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Overdensity

CnuB can reach higher
density via gravitational
effect or some beyond
standard model mechanisms
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Is it possible for CvB to be boosted @

to higher energies? a

Cosmic rays scattering off relic neutrinos — boost!
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I will present ...

Conclusion
and
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Previous Work Theory

why did we want how did we do what did we
to do this? this? get?
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I will present ...

Previous Work

why did we want
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We need some
Simplifications

To make the calculation simpler, we:
e assumed Cosmic Rays are made of protons
e considered elastic regime and deep inelastic
regime in neutral current interactions only




Elastic scattering:

p+tv—->p +v

Deep inelastic regime:

ptv-oX+v

z~06
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Elastic
scattering
only ..
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deep
inelastic
regime
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boosted. to directly detect CvB.
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Conclusion anleutlook

Boosted
flux

Relic
neutrino flux
is remarkably
boosted.
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Stringent constraint

on overdensity

With a sensitivity increasing
of only ~ 10 compared to
IceCube Gen2,we have a hope
to directly detect CvB.
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DIS

DIS
regime
can
indeed
play a
role.

Outlook

Heavy nuclei?
Charged current
interaction DIS
regime?

Much more to explore!




References

Aker, Metal.(2022). “New constraint on the local relic neutrino background overdensity with
the first KATRIN data runs”. In: Physical Review Letters 129.1,p.011806.

C’1scar-Monsalvatje, Mar, Gonzalo Herrera, and Ian M Shoemaker(2024)."“Upper limits on the
cosmic neutrino background from cosmic rays”. In: Physical Review D 110.6,p.063036.

Herrera, G., Horiuchi, S. and Qi, X., 2025. Diffuse boosted cosmic neutrino background.
Physical Review D, 111(6), p.063016.

Irvine, JM and R Humphreys(1983)."“Neutrino masses and the cosmic-neutrino background”.In:
Journal of Physics G: Nuclear Physics 9.7,p.847.

Kotera, Kumiko, DenisAllard, and Angela V 0linto(2010). “Cosmogenic neutrinos: parameter
space and detectability from PeV to ZeV”. In: Journal of Cosmology and Astroparticle Physics
2010.10,p.013.

Vitagliano, Edoardo, Irene Tamborra, and Georg Rafelt(2020). “Grand unified neutrino spectrum
at Earth: Sources and spectral components”. In: Reviews of Modern Physics 92.4,p.045006.

Xiaolin Qi PHENO 2025




Thanks!

More papers?

1. De Marchi, A.G., Granelli, A., Nava, J. and Sala, F., 2025. Relic neutrino
background from cosmic-ray reservoirs. Physical Review D, 111(2), p.023023.

Zhang, J., Sandrock, A., Liao, J. and Yue, B., 2025. Impact of coherent
scattering on relic neutrinos boosted by cosmic rays. arXiv preprint
arXiv:2505.04791.

Please keep this slide for attribution

CREDITS: This presentation template was created
by Slidesgo, including icons by Flaticon,
infographics & images by Freepik



https://bit.ly/3A1uf1Q
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr

)

T T i s T L ' - R e e y - O N

.



. '-.1"'
AT L TN P T Sy
Sl 2 TORL I
‘ IR SN T Y W
ST TR SRR YT T T T
R e e Sl A -y

- . ’

. -

—— - - N : 72 S ‘ -‘I’wa:"-- AT A s Y :rii'..:., U PR =
Figure: https://www.phys.vt.edu/Undergraduate/a-day-in-the-life-of-physics-major-registratioin.html

TS o APTEENEETE LS e TR LAl R T e ATNAENE T T TR e ey VYN T IO R



Backup Slides




Cross section

—

doB%; 2G%m,m3 . e
vN _ iy [ e
dEz/ 71'(5 = ‘7])%\7)2 N (Q ) + C]\ (Q ) 1

m N

m? / GeV)
-

S N B D 0 a B

-
q -
-

doyn ., 3 GEllg9)® + (99)°]
dEU 7'1=q.q_ 27TEN
1 2 ¢ N 2
dy Q.fa (.’LQ) 2
X / y2 [1 + Qz/M%]g gy, Q°,my)

Ymin -

(2]
2
o
=
w0

v cross section /
o O o

[2] Zhang, J., Sandrock, A., Liao, J. and Yue,
B., 2025. Impact of coherent scattering on

E, (GeV) relic neutrinos boosted by cosmic rays. arXiv
preprint arXiv:2505.04791.

[1] Formaggio, J.A. and Zeller, G.P., 2012. From eV to EeV: Neutrino cross sections across
energy scales. Reviews of Modern Physics, 84(3), pp.1307-1341.




More
results

Figure:
Herrera,
Horiuchi,
and Qi
2025

1072

T

l(]7:i2

10-%

oBogsted [cm—2 s~ sr—! GeV~}]

1(]—38

PBgosted [em=2 51 sr=! GeV~Y)

SFR
GRB lower
GRB upper
QSO

10*

106

108
E, [GeV]

10®
E, [GeV]

oRogsted [em—2 g~1 gr—1 GeV-1]

Enhancement

10726 4

1072

10—32 4

10—35 4

m, = 0.001 eV
m, = 0.01 eV
m, = 0.1 eV

my, =1eV

1038
10*

10° 108

E, [GeV]

107
108 5
107 5
109 5

105 4

E, =100 GeV

SFR
= GRB lower
= GRB upper
— QSO

10*
0

2

1

Redshift z




EXClUde 10-14 Boosted flux, n = 1
S0

TXS 05064056 v+,
10— 17 Astrophysical v, +7,
@ Astrophysical v, +e v+,
10—20

10—23
10—26
10—29
10—32

10—35

(I}gg%sted [Cm_2 s—1 gr—1 GeV_ll

10—38 . IIIIIII| . IIIIIII| : IIIIIII| : IIIIIII| . IIIIIII| S e
10 10° 106 107 108 10 1010 1011

E, [GeV]




Boosted flux, n = 100

Exclude
QSO

TXS 05064056 vy, +,,
Astrophysical vy, +7,
@ Astrophysical v+ vy +ir

1023
1026
102
1032

10—35

@gg‘j’ftec‘ [cm_2 s—1 gr—1 GeV_ll

10_38 T rrrrm T rrrrm T T TIrm T T TTrmm T T TTTTT T T TTTTT T 1T TTTIT
10% 10° 106 107 10% 10? 1019 10t!

E, [GeV]




EXC 1 Ude L0-14 Boosted flux, n = 1000
QSO

TXS 05064056 vy +1y,

10— 17 Astrophysical vy, +7,

@ Astrophysical v+ vy +ir
10—20

10—23
10—26
10—29

10—32

@gg‘j’ftec‘ [cm_2 s—1 gr—1 GeV_ll

10—35

10_38 T rrrrm T rrrrm T T TIrm T T TTrmm T T TTTTT T T TTTTT T 1T TTTI
10% 10° 106 107 10% 10? 1019 10t!

E, [GeV]




Cosmic Ray Spectrum

T, %7, for T, < 107 GeV
2.5, for SFR
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