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Neutrino Physics with the
Precision IceCube Next
Generation Upgrade (PINGU)

The Precision IceCube Next Generation Upgrade (PINGU) is a proposed low-energy extension to the
IceCube Neutrino Observatory, located at the geographic South Pole. PINGU will increase IceCube’s
sensitivity to neutrinos with energies down to a few GeV with a multi-megaton effective volume.
For every year of PINGU detector operation, tens of thousands of atmospheric neutrinos will be collected.
This high statistics dataset will allow PINGU to resolve the neutrino mass hierarchy (NMH)
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Outline

* The IceCube neutrino observatory

— From IceCube through DeepCore to PINGU
* PINGU physics program:
— GGain sensitivity to atmospheric neutrinos in the
region below 10 GeV with very high statistics

« measurement of the

— neutrino mass hierarchy (NMH)
— (Am,;)? and test maximal mixing,
— V. appearance



observatory

The IceCube neutrino

IceCube Lab

IceTop
81 Stations
324 optical sensors

IceCube Array
86 strings including 8 DeepCore strings
5160 optical sensors

DeepCore
8 strings-spacing optimized for lower energies
480 optical sensors

Eiffel Tower
324 m

e U

ICECUBE oitmanon Uroraor
86 strings with 60 Digital

Optical Modules (DOMs)
(IceCube + DeepCore)

Optical sensor
10” photomultiplier (PMT)
+ in situ signal digitization
in pressure glass sphere

Deployed between 1450 and
2450 m depth

Instrumented volume: 1 km3
81 IceTop surface stations
Construction complete

December 2010
(data taking since 2005)
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Event Signatures in IceCube

Tracks:
e Source - vV, CC interactions
» Good angular resolution (<1°)

Cascades:

* Source - v, v, V; NC + v, CC interactions

» Good energy resolution (~10% at high energies)
Limited angular resolution (>10°)

Composites:
* Source - v, CC (v, CC) inside instrumented volume 3
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lceCube (top centre view)

ICeCUble . ‘E"‘lOO»_- ® iceCube
«7/8 Strings (60 DOMSs per string) = | ®
*125m string spacing E o
. 50 —
*17m DOM spacing I
o
i ®
s @ 125m ©
-1oof:
- ®
-150:— L
d | L P | 1 |
100  -50 0 50 100 150 200
X (m)
|| | | 1 1 | | | |
10 MeV 100 MeV I GeV 10 GeV 100 GeV I TeV 10 TeV I BeV
lceCube

,%,2%324 20th Particles and Nuclei International .
7 Conference
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lceCube-DeepCore top view

lceCube £1007 e icoCute
«78 Strings (60 DOMs per string) = . + DeepCore
*125m string spacing 507_ .
*17m DOM spacing E 75m A
E A A
lceCube + DeepCore o
« 86 Strings (60 DOMSs per string) ; . -
« Additional 8 strings S50 . A A
«42-75m string spacing A A
«7m DOM spacing -100 - A
* Possibility to use information from r 125m .
the lceCube strings as a veto 150 — Y SN R SN SR
) 0 56100 150 200
X (m)
10 l!'IeV IOOIMeV I (!?eV 10 l VvV IOOIGeV | 'Il'eV IO!’eV I BeV
DeepCore lceCube
8/_//527/53:94 20th Particles and Nuclei International 6

Conference



The lceCube neutrino
observatory

&

':;10’ IceCube Preliminary
IceCupe . o;w Ri == Super-K v,
78 Strings (60 DOMs per string) g7 m Ergius v,
. . — V!
*125m string spacing 2 0 AMANDA v,
. Q" E O pnfolding -
*17m DOM spacing ¢ F = {6iward folding
& 107 IcefCILébe vy
= ) onr\2ar'é190lding
lceCube + DeepCore 10°E | cecube v
) 22(:?:'2?]93'8 8(6821'51(9)2/'8 per Strmg) 107" ;_ A IceCube v, (unfolding)
: : F Pro,
*42-75m string spacing e ey,
*7m DOM spacing P
Atmospheric electron neutrino flux [ —Hondav. with H3a correction
107
measured from 80 GeV to 6 TeV for =~ [ --Barolv. NN
the first time 10./0-11 L l(l)l L1 } L1 1 1.!')1 [ 1-|i| L1l l Ll 1.l’—1k|'-16
log 0 (E /GeV)
T T T T T T T
10 MeV 100 MeV I GeV 10 GV 100 GeV | TeV 10 TeV | BeV
DeepCore l lceCube
8/_//28/2014 20th Particles and Nuclei International
amburg 7

Conference



observatory

lceCube
78 Strings (60 DOMSs per string)

*125m string spacing

*17m DOM spacing vl
lceCube + DeepCore .
- 86 Strings (60 DOMSs per string)
 Additional 8 strings

*42-75m string spacing

*/m DOM spacing

Muon neutrino disappearance measurement

& The IlceCube neutrino “”

IcCECUBE

Neutrinos oscillating
over one Earth
diameter have a v,

survival minimum at
~25 GeV

* Hierarchy-dependent
matter effects below
~12 GeV

* Neutrinos are
available over a wide
range of energies and
baselines

1 1
10 MeV 100 MeV I GeV

| vV
lceCube

8/28/2014

20th Particles and Nuclei International
Hamburg

Conference
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G The lceCube neutrino
* observatory

lceCube . off
78 Strings (60 DOMs per string) c0Pe2 ca® et
*125m string spacing ‘e\es A\ O ™T— icecube 2014 [NH]  — T2K 2014 [NH]
«17m DOM spacmg “e“\ \ no ‘\G “e“ 4.0 — MINOS w/atm [NH] ~ — SK IV [NH]
ne .
‘.mo p 38 90% CL contours IceCube Preliminary
lceCube + DeepCore ~ 30
. : >
« 86 Strings (60 DOMSs per string) e
- Additional 8 strings =
. . o2 3.0
*42-75m string spacing i
7m DOM spacing e
Muon neutrino disappearance measurement 20
3 years of full IceCube data 24
(5293 events in 953 days) 2.2
Competitive with world’s best measurements 20
Results compatible with world average 0.30 0.35 0.40 0.45 .9;50 0.55 0.60 0.65 0.70 0 1 “21“1.3 4
values of 8,; and |[Am2,,| i (0
10 l!'leV IOOIMeV | (!?eV 10 I Vv IOOIGeV I'Il'eV IO!I'eV I BeV
DeepCore lceCube

8/28/2014

20th Particles and Nuclei International
Hamburg

Conference See IceCube v, oscillation result, PRL 111, 081801 (2013)
and atm. v, detection result, PRL 110, 151105 (2013).
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The IceCube neutrino

observatory
lceCube-DeepCore-PINGU top view

&

lceCube E100F—— T @ iceCube
*78 Strings (60 DOMs per string) > . 4 PINGU
+125m string spacing sol. */5m
*17m DOM spacing ‘ 'F -
i : h- sl
IceCube + DeepCore o .f ﬁ"& 20m
* 86 Strings (60 DOMSs per string) I .- i .
- Additional 8 strings 50 e Sl
*42-75m string spacing 125m * tl
*/m DOM spacing -100|- ¥ *
PINGU E .
* proposed low-energy extension 150 b
« geometry optimization under 1400 s e s 100 e 60
study i - X (m)
T | T T T T
10 MeV 100 MeV 1 G 100 GeV | TeV 10 TeV I V
DeepCore I lceCube T
8,_,/82353:94 20th Particles and Nuclei International 10

Conference
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lceCube
78 Strings (60 DOMSs per string)
*125m string spacing

*17m DOM spacin
P J PINGU baseline setup

lceCube + DeepCore Add 40 strings with 60 PDOMSs* per string

- 86 Strings (60 DOMs per string) * 20m string spacing
- Additional 8 strings * om DOM spacing |
«42-75m string spacing  ~15x higher photocathode density

*/m DOM spacing

PINGU
* proposed low-energy extension
* geometry Opt|m|zat|0n under *PINGU Digital Optical Modules = HQE PMT, electronics, pressure
vessel, supporting hardware; very similar to lceCube DOM.

study

1 1 1 | | |

10 MeV 100 MeV 1 G 100 GeV | TeV 10 TeV I Vv
DeepCore lceCube T
EI/28/2O14 20th Particles and Nuclei International
amburg 11

Conference



The lceCube neutrino
observatory

lceCube
78 Strings (60 DOMs per string) PINGU

*125m string spacing * Relatively modest cost and rapid

*17m DOM spacing construction for a NMH measurement

* IceCube experience shows that drilling 40

lceCube + DeepCore strings in 2-3 years is feasible
» 86 Strings (60 DOMs per string) Improvements to IceCube design:
 Additional 8 strings + Single digitizer channel

* Remove “local coincidence” condition
* Feature extraction in ice

*42-75m string spacing

*/m DOM Spacing Improve measurement of ice properties and
PINGU DOM sensitivity with dedicated calibration
* proposed low-energy extension devices _ -
. trv optimization under * De-gassing of drill water to mitigate bubbles
geometry op in refrozen hole ice

study

1 1 | | |
10 MeV 100 MeV I 100 GeV | TeV 10 TeV | BeV
DeepCore lceCube

il/jgggrm 20th Particles and Nuclei International "
7 Conference




PINGU physics program "
The NMH Signature in PINGU

Unglng HOI"IZOﬂtal MSW and Parametric Oscillations:

(denser) ) 51 (|ess dense) aI’TtI —\V B « L. Wolfenstein Phys. Rev. D17 (1978)
) » S. Mikheyev and A. Y. Smirnov Prog. Part. Nucl. Phys. 23 (1989)
* E. KAkhmedov, et al., Nucl. Phys. B542 (1999)

Ener

NH = [pattern A]

N i

cos(8)

Earth’s outer core
i

= [pattern B]

PINGU Signature:

*0O. Mena, |. Mocioiu, and S. Razzaque, Phys. Rev. D 78 (2008)

*E. K. Akhmedov, S. Razzaque, and A. Y. Smirnov, JHEP 1302 (2013)
*PINGU Lol arXiv:1401.2046

Amd, = 2.32 x 1072 eV?

sin®(282s) = 7 20th Particles and Nuclei International
Pve — v) = sin?(20) sin? (%“) Conference

8/28/2014

Hamburg 13
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PINGU physics program G £
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MSW and Parametric Oscillations:

* L. Wolfenstein Phys. Rev. D17 (1978)

- » S. Mikheyev and A. Y. Smirnov Prog. Part. Nucl. Phys. 23 (1989)
- * E. KAkhmedov, et al., Nucl. Phys. B542 (1999)

= [pattern A]

= [pattern B]

PINGU Signature:

*0O. Mena, |. Mocioiu, and S. Razzaque, Phys. Rev. D 78 (2008)

*E. K. Akhmedov, S. Razzaque, and A. Y. Smirnov, JHEP 1302 (2013)
*PINGU Lol arXiv:1401.2046

20th Particles and Nuclei International 14
Conference
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The NMH Signature in PINGU , _, |, &

| year of data l0'24
V,tV, o
The signature of the hierarchy can be lo12
noticed by looking at the pattern of 2 0.06
expected excesses and deficits in the % 10’ 0.00
E vs. cos(6z) plane 3 E:r: .
Distinguishability metric N
(Akhmedov et al., JHEP 2013(02) pp.
1-39) used to show NMH pattern in Preliminary o2
PINGU data 105 0.8 ~0.6 —0.4 0.2 0.0
cos(zenith)
reconstructions included but not yet
particle ID

Reconstructed energy AE/E ~ 0.27 at E,,,. = 5 GeV
Reconstructed zenith angle 0,~13° at E,,,. = 5 GeV

true

8/28/2014

20th Particles and Nuclei International
Hamburg

Conference 15
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Preliminary Preliminary
— -3 T T TrIrrJrrrrrrry T Trr LI I Trr Trr LI I

1 1 0 L I L | LI | rrrT I L | rrrT I rrrT | T I T E 10 E l ] I ] l ] I l l
é e g ¢ [cascadelike = _  track-like
= w i -
é —v, CC 10" — _ :Hq -V,
- —v,CC C — — -
g — ———t e o I -V
,.g , ) Vt CC 105 :_.7:-:——'-:_._:44 '—‘—'_H “
= . - - . .
S , : - — V

PP PP P TS T P T 10”

50730 40 50 60 70 80
True v energy (GeV) -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

MVA score

I[II[

8/28/2014

20th Particles and Nuclei International
Hamburg

Conference 16
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The NMH in PINGU
Events ID’d as tracks (v CC) Events ID’d as cascades (ve, NC)
30 T T T T 0 20 30 T T T T
25} Preliminary | Iolls 25| Preliminary {1 W
= H0.10 l; = Ho.16 ;
8 ] - 0.05 —3 8 201 N Jo0.08 ‘-\>
§ 4 | qo.00 2“;" 5 15} 4 | qo.00 ;
) 4—0.05 | (3] {—0.08 |
. — = S 10 . =
w ' 4—-0.10 = L d_o.16 ‘ZT
5 - —0.15 5 . —0.24
. . : : —0.20 ; i : :
—1.0 —0.8 —0.6 —0.4 —0.2 0.0 —1.0 —0.8 —0.6 —0.4 —0.2 0.0
cos(¥9) o . cos_(19) .
Full MC for detector efficiency, reconstruction, and particle ID included
In both channels (track and cascade) the hierarchy-dependent signatures are visible
Use energy-zenith angle histograms to calculate PINGU’s sensitivity to the NMH
Calculate sensitivity with three methods:
1. Fisher information matrix
2. Asimov approach
3. Log likelihood ratio
Methods agree with each other
8/28/2014 20th Particles and Nuclei International
Hamburg 17

Conference



C )@ PINGU physics program

PINGU NMH systematics

- Energy scale - E,../E . (56%) Am},
* v cross-section — cross section/flux
normalization (changed by +15%)

« Am?;; 313, 313 — current knowledge of v cross-section
oscillation parameters (varied by £ 10)
 Aeff — Affective area degenerate with
the spectral index of atmospheric flux Py

Preliminary -

A energy dependence

v cross-section

Additional systematics

. . Energy scale
currently being incorporated: gy

0.00 0.01 0.02 0.03 0.04 0.05 0.06

* Particle ID Performa_nce Impact [o]
» Cross-section details
° |ce Model Impact = significance between the case with all systematics applied

vs. all but one systematic applied.

Large impact from the Energy Scale and cross-section normalization
Minimal effect from &p

8/28/2014

20th Particles and Nuclei International
Hamburg

Conference 18



NMH

The most conservative scenario
IH, 1st Octant

Significance (calculated using
parametric model of detector

response) Ef 6 1st Octanlt IH true I I '
* Includes systematics Vol — Tracks |l e
and particle ID © || — cascades P
O, — Multichannel|:  _~7 =7 ..
2 A
©
=
U= S T T
‘With inverted hierarchy (15! octant), 'g
reach 3o in 3.5 years (not including 3 Lo
data collected during construction) %
Z 1_ , ................ , ............... -
The earliest anticipated starting date for ; . PRELIMINARY
full-detector PINGU running is early 2020 0 > — 6 s 10

o

PINGU livetime [yrs]

8/28/2014

Hamburg 20th Particles and Nuclei International 19

Conference



NMH

Effect of octant on significance

8 . I
Significance (calculated using i IH true, Multichannel
parametric model of detector — 1st Octant

response) 6H = erd Octant |

* Includes systematics
and particle ID

*With inverted hierarchy (1st octant),
reach 3o in 3.5 years (not including

NMH significance [o]

data collected during construction) e ]
| ~ PRELIMINARY
The earliest anticipated starting date for % 2 4 6 8 10
full-detector PINGU running is early 2020 PINGU livetime [yrs]
8/28/2014 : : :
Hamburg 20th Particles and Nuclei International 20

Conference



IcCECUBE %

lceCube covers a wide range of topics in astrophysical and particle
physics

PINGU infill extension could measure NMH at 3o in 3.5 years
— Technology has been proven with lceCube

— Relatively low cost

— Analysis still being improved

— Complementary to long baseline accelerator experiments

— Prepare the way for further IceCube extensions

Letter of intent on the archive ( arXiv:1401.2046)
— Lol update this fall

8/28/2014

20th Particles and Nuclei International
Hamburg

Conference 21
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The IceCube-PINGU Collaboration

Sweden
Stockholms universitet
Uppsala universitet

P«IW&%~ \< '

£ Technische Universitit Miinchen
South Dakota School of Mines & Technology

® y Universitit Bonn
Southern University and A&M College & - ° Technische Universitit Dortmund
Stony Brook University / Universitit Mainz
University of Alabama = Universitit Wuppertal
University of Alaska Anchorage
University of California, Berkeley Uni sité de Genéve, Switzeriand

University of California, Irvine

University of Delaware

University of Kansas -
University of Maryland ~> -

Vrije Universiteit

iversity of Adelaide, Australia

)Univ«shyof(:anm;tnry.ﬂ.wloﬂand

Universicy of Wisconsin-Madon’ . v« e . ~ -
University of Wisconsin=River Falisg 2 % T — e — - y =
o Py . R < . = . - -

International Funding A

Fonds de la Recherche Scientifique (FRS-FNRS) Deutsches Elektronen-Synchrotron (DESY) Swedish Polar Research Secretariat

Fonds Wetenschappelijk Onderzock—Viaanderen Inoue Foundation for Science, Japan The Swedish Research Council (VR)

University of Wisconsin Alumni Research
Foundation (WARF)

US National Science Foundation (NSF)

(FWO-Viaanderen) Knut and Alice Wallenberg Foundation
Federal Ministry of Education & Research (BMBF) NSF-Office of Polar Programs
German Research Foundation (DFG) NSF-Physics Division

8/28/2014

20th Particles and Nuclei International
Hamburg

Conference 22
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BACKUP SLIDE

8/28/2014

20th Particles and Nuclei International
Hamburg 23
Conference



Physics with IceCube

e
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Cosmic accelerators Diffuse fluxes Dark Matter &
Exotic Physics

Cosmic rays Supernovae Neutrino Properties &
Particle Physics

Ve

8H/a2§7/53r14 20th Particles and Nuclei International ”
7 Conference
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Cosmic accelerators

w Point-like sources
(SNRs, Binaries ...)

w Extended sources

w Transients (GRBs, AGN
flares ...)

Diffuse fluxes

W All-sky fluxes
(e.g. cosmogenic)

w Galactic plane

w Extended structures
(e.g. Fermi-Bubbles)

Cosmic rays

W Spectrum around
“knee” (10*5-10%7 eV)

W Composition

W Anisotropy

Dark Matter &
Exotic Physics

w Indirect DM search
(Sun, Galactic halo)

W Magnetic monopoles,
Q-balls

W Lorentz invariance
violation

Supernovae

w Galactic/LMC SNe

w Phases

w<¢ Neutrino hierarchy

8/28/2014
Hamburg

Neutrino Properties &
Particle Physics

w Neutrino oscillations
w Charm in showers
v K/mtratio in showers

W Cross sections at
very high energies

20th Particles and Nuclei International

Conference
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Sensitivit
Neu

Widths indicate main physics
uncertainty

PINGU/INO/HyperK: 6,,

(38.7°-51.3°, 40°-50°) T
_g'
LBNE/NOVA: &.p =
c
JUNO: o, @
worst-case

parameters (1st octant)

8/28/2014
Hamburg

y to NMH in Upcoming
trino Experiments

~
TTTT 7T

s
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1

1

1 1 1 |
2025 2030
Date

Blennow et al., arxiv:1311.1822, LBNE-doc-8087-v10, Hyper-K from
arXiv:1109.3262 (2011), Hyper-K start date is 2025 (ICHEP14), INO
from arXiv:1406.3689v1.

20th Particles and Nuclei International
Conference

| l 1 1 l 1
2015 2020
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More PINGU Science
Goals
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10IIII LU S B B A B B LN B B A B B B |
e
L
-

[ " r ‘ :
- S ~ --- SuperK so
3 8 F A 3 | mu) r :SD RS — zugeri hafrtd(fZO()llll))
§<’ - - o 2.55_— 107 IceCube Prellmlnary\\ s-= IceCube-79 soft (2013)
s 8 8 ffue v form=11 % | i P Pt sk
9 © o p E - ... — PINGU 1yr sensitivity (hard)
© a 6L o4 a 2.5_— PINGU 1yr expected sens..tange
g 1 F
g L " ] —
i 4 Sl ] 2450
> Ao - : -
2o ¢ Preliminary ] -
2 Otio H 24—
C ) N O+ 1 C
[ Gaussian approximation i |-e-a=plimt |7 - oGl
0"““"““"“""' 2.35— SOl
1 2 3 4 2 6 T Ty r\?a)(fi'rh'a[mxing-e =450° .. ; . o .
Livetime (months) C ®  Giobal Best2™ Octant: 6,, = 50.4° Pre||m|nary 10 10° 10°
C 1 1 | 1 1 1 1 ] 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 | 1 | m [Gev]
. R 0.4 0.45 0.5 0.55 O'.62 . . ' .
Tau neutrino appearance: 50 S Best limits on spin-dependent
exclusion of no tau neutrino 50 exclusion of no maximal mixing WIMP detection down to 5 GeV
appearance in one month of after 5 years
PINGU data ——Fxc0 1y MINOS 2013
DeepCore (6 years) T2K prel.
B e e e L e e B B
PINGU: ]
~ 281 solid NH 7
@ dashed TH 1
7. 20f 1 :
= T S ~=—-......| v, disappearance
an24f e -9 Result based on old reconstruction (expected to improve)
g - ]
4 22| ] . y:
Preliminary { Highly competitive after 1 year
2'(())‘84 0.I86 0.I88 04190 0.I92 0‘I94 0.I96 O.IQS 1.00
12
8/28/2014 sin” (2659) . . .
20th Particles and Nuclei International
Hamburg 27

Conference



PINGU costs a’

IcCECUBE %

Standalone PINGU

— US cost $60m: $21m startup, $1.61m per string
— Assume $25m non-US contribution

PINGU as part of a facility at Pole
— US cost $40m: $7m startup, $1.44m per string
— Assume $25m non-US contribution

Additional detectors (increasing from 60 to 96 modules per
string) improves the resolution at low energies significantly
moving the 3 year significance from 2.8c to nearly 3.30 for a
10% increase in project cost

MREFC proposal in preparation, CFl proposal submitted and
under review, other countries in the process of applying for
funding
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coszen Resolutions

Energy and Zenith Angle
Resolution

energy Resolutions

IcCECUBE
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PRECISION ICECUBE NEXT
GENERATION UPGRADE

0.5 . 12 y

- = PINGU v, - PINGU v, oy

o+ o< PINGU v, 10 e+ e+ PINGU v,
0.4} -= -a DeepCore v, |- - -+ DeepCore v, —o—

-o- o« DeepCore v, e+ o+ DeepCore v, o +++

8 o
— g -2 ——
0.3 +_0—':.:—0—+ & o8
—o— €3]
= —.— e _— P o
el gy —o——o— s 6 e T
—a— o e e :;1.‘3_ - o
0.2 e = g - —-—14# :ﬁ:.:
—o— —o— © 4 ,_._k'ﬁ r:':*
—0—$+ i e *:.::.:
—
0.1 g e , :':=o=
i = =
Preliminary i ‘ ‘ Preliminary
005 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Energy [GeV] Energy [GeV]
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Effective areas

ICECUBE iimmcnireraos’

10° Effective area for v, . Effective volume for v,
5 T
8
~ 101 2.5
5 :
p. -
8 2? P .')1. / . r ¢ »
< - Iellminary
a:' - L
w ; ; 1.5
Preliminary -
10° ' ' 1 3
- vy,, ho cuts ~— 7,, Nno cuts E
— y,,all cuts — 7, all cuts 05
. - - - L L 0:111111||||1||||111|1111111111
0 5 10 15 20 25 30 35 40 5 10 15 20 25 30
v Energy [GeV] Energy (GeV)
8/28/2014 20th Particles and Nuclei International
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Flasher LEDs to
be deployed with
every pDOM:
already used in
IceCube to
measure ice
properties

8/28/2014
Hamburg

Calibration Devices

Optical Power Density (W/nm)

Under
) development:
Precision Optical
Calibration
Module: diffuse
multiwavelength
source

240 260 280 300 320 340 360 380

Wavelength (nm)

20th Particles and Nuclei International
Conference

Cameras to investigate

refrozen ice in the hole,

verify degassing, check
orientation of pDOM

31



NMH Significance vs.
time

First octant only

4.0

© NH true : : : © , NH true, Multichannel
— 35 e ] b = - --------------- ---------------
o — Cascades : ; 5 w 1st Octant \;{\C\\am\ ;
g 3ol — Tacks | ST L c 6l 2nd Octant | OB T
S : 3 : S : | f
o — & R L ] H: 5 ................................................................... B R
z > z 5 £ z c ;
o : ' ¥ : D b SV
B 20f il s b s n annel
T ; : ' : < :
z ] ---------------- >>>>>>>>>>>>>>> : >>>>>>>>>> ----------------- % ] SRR R e e s R PP
Z . . . .
: : ' : C b ST

% 10F-// ST RN e R AR . © 2 : ' i
o— : : v : © : : : .
S sl T — 3 . L e e Preliminary |-
2 : : i |Preliminary . i ; i ,

0.0 L i H I 0 1 2 3 4 5

0 1 2 3 4 5 Livetime [yrs]

Livetime [yrs]

Significance vs. time assuming normal

hierarchy, first octant - less conservative Effect of octant on significance
than assuming inverted hierarchy

30 in 3 years

Livetime during construction not included

8/28/2014

Hamburg 20th Particles and Nuclei International 30
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