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[:NOSTOS: SPHERICAL gaseous TPC's
for detecting Earth or sky neutrinos
>A) LOW ENERGY NEUTRINOS

(electron recoils from low energy neutrinos)
2 B) A Networi of
Neutral Current Spnerical TPC’s
for Dedicated
SUPERNOVA NEUTRINO DETECTION
T 'r LENA detector:

11,
(Electron detection Liquid Ar)
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Table I: Best fit values from global data
(solar, atmospheric, reactor (KamLand
and CHOOZE) and K2K experiments)

parameter best fit 20 30

Am2, [107% V7] 75004 | 722-8.03 | 7.03-8.27
Amd | [107%V?] | 2407070 | 218264 | 2.07-2.75
sin? 0, 0.3181001 | 0.29-0.36 | 0.27-0.38
sin? fos 0501097 | 0.39-0.63 | 0.36-0.67
sin? 05 0.0137000 | <0039 | <0.053
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In (v.,e) detector all flavors contribute
Oe(Ev ILthh)= Oe(Ewothh) P( Ew L;Ve'>ve)
> 04(E,,0,Ty,) is the standard cross section in the
absence of oscillation.

> The oscillation probabilities appear as:
> P(ve->Ve)=1- X(E,)

{sin? (20,,) sin? [n(L\L,,)]+

sin?(20,5) sin? [n(L\L,3)]}
> P(Ve =2V, or v;) = X(E,)

{ sin?(20,,) sin? [n(L\L;,)]+
sin?(20,3) sin? [n(L\L,3)]}
L, =32 L3 (oscillation lengths)
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Long baseline (EV_ >>1 MeV)— L in [km]
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Part I:

The NOSTOS Set Up (the position is
determined via a radial Electric field)

The detector The neutrino source

Detector + tritium source
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IT: Measure the Weinberg angle at very low
mormenturn transfers

o\ Gim,,
(d;) ;;” (2sin’ty ) 1.12)
weak

{1+ 2sin* 0y )1 - T/E, )’
~9sinfyy(1+ 2sin by ) (m, T E2)
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ITI : At low neutrino energies: The EM
interaction competes with the weak

(d.:r) gz(dg) ( m )EO.IKEV (1 T)
_— J— 1 E —— — -
') gy AT ) yeqr \107 0B I E,

(1.15)

> With p, the neutrino rmagnetic moment and €,
~0.25

> Thus we can obtain the limit: p, 10712 g
> (present limit: p, <1010 y)
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Sorne sources of low energy Mono-
energetic Neutrinos suitable for a
spherical gaseous TPC
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Nuclide | T Q. B, L33 /2 E.nar | weight N,

(keV) (keV) (m) (keV) ar (s~h
Hea | 10%y 421 417 208 260 400 1012
“Fe | 27y | 232 226 110 106 | 4000 | 5x107 |
IGe | 11 d 232 222 110 100 300 | 2x10'8
039cq | 460d 214 101 50 30 50 Hx101
I90a | 138 d 113 74 37 20 1.5 2x104
BiTh | 7oy | 60.0(3) 9.8 5 0.4 200 | 2x10M
WHe |4500y |~ 26 |05-26]02-1.3|< 003 250 | 5x10"
pe | soy | 568.003) | 44(70%) | 22 6.5 300 |5 x 10"

54(30%) | 27 0
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he number or events Tor a
spherical gaseous detector
(source at the origin)

The number of events between L and L +dL is given by:

axw I2dL

AN = Non.— 5

o(L,x,gwm) = Nonn.dLo(L , x, thn) (5.22)

or

anN E, (7<)

TR une(L: Z, ybh): = 3 Zth —

523
L T e T e ( )

To compare with other geometries we rewrite this as follows:

Rg ot - RoNuﬂeJ(L, 2 P35 ybh) (524)
L
or
AN -

RoZ> = Ag.(L/Ro)5 (L, 2, yw), 9+(L/Fo) =1 (5.25)

where — 5
A = g’me RoNon. (5.26)

w
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Event rate dN/dL(per m), P=10Atm,

Ar target for m=0.2 and 0.3 kg of source

T4, =0.1keV
L=10m, E,=9.8 keV (157Tb) L=50m, E,=50 keV (193Pt)

1 N2k
1451
140
135

=
] 130}

Neutrino20010
Athens 19/06/10



Other detectors and geometries

> The gaseous TPC detector has many
advantages. However

> The gas has small density-> few events

> One may have to go to higher neutrino
energies to obtain a sizable cross sections.
Longer L require large spheres, which are hard
to construct.

> S0 one may have to consider cylindrical liquid
detectors, which exist for other purposes.
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Threshold effects for gaseous
spherical TPC: Under Control

R(th)/R{0)
1.0 peee
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LENA detector layout
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Mono-energeic Neutrino sources
suitable for the LENA detector
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Nuclide | T 1/2 m ¢ tir: | BEeamsx-| ma(s N, N;,
d (kg) (d) | (keV) | (g) (s™1)
5.5, 35d | 036 (¥Ar) 617 2.2 1016 5
o 27.7d | 15 (*°Cr) 560 209 | <10t | 5
586 120 d 1000 287 | 1475 | 8x10¥ | 3
[ 355, 64.9 d 1000 363 8.64 | 7.5x10” | 3
103pq 17 d 1000 315 11.5 | 3x10' | 5
3G 115 d 1000 100 | 436 17.3 | 6.4x10 | 3
121 3 d 1000 10 280 1.6 | 3.8x101% | 5
145G 11 340 d 1000 300 | 340 480 | 4.7x1015 | 1
169y, 32 d 1000 30 304 | 3000 |‘2.8.\'l()18 5
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Cylindrical geometry (2 coordinates)
Spherical source at the top base of the cylinder

The number of events between ¥ and r 4+ dr and 2z and z + dz is
now given by:

2mrdrdz

alN = Nune 4??'(7‘2 £l zg) 0—(\/?,2 =t 221 Z, yth) (527)
which wvields
dij;t: — N"neRO%§2 finga(io\f.f? + w?p?, =, Yen) (5.28)

where g is the radius of the cylinder, @« = Fg/h (A is the length
of the cylinder), p = v/ g and { = z/h. This can be written as

dN 1_ R

apac — eele G Ro) (> ¢2 + u2p2, 2, ym), (5.29)
2 2

g:(po, ¢, u, ) = = g = St FoR0 I (5.30)

T2  u2p?
Note that the geometric factor g.(g, {, w, £), which is absent in
the spherical geometry, in this case is less than unity.
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The event rate dN/dpd(C (arbitrary units) for
{=0.05(z=4.5m) as a function of p. H TaAavrwon

(€apTnon ano Tn ywvia 8,5) 6ev diakpiveTal.

1.5 10°

1. 10°

500 000
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What next? An analysis trick!

> We divide the measured rate by the calculated
geometric factor g.(p,,u,R), R the cylinder
radius, h the length of the cylinder, u=R/h

> Plot the resulting expression as a function of
(=z/h for various values of p=r/R

> Make the plot in units of A=(Gzm,)%/(2 n)RN,n,
(dimensions inverse time)
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The event rate /geometric factor:

°1Cr (E,=763 keV) n.=2x10®ms
T4, =500keV p=0.4 (a), p=1.0 (b)

0358

' d;\r
RU(TI: — A
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Can we do better?

> The experimentalists would still like to analyze
the data in terms of a single variable L (the
source detector distance).

> How do we do it without sacrificing useful
information?

> We tried the change of variables
(r,z)->(L,®») and integrate over .
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The event rate in terms of L
(u= L/R u=R/h=11/91)

Ro

dL — NV, 2. Fg ga_v(u L/Rg)o( L, x, g5m)

=A§Q&V(u: L/RU)&(LJ Ly Ysh (7 36)

where g..(w, L /Hg) is a geometric factor that takes care of the
variation of the neutrino Aux in the wvarious positions described
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The rate (RdN/dL)/g.,(R/h,L/R) for 3Cr
(E,=753 keV) without the geometric factor (a) and
with the geometric factor (b); Nn.=2x10% m3

RU%— — A = 03585
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The rate (R,dN/dL)/g..(Ro/h,L/R,) for 31Cr
(E,=753 keV) on the left &”°Se (E,=450 keV)

on the right. n.=2x102m=3: T, =500keV
5 implantations 55 d each 3 implantations 240 d each
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Threshold for the LENA detector —
It needs improvement
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Conclusions:

L

2 Tne discovery of neutrino oscillations gave neutrino
prnysics and astropnysics a new rnornenturn.,

> The two mass square differences, except for a sign,
are Known

> The mixing angles 9,, and 9,5 are understood.

> The angle 8,5 and the phase 0,5 are unknown.

> Short Baseline Neutrino Oscillations like NOSTOS -
LENA are complementary to other experiments
(Double Chooze, T2K, Reno etc)

> NOSTOS-LENA experiments will unambiguously
determine r),J ,)rovldr*d it is not too small, since they
do not suffer from tne 8-fold ambiguity.
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oTHE END



Questions that cannot be answered by
neutrino oscillations: The mass scale and
the sign of Am2;, (normal vs inverted
hierarchy or almost degenerate scenario)

rre= rra
_— ™

I v

—'l|.='t

—

g e — — i r::"
solar—Tx1 0 eV = .
armo s pheric T
~2 LOFeW=
ammospheric
P 2 10 Fe V2
. solar~ 710 FeW = .
gy _ —— g
T T
.

0
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Conclusions B

> The absolute scale of neutrino mass is still elusive.
(neutrinoless double beta decay, triton decay,
astrophysics may provide the answer)

> We do not know whether the neutrinos are Dirac or
Majorana type particles (only neutrinoless double beta
decay can settle this issue)

> Neutrinos may be the best probes for studying the
deep siky and tne interior of dense objects, like
supernovae. NOSTOS maybe a useful tool.

2 Shall we ever see rne neurrmo pacikground radiation?
Will we see it before the gravitational background
radiation?
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Neutrino mass terms-
Dirac rmass term Mg

1. Dirac mass terms like in the charged fermions:

1)

v (Mp)s + H.C.

e [t is absent in the SM (the right handed neutrino
does not exist).

e [f this is the only mass term, the neutrinos are
Dirac particles.

e [t cannot occur by itself (in GUT’s the neutrino
should be as heavy as the up-quarks).

e In extra dimensions one can have a small such

matrix, but one also has Majorana mass terms.
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Neutrino mass terms-
Majorana mass terms M, & My

2. Majorana mass terms:
2 (M )VEE + 99 (M) + H.C.

e 'T'hese presuppose lepton violating interactions.

e If any of them occurs the neutrinos are
Majorana particles.

e The term v9< (1 )% can occur in any the
ory, since the right handed neutrino carries nc

standard model quantum numbers.

e "T'he term ME(J\/I L) U2E is much harder to get.
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Generic Models of neutrino mass —
See-saw

1. No light Majorana mass term, v2 (M, )% =0

one can get an effective light majorana mass term

of the form
V(=) (Mp) (M) (Mp)T e

'T'his is the celebrated "see-saw mechanism”
The neutrinos are light, so long as the right
handed Majorana mass is superheavy.
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Majorana neutrino mass

2. V(M) H0 —
No need of right handed neutrino. Such matrix is

obtained:
e Via isotriplet of Higgs scalars (not without tears).
e Radiatively at one loop level or higher (two Higgs
isodoublets).
e Via SUSY R-parity (and hence lepton number)
violating interactions
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The Mass Hierarchies
- Flavor Content

"Normal" hierarchy "Inverted" hierarchy

o | g m

-

Or
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(1):Astrophysics Mass Limit
2001 = 1), =0.712Y

e Normal Hierarchy:

& 2 L 2 2 & 2 L 2 2
Moy — Mo — TNy, ™M Appr — Tlg — Ty

mq + \/&mSUN + m3 + \/&?’?’IAT"&I + m3 <
e Inverted Hierarchy:

2 - 2 2 2
AMmeay = ms — my &ﬂlATU = ms5 — M3

g —— \/&miTﬂI —+ ?'?I%: —+ \/&ﬂliTﬂI — &ﬂl%[;N —+ 3-?1%:

<
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Astrophysics bound: 0.71 eV, Log(0.71)=-0.15
plack =Zzm,, ,
greensms green <m,
dotted <m,, red= m, dotted <m,, redem,

Log (m/eV) Log (m/eV)
3.5 -3 2.5 -2 -1.5 -1

Log (ml/eV)-» Log(m3/eV)->»

3.5 -3 2.5 -2 1.5 -1

-2
3 -3
7 v
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(2): Triton decay mass limit
M ey =2.28Y

o Normal Hierarchy:
> > > > > >
NN Sy = TS — Y ., N gy — 77X — 17y

"T'he condition i=s:

> > > > > > > > > >
clocigmt] +siocis(DNmme- 127 ) 3573 (DN Sy ny +H9727)

=
o Inverted Hierarchy:
o > > g o > >
ANy = TS — 1ty ., NS oAy = TS — TIL5

T'he condition i=s:
> o > > > >
83zt + syscyTg(DNrm g ny +— 725 )+
> > > > >
+eciseTs(DNrn gy — DTSy 25 ) <
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Triton decay limit: rr,..,,=2.22Y, Log2.2)=0.34
KATRIN=0.2 &V, Log(0.2)=-0.7; BlaCk =M 4w, (mMy),

green—=ms My 8 My 8 [Myacay
dotted =m,, rede m, dotted =m;,

Log (m/eV) Log (m/eV|
Log(ml/eV)-» Log(m3/eV)-»
-2
-3 -3
4 g
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Majorana Mass Mechanism
(v)c =e®v , p=a, (Majorana condition)

> ¥ >

([ \\ > Il d - l
Al —
\ ] e
\
\\ P
{ - > W
Mjp—»=X Vi
W
{ - - - d —== l
/ r -
4 ’
‘W
d /, l
> - >
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Effective neutrino mass <m,>
encountered in  Ov BB-decay
[a=d,-d,, B=dy-0,-+20,,

al, a, a; Ma]orana phases]
Mass scale: m, (normal); ms (inverted)

o
m,) = €yt amy 4 57005 my + 576 mg
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lower m.. bound from Ov BB-decay
(From J Valle)
Norrnal nierarcny Inverted

10’

| IIIIIII| ] IIIIIII| | ||||||I'1 BN |||1 I IIIII

[ NEMO 3{"Se, 1107y) =

[ NEMO 3(""Mo, 45 107y gy

= SuperNEMO {*S¢,210™y) FCuoricing (- Te, 1.8 10°™'y) v

L MOON ("M, 210™y), EXO(*Xe 2 107)

" cUoRE (e 1107y §
= Majorana thGE.-I 10 )

FGERDAT( Ge, 310 1)
1| GERDAZ{ Ge,2107'y)

ESuperNEMO (Se.2 10y

| COsSmojogy

SSI00N (Mo, 1 1§y
CUORE (""Te, 1167'y), EXO (" Xe, 219y)

=== 30

— best it Majorana ( Ge.4 10" y) Cl}smnlng}:
---------------------------------- | [IEE II:I-B | 1 |||||I| | |||||II| 1 IIIIILI 1 10l IIIJ L0 Uy
10 10 10° 10" 10 10° 10 10" 10’ 10

m, [eV] m, [eV]

AME from Rodin, Faessier, Simkovies VOgel | spECTRUM + ABSOLUTE SCALE + MAJ. PHASE
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The (v,e) scattering cross section

The total neutrinoelectron scattering cross section as a function

of - and . can be cast in the form:

(L, ) — (0, 2) (1 — x(a)p(L, =) (1.12)
with = = £~ and
=2 2 322 (17. 746472 +— 15.3098x + 3.36245
(0, x) = —£7e™ ( il 3: ) (4.13)

29T (2 + 1)3

is the total cross section in the absence of oscillations. Further-

IMore

(L, ) — a2 (0‘122959L
’ 330x

. o (0‘122959L
si11
10

) sin? (QHSOEQT) —

) sin” (26013) (4.14)

with [ the source detector distance in meters and

2.8664x2 + 4.1498x + 1.50245

x(x) = a2 - (4.15)
17.7464x2 + 15.3098x + 3.36245
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Minimal set of Neutrino Parameters

. 3 masses
N 3 angles 6;; 23=atm 12=sol 13=reac
N 3 phases
1 KM-like phase oscillations 0
2 Majorana phases 8060, a, 3
W simplest form of 3-f lepton mixing A = waozwi3wi2
@12
: c12 e'“12s19
with each factor .
—e ®1244, c19
m for A V. — O oscillations we can drop Maj phases & take KM -like form
ci12c13 s12C13 s13e Pcow
— s12c23 — c12513523el°CF ci12c23 — sS12S13523el%CP c13523
s12523 — c12513C23e'%CF —c12523 — S12S13C23e'°CF c13C23
Neutrino20010
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CAST:Another “Greek” Collaboration

J

J

Propineg aVY-scale 2xdons with CAST
E. r\rm S. Aune , D, Autiero , i, Bartn , A, Beloy , B, Beltran , S. Borani , G.
th , F.S. _)J\/daC_l_, H. Brauninger , J. M C Jrrruru S. Cebrian , S (]
Collar , T. Dafni, M, Davenoort , L, Di Lellza , O.8. Dogan
.r_i' \eriadis , N. Elias , G. Fanourakis , E. ”e rer-p{u_j_) , ]
leJ icn , J. Franz , J. G.Jl_m, T. Geralis , 1. G Jrruurp,
Gomez , K rLJrrrrunn , M. rlasinoff , F.rl. Hleinsius , I, Hikmet , D.rlrl.
Hoffrnann , 1.G, Irastorza , J. Jacoby , i€, Jakovcic , D, iKanq , ;< Kir)nirlsmann
, R. otthaus , M. Krémar , 1. Kousouris , M ;<,JJ£er B, Laki¢ , C. Lasseur,
A, Liolios , A. Liubic¢i¢ , G. Lutz , G. Luzdn , D. Miller , J. MJI‘.J]'-‘_) , T.
N]In]kozki . A, Nordt , A Or'r]z , 1. P:JJaevsmcleIJ.J , M.J, Pivovaroff , A, Placci
G, Raffelt , rl. r{Iscw \, Rodriquez , J. Ruz , 1. Savvidis , Y. Semertzidis , P.
Jerchr , R, Soufli , L, Stewart , i, van Biooer , J. Villar , J. Vogel,
Walckiers and . Zioutas

JCAP02(2009)008 doi: 10,1088/1475-7516/2009/02/008
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