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THE GALLIUM ANOMALY

GALLEX and SAGE solar
neutrino experiments have
measured the solar neutrino
flux using the radiochemical
reaction

Ve + 1Ga — e~ + "1Ge.



THE GALLIUM ANOMALY

The calibration of these
experiments was performed
using Cr and Ar radioactive
sources which emitted
neutrinos through the
following electron capture
processese

e~ + 51Cr — 51V 4 p,

e~ +3"Ar - 37Cl 4 v,

(0.4-0.8 MeV)

WELL KNOWN CROSS-SECTIONS!

51CI‘ 37Ar
Model Method Ttot Oexe Ttot dexc
Ground State [15] T1/2(" Ge) 5539 £0.019 — [6.6254+0.023 —
Bahcall (1997) [16] "Ga(p,n)'Ge | 5.81+0.16 4.7% | 7.00+£0.21 5.4%

Haxton (1998) [17]

Frekers et al. (2015) [18]
Kostensalo et al. (2019) [19]
Semenov (2020) [15]

Shell Model
" Ga(®*He, *H)™ Ge
Shell Model
Ga(*He,*H)" Ge

6.39 £0.65 13.3%
5.92+0.11 6.4%
5.67+0.06 2.3%
5.938 £0.116 6.7%

7.724+0.81 14.2%
715+0.14 7.3%
6.80 £0.08 2.6%
7.169 £ 0.147 7.6%

2209.00916



THE GALLIUM ANOMALY

51 CI‘ 37Ar
Model Method Otot Oeser Otot Oexc R
Ground State [15] Ty /2(" Ge) 5539+0.019 — |6.625+0.023 — J§|0.844 +0.031 5.00
Bahcall (1997) [16] "M Ga(p,n)'Ge | 5.814+0.16 4.7% | 7.004+0.21 5.4%§(0.802 4 0.037 5.40
Haxton (1998) [17] Shell Model 6.39+0.65 13.3%| 7.724+0.81 14.2%0.703 +0.078 3.8¢

Frekers et al. (2015) [18]  "'Ga(®He,’H)"'Ge| 5.924+0.11 6.4% | 7.154+0.14 7.3%0(0.788 4 0.032 6.5¢
Kostensalo et al. (2019) [19] Shell Model 5.67+0.06 2.3% | 6.80+0.08 2.6%§|0.824 +0.031 5.60
Semenov (2020) [15] " Ga(®He,’H)"" Ge |5.938 +0.116 6.7% [7.169 4 0.147 7.6%f|0.786 4 0.033 6.60

Nobs

R — DEFICIT OF OBSERVED EVENTS DURING GALLIUM
N EXPERIMENTS CALIBRATION!
th



THE GALLIUM ANOMALY
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More recent observations at the BEST experiment (2019)



THE REACTOR ANOMALY

Reactor experiments look at electron antienutrinos produced at reactors. Such

experiments have been builts since 1980s due to the high flux of reactor neutrinos
which can be observed
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THE REACTOR ANOMALY

Reactor neutrinos are usually observed through an inverse beta decay reaction in
water detectors
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THE REACTOR ANOMALY

Reactor flux predictions and total cross sections are complicated to
compute!

)3)

67 £0.15) x 10~* cm?/fission

g5 = (6:173£0:13) x 107 em* /fisswu oty = (6.60 £0.14) x 10~* cm? /fission oiikss = (6

o238 = (9.94 + 1.09) x 10~ cm?/fission| |ofirt = (10.00 + 1.12) x 107*3 em?/fission )| jikss = (10.08 + 1.14) x 107" cm?/fission
o5’ =(4.32+0.11) x 10~* cm? /flssun\ 0;1;\01 =(4.33 £ 0.11)|x 10~* cm? /fission Oiiess = (4.37 £0.12) x 10~* cm?/fission
o231 = (6.10 £ 0.13) x 10~* cm? /fission|||Ziim = (6:01 £0.13)/x 10~ em? /fissiogh || g24L = (6.06 £ 0.14) x 10~* cm?/fission

L/

Biggest discrepancy



THE REACTOR ANOMALY
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THE STERILE NEUTRINO HYPOTHESIS

Short baselines

with a smaller  WESSSSSSN) Fast oscillations?

number of events

o (Ami, L
4F

PCC e ]. o Sinzzﬂec Sin

sin229,, = 4|Ue4|?(1 — |va4|2)



THE STERILE NEUTRINO HYPOTHESIS
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THE STERILE NEUTRINO HYPOTHESIS

Fast oscillations driven by a sterile

neutrino (AmZ,~1 eV?)

. Gallium prefers
large mixing angles

However....

Reactor prefer very small
mixing angle
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THE STERILE NEUTRINO HYPOTHESIS

First tension!

+ Tritium decay spectrum limits (KATRIN)!

Rprcd(Ea m%,mg, |U64|2) — (1 - |Ue4|2) Rﬁ(Eam?B)
+ |Uea|® Rg(E,m) .
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THE SHORT BASELINE ANOMALY

800 MoV orolon peam from

LANSCE acceleraio LSND was an experiment looking at 30
g e e MeV neutrinos at 30 meters from the
gl Copper beamstop
K source.
.y -SND Detector

Neutrinos we are interested in are muon
antineutrinos from muons at rest

T-—>uv,
A
ey,




THE SHORT BASELINE ANOMALY
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Saw an excess of:
87.9 +22.4 + 6.0 events.

With an oscillation probability of
(0.264 £ 0.067 £+ 0.045)%.

But....We expect no oscillation!
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THE SHORT BASELINE ANOMALY
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Again, may be explained with fast

oscillation!
Ams: L
PEE’L ~ sin® (20,3 ) sin’ ( Zzél )

Sin2(29a5) - 4|Ua4‘2|U54’2

Also, KARMEN expriment (L~17m) did not osbserve excess
but could not fully exclude LSND allowed regions



THE SHORT BASELINE ANOMALY

Years later, with a water Cherenkov detector looking at muon neutrinos
from accelerator....

MiniBooNE, neutrinos of energy above 500 MeYV, at 500 meters

i = Again, low energy excess!
] “HEE | m—) Fst oscillations here, too?

0.2 0.4 0.6 0.8 1.2 14 3.0

1
EX (GeV)



THE SHORT BASELINE ANOMALY

Appearance Probability
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THE SHORT BASELINE ANOMALY

LBL experiments observe also the muon neutrino disappearance...

4F

Ams, L
PR ~ sin®(20,) sin® ( i ) T

Amj, L
PoSt /= 1 — sin®(2044) sin® ( T )

If we observe anomalies in electron appearance, it is mandatory to observe
also anomalies in muon disappearance!



THE SHORT BASELINE ANOMALY
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THE SHORT BASELINE ANOMALY
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STILL AN HOT TOPIC!

\

300 papers per year!

1980 2023



FUTURE OF SBL EXPERIMENTS: SBN
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DUNE EXPECTED BOUNDS
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DUNE TAU SEARCHES

With the small tau neutrino sample DUNE should be able to further reduce the parameter

Space UPMNS = R(934) R(924) R(923, 52) R(014) R(013’ 53) R(912, 61)
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ESSNUSB EXPECTED SENSITIVITY

102 ;
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. 5PP,3% S+ 1% B
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{1 = ND counting exp.
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NUSTORMAND LENUSTORM
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STERILES AT NUSTORM

Neutrinos from muon decays GeV neutrinos at 2km baseline, in presence of

_ _muSTORM flux steriles, we observe appearance events and a
seiouf| T Yelux - depletion of disappearance!
- p .'.' ‘:. :
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STERILES AT NUSTORM

With the convention for the mixing matrix U = Ry RosR14Ro3R13R19

The fourth column of the PMNS is very simple

Ue4 = sin 914

Am?2, L
4F

U,s = cos 614 sin 0oy P, g = 4|U4|?|Ussl? sin® (

U.4 = cosBy,sin Oy,

2
U34 = COS 914 008924 COS P =1- 4|Ua4| (1 o |Ua4| )Sln (AZZE}L)



STERILES AT NUSTORM

Am?2 L
P, =4 cos? 014 sin” 0,4 sin? O, sin? ( Z?’él )

Am2, L
P,, =1 —4sin® 4 cos® §14(1 — sin® B4 cos® 014) sin” ( Tél )

A g2
P,, = 4 cos* 014 cos® Oy cos® B34 sin® By, sin® ( ZlglL)

Amj, L
P.; = 4 cos® B4 sin” 014 cos® B4 cos® 34 sin® ( Tg )

It is possible to bound the first two sterile mixing angle, no
sensitivity (very poor) to the third one!



STERILES AT NUSTORM

Appearance, L = 2 km Disappearance, L = 2 km
10 T

2
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What to expect! Great
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STERILES AT NUSTORM
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WHAT TO EXPECT AT LENUSTORM?

&
End of 2.5GeV hinac
End of 2.0GeV linac S 7
| o
INSTRUMENT HALLS | L [ &
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G [ § n
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J \ { ACCELERATOR
NEUTRON TARGET STATION
|
‘
ool | e ¥
—l- » °n°
v A
v »
% ~
o ® » s
]
:.
~ ESSnuSB
TARGET STATION
n

. ol ““Spodal Target Station R&D

\ / target R&D

| horn R&D

TRAM DEPOT

-Low energy neutrinos from muon decays, with
an energy between 200 and 600 MeV.

-Near detector at 50 meters

-Far Detector at 250 meters



WHAT TO EXPECT AT LENUSTORM?

Regardless of the expected performances of the detectors, let us compute the L/E ratio for
LEnuSTORM far detector

L
E~O.3 —1.2km/GeV

, Z2Em 5

Expected good sensitivity to sterile neutrinos!



WHAT TO EXPECT AT LENUSTORM?

Amy,=1 eV?
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Pe,

WHAT TO EXPECT AT LENUSTORM?
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WHAT TO EXPECT AT LENUSTORM?

With a Near Detector at 50 m one may resolve fast oscillation
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WHAT TO EXPECT AT LENUSTORM?
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WHAT TO EXPECT AT LENUSTORM?

Can we go with larger baseline and resolve slower oscillation?

614,24=10°
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WHAT TO EXPECT AT LENUSTORM?

Following the strategy used for NuSTORM, one may also look at the NC events
(performances of the detectors need to be studied)

014,24=10°
ATCC I
NS€ = &(v,)P,yocc ﬁ
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THANKS FORYOURATTENTION



