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3v mixing: notation, conventions, remarks

“PDG” choice:

® No need to adopt a different conventid'rﬂi,’ although many authors do it (e.g. by choosing
U — U", § — =3§, or both). Better to stick to PDG.

® In the following, numerical examples worked out only for the two inequivalent
conserving cases e®=+1 (8§ =0 or 5 = ).
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3v masses: notation, conventions, remarks

A

® Most used v, labelling
(including PDG & this talk)

V3 —

inverted hierarchy (IH)

2 orm

® Widely adopted notation:

+ normal hierarchy
— Inverted hierarchy

2 O
(m1 , My, m3) m1 (O Am21’ 31|)

{

But (NH) — (IH) mapping not exactly realized by just changing Am321 —> —Am§1, el
because |

; : 2 :

e in normal hierarchy, |Amj, | = largest squared mass difference
R e 2 : e

e in inverted hierarchy, | Am;, | = next-to-largest squared mass differe

m==) the above notation makes the comparison (NH) — (IH) tricky.

Gianluigi Fogli Next Generation of Nucleon Decay and Neutrino Detectors - Aussois (Savoie) 7-9 April 2005



® For this reason, we prefer to adopt a more symmetrical convention,

2

P . o o e ;

V | Am?2 inverted hierarchy — . ero” of

V, — +dm?/2 V) — +dm?/2
Vo, =mmm -5m2[2 Vo, e -5m?2/2
normal hierarchy Vy e— —AM?

@® Wwith this convention, swapping hierarchy is exactly equivalent to swap

(NH «~— |H) = (Am2 <> _Am?)
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3v Majorana phases: notation, conventions, remarks

® if v=V == U->UsU, where Uy, contains woi

B s e

hange of nota

® We adopt the Vogel & Piepke cor

UM = d|ag(1 : e%d’z ’ e%(

so that the so-called “effective Majorana_mass”':i'ﬁ Ov2p decay reads

not explicitly

M., = X Ugm | = [c .t ,m, + o8 ,fel® #s,,meld |3
PpE pimeiii = 1 3 12800 ] 1 3 SN Tavees dependent0n8

® Convergence towards a unique convention on neutrino mixing angles, mass split i
and Majorana phases would be desirable.
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- Approach:
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oscillation parameter bounds on ¥

3v oscillation parameter bounds from marginalized Ay’

LR
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Numerical £ 2o ranges (95% CL for 1 dof), 2004 data

- + .
< SIr]2923 = 0'45—0.11”""’"2-:

_ sin%0,; < 0.035

f

sign(x Am?): unknown

_ CP phase 5: unknown
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Three main tools, identified with three observables sensitive to absolute v masses

1) B decay: m, # 0 can affect the spectru " endpoints.
“effective electron mass”: (most '

3) Cosmology: m; # 0 can affect large s
constrained by CMB and other cosmological observatlons They probe:

2 =my + Mg

In the following we present a global phenomenological analysis of the constraints applicable
in the parameter space
e > )

for both normal and inverted hierarchies.
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26 bounds from:

e V oscillation data

(Cl + Ga + SK + SNO
+ KamLAND

+ CHOOZ

+SK + K2K)

normal hierarchy
inverted hierarchy

(o

unknown Majorana [

e ’




Input from Tritium B-decay experiments
' SH > 3He 4o

Updated determinations:

By combining the two determinations

m, < 18 eV at95% C.L. (Mair

® Limit less conservative than in other approaches
[3 eV recommended in Review of Particle Physics, S. Eidelman et al., Phys. Lett. B592 (2004)1]

® In any case, present limits too weak to contribute significantly to restrict the parameter"-f-
space '

(mB’ Mg, )
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Input from Germanium Ov2p-decay experiments n o\w p

o
Several experiments, using different |sotopes WIth negatlve - m % v

results. I — v i o
Recently, members of ,, ; n D

N(A, Z) > N(A, Z+2) + e+ e

0v2p inputs for the global analysi

log;o(mgg/eV) = -0.23+£0.18  0v2B claim assumed

+0.18 ™ : : -
log;o(mgg/eV) = -0.23 5 Ov2p claim rejected (only upper limit)

Finally, concerning the two unknown Majorana phases,

d,, ¢; are assumed independent and uniformly distributed in the range [
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Likelihood distributio

g IIIIIIIIIIIII:IIIIIIIIIIIIIIIIIIII
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26 bounds from:

v oscillation data
> (CMB + 2dF)
m, (Mainz + Troitsk)
Mg, (Upper limit only)

normal hierarchy
inverted hierarchy

This bound, via the ¢
induced by osciII_'
provides upper lir

EB

lab limits by a factor ~ 4.
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————— 26 bounds from:

v oscillation data

> (CMB + 2dF)

m, (Mainz + Troitsk)
mg, (Klapdor et al. claim)

normal hierarchy
inverted hierarchy
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e il it 1 2o bounds from:

v oscillation data

> (CMB + 2dF + Ly-a)
m, (Mainz + Troitsk)
mgs(Upper limit only)

=
e 0o

normal hierarchy
inverted hierarchy

th |
spectrum.

e Bounds set very stringen limits for 10
future lab experiments (~ factor 10

of improvement).
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" B. 0v2p claim accepted

v oscillation data +
> (CMB + 2dF + Ly-a)

normal hierarchy

inverted hierarchy
L L L

: e cosmological data a —
indeed g . =
s of Lyman-a data are still to be scrutinizec

and more g Ov2B decay might receive contribution from new physics effect

generally

some assu I’.;ﬁpns about standard three v mixing and cosmolog
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NNN detectors and galactic SN

Two of the currently unknown parameters S|gn(Am2) and 6,5, might be a
scale (e.g. 0.4 Mton) Cherenkov detector through t

neutrino potential proflle V(x)

forwcrd qhock

Main feature sharp d

front (which can mduce A strongly. non-adiabatic
transition) leaving behin g ction
zone.

MeV. The band marks the_,r,e'n"'re matter
effects are potentially important (V ~ k).

From the radial profiles one can derive the so-
called crossing probability P,

Py = PulAM?/E, sin?0,5, V(X,1)]
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" Neutrino crossing probability

On the basis of the shock wave proflles the v crossing probability

forward shock forward+reverse shock

sin“d,5=10"

sin®85=10"° ||

T
——

0.5

sin®85=107* ||

P.(t) (E = 45MeV)

profiles is flrst o] d shock

front and then by the r___ on zone.

sin*d5=10"° ||

I : 29: _1m-2 |
Bl T 1 il I

| N gl 1 N |2 ‘.I_' |_ |
: 1™ i

. in® I:_ -

& COr forward+reverse shock waves, both forward N c N~ s
and reverse shock fronts perturb the static 05F o | & : Foe 8'8:8) 8,
profiles. 58 0 28 bR |98 & FOE 8%
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time (s)
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‘Signatures of shock wave effects

An analysis of the absolute time spec_r__s. L

~OMNMNDA

forward shock
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~ Signatures of shock wave effects

An analysis of the absolute time spect_ra that the signatures o

combarine

forward + reverse shock

1 si;ﬁst ;—10'5 - 4 | 2D5 MeV / 455 Mev |
! {
' (E=45 MeV) s ™
3F i

(]

+ sin®®,;=107° 4f

1'—J A L |

———

4 i Sinz'ly‘w: 1 0—4 .

(1 — cos? By, Pu(t))™
bin event ratio

IH Iwithlsﬁocl:k _I E
Lisy |.H. stotic ___.
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Conclusions

PY Recent years have been exciting ...

e neutrino mass and

o but our knowledge is still poor:

e kinematical unknowns: 8,5, CP violation, mass hierarchy, absolute mass
e dynamical unknowns: new neutrino properties and/or interactions (LSND?)

e theoretical unknowns: making sense of parameters, finding underlying symmetries
and scales
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... This workshop certainly help us to better understand how NN_e_ OIS

o

PY shed light on these

P as well as to provide a h

e hucleon decay
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Input from cosmological data

Joint analysis of several data sets. In particular, the following dat__ set have been cor E—

e CMB (Cosmic Microwave Backgro

——

oy

VSAE (Very Sm

® LSS (Large Scale Structure) with powér S

e cither 2dF (2 degrees Fields) Galaxy Redshift Survey
e O SDSS (Sloan Digital Sky Survey)

o LYo (Lyman alpha) Forest in the SDSS
e SN-la luminosity measurements (GOLD data set)

® Hubble constant from the HST (Hubble Space Telescope) measurements
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