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lceCube

lceCube Lab

\ IceTop

81 Stations, each with

2 IceTop Cherenkov detector tanks
2 optical sensors per tank

324 optical sensors

50m

IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string
5160 optical sensors

December, 2010: Project completed, 86 strings

1450 m

DeepCore
/e strings-spacing optimized for lower energies
480 optical sensors

Eiffel Tower
2 |324m

2450 m

= ~220 v/day

* Threshold
- IceCube ~ 100 GeV
- Deep-Core ~10 GeV

2820 m



L
Deep-Core

- More densily instrumented
than IceCube
- 8 special strings + 7
nearest standard strings
- Spacing 45 -72 m
¢ (IceCube 125 m)

- Vertical Spacing 7m
* (lceCube 20m)

- Clearest ice (A ~ 45-50
m)

- High QE PMT (35%)
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Antares

- Mediterranean
Sea close to
Toulon @

- Depth ~2475 km
- Volume ~0.01 km3
- 12 strings,

- each with 25 PMT
triplets

- Operating in final
configuration since
2008

Cable to shore
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lceCube/Deep-Core results

IC79 :May 2010-April 2011
319 days lifetime
Neutrino events:
719 DeepCore
38000 high energy
Zenith angle only analysis
arXiv:1305.3909
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IC86 :May 2011-April 2012
343 days lifetime

1487 neutrino events

Strict selection : “direct light”

ICRC 2013 : Contribution 450
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Summary of Results

ICRC 2013 : Contribution 848

B ——
- Clear signalof 7" e
- mmmes MINOS 2012,90%  TTTeen |
atmospheric ] - Super-K 2012, 90% )
- T "N e ANTARES, 90%
neutrino oscillations ol ey > o0
seenin |CeCube and —— IceCube-79 2013, 90%, prel.
Antares r;'\i, lceCube-86 2013, 90%, prel. /__
B _
S 3.0
- lceCube/DeepCore .
™~ ~u
- One year of data NE""’ 25
analysed 3 |
- Strong potential for
future studies 15|
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Beep-sore g years
(2017)

ICRC 2013 : Contribution 460
- Current results

statistics limited ———- MINOS 2012, 90% CL

: <_0.004+
¢ ShOWﬂ eXtrapOIat|On %} I SUDET—K 2012! 00%
T

assumes additional
Improvements

1)Higher efficiency | |
2)Better resolutions T T T ==

—

o™

= | IceCube/DeepCore 6yrs, 90% CL

— I H

2)Smaller systematics 4 goo! N

uncertainties " coCube Prelminary
_I o i
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Matter effects & Mass Hierarchy

- Solar Neutrinos : Matter effects inside sun
-2 m,>m;
- Matter effects in Earth (not yet measured !)
- =2 m;><my,m,
- Normal Hierarchy Inverted Hierarchy

--“Bm2

Am2<0

0 0I0203040506070809I0|m2 00J02030A05&6&?Q3&9L0Mm
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Example Earth Matter Effect : P(v,2v,)

Resonance energy Earth mantle : 6-7 GeV

z IF

% u.gi—(“ GLOBES NH
m o8- |

E 0.7—
E n.si—

0.5

cos0 = 0.6
Baseline = 7645 km”EU

0.1

Inclination=36.9" £ % Y

E, (GeV)
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PINGU Design

- Precision IceCube Next Generation Upgrade

- 20-40 Additional Strings inside Deep-Core Volume
- Strings ~300m high, 60-120 Optical Modules

- Instrumented Volume 3-4 Mtons

- Energy threshold ~2 GeV

PINGU Geometry with 40 strings
- . » IceCube - [ ; f f * | = IceCube
sof. . ... ... .. |+ DeepCore | T N AU S S .| » DeepCore |
1 « PINGUS . | PINGU
H L L Dk I 1

PINGL Geometry with 20 strings
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KM3Net project

RX J1713-3946

@ Main goal: detection of v from galactic | RS-
sources (SNR)

@ recent milestones
@ multi-pmt Optical Module design
agreed & prototyped
& string configuration
a partial funding obtained
@ ~1/5 of total wishes (~50 strings)
@ must be spent soon — 'phase 1’

1Thiom




KM3Net project

Mutliple small pmt's (helps in photon-
counting and background rejection)

KM3NeT Optical Module integrated in
Antares instrumentation line. — B
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KM3Net — ORCA Layout

Oscillation Research with Cosmics in the Abyss

| Instrumented volume = 1.75 Mi; [ str50_3inch31pm20_2006 |

Eﬂ]ﬂ:...|...|...|...|...|...|...|...

> 80 ]

v' 50 Strings 60~ P ey B
v OM=31 3"PMTs Ve e Yo
v 20 OM in each string 22: Y e e o
v" 6 m vertical distance between OM i ke % Y@
v' 20 m average distance between strings s e S . . <
" B

String number can be scaled N

according to financial situation 80 B 50 4620 0 2, @ 08 1

Other parameters determined by deployment constaints
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PINGU — ORCA : Energy

- Energy reconstruction from - Energy reconstruction from
total light yield fitted track length

- Ice Is a better calorimeter
due to scattering

| Reconstructed vertex inside the instrumented volume |

PINGU 40 string
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PINGU — ORCA : Zenith angle

- Resolution close to
kinematical limit

- Water Is a better tracker
due to absence of
scattering

PINGU 40 string | Reconstructed vertex inside the instrumented volume | Upgoing events

o 20 e 21T » median AQ, ... {Intrinsic Angle)
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Sensitivity Calculation

- Fit of event count in Energy-Zenith space
- Color code : bin-by-bin significance of hierarchy difference

Oscillation parameter fixed
Statistics only

| | ~ GLoBES 2013
-1.0 -0.8 -0.6 -0.4 -0.2 0.0
cos

W. Winter : arXiv:1305.5539

Oscillation parameter fitted

Statistics+correlations
25

0.8
20

15
I—IIJA
.

-
5
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cos




PINGU Osclllation parameters

- Side effect of correlation
between mass hierarchy
and oscillation parameters

- After one year of data
taking with PINGU
competitive measurement
of dm?,,

IceCube Preliminary

2.80 /ﬁ
260}
[y ]
-
T
T
=
= 20 -
a8
E
<]
220}
— MINQOS, 2012, 20%
—— Super-K, 2012, 90%
200F —— PINGU (1 year), 90% —
* PINGU, input parameters .
0.50 0.85 0.90

sin’ (20,;)

ICRC 2013 : Contribution 555



Sensitivity Calculation

- 3 years PINGU (20 lines)

- 1.3-2.9 sigma separation of 4
mass hierarchy hypothesis

NH. #53=50°. 6=0

- Challenges of 41
measurements with -
atmospheric neutrinos:

- Cancellations !
- neutrinos / antineutrinos
- muons / electrons (flavour ID) _ ;
. - GLoBES 2013
- Energy resolution OB v

9y 0o 2 4 6 & 10 12 14
- Oscillation parameters t [yr]

W. Winter : arXiv:1305.5539
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Neutrinos from Beams

- Eliminate ambiguities
- Improve mass hierarchy sensitivity

COUNTING MUONS TO PROBE THE NEUTRINO MASS SPECTRUM

CAROLINA LUJAN-PESCHARD"?, GIULIA PAGLIAROLI', FRANCESCO VISSANI'*
1 INFN, LABORATORI NAZIONALI DEL GRAN SASSO, ASSERGI (AQ), ITALY
2 DEPARTAMENTO DE FISICA, DCEI, UNIVERSIDAD DE GUANAJUATO, LEON, GUANAJUATO, MEXICO
? GRAN SASSO SCIENCE INSTITUTE (INFN), L’AQUILA, ITALY

arXiv:1301.4577
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P(v,2v )
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P(v,2v )
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P(v,2v )

Oscillation Probability
o 2 o o o
in (-] ~ o0 -

ol
F

cosO = 0.6

Baseline = 7645 km™*

0.1

Inclination =36.9" £

GLOBES

i

NH
IH

E, (GeV)
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P(v,2v )
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P(v,2v )
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Counting Muons from Beam Neutrinos

- Optimal Beamline : 7000-8000 km

Fermilab CERN J-PARC
South Pole 11600 11800 11400

Sicily 7800 1230 9100
Baikal Lake 8700 6300 3300

arXiv:1301.4577

- Favoured Option:
- FermiLab — KM3Net site in Mediterranean Sea

- 1300 versus 950 events for both mass hierarchy hypotheses in
Mton underwater detector (ORCA)

- =2 Inverse approach : Counting “Electrons”
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P(v,2Ve)

GLOBES Beam to IceCube
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Optimal Baseline ?

- For L>2000km the oscillation probabilities are always well
separated for both MH hypotheses

- To find optimal baseline calculate event rates
- N~ 1/L° Events
- N ~ E (cross section) 2500 — -
- Fixed beam profile
- ORCA detector response -

Events
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Optimal Baseline

- L=2600km maximizes the difference in event rates
between two MH hypotheses

Events

‘514{}0:_
| 'Event rate difference

1200;— 7
1000:5
300:? i
sun: /
4un:f

200




!ro!on gcce‘era!or Eomp‘ex

Protvino

4 machines (since Oct 2007)]
- 2 linacs

« 2 synchrotrons

Modes: :

* proton (default) URAL30-U1.5-U70 to note: OKA (#21), FODS (£#22). stretcher (£25)

- light-ion (d, C) [100(2 of 3)-U1.5-U70 ' ’ ‘

Light-ion: In a SIS-18, SIS-100 name convention:
- high energy 24.1-34.1 GeV/u | | = LIS-233 [T-m]

- intermediate energy 453-455 MeV/u = LIS-6.9 [T-m]

Presentation S. lvanov (IHEP) on 22/11/2012 @ CERN - Talk Wednesday



e,
Protvino — ANTARES (ORCA)

- Baseline 2588km ; beam inclination : 11.7° (cos6 = 0.2)
- Deepest point 134km : 3.3 g/cm3




SKAT bubble chamber

0 target Decay pipe Shielding SKAT
>0 @

)
) focus 140m

A

v V

Courtesy: R. Nahnhauer



Beam parametrisation (1988)

* Very clean v, beam
e Less than 1% contaminations from other flavours

e Most neutrinos between 1-8 GeV

d®/dE, (GeV"' m?2 proton™)
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Event rates - Signal

- Event numbers for 1.5 1041 p.o.t.s

- 20 o statistical separation of both Mass Hierarchy
hypotheses from signal

- 10000 muon events for beam normalisation
- 3.5% separation between MH hypotheses
- Other contributions: v_: 1316 +/- 13 ; 1416 +/- 8 ; NC : 4732

i NH10927+4/-24 | I-L  NH 1621 +/- 255
émmi— IH 10548 +/_ 43 é 0; - /‘-—
i v, CC

CC| "= 1\ 497+/-100

1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ‘ 1 Il 1 ‘ Il Il Il ‘ Il 1 Il | Il 1 1 | 1 1 1 |
2 4 6 8 10 12 14 16 18 20 6 18 2
E, (GeV) E, (GeV)



Flavour identification

- Misidentification probability :
- assume same for both directions
- 50% at 2 GeV - random ; 20% at 5 GeV ; 10% at GeV

it o o
[ $u 53]
T 1 T T 11

Flavour misidentification probability
=]
o
LI LILELIL LI

=]
—




Event rates — All Flavours & Mis-I1D

- Event numbers for 1.5 10241 pots

- 9-18% difference for NH/IH

- 7 o statistical separation of MH hypotheses
- Can allow for few % syst. Uncertainty

- No requirement of energy reconstruction

_ tracks _ cascades
NH 10690 +/- 45 i NH 7300 +/- 200
IH 10244 +/- 15 : IH 6420 +/- 80

S C
% 1000 B
(4] L
5 L
o 800

ﬂ B

Events per GeV for 1.5 10
- -

2 38 B
o o o

600

400

200

1 1 Il Il Il Il Il Il 1 1 1 | | I L L
2 4 6 8 10 12 14 14 16
E, (GeV) E, (GeV)
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Synergies between potential Sites
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Conclusion

- Upgraded proton accelerator at Protvino well suited for LBL
towards Mediterranean Sea

- Needed : 104! p.o.t. within few years

- Preliminary Performance Figures of ORCA encouraging
- Synergy with Underground Labs in the same beam

- Complementary to measurement with atmospheric v

- 2High Significance determination of Mass Hierarchy
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Osclllation parameters

- Taken from Global Fit (Fogli et al.) for both hierarchy
options
- CP phase left free

‘ Arxiv:1205.5254

TABLE I: Results of the global 3 oscillation analysis, in terms of best-fit values and allowed 1, 2 and 3o ranges for the 3v
mass-mixing parameters. We remind that Am? is defined herein as m3 — (m§ + m3) /2, with +Am? for NH and —Am? for TH.

Parameter Best fit Ll range 2 range 3 range
§m? /1075 eV* (NH or IH) 7.54 7.32 - 7.80 7.15 - 8.00 6.99 - 8,18
sin? f12/10~" (NH or [H) 3.07 291 - 3.25 275 - 3.42 2.50 - 3.59
Am?/107* eV? (NH) 2.43 2.33 - 249 227 - 2.55 219 - 2.62
Am?/107* eV? (IH) 2.42 2.31 - 2.49 226 - 2.53 217 - 261
sin’ f3/10~% (NH) 2.41 2.16 - 2.66 1.93 - 2.00 1.69 - 3.13
sin? B3/1072 (IH) 2.4 210 - 2,67 1.94 - 201 1.71 - 3.15
sin’ g /10”1 (NH) 3,86 365 - 4,10 348 - 4.48 3.31 - 6.37
sin” faa /10" (IH) 3.02 3.70 - 4.31 3.53 - 4.81 @ 543 - 6.41 3.35 - 6.63




Oscillation Probabilities

3 0.18f P(v,—V,)

Oscillation Probability

P(vu—w i

2 4 8 10 12 14 16 18 20 16 18 20

E, (GeV) E, (GeV)

e All relevant oscillation probabilities taken into
account

e Full 3-flavour treatment
e CP-phase variations included



Neutrino Cross sections

Simple parton scaling assumed (QE, Res. ignored)

Flavour universality
oc¢C(E,) =0.68-(E,/GeV)10*cm?

Vi
cc _ v —38 2
5CC — 5CC and 6CC — CC oy (Ey) =034 (E,/GeV)10™ cm
n l""IIE L"” ye L‘"’_I_
16 - ANL, PRD 19, 2521 (1979) IHEP-ITEP, SINP 30, 527 (1979)

ArgoNeuT, PRL 108, 161802 (2012)
BEBC, ZP C2, 187 (1979)

BNL, PRD 25, 617 (1982)

CCFR (1997 Seligman Thesis)
CDHS, ZP C35, 443 (1987)
GGM-SPS, PL 104B, 235 (1981)
GGM-PS, PL 84B (1979)

IHEP-JINR, ZP C70, 39 (1996)
MINOS, PRD 81, 072002 (2010)
NOMAD, PLB 660, 19 (2008)
NuTeV, PRD 74, 012008 (2006)
SciBooNE, PRD 83, 012005 (2011)
SKAT, PL 81B, 255 (1979)
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Neutrino Cross sections

Simple parton scaling assumed (QE, Res. ignored)

Flavour universality
oc¢C(E,) =0.68-(E,/GeV)10*cm?

109C = ¢<C and 6<C = ¢<C 05 C(E,) =034-(E,/GeV)10~*cm?

Vy Ve
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Event rates

- Here : no flavour misidentification
- CC Rates

dNg N lskar\ Mesr(Ey)
dEy o ELBL My

dd L d® dd, L 4%
cc Vu Ve CC Yy Ve
° [‘%a (dE Phua +4E, aE m) Tva (dEL, P + dE, F “)]

dNnc v lskar\ Mse(E,/2)
dEy ot ‘ELBL my

dd,  dd dd.  dd.
NC Vy Ve 1_VC Uy Ve
[J” (dEy o dEy) T (dE'y +4E, )]




Event rates

- Include Background and Flavour tagging
- Total Background :

ANk dNgee dN,  dNyc
aE, ~“ag, Tll=BRu)+ (1 -mBRu] 70 + e
ANg®e  dNiack dN. dNyc
dE, | dE, +(1 =) = BRr) + nBR, dEy+(l_E) dE,
track dNt‘.i:"ack dNtrack
dgg = =n)—p—+ df‘;
dNease dNease g Nease
ot _(1 _ sig g
E, Y93 T E
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