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Goal

» Goal:
Show whether the Neutrino Mass Ordering sensitivity increases

when using multiple categories in the PID variable g

* Method: introduce some binning scheme in PID variable gand
calculate the sensitivity

showers tracks

Etc.



Issue

» We see: Sensitivity increases with more PID categories

* Due to signal in PID variable g

» Due to statistics of response matrix
= More categories - less events per Response Matrix (track, shower, etc.)
* Response matrix mapping gets worse with less events

Event distributions deviate more from a true detector response

Easier to distinguish two hypotheses HO, H1

= Sensitivity to hypothesis H1 goes up Detector Response Matrix
3 Sl
= Decouple these 2 effects S = e
S ol T
Etrue ET@CO

Map true events to reco events



Response matrix property

» \When calculating the average chi2 for a RM [1]:

true reco

(AX?)(N) = (AXZ,) + Z Z i L +OWN

A B

ATy n;
Kqj ~ Nj (NJA - NJB)@(XJ')Vjei
K
(AXT)N) = (AXZ) +
MC

= See backup for details on K,

[1] Neutrino oscillationsand Earth tomography with KM3NeT-ORCA, S. Bourret, 2018
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Fit to chi2 of sampled response matrix

Fit: p0 + (p1 / x)"p2

1. Create response matrix with “fraction’ of total - 2/ ndf 3.214e+04 /1097
MC events (4M) 3 F p0 5.764 + 0.3285
2. Calculate sensitivity with 'sampled’ RM 1602 p; 1.18 £ 0.06488
3. Do 1. and 2. many times (a0l P 1.004 £ 0.01155
4. Sensitivity should follow
e 120 + Every pointis chi2
<AX2> ~ <AXC2)O> n mn:—% from one sampled RM
Nyrc -
5. Fit to function "'p0 + (p1 / x)*p2" as a check on 80
the behavior: p2=1 60—
40—
6. Fit to function 'p0 + (p1/ x) u
20—
A 2 1 = . {)Zl I | Lo
x“(1) = 7.65 e ppr

Fraction of total #MC avanls

(Ax2)) = 5.66



Apply method to sensitivity curve

( A %2 ) at infinite statistics
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Apply method to sensitivity curve

( A %2 ) at infinite statistics

N —F— :A%") 10 at « statistics 2 PID categories
< —F— {A%%) 10 at = statistics 3 PID categaries
6 —F— {A%%) 10 at = statistics 4 PID categories
—F— {A%%) 10 at « statistics 5 PID categories
—F— ¢ A% 10 at = statistics 10 PID categories




Backup

true reco

(AXT)(N) = (AxZ) +ZZ ”+O “2)

S
e

=X S

oS,
.

a(mni np
Kij ~ N; (NA NB)(I)(X)Ve@

. average number of events in reco bin j under hypothesis A
. average number of events in true bin i under hypothesis B
: the pdf that maps true events from bin i to bin ]

: bin center of reco bin j

: bin volume of reco bin ]

.. detector efficiency at true bin i
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Asimov sensitivity (3 years)
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Chi2 dist at 1.58 percent MG in RM
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Chi2 dist at 2.51 percent MC in RM
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Chiz dist at 15.85 percent MC in RM
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Chiz dist at 3.98 percent MC in RM
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