Measuring the neutrino mass

hierarchy (with Orca).
Aart Heljboer - Nikhef, Amsterdam

- calculation is not orca specific (assumptions in stead of simulation input)
- but will try to make connection to ongoing Orca simulations at some points
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Computing Oscillation Probabilities (numerically)

end
for one piece of constant matter density:
R ]
)
start i | e | = Ho o) | 12
| 3 | | 3 |
[y Alp)
Hru[ﬁ'} = E5 + UT [ U
i Ey ()
14 14 | 14
”2 E T [..-":l_ — I:__—EHH.'L !-"FE
Y3 L end 3 M3 1 starnt
for traversing the full Earth: Transition matrix T involves exponent of
Ve Ve complex 3x3 matrix
vy =UT, T,; .. T; U | y, (diagonalize, power series, Cayleigh Hamilton..)
Vr det Vr atm
square to get probability implementation must be fast (for fitting)
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Computing Oscillation Probabilities

example of discretization

of continuous Earth model all methods agree
g _ cos(6) = -1
c 120 earth 0
— i . Il NH 0&S
2. hell = TN v oss
a 10_— -18nNels & f »\ —t diagg
.(7) i 0.8— i A SEE NH pow
c i L ‘.“ BB H pow
(<) 8- L 5 X NH globes
© B N IR H globes
I 0.6 g
[ 0.4 ' N
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i 0.2 AN
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i o_l |.|Ii |;\ | | \l‘sl | | L1 I"\i}:l L1 | L1 ‘ 11 | L1 1 | L1 1 ‘ L1 | | L1 1
u_||||||||||||||||||||||||||||||||||||| 0 2 4 6 8 10 12 14 16 18 20
0 1000 2000 3000 4000 5000 6000 7000 E, (GeV)

radius (km)

smart choice of a few shells -
high speed and good accuracy
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Comparing Oscillation Probabilities

Arxiv:1205.5254

TABLE I: Results of the global 3v 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 — (mf + m3)/2, with +Am? for NH and —Am? for TH.

Parameter Best fit I range 2 range 37 range
sm*[107° d-"f (NH or IH) 7.54 7.32 - 7.80 7.15 - 8.00 6.00 - 8.18
sin H” [10° {I\H or [H) 3.07 2.91 - 3.25 2.75 - 342 2.50 - 3.59
Am® /107 4 eV? (NH) 243 2.33 - 249 227 - 255 2.19 - 2.62
Am® /107 3 eV? (IH) 242 2.31 - 249 2.26 - 2.53 2.17 - 261
sin I'?Hf 02 (NH) 241 2.16 - 2.66 1.93 - 2.90 1.69 - 3.13
sin EH* 02 (IH) 2.4 2.19 — 2.67 1.94 - 291 1.71 - 3.15
sin Hg;-‘l{j : (NH) 3.86 3.65 - 4.10 J.48 — 4.48 331 - 6,37
sin® Hgif 0! (IH) 3.92 3.70 — 4.31 3.53 - 4.84 @ 543 - 641 3.35 — 6.63

1.08

Used in the following, but so far we set 6=0
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Comparing Oscillation Probabilities

with uncertainties

cos(b) = -1.0

cos(8)=-1.0
E = 8 5 n:: = | delta_m2_large |
A - | = dota_mz_smar |
o = ”:_ |sin2_theta_12
% omsE- | sin2 theta 13
0.8 g M__ - | sin2_theta_23
B n.15§— - Etotal
0.6 _— ME : :
i O 20
.n.q__ USRS o Tt KPR DIy E, et}
02—
_I l‘i-l | L1 i | ] ﬁ | | L1 | ﬁ Lo | L L1 1 L1 | L 11 | | | Li1 | "IN
DU 2 4 6 10 12 14 16 18 20
E, (GeV)

» NH/IH difference above ~13 GeV is degenerate with Am?_

@ regions around 5 GeV where genuine NH/IH difference remains (but not 506)
@ not hopeless < can use data to constrain this parameter

@ does not make sense to speak of NH vs IH for a given set of mixing parameters
@ Only when we can distinguish all allowed IH models from all allowed NH models can
we determine the mass hierarchy.
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Comparing Oscillation Probabilities

with uncertainties

cos(t) =-1.0 cos(t) = =1.u

probability
probability
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ﬁ %ﬁ%{'ﬁ'ﬁ i Effect survives because anti-neutrino

= cross-section is factor ~2 smaller than
neutrino cross-section.
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Comparing Oscillation Probabillities

with uncertainties

probability

nice events,but
small asymmetry

a Ty’;’t',_. [10-38 cm2 /CeV|

ool L 4 |

Rolf Nahnhauer / Juergen Brunner

da/dy
=
T

0ok =

cascade like =
\L track like .

. —

-

W

/
/
/

large asymmetry,
but beware of

na e s ol o

el ol o a

v_ v_background
(must tag the u!)

need to be stringently controlled
@ events at highest y will not be usable (-)
@ ... but ultimately can puty in the fits (+)

@ Different topologies contribute to same E_ bin
— systematics of acceptance and energy resolution
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oy Analysis

stage 1: compute event rates

bartol flux Posc cross section
neutrino fluxes = i ; title
107 B E 1= i : il i :

m§ ,\\ & u‘a:—- . i . 10 ?
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MH: contributions to vy rate =130 NH vs IH total muon rate 8=130
T total g6
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S T T R T S E— T I [T so far: nothing assumed

enargy (GeV) enargy (GeV) about any detector
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oy Analysis

stage 1: compute event rates

Lo Pacsce

NH : event rate

IH : event rate

£
£0.9 2.5
N
80.8 i
Q )
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'D.ﬁ L]
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0.1
0 : o0
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can spot the difference by eye in these plots

o s 10 15 20 25 th 5 0 15 20 25 so far: nothing assumed
enargy (Gev)

energy (GeV) about any detector

3
o
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oy Analysis

stage 2: acceptance and resolutions

@ Neutrino energy resolution : make assumptions: 10,20,25,30%
@ shortly: switch to full response matrix from simulations

@ effective volume : don't assume anything (plot results vs Tobs x Mass)

@ efficiency derived from simple MC, requiring 15 hits
@ agrees very well with curve for full simulation + cuts (see next slide)

@ direction resolution: assume we measure the muon perfectly
@ jndeed full simulation shows the interaction dominates the resolution (see next slide)

@ atmospheric muon background not included in the simulation
@ seems realistic (see next-to-next slide)

cos(zenith) response E=1 GeV cos(zenith) response E=9 GeV cos(zenith) response E=79 GeV
- 1 ’ - 1 . Il =
';-’n.a b %ﬂ-.s I
0.8 0.8
0.7 0.7
0.6 0.8

0.5 05

0 L1 | | . |
@ 041 02 03 04 05 06 07 08 089 ﬁl.'l 01 02 03 04 05 06 07 0B 09 1 @ 01 02 02 04 05 06 07 08 08
cos(d ) cos{ i ) cos i}
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Oy An alySiS see talk by A. Trovato tomorrow morning
acceptance & angular resolution

acceptance for at least 15 hits

. 8 | Reconstructed vertex inside the instrumented volume | Upgoing events
1M1tag;(b1lgl(§j)l(ri%grlr?ck - S . median A®, _, (Intrinsic Angle)
Lk L 4] r =] -
ik . - 8 < 16— . all reconstructed events
| ?6 S“AW‘QS X 20 ®MS “: E;“E : A events selected with a quality cut
i g M E
: e Median error on -
04 o ]
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Z_I. | | Al L1 Ll | Ll Ll | L1l | Ll Ll A
'E' 2, 4—_' FrrrrreT " all reconstructed events é 1|I.'I 115 21(.'! 215 3|EI 3|5 ;l;l
E. - i events selected with a quality cut E.(GeV)
t 2.2 ’ .
= ok e g =
DL . 0 S S Piitac **%m
b C ] - assumed turn-on curve agrees well
1.4 = with the one from full simulation
12~ Effective Mass = = (after scaling to same assumed M_,)
o;? Effective Volume * 1.025 g/cm3 - - angular resolution in full chain already
o F limited by physics
st (1 025 g{cm3 = seawatgr densﬂyé y Py
5 20 25 35
E, [GeV)
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Muon contamination (intermezzo)

Contamination from atmospheric muons not included in computation.
Reason to assume muons might indeed be veto'd

; E1 00
- vertex estimate from N
projection of first hit
- require estimated
vertex inside the detector

- combine -100 ="

£ - Signal neutrinos

| | | | | | 11 1 | | | 1 | | | 1 | | | | | | | | | | | | | | 11 1 | | | 1 |
_2000 50 100 150 200 250 300 350 400
r [m]
E.100|—
N —
of: ]
see talk by L. Fusco oo
this morning - =T _
- _ atmospheric mu's
_200_IIII|IIII|IIII|IIII|I-II—I|IIII|IIII|IIII
0 50 100 150 200 250 300 350 400

r [m]
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L. Fusco

Muon contamination (intermezzo)

Contamination from atmosbnheric muons not included in comnutation.

Reason to
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L. Fusco

Muon contamination (intermezzo)

Contamination from atmosbnheric muons not included in comnutation.
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Toy Analysis — effect of resolutions & acceptance

NH : event rate NH : event rate - 6(E) = 25.0% l I. l .
e B
90 25 D,

relative difference of IH wrt NH

o cgs(zegith)

- 1=
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N
\ ) 80.8 0.06
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0.7 —0.04
NH : event rate - 6(E) = 25.0 % , 6() NH : event rate -g(E) = 25.0 % , 6{u), >=15 hits -
= 1 05 0.6 —0.02
%. . -
2 : _ 0.5 —0
* ' 0.4F —-0.02
0.6 , . C
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I | 026 resolutlons_and acceptanqe, -0.06
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1 10 E. Govl"" 1 10 £ Gol"’ 0 02040608 1 12 14 16 1.8 2

log(E/GeV

Aart Heijboer ¢« ORCA: Mants 2013- Jan 2010 -



Toy Analysis — 'degeneracies'

2 2
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Toy Analysis — 'degeneracies'

cos(zenith)

Aart Heijboer ¢« ORCA: Mants 2013- Jan 2010 -

=
[ ]

=
o

=
EN |

=
=

=
o

=
B

=
ta

=
[}

0.1

0.5

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0 0.2 040608 1 1.2 1.

Am? small - 15 Am? Ia@. - 1E
G, = 25.0% , 0.75< cos(d,) <0.85
Oeg//g,b y %:m:
2 T NH
525 IH

AP N I I PP P
0 02040608 1 1.2 1

log

13

15}

10}

-
T

10 amesrea | Eg‘}}ﬂl

But we can do better... — fit for the unknowns
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cos(0)

Distinguishing NH and IH

to optimally distinguish between IH and NH:
likelihood ratio test with nuisance parameters 5 Aoty

/ # log(E

Alog(L™*) = Z log P(dataldN", NH) — log P(data|0"!, IH)

bins

“H maximum-likelihood estimates for the Am?'s and angles using
9 — both data and constraints from global fit.
nb: constraints are different for H=IH and H=NH

1) fit mixing parameters assuming NH
2) fit mixing parameters assuming IH

3) compute AlogL = log( L(NH)/L(IH)

-~ toy datasets
— generated
- with NH

toy datasets
generated
with NH

» Hexperiments
5

- Only when we can distinguish all allowed IH sof
models from all allowed NH models can aof
we determine the mass hierarchy. s
- Fit involves computing many oscillograms for :
each Pseudo-experiment — should be fast e e
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Results of parameter fit

1 Mton*year ( NHtrue, NHfit)

| fit_nh.fit_theta_13:theta_13 {true_h==0} |

| fit_nh.fit_delta_m2_large:delta_m2_large {true_h==0}

"8
i

[
=]
T[T

fitted value
_nEﬁtj;eltﬁm'@
Fr T

g
(LX)
T

10235

o023 - .
w2258

0022 E_I e e v e b b e b o |
0.0022 0.0023 0.0024 0.0025 0.0026 0.0027
generated Am?

large

Eres = 25J,, 1-100 GeV

[ fit_nh.fit_theta_23:theta_23 {true_h==0} |

[
" E
—ia1f
H n
= aof

alu

fitted

generated 6,

Mfon x yr _o(dm?,,) (eV) 0(8,,) (deg) 0(8,,) (deg)

0(now) 8.0e-5

1 4.3e-05
] 2.3e-05
10 1.8e-05
20 1.4e-05
30 1.2e-05

1.3

0.61
0.32
0.22
0.16
0.13

0.45
0.42
0.44
0.39
0.39
0.37
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Mass hierarchy significance

[1 Mton x yr [5 Mton x yr
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Mass hierarchy significance

significance E =1-100

17 — .. §
separation between € . preliminary g
o : o b6 5 5
log-likelihood-ratio ‘B [
test statistic distributions  # |-
5__ : P O
- : : @©
B 5 )
: P
B P
4t K
B P o
- P 9
3 73 =
B @® R
N 2 L O
- 1o L @
2 5 o, =10.0% |
- c i W
| (@] : -
11— | ErE
_ G =
n g E E. o :
u_l T T N T U T N T U N T U M O AN A OO M O N O

0 0.5 1 1.5 2 2.5 3
exposure (10*Mton*years)
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relavant energy range?

To get feeling for relevant

energy range, run full

analysis in different ranges
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# sigmai

hh N 1 W G A
[AARRRRRRRARRRRRRRN RAN

=Y

2]
Hl

significance E =1-10

E| og =25.0%

8 10 12 14 16 18 20
exposure (Mton*years)

significance E =5-15

H GEI=25.0°A1

PN RPN RPN IR PPN A B
2 4 6 8 10 12 14 16 18 20
significance E =10-100

Eres = 257, 1-10 GeV

Mton x yr = delta_m2.large theta_23 theta_13
0(now) 8.0e- 1.3 0.45

1 6.3e-05 0.72 0.47

5 4.3e-05 0.4 0.43

10 3.3e-05 0.3 0.44

20 2.6e-05 0.22 0.39

30 2.1e-05 0.17 0.4

Eres = 25}, 5-15 GeV

Mton x yr  delta_m2_large theta_23 theta_13
0(now) 8.0e- 1.3 0.45

1 5.8e-05 0.82 0.4

5 3.3e-05 0.5 0.45

10 2.6e-05 0.36 0.4

20 1.9e-05 0.25 0.39

30 1.7e-05 0.21 0.37

E| g =25.0%

4 6 8 10 12 14 16 18 20
exposure (Mton*years)

Eres = 25}, 10-100 GeV

Mton x yr  delta-m2_large theta_23 theta_13
Onow)  8.0e-5 1.3 0.45
1 4.2e-05 0.87 0.47
5 2.5e-05 0.48 0.43
10 2e-05 0.35 0.45
20 1.6e-05 0.27 0.46
30 1.4e-05 0.22 0.46




relevant energy range?

i significance E =1-10 Fres = 25%, 1-10 GeV
_E.ﬁ_s, Mton x yr = delta_m2.large theta_23 theta_13
To get feeling f : S Ry
energy range, | 043
analysis in diffg results for 20 Mton yr 0.44
T 0.39
range MH uncertalnty on 0.4
significance Am*-large (107 eV?)
1 - 100 GeVv 4.2 sigma 1.4 3 theta-13
0.45
1 - 10 GeVv 3.5 sigma 2.6 gﬁ
A0
. 0.4
5 - 15 GeVv 4.2 sigma 1.9 0.30
0.37
10 - 100 Gev 1.6 sigma 1.6
)3 theta_13
conclusion: 0.45
- sweet spot between 5 and 15 GeV 0.47
- mixing parameters can also be measured 0.43
in region >10 GeV but not MH 0.45
| | 0.46
RO NUNNS o S 30 1.4e-05 0.22 0.46

exposure (Mton*years)
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Conclusions

@ Measurement is challenging
@ relies on very stringent control of

systematics on acceptance, energy significance E =1-100

measurement, backgrounds etc... E -

@ many aspects still to be understood 2 °F

@ but we are get a handle on some of them ™ sk

in our full simulations B

a4

@ Likelihood fit (floating the unknows) is -

a good way to deal with 'degeneracies’ 3
» Excellent sensitivity to Am?,_ &6, ! 2F Egev:;g-g:ﬁ‘
@ factor 2 improvement over current e 1o, =25.0%
uncertainty with only 1 Mton yr - =0 =30.0%

_III|IIII|IIII|IIII|IIII|IIII|II

=

0 0.5 1 1.5 2 2.5 3
@ MH Measurement: exposure (10*Mton*years)

With a 10 Mton detector:

3o after one year, 5¢ after 3 years
provided we can achieve good energy resolution
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(vacuum) Oscillation physics with Antares

Number of Events
>
(=]

—
(=]
(=]
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

|

— no oscillations
— with oscillations

=

Amé, (107%V?)
(1]
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1 I 1 1 1
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E./cos©, (GeV)
[TT | LA LR DAL AL DAL I AL | T I""_7
= m K2K %
- ® Minos [
- mSK
= — Antares

NI ETETE FETEE SRET FEREE FETTE RTETE FETl FETT e
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P}
sin“26,,

Event ratio

1.4

0.8

0.6

0.4

0.2

P
|

L L1 1 I L1 1 I L1 1
20 40 60 80 100 120 140
E./cosO, (GeV)

p-value of no-oscillation hypothesis: 2.1%

assuming maximal mixing:
AmM>=(3.1+£0.9) 103 eV?
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Reconstructed vertex inside the instrumented volume Upg ning events

T 2_'"I""I'"'I""I""I'";I""I""I'
= B iHﬁ} ++
= [ + -
E"” |
1.5—
B 1=
i u.a:—
- 06l
0.5 B
i 0.4:—
u;' u.z:—
Hi'l'hllll1|ﬂl B
0|||||||||||||||||||||||||||||||||||||||

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
log(E)
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ORCA?

Mass hierarchy measurements

From J. Brunner

s e i

detector : 0s0=0.8
atmosphere O L=25km LBL 810 km 14 kt tracking 20 for some values  Parameter
¥ s =0 calorimeter of §; 2020 degeneracy
L =500 km
Daya Bay li Reactor 60 km 50 kt liquid 30in 2023 E, resolution &
Reno I scintillator absolute scale
PINGU / ORCA Atmosphere 1-10 Mt 3-50in ? E, resolution
Systematics
I‘_":':;;;*:m INO Atmosphere 50 kt magnetized 30 in 2030 Low statistics
iron calorimeter 10 years needed
I
: T2 Hyper LBL 295 km 1 Mt water 30 in 2030 Parameter
Kamiokande degeneracy
LBNE LBL 1300 km 10 kt Liquid Argon 2-501in 2030 Parameter
ip oy - degeneracy
@ Even if it is hard for us,
. LAGUNA LBL 2300 km 20 kt Liquid Argon 5@in 2030 Beam line from
it seems also hard for b Ty
OtherS LAGUNA LBL 2300 km 50 kt Liquid 50in 2030 Beam line from
LENA scintillator CERN

@ Can ORCA/KM3NeT do this measurements with ~available funds ?
@ We are in the process of answering this question.
@ Decision should be taken this year.
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@ for Antares: low-energy domain
@ 2007 to 2010 : 863 days of active time

@ 25 % of events reconstructed on only one line
@ energy estimated from muon length

s s
[
¢ - Ev<100 GeV
© N
- N
¢ s~ Res ~50%
z
2
i
ﬂzn.u...J_.._..I.._.. Ly
4 -0.B -0.6 -0.4 -0EZ O 2 0.4 0.6 0.8 1
Er=5-02GeV/m. (E,-EL)E,
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Towards an Estimate of ORCA Sensitivity

—-——ﬂc—-

Posc - background ’ energy
. rejectlon easurement

direction
reconstructio

’\4 -

S|mulat|on

likelihood ratio
-

all pieces needed to get realistic estimate of physics potential
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Gg = 25.0% , 0.9< cos(0,) <1 o =25.0% , 0.75< cos(0,) <0.85

S24 E
a f 230
Pl il
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P48t i @ T
16 E i 20
145 | r
121 ] i 150
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E B L
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E 1 1 1 11 11 II 1 1 1 11 1 11 C 1 1 1 L1 11 I| 1 1 1 L1 1 11
1 10 mensa {Ge‘;}ol 1 10 amenes {Ge\;}oz
o, = 25.0% , 0.55< cos(8,) <0.65 op = 25.0% , 0.35< cos(8,) <0.45
= B = F
B [ '.535_—
530:— -..;.; E ]
s [ 330
2 L 2 r R
25F i i i
C B % 25 |
201 % - " |
r " 201 ] |
r ] -
18¢ " % s "
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E“ 1 1 IIIIIII 1 1 L1 1111 ,uf-— 1 1 IIIIII| 1 1 L1 1 111
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£ eV £ (Ge
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significance E =5-15

0.5
E -
> 4
#®= F
3.5
2.5;
1.5?—
1— H O =25.0%
0.5
=W WL WU N N P NS PR PR
0 2 4 6 8 10 12 14 16 18 20
exposure (Mton*years)
significance E =10-100 significance E =1-10
g f g [
- E
.%1'6: 25
B ® |
1.2~ 2.5F
1= 2
0.8~ 1.5
0.6 =
C - HGE=25.0°A:
04— - .
C GE\=25'0% 0.5
0-2:_ 0:III|III|III|III|IIIIIIIIIIIIIIIlIIIIIIIlIII
B 0 2 4 6 8 10 12 14 16 18 20
_I 11 | 111 | 111 | 111 | 111 | 111 | | | 111 | 111 | 111 | 111 exposure {Mton*years]

ac

2 4 6 8 10 12 14 16 18 20
exposure (Mton*years)
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Comparing Oscillation Probabillities

cos(0) =-1.0

N N R ............. ............. ...... ENH#_)#

N H f : : H !
SLI R A L T

probability

probability

0.8 ]
0.8ttt

06—~
0.6

0.4
0.4

I S 0.2 : : : : :

_ flip sign of dm3

1 11 I 1 11 I 1 11 | 1 1 1 | 1 11 | 1 11 I 11 1 I 1 11 I 1 11 | 1 1 1 | 1 11
Do 2 4 'E B 10 12 14 16 13 20 ,u I L1l 11l 11l L1l 11l L1l 11l 11l L1 11l
E, (GeV)

0.2

=

IH flip sign of Am?

v, Depending on how one has parameterized
the problem, simply flipping the sign of a Am?
may result in a IH model that is disfavored
(~1o) in the global fits.
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Comparing Oscillation Probabillities

cos(0) =-1.0

B
AL IHu s u

probability

NH

obability
-
| T

2 Depending on how one has parameterized the
v problem, simply flipping the sign ofaAm?> | -
changes the effective Am?, . . \

! 2 The resulting IH model may be disfavored
by the global fits (currently at ~1 sigma) i

2 best to flip sign of Am?_ = (Am?_* Amz2,)J2 o
2 Still any NH - IH difference can be
degenerate with change of Am2
2 One should compare all allowed NH models
with all allowed IH models
meterized
5ign of a Am2
TTTaly TCSUTL T a 1T T ITTUUTT urat 1S isfavored

(~1o) in the global fits.
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Measuring the neutrino mass

hierarchy (with Orca).
Aart Heljboer - Nikhef, Amsterdam

orca talk
Leci 71est fuas wune gie.

but a rather general computation based on some simple
assumptions about detector performance
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Reconstruction algorithm: bbfit + analysis

@ Analysis along the line of Antares Oscillation analysis : E/cos(0) histogram

@ Works will using mc-truth, but resolutions quickly reduce significance

@ Also: using only muon energy is not good enough: need combined track+shower
reconstruction.

Antares OMS 1.5 Mton mstrumentegﬁu semi-cqntained:events In the*&eplots

m 2000p :
$ 1800 i — EEFfECt knnwledge of .. Eanu: AFv-=-1-Ge\
v F —__Neutrino parameters : 600 - ... Zenith from muon
3 "o L R 156 o 30
2 1400F ?-mu . . .
@ ~ C i
: 120[_.__ ............................... aZUﬂ : " o
e - 'E - "
; 1 e e e o T #“00 — -+ ﬂermal
£ - € anak | ' ted
E 11 e R S [T — E 800 F LIMET
= ~ = o
Euu R el B N S EOD - -
400 :_ ............ 400 :_ i SRS PO SN = S S
200k 200 :_l BT T
% 10 15 20 25 % 5 10 15 20 25
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difference between IH and NH
example slice 1

relative difference of IH wrt NH real, normalized event rate /bin/yr

- 1=
2 .f 60
509 004 oL
T B m -
20.8F ’ A40F
o t [
— @ L
0.7¢ | —0.02 P20
0.6) ORCA mass hierarchy sgnsi
0.4] -
] 60—
0.3f 002 '
i 4ﬂ_—
0.2F -
n 20—
015 0.04 -
n:III|III|III|IIIIIII|III|III|III|III|III 1 ““] 102
0 02040608 1 1.2 14 16 1.8 2 E/GeV

log(E/GeV

maximal ~5% effect
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difference between IH and NH
example slice 1

relative difference of IH wrt NH real, normalized event rate /bin/yr
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difference between IH and NH
example slice 1

relative difference of IH wrt NH real, normalized event rate /bin/yr
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