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MWhAShort Baselines?

Introduction We study short baselines because something very strange is happening at short
baselines.
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MWhAShort Baselines?

Introduction We study short baselines because something very strange is happening at short
baselines.

There are several anomalous results that hint towards new physics in experiments at
baselines and energies where we would not expect to see any measurable neutrino
oscillation effect if there was only 3 neutrinos.
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MWhAShort Baselines?

Introduction We study short baselines because something very strange is happening at short
baselines.

There are several anomalous results that hint towards new physics in experiments at
baselines and energies where we would not expect to see any measurable neutrino

oscillation effect if there was only 3 neutrinos.
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L CER il lg8Baseline Anomalies: Evidence for sterile neutrinos?
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e The historical context for all these anomalies is the “3+1 sterile neutrino” model
The Anomalies

e This simple extension is somewhat out of fashion due to tension in global data, and

neutrino community is how focusing on more complex models in which neutrinos act as a
portal to a phenomenologically complex “dark sector”

e Nonetheless, the 3+1 sterile neutrino picture is a powerful tool and allows a common
comparison between experiments
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L G BN Isldecay-at-rest Anomaly

LSND at Los Alamos National Lab was searching
for v_ appearance in a extremely pure ﬁ beam.

DAR Anomaly Protons — 7" (DAR) — u* (DAR)
o et + Ve +'U
was at the level of 0.078%
é 175 ® Beam Excess
w
g 15¢
§ .l B 0,60 3.80
it Significance
7.5
5 +
2.5 »»»»»»»»»»»»»»»» u

04 06 038 1 1.2 1.4
L/E, (meters/MeV)

Mark Ross-Lonergan May 31%t2023



100

E 3
-t D
x H%_M
L »
\ m .
WL B m
=© -5 9,
© R F T o
- 8%
7% N 24
T
TTTrTr 171 1T T _:______ _________ _____,,k_ = Sﬁ
E E E p L =9
[.A9] wy mb
o¢ T N
mm __Vu:_ ° (] mlb” ”
he L=, o~ O — = N
m|D |T 0 s .mw o,
O [ 2 O 4 = >
n o ™M= ]
o .
3 5 o > =
=3 T <2 7y
QO > -+ > N
<
T = D) ) )
4190 ) — S c
T SO D ¢35 : B
P g o g o
el o€ s FS N S
Sl 5% | o | 4% sl -
c Z ® mn/ © * a
w c < 2 i o
A O-I D m
whd c o = =
(7)) O ]
ol 2c s s
AR LR
5 88
o ©
1 ..LW C N
> aa @)
C| N0, o ..mlu. $$80x3 Wweag
O N_v Pk
|l n 5 ol
ol 28
)]
Z
v 2
P :
Q e
- =
= 3




JiXloE T T ddirect probes of LSND "SN'SZ

JSNS?(J-PARC Sterile Neutrino Search at the J-PARC Spallation Neutron Source)

J-PARC Sterile Neutrino Se: h
at ]muu: Spallation Neut: som Source

DAR Anomaly e  JSNS? provides a clean and direct test of the LSND
JSNS? anomaly.

e Uses the same neutrino source (pion decay-at-rest) ,
same target, and same detection principle
(Inverse-beta-decay) as LSND.

Stainless Steel Tank

Liquid Level

L
Stabilization Tank | 1
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JiXloE T T ddirect probes of LSND

DAR Anomaly e  JSNS? provides a clean and direct test of the LSND

JSNS?(J-PARC Sterile Neutrino Search at the J-PARC Spallation Neutron Source)
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atJ-PARC Spallation Neutron Source
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] |
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- \\
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Expected data taking in late 2023.
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MiniBooNE
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X11111lEle¥ Booster Neutrino Beam (BNB)

Introduction

The Anomalies
DAR Anomaly Vast.majorlty of_ neu.trmos produced
JSNS? by pion decay-in-flight
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Fermilab's ‘ “aq Beam (BNB)

Idea: Search for v,V appearance at different E
and L, but similar L/E
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Fermilab's

Idea: Search for v,V appearance at different E
and L, but similar L/E
30m
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Electrons or Photons?

Introduction

The Anomalies

DAR Anomaly
JSNS?

DIF Anomaly

Before claiming discovery of sterile
neutrinos, need to ensure the excess is
truly electron in nature!



Enter MicroBooNE
Experiment
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Electrons or Photons?

Electron Cherenkov ring
>, eventin MiniBooNE

DIF Anomaly
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IEgtT0NS: A direct test of the MiniBooNE anomaly

MicroBooNE's primary aim was to discover if the

excess in MiniBooNE was or photons.
> = =
> 100 Z%AdllaA )%SM(H:X 1)=0.94+0.04(data er)+0 16(prud err)
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Reconstructed E, (MeV)
No evidence of an excess of v, above
expected intrinsic v, in the beam

Electron excess of same scale as
MiniBooNE is rejected at > 95% CL

MicroBooNE: PhysRevl ett.128.241801
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https://doi.org/10.1103/PhysRevLett.128.241801

IEgtT0NS: A direct test of the MiniBooNE anomaly

MicroBooNE's primary aim was to discover if the , ,
“The search failed to find the particle,

excess in MiniBooNE was or photons. . o
known as the sterile neutrino.
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IEgtT0NS: A direct test of the MiniBooNE anomaly

MicroBooNE PhysRevl ett.130.011801 (2023)
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MicroBooNE's primary aim was to discover if the '3
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IEgtT0NS: A direct test of the MiniBooNE anomaly

MicroBooNE's primary aim was to discover if the
excess in MiniBooNE was electrons or photons. NC A—Ny

—

First results focused on the extremely rare
DIE A and unmeasured standard model process,
nomaly . .
MicroBooNE neutrino induced neutral current A
radiative decay (NC A—Ny)
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MiniBooNE Collaboration
Phys. Rev. D 103, 052002
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Only needs to be ~3.18 times higher than predicted
in order to explain the MiniBooNE anomaly

Mark Ross-Lonergan May 31%t2023


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002

IEgtT0NS: A direct test of the MiniBooNE anomaly

MicroBooNE: PhysRevl ett.128.111801

MicroBooNE's primary aim was to discover if the N
excess in MiniBooNE was or photons. 1y0p

/ 1yip

First results focused on the extremely rare ~Shower 7 )

and unmeasured standard model process, 2 w ~ [
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Only needs to be ~3.18 times higher than predicted source of the MiniBooNE excess at 94.8% C.L
in order to explain the MiniBooNE anomaly

Mark Ross-Lonergan May 31%t2023


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://doi.org/10.1103/PhysRevLett.128.111801

MicroBooNE

DIF Anomaly
MicroBooNE

: Photon Caveats
R,
) 1y1p 1’}’0p
o <Showel’ ;
g 80 NG A — Ny ~ ‘§4oo, NC A — Ny
L L

70

60

50

40

30

20

LEE Model (XMB=3.18)

MicroBooNE 1y1p Data

™ (6.80x10% POT)

% Total Constrained
“\ Background & Error

B

1
\

Constrained \

350

300

25

o

200

150

LEE Model (x, .=3.18)

- MicroBooNE 1yOp Data
(6.80x10%° POT)

% Total Constrained
\\ Background & Error

4

100

50

MicroBooNE's search was a
model specific NC A—Ny search

|

Constrained

Vast majority of rejection power
comes from 1y1p sample

Mark Ross-Lonergan

May 31%t2023

—— If the excess is photons from
another source, with no associated

protons (coherently produced) then

MicroBooNE's bounds are
significantly weaker

MicroBooNE: PhysRevl ett.128.111801
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[o0:\2{V}Y: The SBN programs far-detector

DIF Anomaly

ICARUS

ICARUS was the first large scale demonstration of LArTPC technology for neutrino physics,
when it ran for 3 years (2010-2013) at Gran Sasso in Italy, using the CERN Neutrino to Gran
Sasso (CNGS) beam.

=
w

[ Neurino ENGTOOMSY P Machadotal. ICARUS sits at 60om from the BNB target, as the
I Am3=15eV? arXiv: .

% [ sirfes,, - 0.002 far-detector of the SBN program, close to the

8 oscillation maximum for O(1 eV?) sterile neutrinos.

o :%

gof 8 i Has an active volume over five times that of

g E MicroBooNE. ~Significantly increased exposure!

% —% 200 50 800 .
Length of Neutrino Flight [m] Full phyS|CS data began gth June 2022!
R TR e T ' : .
——y “‘*%V/ - Electron neutrino
~— i

L

NuMI Data CC v, candidate

Electron

Transport and Installation of
| ICARUS from CERN to Fermilab

i ICARUS

Mark Ross-Lonergan May 31%t2023



: Near Detector for SBN
SBND is a brand new LArTPC being =t Z'en:‘“”: ir A R e 1
constructed at Fermilab. = [ sires,,=0002
@ 02|
o]
o
Located only 120m from the BNB g 2 i
target, one of the main goals of SBND § 011 g g
DIF Anomaly s to constrain the un-oscillated flux & | =
for sterile neutrino searches o— e
SBND

Length of Neutrino Flight [m]

e More than 2 million neutrino interactions will be collected per year
o Of which 12,000 intrinsic v_ interactions will be recorded

e SBND will collects more data in 1 month, than MicroBooNE did in 2 years

Mark Ross-Lonergan May 31%t2023
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7 Aiming for first
» ¥ data this year.
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=1 program performance

DIF Anomaly

MicroBooNE

ICARUS
SBND

H—r—

JE
[
S;%
Program

The full SBN program will cover
the LSND and MiniBooNE
allowed regions at » 3¢, and the
BF points at > 50

Am32; [eV?]

Not just limited to v,—v, appearance searches:
° Vv, disappearance

e v _—wv_disappearance

e Wide range of other dark sector and

BSM searches

Mark Ross-Lonergan May 31%t2023
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W ELEEE Ll Antineutrino Anomaly (RAA)
= e

DAR Anomaly (LSND) Gallium Anomaly
Pion decay-at-rest A

Radioactive Source
Reactor Anomaly

DIF Anomaly (MiniBooNE) < Reactor Anomaly
Pion decay-in-flight Nuclear Reactors

Mark Ross-Lonergan May 31%t2023



W ELEEE Ll Antineutrino Anomaly (RAA)

Apparent ~6% deficit in
neutrinos from all nuclear

o 11 B reactors
< .9 a5 2
8 1051 —sin“(26)sin“(1.27Am*—)
) E, /
T i
T o5 } f
09— ¢t Reactordata
0.851—
— Gilobal average data summarized by Mention,
0.8— — 3y oscillation et al, Phys. Rev. D83 (2011) +
DYB, DC, RENO
0.75 ettt . bttt . : """12 e
Reactor Anomaly 1 10 10 . 1IQ -
aseline (m
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W ELEEE Ll Antineutrino Anomaly (RAA)

Apparent ~6% deficit in
neutrinos from all nuclear

= 1. i3 reactors
8 1051 —sin?(26)sin?(1.27Am2 =)
> B, /
+— 1 1
- <
o 0.951— \_/—\
09— ¢t Reactordata
085l — — 3+1v oscillation
— Gilobal average data summarized by Mention,
08— = illati et al, Phys. Rev. D83 (2011) +
3v oscillation e ! i
0.75 ettt . b . : """'2 : e
Reactor Anomaly 1 10 10 . 1|9 (m)
aseline (m

Need to observe oscillation frequencies
directly at baselines < 10m to definitively
test eV-scale sterile neutrinos hypothesis

Mark Ross-Lonergan May 31%t2023




W ELEEE Ll Antineutrino Anomaly (RAA)

Apparent ~6% deficit in
neutrinos from all nuclear

1.1 i3 reactors
1.05—1 — sin®(26) sin®(1.27Am? =) [ /

0.95—

09— ¢t Reactordata
— 3+1v oscillation

Rate (arb)

0.85—
— Gilobal average data summarized by Mention,
08— e illati t al, Phys. Rev. D83 (2011) +
3v oscillation v ek (o)
0.75 ———s——l S A el s
Reactor Anomaly 1 10 10 19
Baseline (m)
Need to observe oscillation frequencies
directly at baselines < 10m to definitively _ Segment
- i i i Ve
test eV-scale sterile neutrinos hypothesis | E=a “¢ . (7m Tom 12m)
Three strategies in recent years - e
e Segment a single detector to measure v, rate at Voo
different average baselines N Relative
7m SRR
° the whole detector to various average baselines ﬂ
e Calculate relative to large far detector so absolue flux 4
and reactor modelling isn't important 1zm

Mark Ross-Lonergan May 31%t2023 :




W ELEEE Ll Antineutrino Anomaly (RAA)

C.Guinti et al. J.physletb.2022.137054

10!

Reactor Anomaly

May 31%t2023
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https://doi.org/10.1016/j.physletb.2022.137054

V[Zelg4+ RENO Joint Result _ Relative

Ve e
i Y MU — - S o N &
e Commercial reactor, 2800 GW,, in South -,
Korea
e Low-Enriched Uranium (LEU)
e ~24m baseline Lol
Uses relative spectral fit with far detector ]
RENO to perform reactor model independent 1
sterile neutrino search _ i
o
> i
© [
Reactor Anomaly g, (A, sin’ 20,,) = (2.41 V7, 0.08) N —
NEOS g H (Aml, sin’ 20,,) = (0.34 eV2, 0.05) —_
l; AN< 100_
8 i E ]
Z | <
é 09— — 7
L -
% 1.1 £ (A mj,, sin’ 26,,) = (2.36 eV, 0.06) | |
iz ++ 2 2 2 <
= 4 (Am2, sin® 26,,) = (0.34 eV?, 0.05) +
& [ h |
z i
£ 1
_g: &g —+— data systematic uncert. A 10_1 r —T || - r ; — '| r . r ——TT
= 2 3 1 5 6 7 1072 107 10¢
Prompt Energy (MeV) S | n 2 2666
NEOS/RENO: https./doi.ora/10.1103/PhysRevD.105.1 111101
Mark Ross-Lonergan May 31%t2023


https://doi.org/10.1103/PhysRevD.105.L111101

D)\\\VY: Detector of the reactor AntiNeutrino based on Solid Scintillator g ; Movable

e Commercial reactor, 3100 GW,, in S Rt 13m
Russia

e Low-Enriched Uranium (LEU)

e Movable: 11-13m baseline

10!

Sits below reactor. Detector position
changed frequently, 2-3 times a week, in
order to reduce systematic effects.

Reactor Anomaly

DANSS

Am32, [eV?]

DANSS
90% CL
10-! L T T T T T T T T T T T
102 10-t 10¢

DANSS (Preliminary) https./doi.org/10.48550/arXiv.2211.01208

Mark Ross-Lonergan May 31%t2023



https://doi.org/10.48550/arXiv.2211.01208

STelllilTedDetectors: STEREO and PROSPECT Segmented

::V:eif ( )

STEREO (ILL, Grenoble, France)

e Research reactor, 58.3 MW,
Highly-Enriched Uranium (HEU) 2
334 days reactor on data
9.4 to 11.1 m Baselines

STEREO rejects Reactor
Anomaly best fit at > 40
Reactor Anomaly significance

STEREO

SINEREE)

PROSPECT PROSPECT (Oak Ridge National Lab, USA) 95% CL

e Research reactor, 85 M\X/th
Highly-Enriched Uranium (HEU) .
96 days reactor on data
7-9 m Baselines

o Planned upgrades and future 2 year

run 10-! L T T T T T T LI R B B
102 10-t 10¢

SiN%20.e
STEREO J_Phys.. Conf. Ser. 2156 012156, PROSPECT https:./doi.org/10.1103/PhysRevD.103.032001

Mark Ross-Lonergan May 312023 ﬂ



https://iopscience.iop.org/article/10.1088/1742-6596/2156/1/012156
https://doi.org/10.1103/PhysRevD.103.032001

\[EINIgI eB¥N : A positive signal?

Reactor Anomaly

average

Neutrino4

N(L, E)/N(L,E)

Commercial reactor, 100 M\)(/th in Russia
334 days reactor on data

6-12 m Baselines

Slides forward and back relative to reactor

Best-Fit oscillation Am? = 7.3 eV?,
sin°20 = 0.36 @ 2.96 significance

Average 125, 250, 500 keV
Am’=7.3 eV’, 5in’(20) = 0.36

Unity

1 —— Am’=7.2 eV’, sin’(20) = 0.36, resolution 250 keV, bin 125 keV
O Observed, 24p, average (125, 250, 500 keV). First obs. + second cycle

L/DoF  20.61/17 (1.21)
L'/DoF  31.90/19 (1.68)

L/E

20

Neutrino4: PhysRevD.104.032003

Mark Ross-Lonergan

10!
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https://doi.org/10.1103/PhysRevD.104.032003

Best-Fit oscillation Am? = 7.3 eV?,
sin°20 = 0.36 @ 2.96 significance

Note: STEREO and PROSPECT
already both disfavour this best fit
point at > 95% CL

Reactor Anomaly

Am32, [eV?]

Several questions have been raised by
community so far, including the effects of
the statistical approach used, and impact

of systematics and expected backgrounds
e arXivi2006.13147
e  |physletb.2021.136214
o JETPlett112 452-454

SINEREE)
e CIL

Neutrino4

\[EINAglaTeR¥Y : A positive signal? _ Movable
e Commercial reactor, 100 MW, in Russia S Gm );:sz)
e 334 days reactor on data
e 6-12 m Baselines
Slides forward and back relative to reactor Lo
*

10_1 IIIIIII T T IIIIII|

Neutrino4: PhysRevD.104.032003

Mark Ross-Lonergan May 31%'2023 Gz


https://doi.org/10.48550/arXiv.2006.13147
https://doi.org/10.1016/j.physletb.2021.136214
http://err2
https://doi.org/10.1103/PhysRevD.104.032003

Reactor Anomaly

Ii\\slel 4 STl spanner in the works?

—=— Bugey-3 -+— Daya Bay 7 LL

1.20

- —4— Chooz <— @Gosgen *—  Nucifer

HM
/Gf,a
1.10
|

<— Palo Verde &~ Rovno91

—o— Bugey-4 —— Double Chooz —=— Krasnoyarsk —— RENO SRP

#— Rovno88 STEREO

exp
Gf a
1.00
I
E

exp _
a,HM —
0.90

I

R {]

0.80
I

C.Giunti et al. .physletb.2022.137054

| L

0.70

10 10°
L [m]

Reactor anomaly came to light in 2011
with new reactor flux calculations,
Huber-Mueller (HM) Model.
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https://doi.org/10.1016/j.physletb.2022.137054

Ii\\slel 4 STl spanner in the works?

LI | * ¥

L —5— Bugey-3 —t+— Daya Bay —= ILL —— Palo Verde  —#— Rovno91

o
f\—! —b— Bugey-4 —»%— Double Chooz —#— Krasnoyarsk —&— RENO +— SRP 1
- —&— Chooz —— Gosgen —¥—  Nucifer —#%— Rovno88 STEREO B
o
b = | |
W
©
o 8
O W
b b
Il
oli §
O
x © |
Reactor Anomaly = T
s | = +0.033 |
i Ree=0.96 |
o C.Giunti et al. i physletb.2022.137054 er =0 0*0-031
[\. L L | L " L L L " PR | L L L L L L PR |
= 10 102 10°
L [m]
with new reactor flux calculations, calciulagon; (EF m;c}:le} 1904.00358 'to 8) Werle,,
Huber-Mueller (HM) Model. analyzed reducing the reactor anomalty

deficit to ~10 level

Mark Ross-Lonergan May 31%t2023


https://arxiv.org/abs/1904.09358
https://doi.org/10.1016/j.physletb.2022.137054

RV KRl SYreactor anomaly?

These new reactor fluxes offer

‘a plausible robust demise of the 10!
reactor antineutrino anomaly’
C.Giunti et al. Lphysletb.2022.137054

~ i
> i
(¢b)
Reactor Anomaly —
Né;r' 100_
<
. 95% Exclusion CL
EF Reactor Flux Model
i ay
10_1 IIIIIII T T IIIIIII T T T T TTT
102 10-1 10
SiN%20.e
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https://doi.org/10.1016/j.physletb.2022.137054

The Reactor[alglela s =1V

DAR Anomaly (LSND) , 7 callium Anomaly
Rion gecay-aigrest / Z Radioactive Source

Reactor Anomaly DR T

7

DIF Anomaly (MiniBooNE) < Reactor Anomaly
Pion decay-in-flight Nuclear Reactors

L

R

Mark Ross-Lonergan May 31%t2023



UL CX et Radioactive Source Anomaly

DAR Anomaly (LSND) 2 = - Gallium Anomaly
Pion decay-at-rest ;

Radioactive Source  §
oL 7 \

s
|
> S | |

DIF Anomaly (MiniBooNE)

Reactor Anomaly
Pion decay in-flight

Nuclear Reactors
Gallium Anomaly

;7%-9‘

{
|

Mark Ross-Lonergan May 31%t2023



UL CX et Radioactive Source Anomaly

Radioactive 'Cr and 3’Ar sources in two experiments
SAGE and GALLEX.

NGel e

Gallium Anomaly

L Extracted and
counted

GALLEX experiment,

Mark Ross-Lonergan May 31%t2023



UL CX et Radioactive Source Anomaly

Gallium Anomaly

Radioactive 'Cr and 3’Ar sources in two experiments

SAGE and GALLEX. Observed a 2.6¢ deficit of v,

L Extracted and
counted

GALLEX experiment,

Mark Ross-Lonergan May 31%t2023

J
Ny, Np+GeCly 51 GALLEX SAGE
1 . 15”1 = Vv + Vg 9 | cri Cr i
; 2 Expected
-
— ) — = Yol
ES‘ & GACLrLZEX S/Z?E
(?1£|CI3 Zg- g
2 s 7
- @y | & |Average
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o
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:]338: Baksan Experiment on Sterile Transitions AmZ — 05012

BEST experiment designed to confirm or disprove the Gallium £ 06
anomaly PhysRevlLett.128.232501 (2022) 505

0 25 50 75 100 125 150 175 200
Baseline [cm]

N+ GeCl,

{Outer target
Ga

Gallium Anomaly
BEST

GALLEX experiment,
BEST designed as a two-distance oscillation
experiment from the start Inner and Outer volumes

Mark Ross-Lonergan May 31%t2023


https://doi.org/10.1103/PhysRevLett.128.232501

={33N: Results

0.7F
0.6: | I T N NS N N A T N S H HN SO S SR N AR SRR |
¢ ¥ o S &
%vé‘/ Y& R & %&/0"
CJ
N W & F

o & \ ,

In 2022 BEST confirmed gallium

Gallium Anomaly ) ) )
BEST anomaly with significantly lower

uncertainty @ 4o significance

BEST https://doi.org/10.1103/PhysRevl ett.128.232501

<3
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https://doi.org/10.1103/PhysRevLett.128.232501

={33N: Results

However, while the anomaly has been
0.8f 1; T confirmed, the same deficit was seen in
i + both inner and outer volume

ymeas. /rpred.
e =
Ne) (=]
L R B R
——
——

0.7t
06%‘.H|H.‘|.H.1‘.‘.|HHI BEST-Inner 0.791 + 0.05
é{;@ gf ﬂp\ 4790 &/@é /O\\"\é BEST-Outer 0.766 £ 0.05
¥ ¥ Q@ y@ & ng"& So while it confirms the anomaly, it does
© © %,—J not confirm sterile neutrino explanation,
_ In 2022 BEST confirmed gallium they are merely consistent with BEST
Gallium Anomaly results.

BEST anomaly with significantly lower
uncertainty @ 4o significance

BEST https://doi.org/10.1103/PhysRevl ett.128.232501

-
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={33N: Results

2 2
Am~® = 0.5eV
507
1.21 2 0.6
L %’ 0.5
g 04
1.1 - T £ 03
3 02
1.0} T B 0.1
?g - © 0.0
i - 0 25 50 75 100 125 150 175 200
g‘\ 0.9 C Baseline [cm] >
g Y=
E&
0.8 * T
0 + {Outer target
Vs
7 Ga
oY1 S AN B AVII N I R
o w S o & &
S & 5 3 S S
N W & F

o & \ ,

In 2022 BEST confirmed gallium

Gallium Anomaly ) ) )
BEST anomaly with significantly lower

uncertainty @ 4o significance

BEST-Inner 0.791 £+ 0.05
BEST-Outer 0.766 £ 0.05

BEST https://doi.org/10.1103/PhysRevl ett.128.232501

<3
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={33N: Results

Am? = 3.3eV?

3,0.7

1.21 Z 0.6
[ %0.5
1.1F £o4
r 03
;] o2
1.0F o

0 25 50 75 100 125 150 175 200
Baseline [cm]

ymeas /rpred

]

\O

I

——

Osc
o o
o -

—
0.8 $ I . .
+ - ; Consistent with
0.7F T heaver sterile
. Ga neutrinos whose
ottt oscillations have
5 s N o 5 5
Cgo’o éo'v ﬂ;d ,Jr;C} & /QQ.& already averaged
N o \}fo \}f" @%& @%& out in the inner
o & N °® volume:
W Amz >1 e\/2
In 2022 BEST confirmed gallium

Gallium Anomaly ) ) )
BEST anomaly with significantly lower

uncertainty @ 4o significance

BEST-Inner 0.791 £+ 0.05
BEST-Outer 0.766 £ 0.05

BEST https://doi.org/10.1103/PhysRevl ett.128.232501

<3
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https://doi.org/10.1103/PhysRevLett.128.232501

results in global context

~20% disappearance probability is a
very large effect.
10!
Needs very large mixing, BF of all
Gallium experiments;

sin? 26 = 0.34, Am? = 1.25eV?

Am32, [eV?]

Gallium Anomaly
BEST

1071

Mark Ross-Lonergan May 31%t2023

-
L
@

\

BEST+Gallium
20 allowed




results in global context

~20% disappearance probability is a
very large effect.
10!
Needs very large mixing, BF of all
Gallium experiments;

sin? 26 = 0.34, Am? = 1.25eV?

~ i
> i

2 STEREO

. . 95% CL
Already huge tension exists between N=a.
BEST and g i
and most SBL reactors such as STEREO i,

) i BEST+Gallium
Gallium Anomaly . 95% Exclusion CL 20 allowed
BEST EF Reactor FhﬁMOdel

10-! L T T T T T T LI R B B
102 10-t 10¢

Mark Ross-Lonergan May 31%t2023



Y e\ -E\ V4 \Warning “Reminder”

e The historical context for all these anomalies is the “3+1 sterile neutrino” model

e This simple extension is somewhat out of fashion due to tension in global data, and

neutrino community is how focusing on more complex models in which neutrinos act as a
portal to a phenomenologically complex “dark sector”

e Nonetheless, the 3+1 sterile neutrino picture is a powerful tool and allows a common
comparison between experiments

[HI?ISI?

———

-~

- ~
_- ~ Scalar Portal =~

The F, X"
Standard
Model Vector Portal

Conclusions
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A world of

Conclusions

exciting models: White paper on Sterile Phenomonology arxiv.2203.07323

Mark Ross-Lonergan

. Anomalies
Category Model Signature SND MimBooNE | Reactors | Sources References
(3+1) oscillations oscillations v/ v/ v/ v Reviews and
global fits [95,
- 105,107,108]
Flavor transitions — m— -
Secs. 3.1.1-3.1.3, (3+1) ) invisible os.all'ajuons w/ vy v v v v [153,157]
315 sterile decay invisible decay
(3+1) w/ sterile decay vy — QU v/ v/
[161-164,272]
(3+1) w/ anomalous Yy — Ve Via v v X X [145, 149,
matter effects matter effects 273-275]
Matter effects (3+1) w/ quasi-sterile Vy = Ve W/ v v [150]
Secs. 3.1.4,3.1.7 neutrinos resonant v,
matter effects
Lepton-flavor-violating ut = etvave v X X X [176,177,276]
4 decays
Flavor violation neutrino-flavor- v, A = epA v v X X [277]
Sec. 3.1.6 changing
bremsstrahlung
Transition magnetic N = vy X v X X [208]
Decays in flight | mom., heavy v decay
Sec. 3.2.3 Dark sector heavy N> v(X - X v X X [209]
neutrino decay ete™) or
N > v(X = vy)
neutrino-induced vA — NA, v X X [206, 207,
Neutrino upscattering N = vete or 210-217]
Scattering N = vyy
Secs. 321, 3.2.2 ™ Tansition magnetic VA — N4, 7 X X [40,187, 189,
mom. or polarizability N > vyor 190,192,194,
photons VA = vyA 221,235, 278]
dark particle-induced yorete” X v X X [218]
Park Ma'tter upscattering
Seattering | oticle induced y z 7 X X [218]
Sec. 3.2.4 : ;
inverse Primakoff

3+1 oscillations is one of the
only models that can explain
ALL 4 anomalies

But HUGE tension exists to do
so simultaneously

But we don't need to
address simultaneously,
of course can be widely
different physics at play.

Wide range of new BSM
models to potentially solve
the anomalies


https://doi.org/10.48550/arXiv.2203.07323

Sl and Prospects

e DAR Anomaly (LSND)
o Large global tension under simple 3+1 hypothesis.
o  JSNS?should begin to weigh in this year (2023)

e DIF Anomaly (MiniBooNE)
o MicroBooNE disfavours electron and 1y1p hypothesis
o 1yop excess remains one of the last allowed explanations
consistent with both MiniBooNE and MicroBooNE
o Full SBN due to come online this year and definitively answer (2023
first data)

o ReactorAnomaly
o Modern flux calculations can reduce significance to little or nothing.
m  No longer an anomaly?

o Replace with “Neutrino-4 Anomaly” ? Not quite yet!

Gallium Anomaly

o Confirmed by BEST
o  Greater than 56 combined with SAGE and GALLEX
o Large tension between BEST and global reactors
m  Verydifficult to explain in parallel with LSND/MiniBooNE also

Conclusions

May 31%t2023
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MiniBooNE




Larger more generic models have arisen
which contain at least 2 sterile neutrinos,
allowing for a cascading decay that can
achieve larger decay rates while avoiding
issues with larger Ur4 mixing

(P. Ballett, M. Hostert, S. Pascoli
https:.//doi.ord/10.1103/PhysRevD.101.115025)

Analogous benchmark to "Heavy regime” as
mentioned before M, : Prompt decay < 1m.

_ 80 MeV @: 140 MeV —¥ Produce MiniBooNE signal

M :Lon i1y
deca legn th |Uus|? = 4/7 x [Upa|* = 1.5 x 1075,
y oS Upsl> =7/4 x [Ups|? =7/11
O(30km) [Upal” = 7/4 x |Ups|* = 7/11,
~stable g =2 x>=1x10"%, and|mz = 1.25 GeV.

Mark Ross-Lonergan May 31% 2023


https://doi.org/10.1103/PhysRevD.101.115025

JSNS2 vs. LSND

Slides from JungsicPark

LSND JSNS? Advantage of JSNS2
Detector Mass 167 Tons 17 Tons
Baseline 30m 24 m
Allows for KDAR
SO measurement /
Beam Kinetic Energy 0.8 GeV 3.0 GeV 10:thiies Highies plon
production
Beam Power 0.8 MW 1.0 MW (designed) More intense beam

Beam Pulse

Capture Nucleus

600 us, 120 Hz

H (2.2 MeV)

100 ns (x2), 25 Hz

Gd (~8 MeV)

300 times less steady-

state background for BID

Shorter capture time,
higher signal to ratio

Mark Ross-Lonergan

May 31% 2023



https://indico.fnal.gov/event/53004/contributions/242383/attachments/158280/207741/NuFACT_2022_JungsicPark.pdf

uBooN®  MicroBooNE's First Low-Energy Excess (Electron) Results

https://doi.org/10.1103/PhysRevl ett.128.241801

® MicroBooNE Observed
Non-v. background

N
w
1

Intrinsic ve
&4, Total, no eLEE (x=0.0)
= Total, w/ eLEE (x=1.0)

N
o
1

[
o
1

o
n

Events Observed / Predicted (no eLEE)
wv

2
o

lelp CCQE  leNpOm 1e0p0n lex

[200 MeV,500 MeV] [150 MeV,650 MeV] [150 MeV,650 MeV] [0 MeV,600 MeV]

e Observed v, rates are statistically consistent with the

predicted background rates

e \With exception of the low- v_-purity (1e0p0x) channel, a

mild deficit of intrinsic v_is actually observed

-.l -
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Events/100 MeV

Inclusive CC v_ results (1eX)

45 MicroBooNE 6.369 x 10* POT
E —e— BNB data, 338 Pred. uncertainty
40 [ Others, 10.0 NC,22.5
o v, CC, 193 [ v, CC, 333.1
35E- - = =+ eLEE Model (x=1), 37.0
30E T
BE
0E .].
15 .l. ‘1’ 8
10F
S i
0 = e = w
0 500 1000 1500 2000 2500

Reconstructed E, (MeV)

The hypothesis that v_ events are fully
responsible for the median MiniBooNE LEE
is rejected at >30 in the inclusive channel.



https://doi.org/10.1103/PhysRevLett.128.241801
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Neutrino Y [cm]

As SBND is so close (~110m) to the intense BNB beam, different sections of the detector see different fluxes
based on their effective off-axis angle.

le-7 Area Normalized

—— OAA €[0.0°,0.2°)

OAA €[0.2°,0.4°)
—— OAA €[0.4°,0.6°)
—— OAA €[0.6°,0.8°)
—— OAA €[0.8°,1.0°)
—— OAA €[1.0°,1.2°)

OAA €[1.2°,1.4°)
—— OAA €[1.4°,1.6°)

Far Off-Axis
On-Axis

oo

o

EN

-50 §

—100

v, Neutrino Flux / 10% POT / m? / 50 MeV

—150

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Neutrino Energy [GeV]

—20800 150 100 50 0 -50 —-100 —-150 —-200
Neutrino X [cm]

Can select lower energy, more mono-chromatic
beams by going more off axis.

Mark Ross-Lonergan
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Ongoing studies exploring the
physics potential of SBND-PRISM:

e Improve flux & cross-section
constraints

e Study Energy Dependance
of Cross Section

e Reduced backgrounds for

increasing off-axis in BSM

searches

...and more!




Ewa Sterile Neutrino Sensitivities

F—fr——1

----- 90% lceCube ..
----- 99% IceCube "ot

SBN v, appearance only SBN v, disappearance only
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[
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______ KARMEN 99% CL "~.,... . s 90% MiniBooNE ;
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107" o 1071 E =
|ipwaeaus 99% SBN Stat+Syst Ty F ==+ 90% SBN Stat+Syst 3
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i D ———— o | [ 50 SBN Stat+Syst ) m
[~ #9079 55 SBN Stat-Only ™ 22077 50 SBN Stat-Only el
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sin“20 in”
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e SBN sensitivities for 6.6 x 102° protons on the BNB target (MicroBooNE at 13.2e20) as per SBN proposal

e Updated from proposal sensitivities to reflect as-built detector size/position, more realistic systematics,
etc..
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=4 Sterile Neutrino Sensitivities

H——

SBN v, disappearance only

l 02 SBND (6.6e20 POT) MicroBooNE (1.32e21 POT) ICARUS (6.6e20 POT)
C\f‘\ E . ; VI : - T T T 1T ‘ !‘ X T T T T %
= ESBI\ S 1 e Asmentioned SBND will see over 35,000 intrinsic v_in
~F T N 6.6e20 POT.
E l{l}t\:L‘ICd Point, gz
10 = o+ sin"20,, = 0.4, ) )
4  F i e Allows for a direct accelerator based v, disappearance
- Am;, =3eV" =
- : search, complementary to both reactor and
il =—— radioactive source v_disappearance experiments
g ~~~—~__ 1 e Inaddition ICARUS will leverage its position ~5.7° off
- o axis in the NuMl beam to perform av_ disappearance
107 = search as part of Neutrino-4 signal investigation
E  ——-. 90% SBN Stat+Syst =
[~ == 50 SBN Stat+Syst 7
|~ [ 50 SBN Stat+Syst o
{75 50 SBN Stat-Only
1 -2 ! I | I L
107 107 .
sin“20,,
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Cﬁ Protons-on-target (POT) exposure

H——

BNB POT Projections

The BNB has delivered high quality beam for 2.5E421 ‘

almost two decades, regularly achieving ' SBND

‘design” capability 2.0E+21

The original SBN proposal was for 6.6e20 POT (Bt f.."::?.E.Z,P.!%.R.HS.TTC’END .........................
o I

However, current plans are for BNB to continue LOERZT 6 6E20 ICARUS !

to operate at design until the LBNF

long-shutdown ~Jan. 2027. 5.0E+20

0.0E+00
Oct-22 Oct-23

As such by 2027
e ICARUS will have obtained over x3 the proposal POT
e SBND+ICARUS will have obtained over x2 the proposal POT

o  Stay tuned for updated sensitivities including larger dataset soon!

May 31% 2023
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e d esign (machine capability)

emmmhase (Minimum expected)

Oct-24 Oct-25 Oct-26
Time




‘ 0 Evolving Theory Landscape, not just a simple sterile v anymore!

Decay of O(keV) Sterile Neutrinos to active neutrinos )
o Dentler, Esteban, Kopp, Machado Phys. Rev. D 101, 115013 (2020)
o de Gouvéa, Peres, Prakash, Stenico JHEP 07 (2020) 141

e New resonance matter effects .
o Asaadi, Church, Guenette, Jones, Szelc, PRD 97, 075021 (2018) >Pr°duces The SBN program is the
o Alves, Louis, deNiverville, [hep-ph]2201.00876 (2022) True Electrons  perfect platform to
e Mixed O(1eV) sterile oscillations and O(100 MeV) sterile decay = explore to this rapidly
o Vergani, Kamp, Diaz, Arguelles, Conrad, Shaevitz, Uchida, arXiv:2105.06470 |/ growing field! Majori tv of
e Decay of heavy sterile neutrinos produced in beam Produces , ] Y
o Gninenko, Phys.Rev.D83:015015,2011 these in last couple years!
o  Alvarez-Ruso, Saul-Sala, Phys. Rev. D 101, 075045 (2020) True Photons
o Magill, Plestid, Pospelov, Tsai Phys. Rev. D 98, 115015 (2018) ’ ’ ’
o Fischer, Hernandez-Cabezudo, Schwetz, PRD 101, 075045 (2020) '
o Dutta, Kim, Thompson, Thornton, Van de Water [hep-ph]2110.11944 N ’
e Decay of upscattered heavy sterile neutrinos or new scalars S
mediated by Z’ or more complex higgs sectors ' \W \-_ch Th‘ ‘
o  Bertuzzo, Jana, Machado, Zukanovich Funchal, PRL 121, 241801 (2018) Produces . ' Ce
o Abdullahi, Hostert, Pascoli, Phys.Lett.B 820 (2021) 136531 > ete pairs { > Pa /
o Ballett, Pascoli, Ross-Lonergan, PRD 99, 071701 (2019) @ ’ ’
o Dutta, Ghosh, Li, PRD 102, 055017 (2020) V4 ~y
o Abdallah, Gandhi, Roy,Phys. Rev. D 104, 055028 (2021)
e Decay of axion-like particles
o Chang, Chen, Ho, Tseng, Phys. Rev. D 104, 015030 (2021) J

-.l N
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LArTPC electron-photon separation

100|— MicroBooNE NuMI Data 2.4x10”° POT £ieam On Detal (Stat)
L Out-of-Cryostat
- % ‘:‘ea;"'Off Deta ely separation
80—— [ Muon 60 MicroBooNE 6.86 x102° POT
i = iy mmm Dirt (Outside TPC) ve CC
B ion v other Uncertaint
8 60— g:;t;? g 50 _— Cgsme}cs FS BN‘I:BeD:ta ’
% N [ Electron > v with ®
L L MC + Beam-Off g 40-
40 Stat. Uncertainty
M 0° < 6 <60° (LQ
- © 30
20 — ;
- £ 20 '+'
0 et S
e 1 H + T T g 101
g 02_ ............ ++++H++ + I*Ti l ,,,,,,,,,,,,, *yl -‘ ........ O ’ l ' ’
FAUGIN AL A i 11 i ; 3 y .
& o T, s & iy I hax Ve shower dE/dx [MeV/cm]
0 1 2 3 4 5 6 T 8 9 10
Leading Shower dE/dx (Collection Plane) [MeV/cm]
https.//journals.aps.org/prd/pdf/ https://doi.org/10.1103/PhysRev
10.1103/PhysRevD.104.052002 D.105.112004
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@ 0 Effect of 2y1p constraint

% 30:1:} NC A — Ny [_INC 17 Coherent
10} [~ 3 NC 17° Non-Coherent @ CCv, 1n°
= 25771 BNB Other [ CC v/¥; Intrinsic 1?1p
S E- Dirt (Outside TPC) =29 Cosmic Data
B 2044 Total Background and Error LEE Model (xMB=3.18)
S E+ BNB Data, Total: 16 MicroBooNE
o 15 Runs 1-3 (6.80x10% POT)
- 1y1p Selection
10 . Unconstrained CV
5
— = I
% 15— : :
(O] C i IS | sEEEES Unconstrained Backgrounds & Error
: 10 ___ < Constrained Background & Error
- - 2 A\N : :
) -
£ sE
> - : 5
S S ; ;\WW\\&‘
0 0.1 0.2 0.3 0.4 0.6

Reconstructed Shower Energy [GeV]

Constraint has two effects:
o Overall drop in expected backgrounds by 24.1%

o Reduction in systematic uncertainty
(29.8% —17.8%)

Mark Ross-Lonergan

= EC NCas Ny 1 NC 17° Coherent
0 180 —mm NC 17° Non-Coherent @ CCv, 1n°
i 160:—:' BNB Other :l CC ve/v Intrinsic
@ Dirt (Outside TPC) ===3 Cosmic Data
14044444 Total Background and Error
E—e— BNB Data, Total: 634
1205 Y MicroBooNE
1001 2y1p Runs 1-3 (5.84x10?° POT)
80— 2y1p Selection
60F- NC #° purity: 63.5%
40—
20 e 14 L
i) E E : :
S 15 ; ; e
2% 77 P27 %%THNT
S oo AR I
s /] :

01 0.15 02 0.25 0.3 035 0.4
Reconstructed 7° Invariant Mass [GeV/c?|

o
o T
o
o
o

Use high statistics NC z° 2y1p sample to
constrain the NC z° backgrounds in signal rich
1y1p sample
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0 What about 1yop ? (no proton sample)

FEEEINC A > Ny

—@ NC 17° Non-Coherent
—[1 BNB Other

—{ Dirt (Outside TPC)

— 44 Total Background and Error
——e— BNB Data, Total: 153

¥

N ©
==

o)}
(=}

Events/ 0.05 [GeV]
I o
[=} (=]

w
o

= N
o O

[ NC 1n° Coherent
EmCCv, 1n°
[ CC v/V; Intrinsic
Cosmic Data

LEE Model (x,,,=3.18)

MicroBooNE

Runs 1-3 (6.80x10”° POT)
1yOp Selection
Unconstrained CV

S E 5 ; :
8 40 ;— ------ Unconstrained Backgrounds & Error
g 30 ;_ =% —_— C(j)nslrained Backgrogund & Error
© 20 :
%) =
< 10F
3 M; : 3 -
9 02 03 04 05 06 0.7

Reconstructed Shower Energy [GeV]

Overall, this results in a lower NC A—Ny purity and a

more diverse category of backgrounds (still NCx°

dominant).

Less sensitive to enhanced NC A—Ny rates.

Mark Ross-Lonergan

Going from 1y1p to 1y0p we lose the
proton to help tag the vertex. Lose
idea of photon conversion distance,
and the correlations between
proton and photon.

1y0p

shOWer
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Quantify: How well does data agree with our constrained prediction?

SDATA/E(MC+EXT)= 0 88+0.05(data err)+0 04(8pred err)

> —
o 60— Data POT: 6.369¢+20 ¥2/ndf=17.86/25
E = —e— ?NB datg 7’%380 j— El)?% Léngcertamty
- 3 Cosmic .

= S0 = Ry, 138 L - From this we can conclude that
e [ NCinFV, 8.7 vC(‘mFV 8.5 . .
£ a0f EE Y CCIEV3B0 e LEEGED, 370 the observed data is in good
S = MicroBooNE P :
S E agreement with our predicted v
g 30 FC, constrained g P e
> -
Mo 20F

10 E—

9':’ ........................ ‘
E 15 :_ D Pred total uncertainty ++ ++
3 o
FI e o E s +++

O0 500 1000 1 500 2000 2500

Reconstructed E,, (MeV)

p-value = 0.848

S ——

p-value = 0.448

-.l N
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Need an energy dependent scaling

Events/MeV

| T T T | T T T | L T
. Data (stat err.)

1 v, fromp*”
O v, fromK""
3 v, from K°

I «° misid

[— e

I dirt

[ other

Constr. Syst. Error
------- Best Fit

MiniBooNE Collaboration
Phys. Rev. Lett. 121, 221801 (2018)—

|

....I\...I.\ulf

_ =
\athe virio%™
o e
d )(,h SS \S
dale un ne Ce_ .
YO ot 2

Neutrino mode only

Mark Ross-Lonergan

Unlike NC A—Npy cant just use a flat scaling here as
the shape of intrinsic v_ is completely different!

Map this to
MicroBooNE by scaling
our prediction of the v_
spectrum!

Event countsp/100 MeV

May 31% 2023

@ @ How much additional v_ is needed to explain the anomaly?

w » w [}

LEE Model Weight

N

—— Unfolded MiniBooNE LEE Model

Above 800 MeV,
weights are zero

800 1000 1200 1400

MicroBooNE Simulation

Scaled to 6.4x10%° POT

..... LEE (x=1) prediction

1000 2000 3000 4000

True E, (MeV)

MC prediction without LEE



https://arxiv.org/abs/1805.12028

Search for Neutrino-4 Oscillation signal with ICARUS

« The Neutrino-4 collaboration claim a reactor neutrino disappearance signal with a clear modulation with L/E
~1-83 m/MeV

+ ICARUS has sensitivity to this parameter space as a single-detector and is planning an oscillation analysis
investigating the Neutrino-4 signal using data taken in the coming year (prior SBND operations)

+ ICARUS will do analyses in two independent channels using different neutrino beams
* v, disappearance using the BNB
* V. disappearance using NuMI

NEUTRINO-4 reactor signals ICARUS projection (BNB)
14
A Observed, 24p, 500keV. Dec, 2019. The period > 1 3;- Neutrino-4 best fit:
: r #cachecon E 12F Am2=7.25 eV?, sin220 ~0.26
1.5 Am',, =17.26,5in'20 , = 0.38 for neutrino energy 8 TE = ’ : :
§ 4MeV is 14m 8 E
_ . hne S 1E; .
l_l:' : '1. &ﬁ N ‘; A.PSerebrov, et al. nh_ OQE ‘:‘T':' G '.*' +_.+_ T ....
= 4 .P.Serebrov, et al. — SE . > & . 0
- 104 = é- WY ’l‘ 5‘; Ff "F{ ] it o] E Sh . + _+_ 2 3 - . -
m) 1 lF ! 1 Volume 109, = 08F '.__-.:_ e ‘.:*" D ol Tear
g 1 Issue 4, pp 213-221. g 0.7E =
z 0.5 Am'=7.25¢V",5in’(20) = 0.38 /DoF  17.0917  GoF 045 |40iy:1809.10561 N o6F + ICARUS v, Disappearance (BNB)
Unity L/DoF  27.98/19  GoF 0.8 = E g W
> os[- Statistical errors (3 months), 3% energy scale
110 115 zio 215 Od:ljllljAllAAl‘AAlAAAlAAAlAAAlAlAlAA L
04 06 08 1 1.2 1.4 1.6 1.8 2
LIE, L/E(m/MeV)
18 R.J.Wilson/CSU SBN@Fermilab
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NuMi @ MicroBooNE

NuMI Beam line Top View i

1 Absorber
NuMI Beam line Side View = Il

Main Injector

120 GeVv G
Beam o
~8
(o]
~120
*
. " mnos, BNB NuMI
S Abso MINERVA,
NOVA
NOt tO SCa'e rber Not to Scale
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Search for Neutrino-4 Oscillation signal with ICARUS

+ The Neutrino-4 collaboration claim a reactor neutrino disappearance signal with a clear modulation with L/E
~1-3 m/MeV

+ ICARUS has sensitivity to this parameter space as a single-detector and is planning an oscillation analysis
investigating the Neutrino-4 signal using data taken in the coming year (prior SBND operations)

+ ICARUS will do analyses in two independent channels using different neutrino beams
+ v, disappearance using the BNB
* Vg disappearance using NuMI

NEUTRINO-4 reactor signals ICARUS projection (BNB)
14¢
A Observed, 24p, S00keV. Dee, 2019, The period z. 1 3;; Neutr|n0'4 beSt ﬂt
f oscillati £ E -
1.5 Am'| = 7.26,5in20 = 0.38 forze:stcrlin;e'::rgy B "2? Am? =7.25 eVZ, sin220 ~0.26
§ 4MeV is 14m 9 1E
3 z LI O 1E : e .
3 1.0 :l' ;L’%ij 1 N/ L.i" I; APSerebro, etal. O oof ‘Tr e -+—+ + + + .
2 T W Phytt® e Soefl S ST T
I 1 Issue 8, pp 213-221. g 07E- i : =
< 0.5 AM'=7.25¢V',5in’(20) = 038 '/DoF  17.0917  GoF 045 | 351809 10561 O o06E + ICARUS v, Disappearance (BNB)
Unity 2/DoF 279819  GoF 008 = E e ¥
> osE- Statistical errors (3 months), 3% energy scale
. - . e 045 ——5a 06 08 1 12 14 16 18 2.
LIE, LE(m/MeV)
18 R.J.Wilson/CSU SBN@Fermilab
Slide From Bob Wilsons Snomass talk LINK
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https://indico.fnal.gov/event/22303/contributions/244923/attachments/157263/205671/SBN-Wilson-Snowmass22-18jul22.pdf

uBooNP  Successful running for over 5 years

Since turning on in 2015, MicroBooNE has amassed the largest sample
of neutrino interactions on argon in the world

2.0E21
—— Delivered POT POT on tape |
Run 1 Run 2 Run 3! Rung4 Run 5
I 15621
| @)
l . Q.
(O]
=
10E21 5
: E
| S
I 3
: 5020 O
|
mlll\l“ ' L 0.0E00
2015, 2016 | 2017 - |, 2018] | 2019 2020
|
I . . .
In today's talk | will be presenting results based on | Analyzing remaining 72 of our data from Runs
6.80x102° protons-on-target (POT) from Runs 1-3 ° 4-5 is well underway!
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LArTPC's give us fully active calorimeter
alongside high-resolution tracking

uBooNE g uBooNE

No Gaps
Photon P

Candidates

~—— S Proton
S —— . Candidate
Proton S
Candidate

NC #° + 1 proton candidate data event CC v, +1 proton candidate data event
Run 15318 Subrun 159 Event 7958 Run 8617 Subrun 46 Event 2328

Allows for strong photon < electron separation
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#ICARUSTrip

New readout
electronics

New Photon
Detection system
(360 8" PMTS)

New 4rn
Cosmic-Ray tagger
(1200 m? plastic

o ‘ scintillator)

Refurbished at CERN, 2¢
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While physics data with full CRT and overburden began June
2022, ICARUS was taking data with both BNB & NuMI beams

BNB SPILL WINDOW 1.6 us

750 = = Avg background: 561 counts 4
Beam gate [ 9.6 us, 112 us ]
Average counts: 708 counts

since March 2021, in parallel with commissioning activities. o 2 e '
g 650 1
G o
This data that has been collected is being used for trigger, o + + } + + H + H 4
. . . . . “6 | ‘ + {
calibration and reconstruction studies that are in progress b & % H‘H . }+ P +T++ + + { Hﬁw W# 1
| Py T
Excellent performance so far, the detector shows stable noise 00 ICARUS Preliminary 1
level with electron lifetime > 3ms : - y ! w “
Flash time [us
SA COLLECTION View CA COLLECTION View
2 : S

BNB CC QE b o e GabiG EzrgaElnled NuMI g Stopping upward going 2\//!;%

H = muon , L~80 cm electron = hadron, L ~43 cm .
m“Zr_‘dnf“t”no e T = or more info on
candidate, = : 5 ) : ,

Evep ~ 200 MeV candidate, £ Vertexd,-.,v.,’,“_‘? . calibrations see Gray
Y A ) Eoer ~ 800 MeV o Sl Putnam’s talk Aug 5th
= Eso\tgr\:vir:’gz:g ™ Electron develobinginto e.m. shower . WG6

’ . 3:32pMm in
<€ > € 72 cm Wires

60 cm Wires
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https://indico.fnal.gov/event/53004/contributions/244422/
https://indico.fnal.gov/event/53004/contributions/244422/

{110 1: Caveats

DIF Anomaly
MicroBooNE

Run: 9524 Subrun: 127 Event: 6375 o i Run: 5506 Subrun: 30 Event: 1506

MicroBooNE: PhysRevl ett.128.111801
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https://doi.org/10.1103/PhysRevLett.128.111801

A llEle)y Short-Baseline Experiments

Same Neutrino Beam, Same Liquid Argon Time Projection Chamber (LAfTPC) detector technology.

MicroBooNE B@ @“‘ﬁ‘«;
ICARUS-T600 Factsheet Factsheet HLE SBND Factsheet Fo2ek
BNB Baseline: 6oom BNB Baseline: 470m BNB Baseline: 110m K

Dimensions: 2x (19.6 x 3.6 x 3.9 M3)
Total LAr mass 760 ton

Active LAr mass 476 ton

-75 kV high voltage

1.5 m drift distance

53,248 Wires in TPC

360 8" PMTs

Dimensions: (2.33 X 2.56 x 10.37 M3)
Total LAr mass 170 ton

Active LAr mass 90 ton

-70kV high voltage

2.5 m drift distance

8,256 Wires in TPC

32 8" PMTs

Dimensions: (4 x 4 x 5 m3)

Total LAr mass 270 ton

Active LAr mass 112 ton

-100 kV high voltage

2m drift distance

11,263 Wires in TPC

120 8" PMTs & 192 X-ARAPUCASs

o ICARUS
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