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1. Outline

» Neutrino oscillations

» Analysis of Neutrino Experimental Data

> Gallium experiments
> Reactor experiments

» Neutrino as CWDM
» Conclusions
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2. Neutrinos oscillations

Quantum mechanical phenomenon = interference of different massive vs.
Oscillations between active neutrino flavors

they are massive and mixed. e Jt

We can detect vs through
Charged- or neutral current processes
(Ve + TGa — "Ge + e~ used in gallium

experiments); y
T

Elastic scatteringv +e~ — v+ e™.

Neutrinos in Cosmology = History of the Universe and Structure formation.

Particular interest in Seterile Neutrinos and the oscillation between active and
sterile neutrinos.

Vo — Vs, Q= €, U, T.
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3. Analysis of Neutrino Experimental Data

There is experimental evidence of three-neutrino mixing from solar and atmo-
spheric neutrino experiments:

Am2Z, = (8.079%) x 10~ %eVv?

AmZ, ~ 2.74T05% x 107 3eV?

However... — anomalies which can be interpreted as ex-
otic neutrino mixing:
LSND (but with MinIBOONE (low energy anomaly)...),

Gallium radioactive source experiments — GALLEX,
SAGE.

Possible explanation: disappearance of electron neutrinos
due to neutrino oscillation (v, — vy).

We perform the analysis of the Gallium experiment data and study the com-
patibility of the result with the data from other neutrino oscillation experiments:
Bugey and CHOOZ

4

‘Two Neutrino Mixing framework. I
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3.1 Ga experiments: GALLEX and SAGE

The Gallium radiactive source experiments were designed to test the GALLEX
and SAGE solar neutrino detectors. Electron neutrinos come from the decay
of 1Cr and 37Ar radioactive (placed inside the detectors) sources which de-
cay through electron capture emiting monoenergetic v, detected through the

reaction

v.+1Ga—"1Ge+e".

51Cr

E(keV) | 747 752 427 432
B.R. (%) | 81.63 8.49 8.95 0.93

811 813
90.2 9.8
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3.2 Ga experiments

p(measured)/ p(predicted)

Electron capture

‘g}lCr—l—e_ — gzl,,V—l—z/eI

427 keV v (9.0%)
432 keV v (0.9%)

320 keV y

51y

51Cr (27.7 days)

747 keV v (81.6%)
752 keV v (8.5%)

1.1

1.0

GALLEX Cr1

SAGE Cr

0.9

0.8

0.7

| ]

GALLEX Cr2 SAGE Ar

SAGE, PRC 73 (2006) 045805

‘%Ar—l—e_ —  3TCl+ z/el

37Ar (35.04 days)

813 keV v ( 9.8%)

811 keV v (90.2%)
37C| (stable)

Weighted average
R = 0.88 + 0.05.
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3.3 Ga experiments

The survival probability of electron (anti)neutrinos with energy E at a distance
L from the source is

Am?(eV?)L
P, _., (L,E) =1 —sin*(20) sin” (1.27 m_(eV’) (m)> ,

E(MeV)

For the analysis we use the theoretical ratio, Ry, of the predicted
"LGe production rates with and without neutrino oscillations:

- deL_2 Zi(B'R')?:O-?:PVe—We (L, Ez)

R
" S (B.R.);0; [ dV L2 |

which is to be compared with the measured ratios.
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3.4 Ga experiments

Individual analysis: 20 al-
lowed bands for GALLEX-
Cr2 and SAGE 37Ar, with
Am? > 1eV?2.
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10

3.5 Ga experiments .
Combined least-squares «_ ° _
analysis for the Gallium < [ [ —. Ga
experiments. It shows a | T aeamor oo
1o allowed region, and we N / { - 99.73% C.L. (30)
find _ ~
"I
: !
Am; =2.00eV? : |
10 :_ ‘ =
sin?(26)ps = 0.23 j
and at 10 (6827 % C.L) 3 | +
1 3 =
)=
Am? > 0.90eV? <
. 2 107 F E ;
sin“(260)pr = 0.13 — 0.34 : : ]
107 o EE— — S B
107 107 0 2 4 6 8 10

sin?29 AX
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4. Reactor experiments

Electron antineutrino detected through 2 |
the inverse beta decay process I
P Py +++'g|"ti """""
UVe+p—n+et o8 | TL J(
T e T T R
with the energy relation £, = E.+ + Doto/C at 15m e M
1.8MeV. o
The Bugey experiment searches for 7, = [ T R }
disappearance at the three distances 0_; 3 %_{fﬂr,{ﬁﬁﬂifﬁﬂ
(L; = 15,40,95 m) and collected N; = oottt it ettt
25,25,10 (for j = 1,2,3) energy bins ° ' ° ° ;mmzmj T e
data).
(data) e
1 '-:-';'—.?11?:.—-.—.—::.—'_'—4(?}. STIIioT
g S—
'- B A S ST
reactor 5 E posren [MEV]

Data/MC at 95m

Bugey, NPB 434 (1995) 503
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4.1 Bugey analysis

We analize the data using the y? function given by

j 2
s o ) <& [(Ag; +b(Eji — Bo))RIE — RYP)”  (a;—1)2 | (A—1)2 8%
X = ) S: 2 -+ 2 D) + 29
j=1 | i=1 J J

the coeficients (Aa; + b(E;; — Ep)) are introduced to take into account the
systematic uncertainty of the positron energy calibration.

_ Eji—i-AEj/Q 400
Lthe JALL™2 [0 g}y AE [ dT.F(E, Te) Py, (L, Ey,)
o AE; [dLL—2 ’

F(FE,T.) is the energy resolution function, considered as a Gaussian function
with standard deviation 0.06./4.2 E(MeV).
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4.2 Bugey

Ax?

We find a narrow 1o al-
lowed region with the best
fit at Am? = 1.85¢V?2 and
sin® 20 = 0.043

c{l_|
>
2,

Am?

10

w —
@ —
Bugey
<
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4.3 Bugey spectra . i
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R
08 09 10 11
|
o
e |
et

Eer  [MeV]

L=95m

R
0.0 05 10 15 20
|
——
ot

Ee+ [MeV]

Anomalies in Neutrino Oscillation experiments and its compatibility with Cosmology — p. 13



4.4 Chooz

The ratio of the number of observed to the
expected events (in absence of oscillations)

Chooz B
Nuclear Power Station
2 X 4200 MWth

BB

distance = 1.0 km

666666666666

2 2
Py, . (L, E) = 1—sin%(26) sin? (1.27Am (eV )L(m)> [ i
E(MeV) e
average to et ||
| e P EPJC27(2003) 331
<P,76_>,76> =1—- - SiHQ 29,
2 Chooz Unde,&%%lrj\%%s Ng;ltarrzgg Laboratory
Experiment L E Am?
Bugey (SBL) | ~10m ~1MeV ~ 0.1eV?
Chooz (LBL) | ~1km ~1MeV ~ 1073 eV?

Which is then combined with the previous analysis, excluding values of
sin®(20) > 0.1 for Am? < 3 x 102, where Bugey is not sensitive.
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4.5 Combined Fit © -
The combined analisys ¥
confirms the weak indica- i
tion in favor of neutrino
oscillations with N

Am? ~ 1.85eV? .
and T
< 1
0.03 < sin®260 < 0.07. E
10"
Our Best Fit:
Xin = 53.40,

sin?220 = 0.05 Am? = 1.85eV~.

Ga + Bugey + Chooz
-——- 68.27% C.L. (10)
~--- 95.45% C.L. (20)
~ ~—~ 99.73% C.L. (30)
e —
TS =
-
L I I I
- o 2 4 6 8
. 2
sin®29 AX
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5. Sterile Neutrino from Cosmology

» Our results — Am? ~ 1.8ev?

» Results from analysis of LSND+Gallium experiments —
Am? = 20 — 30ev?

» Scenarios in which cosmological bounds on neutrino parameters
are evaded

> Low Reheating temperature (T’z) Universe

‘ MOTIVATIONS I

Light sterile neutrino in Cosmology: physical
effects.

Analysis using cosmological experimental data with
CosmoMC.

Anomalies in Neutrino Oscillation experiments and its compatibility with Cosmology — p. 16




5.1 Sterile Neutrino: parameters

Parameters to study:

» ANs¢: contribution to the relativistic density,
> w, = Q,h%: current energy density,
» (vg): average velocity of the particles.

All of them depending on the form of the phase-space distribution func-

tion f(p).
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6. Conclusions

From Gallium experiments, we found a possible indication of
v. — vg 0Scillation with sin® 26 > 0.03 and Am? > 0.1 eV?2.

The Bugey data present a weak indication in favor of neutrino
oscillations with 0.01 < sin”® 260 < 0.07 and 1.8 < Am? < 1.9 eV2.

The combined analysis of the Gallium, Bugey and CHOOZ data,
the weak indication persists, with compatible results with the
Bugey and CHOOZ reactor experiments.

Work published:
M.A.A., C. Giunti, M. Laveder, Limits on v, and v, disappearance
from Gallium and reactor experiments, ar Xi v: 0711. 4222.
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arXiv:0711.4222
http://arxiv.org/abs/0711.4222

Future work

» Extending the data analysis including some other reactor
experiments:

> Chooz (complete analysis)
> Savannah River Site (S.R.S.)
> Institute Laue Langevin (I.L.L.)
> GoOsgen
» Concluding (and publishing) work on sterile neutrinos

Thanks!
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Back

Average over Energy Resolution of the Detector

Am*L 1 Am*L
i . 2 _ L2 B
P, s (L, E) = sin® 29 sin ( W= ) = 7 sin 29 [1 cos( SF )]

1 E T T T T T 1T T 1 I__

———————

] = ! L | l.-":-l 1 .'I'IIII'IIIJ ..I '.I IIEJ|||l|| ‘
100 1000 10000
L (km)

Am? =10 3eV sin? 29 = 1 (E) = 1GeV AE = 0.2GeV

m?2
(Pug v (L, E)) = % sin? 279 [1 — /COS(&2EL) gb(E)dE] (a # B)

C. Giunti MNeutrino Physics: Mixing and Oscillations Salerno, 7-10 May 2007 90

Anomalies in Neutrino Oscillation experiments and its compatibility with Cosmology — p. 20




	1. Outline
	2. Neutrinos oscillations
	3. Analysis of Neutrino Experimental Data
	3.1 Ga experiments: �egin {red}GALLEXend {red} and �egin {red}SAGEend {red}
	3.2 Ga experiments
	3.3 Ga experiments
	{small 3.4 Ga experiments}
	3.5 Ga experiments
	4. Reactor experiments
	4.1 �egin {red}Bugeyend {red} analysis
	4.2 �egin {red}Bugeyend {red}
	4.3 �egin {red}Bugeyend {red} spectra
	4.4 �egin {red}Choozend {red}
	4.5 Combined Fit
	5. Sterile Neutrino from Cosmology
	5.1 Sterile Neutrino: parameters
	6. Conclusions
	Future work

