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The Cosmic Neutrino
Background

Produced 1 s after Big Bang (CMB: 379k years)
Number density: 330 cm-3

Temperature: 1.9 K

Energy: 0.16 meV

Velocity: 103c-1c

CNB cross section to neutrons: 10-27 pb
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Indirect Evidence

® Big Bang Nucleosynthesis

® Imprint on Baryon Acoustic Oscillations

. N,=1 — N,=3 — N=5|
10}
8_
6_
4k
2_
_12F
~ 10
e
3 8r I
B O
—, 4r
oL +0, fixed 54’
< 12
10+
8|
6 f M/I\
4 Xzzz"x
2k +normalized at 4 peak
O

[Follin, Knox, Millea, Pan '15]

1000 1500 2000 2500

Multipole [



The Oldest Picture of the
Universe (so far)
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The Oldest Picture of the
Universe in the future?

[Hannestad & Brandbyge '06]

m, = (10> eV, 103 eV, 102 eV, 101 eV) from upper left to lower right
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Resonant Absorption

[Weiler '82]

e Similar to GZK cutoff for charged cosmic rays

® Resonant scattering

VUHE ﬂCNB — Z [In Z' models dip at lower

energies possible, see, e.g., talk
by Ayuki Kamada]

® Dip in energy spectrum at about 1011 GeV

e Highest energetic neutrinos observed have 103 GeV

® High energetic Z bursts (not seen so far)
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The Experiment

[Domcke, MS '17]

® Pendulum in neutrino wind

g
[
. . Pendulum
o LIGO-like interferometers
D\
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aV ZJ 10 16cm/s CNB wind | §
Z ~ | h /\/\/\/\/ Interferometer
® Einstein telescope maybe > -~

a, > 3-10Bcem /s’
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Theory: Scattering |

[Domcke, MS ’17; see also Duda et al. '01], ...,
orginal idea goes back to Opher '74]

The basic formula
Nav
Amay

aG% — (I)V NC Op— A <Ap>

Incoming flux: @,

nuclei in 1 g test material: Nay/(AmaV)

v-nucleus cross-section: o,—4 ~ 107?" pb = 107 cm
Nav
Amay

Average momentum transfer: (Ap)

Coherence factor: N. = p A3 ~ 102

2



Theory: Scattering

[Domcke, MS ’17; see also Duda et al. '01]

® Neutrinos can come in three kinematics
e relativistic (R)
e non-relativistic non-clustered (NR-NC)

e non-relativistic clustered (NR-C)

e Different typical momenta and momenta
transfers



Theory: Scattering Il|

[Domcke, MS ’17; see also Duda et al. '01]

® Results assuming lead target

3-10733 cm/s” for (R)
agz, = an’; 5-1073! (m, /0.1 eV/c?) cm/s”  for (NR-NC)
" 1210727 (1073 /Byir) cm/s” for (NR-C)

® Current theoretical experimental sensitivity



Other "Winds"

[Domcke, MS ’17; see also Duda et al. '01]

e Solar neutrinos

Asolar—v ~ 3 - 10_26 Cm/82
e Vanilla WIMP Dark Matter (mx > 1 GeV)
ApM — 0(10_30) Cm/82

e Light WIMP Dark Matter (mx = 3.3 keV)

'Y Y 9
Alight DM ~ N apy ~ 107 apm

[See also Graham et al. '15]



Wind vs. Nudges

[Domcke, MS ’17]

® The scattering rate for the CNB

A2
CE L0107t - 0.1) gt s

"= (Ap)

e Compared to solar neutrinos
Reolar—y & 2-1077 g7 8™

e And DM
R~ OO0 —-10°) gt s



Improvements

[Domcke, MS '17]

® Sensitivity proportional to g factor
e Suspension

® Space

® Give up on pendulum setup

e free falling masses and wait
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Inverse Beta Decay

Huge CNB flux

Take radioactive nuclei,
e.g. triium W

Wait for neutrino captures

Goes back to Weinberg

[Weinberg '62]



Sterile v
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Princeton Tritium Observatory for Light,
Early-Universe, Massive-Neutrino Yield

[PTOLEMY "13]
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Expectations

[Long, Lunardini, Sabancilar '14]

Number of target nuclei: 2 x 1025 (100 g)

Rate for Dirac particles (no right-helical
neutrinos today):

IF'ong = 0 cng Np = 4.06 yr—*

Rate for Majorana particles (both helicities
equally present):

Tong = 2Tenp ~ 8.12 yr !



Event Rates

[PTOLEMY ’13]

[-decay electrons from 100 g tritium: 1026 /s
Fraction within 100 eV of endpoint: ~2 x 107
Fraction within 0.1 eV of endpoint: ~2 x 10-16
Expected event rate in signal region: 2 Hz

Expected CNB events: O(1) /yr



From Princeton Tritium to
Ponlecorvo

and il is long-lived [529, 333 536]. The proposal lor an experiment chasing this purpose was wade in [529]. Currently,
ctforts arc put for such experiment, the PonTecorvo Observatory for Tight Farlyv-Universe Massive-Neutrino Yield
(PTOLEMY) 370, 371, to be huilt. The experiment has recently been approved by the Scientific Committee of the [talian
National Laboratories ol Gran Sasso and, in the [ollowing months, the existing prototypes [or varions components

are expecled 1o be moved [rom Princeton, where the R&D) has been performed up 1o now, o Gran Sasso. The idea
is to implant the tritihum source on graphene lavers, to avoid the problems related to a gascons source, then collect

and measure the energy of the emitred electrons using a combination of MAC-E filter, radio-frequency tracking and
micro-calorimetry Lo oblain a determination of the S-decay and nentrino caplure spectrum ol tritinm with an energy

v

resolution of the order A ~ 0.05 — 0.1 eV,

[Taken from de Salas, Gariazzo, Mena, Ternes, Tortola arXiv:1806.11501]
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Dumping Muons on

Cosmic Relics

® |ncrease the cross

section (~E2) by using a

beam

e High energy/intensity
muon beams available

e |Look for electrons in
final state

[MS, Tancredi, Zurita WIP]
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CERN M2 Beam Line
THE M2 MUON BEAM

FOR COMPASS / NAbB8

9 x 1.1 m Beryllium to stop the hadrons

172 £ 17 GeV/c

COMPASS

OperatorCourse.pdf]

Muon cleaning
section

Pion decay section

[taken from sba.web.cern.ch/sba/BeamsAndAreas/M2/M2-

Hadron
absorber
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CERN M2 Beam Line

Beam energy: 150 GeV

Muon rate

1.3 x107 /s

Beam "length": 100 cm

Beam tube acts as fixed target

Event rate:

R=13x10°ncg o —
S



Physics Cases (Preliminary)

[MS, Tancredi, Zurita WIP]

Physics Case  Estimated Rate R

CNB 10~4! /year
Solar v 10~4% /year
Atmospheric v 10727 /year
Sterile v DM 10~4® /year
Vanilla WIMP 10799 /year

Other Ideas?



Why are we so much
worse than PTOLEMY?

[MS, Tancredi, Zurita WIP]

® Reminder:
I'~n,oN

e CNB number density the same

e (ross sections:
_ _ 5
osTz/opT ~ 10
e Amount of muons/tritium:

N, /Np ~ 1072
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Summary and Conclusions

e The CNB is one of the earliest pictures of the
universe

e Overwhelming indirect evidence
® But no direct observation so far
® Maybe possible via inverse 5-decay (PTOLEMY)

® CNB searches can be DM searches as well



