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CMB and CvB

The discovery of the Cosmic Microwave Background radiation, CMB,

represents a cornerstone in Cosmology. The CMB anisotropies are and
indirect imprint of the CvB.

o CMB: Radiation from the epoch of recombination, photons started
to travel freely.

e CvB: Radiation from neutrinos after they decoupled from matter

Figure 1: CMB, 13.77 billion year old temperature fluctuations (color
differences)[Credit: NASA / WMAP Science Team]
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Helicity composition of the CvB

The root mean square momentum of relic neutrinos is
Do ~ 0.6 meV
and because
my ~ 0(0.1eV)
= Relic neutrinos are non-relativistic.

~

Helicity operator, h, commutes with the free Hamiltonian
[Hfreev h] = Oa

so, the helicity is conserved.
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The today abundances are:

@ Dirac neutrinos:

0
n(uﬂr) ~ 0 ~n@@)

e Majorana neutrinos:

We focus in the capture of these relic neutrinos, through

ve +°H — 3He + e
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3 3
Icwp = ZFCVB(j) = Nr Z [Uj(+1)vj”yzr + Uj(_l)vj”ui]
j=1 Jj=1

e Capture rate for Majorana Fermions is twice the Dirac ones,

considering only SM. \

M D
FCVB: 2 FCVB'
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What is the effect of turning on BSM interactions?

[,eff = ﬁVudUej [é’y“]P’LI/jHﬁ’)/MPLd] + qu[éfy“(’)luj][ﬁfy“(?qd]
Lq
Table 1: Dimension 6 Effective operators.

€lq O, O,

crr | Y(1=7") [A*(1 =17
eer | Y(1=7") [ (1 +°)
ere | Y(1+97) | (1 =17
err | Y(1+7°) | A (1+77)
€LS (1—+%) 1

€RS (1+4°) 1

€LP (1-+%) —°

€RP (1++%) —°

err | 0"(1=9°) | ow(l—7°)
err | " (1+7°) o (1 +7°)
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PTOLEMY

The background in this experiment is the S-decay, because this process
has no threshold. Considering msygy =~ msg, > me > m,,, we have

KeCVB ~ Kepag + 2my,
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Figure 2: Signal of non-relativistic relic neutrinos captured by Tritium in the
background of the 8-decay at PTOLEMY.[2]
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Figure 3: A prototype of PTOLEMY detector at the Princeton Plasma
Physics Laboratory (February 2013). [1]
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Results

Five Parameters
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BSM interactions can mimic SM Majorana neutrinos!

BSM . oD _ M
=T =2Tc,p =T

LW SISV [ C TP-SAIFR School on Particle Phys June 26, 2018 10 / 12



Thank you!

ICTP-SAIFR School on Particle Phys June 26, 2018 11 / 12



Bibliography

[ S. Betts et al.
Development of a Relic Neutrino Detection Experiment at
PTOLEMY: Princeton Tritium Observatory for Light,
Early-Universe, Massive-Neutrino Yield.
In Proceedings, 2013 Community Summer Study on the Future of
U.S. Particle Physics: Snowmass on the Mississippi (CSS2013):
Minneapolis, MN, USA, July 29-August 6, 2013, 2013.

[@ Andrew J. Long, Cecilia Lunardini, and Eray Sabancilar.
Detecting non-relativistic cosmic neutrinos by capture on tritium:
phenomenology and physics potential.

JCAP, 1408:038, 2014.

TMartin Ar

SN D VTl SIS URAIPAZ N [ C TP-SAIFR School on Particle Phys June 26, 2018 12 / 12



	CMB and CB
	Helicity composition of the CB
	What is the effect of turning on BSM interactions?
	PTOLEMY
	Results

