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CVB standard features

Neutrinos decoupled at T—Mev, keeping 1

T) =
a “thermal” spectrum f,(p. T) ePT 11

Number dewsﬁtg todag

3
i p 3 6{(3) s
nv __[(2”)37f/{p/ Tl;)_ ]]ﬂy ¥ ]]77.2 T;'MB

Energy density today
2 K =17x10° maossless

2m

Q. h2:9£il,1 ; MASSLVE
le




CVB details

At T~wm,, eFe pairs annihilate heating photons
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... and neutrinos. Now thermal features tn v
distribution (small effect). Oscillations sLL@MtL@ mod’uﬂj
the result
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/T, very swmall (bad for detection!)

BBN, CMB (LSS) + osclllations
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CVB for optlmists

Vv produced by decays at some cosmological epoch
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CVB Lndlrect evidences

Primordial Cosmic Microwave Formation of Large
Nueleosynthesis Background Scale Structures
BRN CMB LSS
T~ MeVv T <ev
flavor dependent Flavor blind




Effect of neutrinos on BBN

1. N fixes the expansion rate during BBN
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2. Dlrect effect of electron neutrinos and antineutrinos
ow the n-p reactions
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CVB LocaLLg: a closer Look

Neutrinos cluster if massive (ev) on large
cluster scale

Escape veLothgz MLLI@g way 00 K/S
clusters 1032 Km/s

v, xcT./m ~6-10°Km/s(m,/eV)

How to deal with: Boltzmanin eq. + PolLsson

fv 1 X ava < amVV¢ =0 Stng and Ma '02

ringwald and Wowg ‘04
A = 4r6a’ sp 2 -
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Detection - Stodolsky effect

Energy split of electron spin states
Ln the v background

requires vV chemdical potential (Dlrac) or net MeLLc’Ltg
(Majorana)

Requires breaking of Lsotropy (Barth velocity)

Results depenal on Dirac or Majommz,
velativistic/mown relativistic, clustered /wnclustereo

Duda et al ‘o1
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Torque on frozen magwnetizeo wacroscopic piece
of material of dimension =

(100 cm\ B n —An, s
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Presewt% cavenolish torsion balawnces a~10%cms—=

The only well established Linear effect in G

Coherent Lnteraction of Large De Broglie
wavelength
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Langacker et al ‘€2

Energy transter at order G2



Detection (1: G2
V-Nucleus colliston: net momentum transter due
to Earth peculiar motlon
N
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Ap = BoE,

Ap = fem, A
a~(10%-10")-"—cms—*?
Y W o

Coherence enhances N N, 13 b e
ﬂ/ ~ ]/T o ]/m ~ mm Cy'es A p V  swith and Lewln ‘€3
v 4 4

Backgrounds: solar v+ WIMPS



Detection (I
Accelerator: VN scattering hopeless R = 1078 yr™

LHC
Cosmliec Ra Ys (Lndirect): resonant v annihilation
at m 2
z ="z .4 mﬂ(ﬂjet/
2m, m,
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Ruestlon: “ls Lt possibte to detect/mensure the Cve 2”7

Answer: NO |

ALL the weethods proposed so far require elther strong
theoretical assumptions or expertmental apparatus
having unrealistic performances

Reviews on this subject: ARIngwald hep-ph/0505024
G.Gelmind hep-ph/0412205



A 'e2 paper by S. wWelnberg and v chemdical potential

PHYSICAL REVIEW VOLUME 128, NUMBER 3 NOVEMBER 1, 1962

Universal Neutrino Degeneracy

SteveEN WEINBERG*
I'mperial College of Science and Technology, London, England

(Received March 22, 1962)

n the original Ldea a large neutrino chemical potential distorts
the electron (positron) spectrum near the endpoint energy
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Massive neutrinos and neutrino capture on betn
deca 51%@ nielel

A.G.Cocco, G.Mangano and M.Messinga  JCAP 06 (2007) 015
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Neutrino Capture on a . B % ot

Beta Decauine Nucleus )
e v, (A, Z) (A Z +1)

This process has no energy threshold !



Today we Rnow that v are NOT degenerate but are massive !!
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NCB Cross Sectlon

a new parg metrizotlon

RBeta deco Y rate

NCEB
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The nuclear shape factors Cgand &, both depend on the same nuclear

matrix elemwents

[t Ls convenlent to define

We
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E,p,dE,
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v a large nunber of cases A can be evaluated in an exact way and

NCRB cross section depends only on @ and ¢, (measurable)




NC®B Cross Sectlon
on different types of decay transitions

peE.F(Z, E)

o Superallowed transitions Oneply = 272 1n 2

Jti2

o This is a very good approximation also for allowed
transttions stince
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NCB Cross Sectiom Evaluation
The case of Tritium

’ & GQ
Ustng the expression OnonVy = —2peEF(Z, E)C(Ee,py),
m

” Uy
we obtain | ones(CH) — B (7.7+£0.2) x 107* cm?
lim B—o0

where the ervor Ls due to Ferml and Gamow-Teller matrix
element uncertainties

E.F(Z E
Ustng shape factors ratio | oxesvy = 27°In o Pe eft( , )
1/2
onesCH) 2| = [(7.84£0.03) x 10*% cm?
C

lim B> o0

where the ervor is due only to uncertainties on @g ana &,



NCRB Cross Sectlon Evaluation

allowed 1%t unique forbidden 2" unique forbidden
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NCB Cross Section Evaluation
using measured values of Qg and ¢,

= 2
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Beta decaying nuclel having BR(B*) > 5 %
selected from 14543 decays listed in the ENSDF database



NCR Cross Sectlon Evaluation

specific cases

Isotope  Decay Q Half-life once(v /c)
Isotope Qs Half-life once(vu/c) (keV) (sec) (10~*" cm?)
(keV) (sec) (10~% ¢m?)
[°H B8~ 18.591  3.8878 x 10°  7.84 x 10~* |
°C 885.87 1320.99 5.36 x 107° NI B~ 66945 3.1588 x 10° 138 x 10 °
e 1891.8 71.152 1.49 x 1072 R 7r B 60.63  4.952 x 10*  2.39 x 107'°
oAl 3210.55 6.3502 3.54 x 10 106Ry B~ 39.4 32278 x 107 588 x 107*
3401 4469.78 1.5280 5.90 x 10_2 107Pd B~ 33 2.0512 x 1014 2.58 % 10—10
K 5022.4 0.92512 7.03 x 107 [F7Re 5= 2.64  1.3727 x 100°  4.32 x 10 "]
“23¢ 5403.63 0.68143 7.76 x 1072
8y 6028.71 0.42299 9.17 x 1072 10 g+ 960.2 1.996 x 10> 466 x 10-2
501\/[11 6610.43 0.28371 1.05 x 10_1 13N ﬂ+ 1198.5 5.99 x 102 5.3 x 10—3
0o 7220.6 0.19350 1.20 x 10~ ¢ 150y g+ 1739 1.994 x 102 9.75 x 10~2
18p gt 633.5 6.809 x 10° 2.63 x 107
22Na Bt 545.6 9.07 x 107 3.04x 1077
Superallowed oF — OF olecags 45y Bt 10404 1.307x10°  3.87x107*

used for CVC hypotesis testing
(very precise measure of Qg and ¢, )

o)

NC®B t1/22

Nuclel having the highest product



Relle Neutrinoe Detection

The cosmological velic neutrino capture rate is given by

A _/J v : d’p,
Y ) T Y exp(p/T) + 1 (27)3

T,=1.7-10%eV

after the integration over neutrino momentum and inserting
numerieal values we obtatn

9 JNCBUD/C 1

- —1
10-Tem? yr mol

2.80-10"

In the case of Tritluwm we estimate that 7.5 neutrino capture events
per year ave obtained using a total mass of 100 g




Relle Neutrinoe Detection

stgnal to background vatio

The ratio between capture (A,) and beta decay vate (Ag) Ls obtained
using the previous expressions

Ay 2120,
g A

In the case of Tritium (and using wn,=350) we found that

A, (PH) = 0.66 - 10~ * A\5(°H)

Taking tnto account the beta decays occurring in the last bin of width A
at the spectum end-point we have that

A 9 7.\’ 1
= ((3) ( ) _ | ~1010
Z (L +2m, /A)”




Relle Neutrinoe Detection

stgnal to background ratio

A
An/dT, B
; N
Observing the last energy \\ L
bins of width A N
="
VM’V
<
2m,

2m, 1 -1
S 9 (Ty)?’ 1 1/a+2_2
— = —(C(3) | — e 24y
5~ 2ON8) (Fam,/a)” L’QW PRe =g

where the Last term Ls the probability for a beta decay electron
at the endpolnt to be measured beyond the 2um, gap

It works for A<,




Relle Neutrino Detection
discoverg potential

As an example, given a neutrinoe mass of 0.7 ev and an
energy resolution at the beta decay endpolnt of 0.2 eV
a stgnal to background vatio of = Ls obtained

n the case of 100 g wmass target of Tritlum it would take
one and a half year to observe a 56 effect

In case of neutrino gravitational clustering we expect a
stgnificant signal enhancement

m, (eV) FD (events yr—!) NFW (events yr=!) MW (events yr—1)

0.6 7.5 90 150
0.3 7.5 23 33
0.15 7.5 10 12

FD = Fermi-Dirac NFW= Navarro,Frenk and White
MW=Milky Way (Ringwald, Wong)



Ruestlon: “ls Lt possibte to detect/mensure the Cve 2”7

ANSWEr: Magbe....it depends on S/B ratio !

The relevance of this statement can be pletured as




KATRIN

Karlsruhe Tritlume Neutrine Experimemt

Alm at divect neutrino mass measurement through the
study of the *H endpolnt(Rq =18.59 keV, t,,,=12.32 years)

Phase (:
Energy resolution: 0.93 ev
Tritlum mass: ~ 0.1 mo
Notse Level 10 mHz
Sensttivity to v, mass: 0.2 eV T, source

detector

Magwnetic Adinbatic Collimator + Electrostatic filter



Karlsruhe Tritlume Neutrine

KATRIN

MownteCarlo stmulation of phase t data

Flrst results tn 2011

G

End of Phase | data taking: 2015

Phase (l:
Energy resolution: 0.2 eV
Notse level 17 mHz

n

counts per HV b

EX]BeereV\,t

10m diam. spectrometer; 1year; [18555,18580]
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MARE

Alm at divect neutrino mass measurement through the
study of the *'Re endpoint (Rg =2.66 keV, t,,,=4.2 x 10™° years)
Using TEs+wmicro-bolovmeters @ 10 mK temperature

10 .
SQUID L L TdR . [
= " RdT
AE ~ 2.354/4kT?— '
R = o

shunt

Lo

Eestatance [mOhm]

W ETF-TES™=

L/

96 98 100 102 104

Temperature [mE]




MARE

10.0
Energy resolution: 2+3 eV 9.0
Total *¥7Re mass: ~ 100 ¢ 8.0F

70
6.0
5.0
4.0
3.0
200

N(E)
pEF(Z,E)S(E)

\/

1.0¢

Phase (l: ; I INR

Energy resolution: <4 eV 0% 2d0 245 250
energy [keV]



Neutring masses

Oscillation Parameters

Tervestrial bounds

Vv, <2ev (3Hdecay)

om? = 7.92(1 £+ 0.09) x 107 eV?

vV, <0.19 MeV (plon decays) sin® 19 = 0.314(1%5713)

Vy <18.2 Mev (T decays)

Cosmology,

Bounds on X w,

Am? = 2.6(15513) x 1072 eV?

sin? 013 = 0.8(1753) x 1072

Courtesy of A.Marrone

number of sigma

number of sigma

3v oacillation parameter conatraints
> T T T

number of sigma
- M

L I L L L
%3 63 04 08 02 oA [ (L]

L FE
sm? (10™ eV Am® (107 V)

02 |
sin’ . El ™

S Jv cacillation porameter bounds on 9y

‘

0 002 004 006 DOB 01
sinfd,,

Case Cosmological data set 3} bound (20)
1 WMAP < 2.3eV

2 WMAP + SDSS < 1.2eV

3 WMAP + SDSS + SNgijess + HST + BBN < 0.78 eV

4 CMB + LSS + SNastier < 0.76 eV

5 CMB + LSS + SNastier + BAO < 0.58 eV

6 CMB + LSS + SNagtier + Ly-o < 0.21 eV

T CMB + LSS + SNagtier + BAO + Ly-« < 0.17 eV

G. Fogli et al. 2007



Concliuslons

The fact that neutrino has a wonzero mass has reneweo
the Lnterest on Netrino Capture on Beta decaying nuelel
as o tool to measure very low energy neutrino

A detatled study of NCB cross section has been performed for
a Large sample of Rnown beta decays avolding the uncertainty
due to nuclear matrix elements evaluation

The relatively high NC®B cross section when considered tn
a favourable scenario could bring cosmological relic neutrino
detection within veach ln a few years



VAP Collaboration
CVB Map 2077




Variatlon own the thene:
Beta-beams

Electron-capture nuclel (fighting with energy
thresholdl)

Best nucleus candidate?

Alread Y there 2 (Trolsk ammatg) MwLLR@Lg
Large flux!!

watting for K.atyin



