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[:NOSTQOS: Spherical gaseous TPC's

for detecting Earth or sky neutrinos
2 A) LOW ENERGY NEUTRINOS
-Al: neutrino electron scattering for neutrino
oscillations, 8,; and sterile neutrinos )

- A2: Neutral current induced scattering for sterile
neutrino detection.
2 B) Neutral Current Spnerical TPC’s (Nuclear recoils)
for Dedicated
SUPERNOVA NEUTRINO DETECTORS
[1. The LENA detector:
(Neutrino-electron scattering in Liquid Ar)
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The NOSTOS Set Up (the position is
determined via a radial Electric field)

The detector The neutrino source

High Voltage

Drift
Gaseous volume

Detector + tritium source
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I: Measure the Weinberg angle using (v.,e)

scattering at very low momentum transfers
(electron energy T)
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IT : Measure or set limit on the

neutrino magnetic moment. Atlow energies
the induced 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 magnetic moment and €,
=0.25

> Thus we can obtain the limit: p, <1012,
> (present limit: p, £101%py)
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III Neutrino oscillations (neutrino-
electron scattering) “in a box”
> Measure small mixing angle:
sin? (20,5) and dm?,,
> Measure sterile neutrino mass and mixing:
sin? (20,,) and dm?,,

(The Reactor Neutrino anomaly, The Short
Baseline Anomalies (LSND, MiniBooNE))
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Neutrino Oscillations in Neutrino
Electron Scattering

Charged current (v, only) Neutral current (all flavors)

£

;
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Part I. Measuring sin? (20,,) and 6m?,;
in (v,, e) scattering: o(L,E, )= o(0,E,)P(v.->V,)

Tt — (e — oo +— (e — 20, ) +— PP e — o)) o7, (g=]
where o is the (e. &) cross section., while o’ is the cross section for the other
twwro Havors,(fv. <), v — g, .. Furthermmore

e — o) = 1 — (Flere — 27 ) +— F e — 2230 . (1O

Jt—ot =g [1 - X(EV! T)
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L L : L
sin?(m——) = cos” Oy sin’(m——) + sin?® @5 sin®(T——)
3 L3y 32 - I 7
(3.13) ¢ (E,)=1-0"/c
4m K
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Sketch of v, disappearance probability:E,=13keV,
0,, =n/5, sm22913=0.175,0.09,0.045

Datactor clos2 to the source Deatactor far Trorm the sourcs
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Mono-energetic Neutrino sources
suitable for a spherical gaseous TPC

Nuclide | T Q). E, La3 /2 E.mar | weight N,

(keV) (keV) (m) (keV) ar (s~ lv)
Hoa | 107y 421 417 208 260 400 1012
“iFe | 2.7y | 232 226 110 108 4000 | 5x107
Ge | 11 d 232 222 110 100 300 | 2x10®
09¢a | 460 d 214 101 50 30 50 5x101
13¥Ce | 138 d 113 74 37 20 1.5 2x10H
BTy | 70y | 60.0(3) 9.8 5 0.4 200 | 2x10H
3o |4500y |~ 26 |05—26|02-1.3|< o003] 250 | s5x10%
Wpy | soy | 568.0(3) | 44(70%) | 22 6.5 300 |5 x 10M

54(30%) 27 0
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The number of events for a
spherical gaseous detector

(source at the origin)
The number of events between L and L + dL 1s given by:

gL _
N = Nor= oL B,) = Nondlo(L,E) (419
or
N
T Nno(LE,), o(L.E)=0(0,E,)Pv. =) (420
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Event rate dN/dL(per m), P=10Atm,

Ar target for m=0.2 and 0.3 kg of source

sin?20,,=0.2,0.1,0.05 [, =0.1 eV
L=10m, E,=9.8 keV (157Tb) L=50m, E,=50 keV (193Pt)

380

145
375

L=>m
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Other detectors and geometries

> The gaseous TPC detector has many advantages.
However (low threshold 0.1 keV, high resolution)

> The gas has small density-> few events for small
oscillation lengths

> 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. But then the
threshold is much larger (200 keV)
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LENA detector :R, =11m, h=91m
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The event rate in terms of L
(u=Ry/h=11/91), x=E /m,, y=T./m

aN |
RUE =N uneRU aga.v (ua L / RU)J(L Y yyh)

Y—

e ——

(}}1\.(11/91. ]/RU) =t
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Mono-energetic neutrino sources

suitable for the LENA detector

Nuclide | T 1/2 my tir | Ecmax | ms(z N, N;,
d (kg) (d) | (keV) | (g) (s=h)
STAT 35d | 0.36 (¥Ar) | 30 617 2.2 1016 5
S0y 27.7d | 15 (°UCr) 560 209 7x10%7 5
586 120 d 1000 287 | 1475 | sx10¥ | 3
8581 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 16.8 d 1000 10 280 1.6 | 3.8x101% | 5
145G 11 340 d 1000 300 | 340 480 | 4.7x101% | 1
169y, 32 d 1000 |TI 304 | 3000 |‘2.8.\'l()18 5
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Part II: (v., e) scattering for
oscillations to a Sterile Neutrino
measuring* sin?(20,,) and 6m?,,

> Motivated by
The reactor neutrino anomaly and LSND:
sin? (20,,) =0.17+0.1(95%), 6m?,, >1.5 eV?2

*Now om? is larger ->The optimal v-energy can
be larger->Larger cross sections
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Vv, disappearance in the presence of
sterile neutrinos

Now &m?,, >1.5 eV2 <->E ~MeV, L~1m

> The sterile neutrinos do not interact, but they
simply remove flux. So:

P(ve-> Ve)= 1- X(E,) {sin?(26,,) sin’[n(L\L,,)]+
sinZ(20,3) sin? [n(L\L3)]}
- Sin2(26,4) sin? [N(L\L,4)]

> Since the oscillation lengths are different

2 P(ve-> v.)= 1-sin2(20,,) sin? [n(L\L,,)]
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Some sources (0.1 kg) of low energy
Monoenergetic Neutrinos for measuring
sin? (20,,) and dm?,, (electron recoils)
To check the Reactor neutrino anomaly
sin%(29,,)= 0.17% 0.01, 0rn%,,=1.5 eV?

Nuclide | 110 | Que | By | Ly | Lag | (Ee)mee | 0(0.2) N,
(d) | (keV) | (keV) | (m) | (m) | (keV) | 107%em® | (s71)

STAT | 35 | 814 | 811 | 842 | 1.35| 617 560 | 3.7 x 1017
SICr | 277 | 7H3 | TAT | T42 | 1.23 | H56 512 | 4.1 x 1017
657n | 244 | 1352 | 1343 | 1330 | 2.22 | 1128 10.5 | 3.0 x 1016
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Sterile neutrino oscillations: Ry=4m,P=10 Atm
°1Cr, E, =747 keV; full, dotted, dashed
curve < sin?(20,,)=0.27,0.17,0.07

Oscillation Pattern (10d) Expected Spectra (55d)
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Sterile neutrino detection
via the neutral current interaction

> Large number of events due to neutron
conherence

> Sterile neutrinos do not interact, just they
take way flux.

L
Otot = (1 — sin* 2y sin’ ﬂ—) 0.
g
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Sterile neutrino oscillations: Ry=4m,P=10 Atm

E, =1343 keV; (NC) full, dotted, dashed
curve Sin2(2914)=0-27,0-17,0.07

source:%5Zn; target *°Ne source:®5Zn; target ‘He

[, — meters
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Detection of sky Neutrinos
(From outside the solar system)

> With the exception of SN1987 events, nobody
has observed such neutrinos

> The neutron coherence of the neutral current
leads to large cross sections for observing
nuclear recoils

> Supernova neutrinos originating with the galaxy
(10 kpc) cannot be missed.
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Advantages of a detector measuring

nuclear recoils (Neutral Current interaction)
> All neutrinos contribute

> The event rate is not affected by neutrino
oscillations

> Ideal probe for the neutrino source

> The cross section is coherent, i.e. proportional
to the number of neutrons, N2

(The target proton contribution is negligible)
> Exploit tne tecnnology of dark matter searcnes
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Differential cross sections

dar 2, Ay
(dT_,.-_‘[ [Tﬂ.: EJ:-"::I — r-—_;..,_ I [:_-F\TEJI,."-J::]F.:G}! I::'T_.q___,Ep:],

o ik

(3)
with

ol E2

a AT
Fﬂﬂhl::TA-_-Ei.-'::l — le::r_]rzj] (1 —+ |::1 _ A::IE LR N -

(<)
i= the neutron number and F(g®) = F (T3 +
2Am2 T 4) 1s the nuclear form factor. The effect of the

nuaclear form factor depends on the target (see Fig. 44).
Since the SN source is not 7F

cequation can be written as:

where N

monochromatic”™ " the above

qu f (dTA ) [TA’ EH:]-JFEPEIE:.—: a, ﬂ] d E:E}:I

1
epl o, T, a) =N
fon ) =N T e (B /T —a)
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Normalized SN Neutrino Spectrum
continuous: v,, dotted: anti-v,, dashed: all others
a=p/T=0 a=p/7=3 (degeneracy factor)
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Number of Events: Xe under P=10 Atm
(to be reduced by 30%(50%) even at E, =1keV)

Formulae

Neola, T) = @, (a,T)o(a, T, Ep)Ny(P. Ty, R)

N (P Th, ) =

P 4
— xR
kT 3

P 300K / R \°
Nx(P, Ty R) = 1.04x 10%
~(P. Ty, R) * 10 Atm T} (1'3'111)

|

for Xe target, E;, =0

a|lH=10m | KE=4m

0 10872 696G
0.75 11059 710
1.50 11427 Tal
2.00 11726 ol
.00 12453 799
.00 13378 2006
5,00 14288 914

fop(Ev, T, a) = N l +exp(EL/T —a)
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SN neutrinos: Number of events for other gases

(Since Xe is very expensive!)

(to be reduced by 10%(30%) even at E,=1keV)
Ar target,E;, =0 Ne target, E;, =0
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alR=10m|R=4m/| 50 kton alB=10m|HR=4m
10 Atm [10Atm (coh) 0 160 10
4

I I e S
1.50 203 13| 2.9x10° L.aU 167 11
2.00 209 13]3.0 »10*| [2.00 170 11
3.00 223 14| 3.2 10° 3.00 177 11
1.00 242 15| 3.5 10% 1.00 185 12
5.00 262 17| 3.8<10%] |5 00 190 12
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Concluding remarks

THE NOSTOS Collaboration intends to:

> Use the Spallation Neutron Source (SNS) at Oak Ridge
to test the coherent neutral current detector.

> Build a low cost, robust and easily maintainable
gaseous TPC detector

Design it so it can be easily maintained (even by
students)

> Utilize a rich neutron target to exploit the coherence
due to the neutral current. Even for Ar More than 200
events are expected in SN explosion in our galaxy.

Note:

> No need to go underground. Just 100 m underwater
to maintain the high pressure

> A cluster of such detectors could localize SN
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oTHE END
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