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What are Mossbauer Neutrinos??

What are they good for??



Mossbauer Neutrinos:

Mossbauer effect with Neutrinos in the 3H −3 He system:

Source: 3H → (3He + e−B) + ν̄e (recoilless emission)

Detector: ν̄e + (3He + e−B)→3 H (resonant re-absorbtion)

count via decay
or

mass spectro.

where (· · ·) means bound in some metallic lattice

Q = 18.6 keV and Γ3H = 1.2× 10−24 eV

Various line broadening effects which significantly increase Γeff

Serious technical difficulties exist but it is not impossible (Raghaven, Potzel)

For Γeff ∼ 10−11 eV (∆E/E ∼ 10−15) then σ ∼ 10−33cm2 !!!

Do Mossbauer Neutrinos Oscillate? YES

(Akhmedov, Kopp, Lindner 0802.2513, 0803.1424)
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HUGE !!!



Phenomenology of Mossbauer Neutrinos (≡ ν̄e Disappearance):

• First Atm. Osc. Minima occurs at ∼10 m (desktop!)

Measure |Ue3|2 ≡ sin2 θ13 and |δm2
31|

Event Rate = 3× 105
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improvement of the sensitivity is relatively minor in the case of sensitivities to sin2 2θ13.
This is in sharp contrast to the case of ∆m2

31.

FIG. 2: The sensitivity limit of θ13 by Run I, IIA, IIB, and III with number of events 106 in
each location are depicted. The red-solid, the green-dashed, and the blue-dotted lines are for 1σ
(68.27%), 2σ (95.45%), and 3σ (99.73%) CL for 1 DOF, respectively.

To show the sensitivity limit on θ13 achievable by the present method, we present in
Fig. 2 the excluded regions in sin2 2θ13 − ∆m2

31 space, assuming the case of no depletion of
ν̄e flux. The four panels in Fig. 2 correspond to Run I, IIA, IIB, and III. In each panel,
the red-solid, the green-dashed, and the blue-dotted lines are for 1σ (68.27%), 2σ (95.45%),
and 3σ (99.73%) CL for 1 DOF, respectively. The sensitivities indicated in Fig. 2 is quite
impressive, which reach to sin2 2θ13 " 0.006 at 2σ CL even in Run I, and to sin2 2θ13 " 0.004
at the same CL in Run IIB. As expected the improvement by adding more detector locations
is relatively minor.

B. Case of pessimistic systematic error

It might be possible that we end up with the error of ∼1% due to, e. g., time dependence
of the source even though the method of movable detector with direct counting of 3H works.
In Fig. 3 we present the similar allowed region in sin2 2θ13 − ∆m2

31 space obtained by the
same Run I, IIA, IIB, and III with the same number of events of 106 in each location but
with a pessimistic systematic error of σusys = 1%. At large θ13, sin2 2θ13 = 0.1, we still
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• First Solar Osc. Minima occurs at ∼ 300 m (fits on CERN site)

Measure |Ue2|2 ≈ sin2 θ12 and |δm2
21|

• • Phase Advancement or Retardation of Atm. Osc. ⇒ Mass Hierarchy ! !

• NO INFORMATION on |Uµ3|2 ≈ sin2 θ23 OR the Dirac CP phase δ
(either via CPV or CPC)

• Can observe effects of Sterile Neutrinos, Non-Standard Interactions etc
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FIG. 7: The region of sensitivity to resolving the mass hierarchy in sin2 2θ13−event number (per
detector) space. The black solid, the red dashed, and the blue dotted curves denote the region

boundary at 90%, 95%, and 99% CL, respectively. The left and right panel are for the case of
uncorrelated systematic uncertainties of 0.2% and 1%, respectively.

at 90 (99) % CL approximately independent of number of events larger than ∼ 1000. This
is caused by the fact that the precision on the determination of ∆m2

ee at the first phase is
highly dependent on this systematic uncertainty [17].

IV. DETERMINATION OF THE SOLAR PARAMETERS

In the second phase of the Mössbauer experiment, the detectors are placed just after the
first solar oscillation maximum in order to determine the mass hierarchy, as we discussed
in the previous section. In a possible third phase of the experiment, one could envisage
moving the detectors somewhat closer to the source in order to cover the region around this
maximum. It will allow us a precise determination of the solar-scale oscillation parameters,
∆m2

21 and θ12.
In order to optimize the determination of these parameters, we assume that the measure-

ments will be performed at the following 10 different detector locations,

Ln = [200 + 50 (n − 1)] m, (21a)

L′
n = Ln − L0/2, n = 1, 2, .., 5. (21b)

First, in order to observe the oscillation driven by the solar ∆m2
21, we consider the configu-

ration of 5 detector locations (Ln) separated by 50 m, ranging from 200 m to 400 m as in Eq.
(21a). In this way, we can cover the whole range of solar-scale oscillation before and after the
dip due to the oscillation maximum (see Fig. 1). Second, in order to minimize the unwanted
effect due to the rapid oscillations driven by the atmospheric ∆m2

ee, we have to place, for
each location Ln, another detector (or move detector to another location) at L′

n separated
from Ln by half the atmospheric oscillation length, L0/2. See Eq. (21b). The setting of five
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• First Solar Osc. Minima occurs at ∼ 300 m (fits on CERN site)

Measure |Ue2|2 ≈ sin2 θ12 and |δm2
21|

• • Phase Advancement or Retardation of Atm. Osc.
⇒ Mass Hierarchy ! !

• NO INFORMATION on |Uµ3|2 ≈ sin2 θ23 OR the Dirac CP phase δ
(either via CPV or CPC)

• Can observe effects of Sterile Neutrinos, Non-Standard Interactions etc
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