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History of the Gallium Anomaly N

* Since the 1990s, the SAGE and GALLEX experiments have been studying solar neutrinos through the neutrino capture
reaction on a gallium target:

ve + 51Ga — e + 5Ge

Two deficits in electron neutrinos were observed:

. One related to the flux of solar neutrinos — resolved through the formalism of solar neutrino oscillations into other
flavors.

2. The other related to neutrinos from the source used in the experiments' calibrations — still not understood today, it is
known as the «Gallium anomaly».
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* Confirms the anomaly and increases its significance to approximately Sa.
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Ground state cross section q

gf gThe process under examination is an inverse beta decay (IBD), Ve+n—e +p

which 1n its simplest form is:
Radiative corrections
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The cross section for the ground state (gs) is expressed as:  ,  — ZF7C , p r 7 py 2 B (gs) =y b](EC 1+ €]
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strength and weak magnetism
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which 1n its simplest form is:

The process under examination 1s an inverse beta decay (IBD),

Ground state cross section

Ve + 11 — € +D

G2 cos? O¢c [+ Gu,bl(v,e)

The cross section for the ground state (gs) is expressed as:

Ogs = peEe -Fn(Z: Ee)

m
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In my work, I focused on the Fermi function and the nuclear matrix element.

FulZ,Ee) = Fy(Z,E,) Lo(Z, E,)

Fermi function
« F,(Z,E.) is obtained by solving Dirac equation
using DHFS method.

Nuclear matrix element

* The nuclear matrix element is obtained from the reverse process,

which is an electron capture (EC):

U(Z, E.) 5(Z, E)

e + 5Ge — v, + 11Ga.

Phase space factor of electron capture
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Total cross section and interpretation with sterile neutrinos

E Phys. Rey. C 108 (3 set. 2023).
Bgr(5/27) BgT(3/27) 500keV 3

¢ The ratios are obtained ;
F (Z E ) _ Bgr(8s) ~ Ber(8s) :
mA e experimentally by studying: ey 5
0 keV %7 S
71 71 | "Ge -
p + 31Ga — 1N _|_ 32Ge %’e)
- e A
3 71, 3 71 5 8-
oHe +5;Ga — TH + 5,Ge o= |1+ 2erle ) oamy Ber(s )
Bar(gs) Bar(gs)

The increase in the cross section is of the order of 5%
and 9%, respectively.

Source | Tgs[x 107 cm?| |O’(p,n)[>< 10~*° ¢cm?] |O‘(3He,3H) [x10~* cm?]
*Lor 5.55 + 0.08 5.8670 25 6.03 -+ 0.18
STAr 6.65 & 0.09 7.0670:33 7.33 £ 0.22
Possible interpretations of the anomaly
11 g .
Possibility of electron neutrino
T S S oscillations into sterile neutrinos on
% . oo scales of a few meters.
509 R = 0.8221004¢
I
208 l ”””””””””””””””” { ””””” { This hypothesis has not been completely
o ruled out yet but is under strong tension
L , , , ‘ ‘ due to the lack of experimental
5ot T e M e O ex OF eIt pgy oot evidence.
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Interpretation with sterile neutrinos

Without oscillation

With oscillation
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The ratios Ber(5/27) Bgr(3/27)

Bgr(8s) Bgr(89)
experimentally by studying:

1 1
p+ glGa —n -+ §2Ge

3 T, 3 71
QHB + 31Gd — ].H + :_.;QGB

are obtained

Total cross section and interpretation with sterile neutrinos

E Phys. Rev. C 108 (3 set. 2023).
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The increase in the cross section is of the order of 5%
and 9%, respectively.

The anomaly can be explained by short-baseline
neutrino oscillations in the 3+1 scenario.

Suggested parameter space :

©  AmZ, ~1eVZ
+  Large values of sin? 20,, .

eVl

2
41

Am

Source | 0gs[x107* cm?] |O’(p,n)[>< 10~*° ¢cm?] |0(3He,31{) [x10~* cm?]
*Lor 5.55 + 0.08 5.8670 25 6.03 -+ 0.18
STAr 6.65 & 0.09 7.0670:33 7.33 £ 0.22
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E J. High Energ. Phys. 2022, 164
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Possible interpretations of the anomaly

Possibility of electron neutrino
oscillations into sterile neutrinos on
scales of a few meters.

This hypothesis has not been completely
ruled out yet but is under strong tension

due to the lack of experimental
evidence.
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Possible interpretations of the anomaly
Possibility of electron neutrino
¢ The anomaly can be explained by short-baseline ra S oscillations into sterile neutrinos on
neutrino oscillations in the 3+1 scenario. 2o f P scales of a few meters.
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g _
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