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Inelasticity

% Inelasticity is a fraction of neutrino energy transferred to the hadronic system in an
inelastic interaction
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* Inelastic scattering cross sections depend on inelasticity

< DIS cross section:
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Inelasticity in IceCube

* InlceCube, inelasticity can be reliably reconstructed for v, CC events
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Inelasticity in IceCube

* InlceCube, inelasticity can be reliably reconstructed for v, CC events
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Example event view

* Example v, CCinteraction in DeepCore
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Event sample

*  Well reconstructed v, CC events >100 GeV starting inside DeepCore

*  99% purev, CCsample
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Reconstructed inelasticity

* Using new IceCube reconstruction algorithm

* Good correlation between true and reconstructed inelasticity!

<>

Final level resolutions for v, CC events:
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Fitting inelasticity distribution

* Using approximate parametrization for
true inelasticity distribution with two
independent parameters, <y> and log, A

dp (o AT
d_y(<y>a/1)= ady«y)’/l)_

= N{y), D) - (A +e(y), ) -1 =) -y}
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Fitting inelasticity distribution

* Using approximate parametrization for e ol
true inelasticity distribution with two g SSSZ'eSe
independent parameters, <y> and log, A 0
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Fitting inelasticity distribution

* Using approximate parametrization for 4.0 o
true inelasticity distribution with two 3.5 possiole
independent parameters, <y> and log, A 340
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* Measuring shape of flux-averaged inelasticity distribution

(E) = ©,(D, 5, sel. ; )Z—p( ) + ®;(D, 0, sel. ; E) (E)

dy fl. av. \ Vv / dy v
detected flux 15
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Systematic uncertainties

Modifications from physics parameters
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Systematic uncertainties

Modifications from nuisance

. pe . . parameters
Modifications from physics parameters
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Results



Measurement results

* Forward folding method

* Fit p-volue = 9.5%
Phys-ics
Parameter
<y> bin 1
<y> bin 2
<y> bin 3
log,,A bin 1
log,,A bin 2

log,,A bin 3

parameters
Best fit

0.45 £ 002 £ 0.005
0.46 £ 002 + 0004
0.45 £ 0.02 £ 0006
0.02 + (+0.09, -0.12)
0.10 £ (+0.06, -0.05)

0.10 £ (+0.05, -0.04)

Nuisance parameters

Parameter
delto_index
dom_eff
bulk_ice_abs
bulk_ice_scattering
hole_ice_p0
hole_ice_pl

oeff_scale

Best fit

0.114

1.069

0999

1014

-0.599

-0.023

0.777
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Data-MC agreement

* QObserved good post-fit data-MC agreement in all control variables

Post-fit data-MC comaprison: bin 1
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Results in (<y>, A) space

* Best fit points for a set of physics parameters in each of three energy bins
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Inelasticity distribution shapes

* Inelasticity distribution shapes corresponding to the best fit values of physics

parameters for each of energy bins
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Comparison to model predictions

0.60
—— GENIE v CC CSMS v CC
—— GENIE v CC CSMS v CC

0.551
https://arxiv.org/abs/1510.05494
https://arxiv.org/abs/1106.3723

0.501

0.451

=0.40-

0.351

0.301

025/ CSMS not

valid here IceCube work in progress
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* here GENIE s
inclusive cross
section and
CSMS -s
DIS-only
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Comparison to model predictions

0.60
—— GENIE v CC CSMS v CC
—— GENIE v CC CSMS v CC
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(this sample) (this sample)
0.501
0.451
S 0.40-/
0.351
0.30;
025/ CSMS not
valid here lceCube work in progress
029 1.8 2.0 2.2 2.4 2.6 2.8

IOglO(Ev/GeV)

3.0

* here GENIE s
inclusive cross
section and
CSMS -s
DIS-only

24



Comparison to model predictions

0.60
—— GENIE v CC CSMS v CC
—— GENIE v CC CSI_VIS+Honda'15 flux-av. CC
0.551 GENIE+Honda'15 flux-av. CC (this sample)
(this sample) 4 this analysis
CSMS v CC
0.501

0.45 | l * i {
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Comparison to model predictions

(y)
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Summary

*

New measurement of flux-averaged inelasticity distribution at neutrino energies from

100 GeV to 1 TeV

Our data favors CSMS+Honda prediction and we see a ~lo tension with

GENIE+Honda prediction

0.60
—— GENIEv CC CSMs v CC
—— GENIEV CC CSMS+H0nda'15 flux-av. CC
0.55 GENIE+Honda'15 flux-av. CC (this sample)
(this sample) 4 this analysis
CSMS v CC
0.50

0.45 + _+_—*— :

0.25 CSMS not

valid here IceCube work in progress

O-ZQ.G 1.8 2.0 2.2 2.4 2.6
log10(Ev/GeV)

2.8

3.0

Thank you!
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Results - best fit values & A

Parameter
<y>bin 1
<y> bin 2
<y>bin 3
log,,A bin1
log,,A bin 2

log,,A bin 3

Best fit

0.45 + 0.02 = 0.005
0.46 £ 002 x 0004
0.45 £ 0.02 x 0.006
0.02 = (+0.0%, -0.12)
0.10 £ (+0.06, -0.05)

0.10 £ (+0.05, -0.04)
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Data-MC comparisons for reco
energy

Pre-fit data-MC comaprison (MC stacked)
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Data-MC comparisons for reco
inelasticity

Pre-fit data-MC comaprison Post-fit data-MC comaprison
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Analysis implementation

- Inelasticity
parametrization
implemented in PISA4

- Analysis framework
used in
Oscillations WG for
oscillation and
other low-energy
analyses

Measurement is based
on the shape of the
distribution

Fitting inelasticity
distribution in all
bins simultaneously

Nuisance parameters
shared between all
bins

PR loop over all energy bins = = = = = = = = = = = &
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Figure 4.8: Flowchart of the analysis and inelasticity distribution reweighting (reweighting of the
muon component is omitted for the simplicity).
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https://github.com/IceCubeOpenSource/pisa

Allowed physics parameter space
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Figure 4.6: Physically allowed region in ({y),\) space (shaded in green) with physics boundaries
(solid lines).



