5yrsv @ 1.66 MW
v mode - v mode Very good chance to detect CPV & have

@
3

" 1 0 3 -0 . . .
g 3t ori 3 o1 potential on sign(Am.3) with atm v
2 27 g Becomes more difficult for large 613
S Baf _Total 86 g Challenge: reach a systematic error <5%
O -
Q . . .
> ok
e Sensitivity on dcp
o Hyper-K (540kt FV) / 1.5yrs v + 3.5yrs ¥ /1.66MW
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LAGUNA Fréjus w/ MEMPHYS

Woater Cerenkov detector, Momphys 1

Safety tunnel

2 independent modules,  nseconaneton
330’000 m? each
220’000 8-10” PMTs

~500 kton fiducial mass R

LSM Extension
(Option 2C)

CERN-Fréjus offers a very short baseline
not considered elsewhere in the world ™=
unique physics opportunities in Europe
Envision a beta-beam to complement SB

® Lombardi - 07.12.2010

_ o, =) S
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LAGUNA Fréjus w/ MEMPHYS

Water Cerenkov detector, Momphys 1
2 independent modules, R E—
330’000 m?3 each e
220’000 8-10” PMTs
~500 kton fiducial mass )

CERN-Fréjus offers a very short baseline
not considered elsewhere in the world ™=
unique physics opportunities in Europe
Envision a beta-beam to complement SB
@ Lombardi

07.12.2010
_ S S 3
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J-PARC to Okmoshlma

arXiv:0804.2111 [hep-ph] (2008) € f
P32 proposal (LAr TPC R&D) approved by J-PARC PAC  : .| OA2.5at SK
R
— 100 kton LAr TPC 3 200f- Okinoshima
<~ :
e . > .LLI 5 Fg‘so__
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|4 Sl I~ '
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Okinoshima prestudy : To ol ! 658 km, sin(29, )=0.1
* three best candidate sites on Okinoshima =
Red:v NH, 0<6<180
* bed rock adequate for large cavern o.=2s Dark-Fedzv NH, 1 0
* infrastructure (road, port, electrical power, ...) suffi cient
* liquid argon procurement possible via ferries i Blue:v IH, 0<5<180
O 1= Dark-Blue: v IH, 180<3<360
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Okinoshima Neutrino event rate and
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Mass Hierarchy Determination - 1.6MW - 100 kton
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GLACIER 100 kt @ Okinoshima, 5+5 years v+antiv
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1

experimental sensitivity

Events in 100 kton, 658 km, 5 years @ 1.66 MW
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“CP-discovery” is defined as the ability to

exclude dcp = 0,1T at the given C.L.
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experimental sensitivity
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Events in 100 kton, 658 km, 5 years @ 1.66 MW
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“CP-discovery” is defined as the ability to
exclude dcp = 0,17 at the given C.L.



LAGUNA Pyhasalmi w/ GLACIER

> : ' ‘i '»--fj*f-. LAGUNA infrastructuré at|site ‘
i: 2500-4000 m.w.e
£ :-\/
Ltr'.‘qr'f?/

Finland

Main aspects of the infrastructure
- existing working mine with very high standards el
- existing decline tunnel access to deepest level

- excellent excavation strategy

- efficient rock disposal

- no disturbance with hosting site

- sufficient fresh air inlet

- effective outlet of return air

- safety

- supply routes for construction

- storage of material

- quality control of material at the vicinity
- supply route (pipe lines) for liquids

Cafeteria, meeting room and sauna at 1400 m below ground 250 m long tunnel and a cavern at 1400m excavated for LAGUNA RE&D
A.Rubbia International Europhysics Conference on High Energy Physics, July 2011



CERN new conventional beams option A

\g\ nA
Option B:
Target station close to existing one for the North Area
‘il ‘ CN2PY e
® Feasibility of new beams 2 Target e w= " Near detector
0.75-2MW - Site /daPravessin ™™

approved by CERN study | e _
(LAGUNA-LBNO/201 1-2014) ARG T o =N e —

® New beam facility accepts T =R | ;.b e =
protons from 400 GeV SPS and — Nl o)
eventual new 50 GeV HP-PS

NEUTRINGO FACTORY |
TUNNEL SOLUTION

® Will produce conceptual
design reports within 2014

\/ = Il o [ A f‘ ) BRS Bya

LAGUNA-LBNO: 3y | enes

Task 4.1 Study of impact of CERN SPS accelerator intensity upgrade to neutrino beams
Task 4.2Feasibility of intensity upgrade of CNGS facility

®

°

e Task 4.3Conceptual design of the CN2PY neutrino beam
e Task 4.4Feasibility study of a 30-50 GeV high power PS
®
°
°
A

Bols Tolles > \
(LP)-SPL /i % ‘ . 3
. T T WCONTHOL BADNG WKIOND | ’ vy
ol O Y e 50567 30 parsore C / ' ! \
00209 50 MLYETRON GALLImS | (B o aas | \
S COLD BOX JORPONIR 80 Tamcet 0"" . !

Task 4.5Definition of the accelerators and beamlines layout at CERN
Task 4.65tudy of the Magnetic Configuration for the LAGUNA detector

Task 4.7 Definition of near detector requirements and development of conceptual designs
Rubbia International Europhysics Conference on High Energy Physics, July 2011



LAGUNA Pyhasalmi experimental sensitivity

Events / 100 MeV / 100 kton

300 = Muon disaj pearance Event rates: CERN SPS 400 GeV
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LAGUNA Pyhasalmi experimental sensitivity

013 Sensitivity - CNXX NOvA Horns - 50 GeV protons

CP Discovery - CNXX NOvA Horns-50 GeV protons

o |
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LAGUNA Pyhasalmi experimental sensitivity

013 Sensitivity - CNXX NOvA Horns - 50 GeV protons
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LAGUNA Pyhasalml experimental sensitivity

. . CP-discovery (mass hierarchy not known)
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LAGUNA Pyhasalmi experimental sensitivity

o T i’ CP-discovery (mass hierarchy not known)
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Giant Liquid Argon Detector (KEK-ETHZ)

Giant Liquid Argon Charge Imaging ExpeRiment

A scalable detector with a non-evacuable dewar and ionization charge
detection with amplification

Electronic crates mass = 100 kton

perlite insulation

Single module non-evacuable cryo-tank based on industrial LNG

Cytndrical shape with excellent surtace / volume ratio A. Rubbia hep-ph/ 0408110

Simple, scalable detector design, possibly up to 100 kion

Venice, Nov 2008

Extremely high performance

“Electronic Bubble Chamber”

3D tracking of all charged particle from
very low energy threshold

Precise resolution of ~mm

Fully active homogeneous 411 detector
(as WC)

Good PID w/ dE/dx, 0 rejection

Double phase w/ Gas amplification

<10ppt purity needed

LEM readout (~106ch)

600ton detector realized and working

A. Rubbia

International Europhysics Conference on High Energy Physics, July 2011

Double phase charge readout w/ adjustable gain

Readout
LEM
GAr

1 0 23 » A )
strip number

adaaaatoaaal 1 1
5 1 ] "w " 0 »n
strip

Much improved S/N (>100) compared
to single-phase LAr operation (=15)

ArDM-Iton
(CERN REI8 Collab)

Test beam at |-PARC
(T32 Collaboration)
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® Collaboration:

LBNE (USA)

~300 physicists
and engineers, 55
institutions %
y T - _ - 3 . Visconsin L ™S
® CD-O in Jan 20' I : \‘\4 Milwaukee 6
i ~\\_~ |
< R— \
® Two far detector = S SRR Laena - & Fermilab ;
options WC+LAr |
AugZOWNoutnnanm pur
E 10g . £ 1 Ch
g g 1 1300 km, sin?(26,,)=0.11
g § 0.25 Red: v NH, 0<5<180
gl 5 Dark-Red: v NH, 180<5<360
% ' E 8 Blue:v IH, 0<3<180
| i = Dark-Blue: v IH, 180<5<360
8 | 8 |
Oscillation CC rates/(100 kT.MW.yr): =G0
v beam, Am%l = +2.5 x 10 3eVv?, Ocp =0, sin’ 26043 = 0.04
Beam Tune Vy | vp OsC | Ve beam | vy — ve | vy — vy
Low-Energy (LE) | 29K 11K 260 560 140

A.Rubbia International Europhysics Conference on High Energy Physics, July 2011 o S 35



LBNE two detector options

Water Cerenkov Counter o Courtesy:B. Svoboda
— Liquid Argon

Main Detector Components
« Large Cavern

» Water Vessel

* Ultra-pure water system

* PMTs with Electronics

'« 2 sizes under consideration:
150 kt or 200 kt fiducial mass

(7-9 x SuperK)
* PMT + light collectors give

photon detection
efficiency equivalent to

SuperK I LBNE LAr development builds on world-wide R&D program

LBNE-specific prototyping program includes:
« 3 x 3 m? membrane cryostat wall panel — testing in progress

®* The "blue ribbon" panel has completed it's report — it is quite * 3 x 3 x 3 m?® membrane cryostat prototype
favorable, and we are promised a clear decision by DOE as to what ) UnQerstaqd cryostat technology
xtent they will use the Homestake site — not only for LBNE but fi - Verify purity in this cryostat
extent they will use the ) omestake 'f" €-no °_n Y o.r‘ ut for - Preliminary design complete; operational in 2012
all the "underground" science experiments. This decision needs to

be made in time for FY13 budget request, by end of this summer. ’ kton-scalg full_englneenng prototype
- Full engineering prototype of complete detector system

* | Adecision on which technology to pursue (water or liquid argon) - Leverage DZero infrastructure to minimize construction cost
will be made as soon as possible — delayed due to NSF and DUSEL and time, and operating cost.
uncertainty. Collaboration would like to pursue both — but - Early planning stage; schedule depends on funding, but could
probably too expensive without significant international be operational in 2014.
participation. * DOE panel estimate — ~five years of R&D required.

* It would make sense to have a common international program on this.

A.Rubbia International Europhysics Conference on High Energy Physics, July 2011
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Summary - so, what we need?

® An intense (> | MW) broad band (0-5 GeV) beam with some
tunability. Spectrum should cover |5t maximum, and also 2"
maximum at lower energies.

® Baseline of 1300 to 2500 km to have large matter effects (any
new physics is expected to be related to matter-like effects).

® Giant underground detectors (~ 100kt of efficient mass)
capable of clean identification of electron neutrino events,
covering the GeVs range of the beam.

® More than one order of magnitude statistical power increase
compared to T2K/NOVA, and reduced and systematic errors.

® Perhaps foresee upgrades, to beam power and detector mass.
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Also, non-accelerator physics

® These giant underground detectors will in addition cover a
very rich astroparticle physics programme:

® proton decay
® atmospheric neutrinos
® supernovae collapse neutrinos

® unknown sources of astrophysical neutrinos (e.g. DM
annihilation)

® solar neutrinos
® geo-neutrinos

® etc.

A.Rubbia International Europhysics Conference on High Energy Physics, July 2011
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A. Rubbia

Conclusions

World-wide interest for next generation long-baseline
based on the conventional neutrino beam technology,
with longer baselines to address CP-violation and mass
hierarchy, as the next step beyond T2K/NOvA.

Physics case is strongly reinforced by recent evidence
for sin220,3 > 0.01 in T2K and MINOS.

As a community, we should aim at realizing two
complementary projects (but many challenges ahead).

Worldwide coordination is surely necessary.

The LAGUNA consortium (EU, Japan, Russia) will
consider a staged approach.
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