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Cross section (o) informs:
Event rates

Interaction features (final state particles, inelasticity)
Often source of systematic uncertainty.
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Neutrino-nucleon cross section, (TEI\(,: [1073% cm?]

o
-

. 10 10 10° 10° 10° 10°
10 Er T T T T T T T T R U Y
. 4 T2K(CH)14 W GGM-PS79 ® FA ; i >
106 & * TK(@©13 ¥ IHEPITEP7 FASER Filot 211(”8‘ v ”)_ o el
= A ArgoNeuT 14 V¥ IHEP-JINR 96 % FASERat5 fo™" (ave. v+ ¥, proj.) -
- ® ArgoNeuT12 @ MINOS10 @ FASERv proj ...--:::::: """""
1 05 _ % ANL79 A NOMAD 08 _
= O BEBC79 ¢ NuTeVo06 s
- A BNLS&2 X SciBooNE 11 -
4| ¢ CCFRY7 ® SKAT79 ’_ ]
10 = O CDHS®7 E
10° £ ;
E Accelerator v High-energy cosmic v Ultra-high-energy cosmic v :
102 - IceCube tracks (avg, v + 7) IceCube-Gen2 Radio (10 yr, projected) E
- (IceCube 17) Using cosmogenic v flux, -
1 - sk IceCube showers (avg. v + ) fit to TA UHECRs (Bergman & van Vliet) -
]_0 3 (Bustamante & Connolly 17) Using IceCube v, flux (9.5 yr), =
: O i;fi“f;iﬁf’ﬁ Measurements at TeV-scale :
10Y & come only from FASER (~2 TeV) | -
L ok and IceCube (-10 PeV) )
_1 I 1 | IIIIIII | 1 llIIIlI | | lllllll | | IIIIIII | | IlllIlI 1 | IIIIIII | | lllllll | 1 lllllll | | llllllI | | lllllll | 1 llIIIII 1 L i1
10~ 10 10 104 10° 10* 100 10® 10° 108 10° 10%

Center-of-mass energy /s [GeV]

Neutrino energy, E, [GeV]

Colton Hill - TUM TeVPA 2026

JHEAP 36, 55 (2022)

10"



Geographic South Pole Site

s < Ski-way

o (Aircraft Runway)
- il A
' e ‘ IceCube Lab (ICL)
Amundsen-Scott
South Pole Station |

~2 km

Colton Hill - TUM TeVPA 2026



lceCube Lab

50 m

{ IceCube Array
| “ ‘ 86 Strings - 5160 optical sensors

! .
$ 3 t
: p g it
1450 m : HE 1
UL i HD ]
i AR E S 1L T EEEREY (1 BERL
THIU - | il DeepCore
SEEiIRSEREEE LG R 8 strings-spacing optimized for lower energies
N o L3 L 1T R EEBE ]
Z st} 480 optical sensors

Ehe Washington Post

POCT K Uh.‘(\.‘li LY L i

1153

Science Space Animals Health Environment

ower
2450 m 53 Deep in Antarctic ice, these particles

2820 m

an answer basic questions about the
universe

Scientists drilled mile-and-a-half-ceep holes to install hundreds of new

Sensors.




When these particles travel faster than the
speed of light in ice, they produce™
Cherenkov Radiation

The products of neutrino interactions
produce relativistic charged particles

Which we can read
out with 5160 PMTs |8
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Where Do the Neutrinos Come From?
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Common challenge in cross section How can we decouple the flux
measurements - what is the flux? uncertainties from o?
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Common challenge in cross section How can we decouple the flux
measurements - what is the flux? uncertainties from o?
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Neutral Current (NC)
Interactions reduce

energy. Atmospheric Neutrino

Flux
vV

‘-‘" IceCube

Diffuse Astrophysical
Neutrino Flux (ve, vy, v:)

These rates
depend on ¢ and

the path through
the Earth!

v Regeneration:

CC interactions
reduce energy.

Charged Current (CC) ["v_
Interactions remove
events.
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v and v CC cross section [pb]

Earth Density Column [cm™2]
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v and v CC cross section [pb]

Earth Density Column [cm™2]
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Cross section also determines
interactions with the detector.

Combining attenuation and
Interaction terms, the event rate is a
function of E, ©, and o.

Event Rate Relative to Nominal

Colton Hill - TUM

mees =0.8

0=0.9 == g=1.0

0=1.]1 we—= g=1.2

—1.0 —0.8

TeVPA 2026

_06  -04
cos(8,)

—0.2 0.0

14



Cross section also determines
interactions with the detector.

Combining attenuation and
Interaction terms, the event rate is a
function of E, ©, and o.
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- Construct binned forward-folding likelihood
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- Construct binned forward-folding likelihood

- Data binned in Ereco and cos(Oreco)
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First overlap between accelerators &

atmo/astro:

2x improvement over FASER at 2 TeV
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5x reduction in 90%CI limits
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Take-Aways

Next-generation lceCube cross section analysis (~10 years more data).

Extend the lower bound of previous lceCube cross section measurements: fill-in

the energy gap between Accelerators and Atmospheric/Astrophysical neutrino
experiments.

Bringing the precision cross section era up to higher energies (200 TeV,
sub-10% uncertainty).

Setting leading constraints up to 10 PeV, while including modern lceCube
systematic uncertainties.

Future measurements look to probe agreement between cross section

calculations and underlying Standard Model physics (nuclear effects, choice of
PDFs).
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Fluxes and Nuisance Parameters
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Density / g/cm?
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