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The MiniBooNE Experiment

e The MiniBooNE experiment uses a Cherenkov detector to
measure the interactions of neutrinos produced in the
Booster Neutrino Beam (BNB)

 Designed to look for muon-to-electron neutrino
oscillations L/E ~ 1 km/GeV to test the oscillation
interpretation of the LSND excess

Signal
§ Region Veto
L% 17.5.‘ ® Beam Excess Region
g 15) el veeln nics Room Entrance| , 5 = CSKCEES
g i = piv.e)in —
L 7125}
i w— Liod  other
: R Detector
7.5 2
- B I 40 ft »\ Overflow Tank
; Vault
1.4 *
L/E, (meters/MeV)
. SND Collaboration, PRD 64 112007. 2001 MiniBooNE Collab. Nucl. Inst. and Methods A. Volume 599. 2009
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https://www.sciencedirect.com/science/article/abs/pii/S0168900208015404?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.112007

The Booster Neutrino Beam

* The Booster Neutrino Beam (BNB) is created by irradiating a
beryllium target with 8 GeV protons

* Neutrinos produced predominately in charged meson
decay chains

* The MiniBooNE detector sits 541 m away from the BNB target

Magnetic field selects pion charge to
Imake neutrino or antineutrino beam

Beryllium target +

_ = s !::;2) |
Fermilab’s Booster P . u--!' —
J = Vu
8 GeV - i,
protons Decay region :
(neutrino mode) I~ ~50m Dirt ~500m
> > . >
Protons Mesons Neutrinos

MiniBooNE in 10 Minutes; New Perspectives 2024



®(E) (v/POT/GeV/cm?)

The Booster Neutrino Beam

* The Booster Neutrino Beam (BNB) is created by irradiating a
beryllium target with 8 GeV protons

* Neutrinos produced predominately in charged meson

decay chains

* The MiniBooNE detector sits 541 m away from the BNB target
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.072002

The MiniIBooNE Detector

* 6.1m radius spherical mineral oil (CHz) detector Signal

Region Veto

(high n, low Cherenkov threshold) gl oo

tttttt

[\

e 1520 photo-multiplier tubes covering the inner
surface of the spherical detector

e Remarkable stability in the detector response
over the 17 year lifetime §

Michel Electron Energy V,, CCQE Muon Energy 7’ Mass Peak

x10°
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The MiniIBooNE Detector

Electrons: “fuzzy” rings Muons: “clean” rings from Neutral Pions: two
from multiple scattering and long, straight minimum fuzzy rings from decay
bremsstrahlung radiation lonizing tracks to two photons

;

) o B o 00
* \o__ogine ,» ~ _.. )
[ \ 'Y K . A2
£ e ....o\O"‘!""f'
TPYEY] L.

./

: : = & ITE 5o A AN
\\/ ‘f’..*.

.‘.. ; . .
. \ | N/
\ Ae—‘—‘ﬁ*\_——v—*"_‘—‘*‘«!;' ! ‘ A
4 |

-/.‘i-*éii
X UDNy

MiniBooNE in 10 Minutes; New Perspectives 2024



Overview

e QOverview of the MiniBooNE experiment
* The electron-like excess

e Further MiniBooNE results

YRhw™

MiniBooNE in 10 Minutes; New Perspectives 2024



Events/MeV

Final Electron-Like Excess

 With the complete dataset, the excess of electron-like events is:
638.0 + 52.1 (stat) + 122.2 (sys) events (4.8c significance)

e EXcess is consistent across the lifetime of the detector

Neutrino Mode Neutrino Mode

- | | | e Data (stat err.)I 1w =

=4 ] v, from p*”: { € 600~ [ otner 4
= ] v, fromK” - 9 .

- I v, from K° 1 w N
- < misid = soof— []a-m

= f_+_‘ I 3: Ny - B - 7% misid '

- — ] -
5 S ] other — 400|— v, from K° +

* _ Constr. Syst. Error . — [ vefromk*™ T
L S LR Best Fit - —
4 ! ] 300 —_ :’ v, from p**
___+__: E N E : :: Best-fit
3 ! ] —
Foomes . 200[—
2 1 — - T
] 100{—

1 -] -
q = 0T 08 -06 04 02 0 02 04 06 08 :

2 0.4 0.6 0.8 1 1.2 1.4 3.( cosd

E)" (GeV)

Phys. Rev. D 103, 052002 (2021)
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Final Electron-Like Excess

V"G"P?CQ
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] H- 1 &% PRD 103, 052002 m°
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and backgrounds constrained in situ; disfavored by radial/timing
distributions of excess
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Final Electron-Like Excess

1y1p
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Phys. Rev. Lett. 128, 111801
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and backgrounds constrained in situ; disfavored by radial/timing
distributions of excess

Delta decay background would need be scaled by factor of ~3 to explain excess;
disfavored by recent MicroBooNE results
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Events/MeV

Final Electron-Like Excess

/AL B B B I O B B NN L B B NN B B B I B B L R ’ MicroBooNE Observed
- 2.5 1
— _ o Data Stat/‘_*"-) ] T Non-v. background
7-_+ ~ Neutrino Mode |=— ¥ omu7, 4 9 inbinsic vy
- £ v, from K . o s Total, no eLEE (x = 0.0)
- L] v, from K ] = 2.0 —  Total, w/ eLEE (x =1.0)
6 it d I Q
C 1 - ANy 1 £
mill N dirt ] ©
] I [ other — £ 137
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4 L e Best Fit ] o
: ] c 1.0
4 1 2
3 i — o
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2 1 ] °>)
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1 _— 0.0 T T T T
] lelp CCQE leNpOn 1eOpOn leX
: N [200 MeV,500 MeV] [150 MeV,650 MeV] [150 MeV,650 MeV] [0 MeV,600 MeV]
82704 06 o8 ‘ 1214 30 MicroBooNE Phys. Rev. Lett. 128, 241801 (2022)

ES" (GeV)

and backgrounds constrained in situ; disfavored by radial/timing
distributions of excess

Delta decay background would need be scaled by factor of ~3 to explain excess;
disfavored by recent MicroBooNE results

Excess consisting of entirely true electron neutrino events disfavored by recent
MicroBooNE results
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Oscillation Interpretation

. . . . &‘102 T T I TT T T T 11T T T 1711
e eV-scale sterile neutrino oscillation 3 [ | e%OoL 1
parameter space consistent with T | — 90% CL :
. B — 95% CL
LSND allowed region i s oL _
e . — 30 CL
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' < KARMEN2 |
lowest energies : oty :
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Steriles and MicroBooNE

* MiniBooNE has performed a combined fit to the 3+1 model
considering the MicroBooNE ve analyses—allowed regions

remain at the 36 C.L.

* MicroBooNE’s own 3+1 analysis rules out a portion of
MiniBooNE’s allowed region at the 95% C.L.

102 5 -
; 2, BN 31 MiniBooNE Fit
e 3-+1 Combined Fit (WC)
i 2, *  Best Fit
10! 4 [ 1o
] B — D0
T p— -
D) 1T 0 cee. e 4o
— 100_- TS S P
a 3 N
B
< 1 TSl
10_1g ~~~~~~~~~
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10_ I I | I 1 1 | I

—— Tttt
102 101

sin*(26,,.)
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10°
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- I MiniBooNE 26 (allowed)
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B MiniBooNE Best Fit
10
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& T — Profiling, 95% CL_
>
o= 1E
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4
107
. MicroBooNE Collab. 2210.10216
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sin229Lle
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https://arxiv.org/abs/2201.01724
https://arxiv.org/pdf/2210.10216

Beyond Sterile Neutrinos

* Tension in sterile neutrino global fits [1] has led the community
to explore alternative models to explain the MiniBooNE excess

Non-exhaustive list 501 D70l Mol

{d,mp} = {125 x 1077 GeV~1, 0.47 GeV}

v, — v, (Global Best Fit w/o MiniBooNE)
{Am?sin?(20)} = {1.3 eV2, 6.9 x1074}
= MiniBooNE Data

Ve, N N v
+i ; le _)_2’\/:7

« Decay of O(keV) Sterile Neutrinos to active neutrinos
-~ [13] Dentler, Esteban, Kopp, Machado Phys. Rev. D 101, 115013 (2020)
— [14] de Gouvéa, Peres, Prakash, Stenico JHEP 07 (2020) 141 Produces
* New resonance matter effects ~ true electrons
— [5] Asaadi, Church, Guenette, Jones, Szelc, PRD 97, 075021 (2018)
* Mixed O(1eV) sterile oscillations and O(100 MeV) sterile decay ‘\/
— [7] Vergani, Kamp, Diaz, Arguelles, Conrad, Shaevitz, Uchida, arXiv:2105.06470 — |
* Decay of heavy sterile neutrinos produced in beam
— [4] Gninenko, Phys.Rev.D83:015015,2011
— [12] Alvarez-Ruso, Saul-Sala, Phys. Rev. D 101, 075045 (2020)
— [15] Magill, Plestid, Pospelov, Tsai Phys. Rev. D 98, 115015 (2018)

o
ot
1

DO
(e}
PR T RS ST PR
—-1——«———————1
—_——

| ——

MiniBooNE Excess / MeV
Ut

Produces
true photons

0.0
200 400 600 800 1000 1200 1400

— [11] Fischer, Hernandez-Cabezudo, Schwetz, PRD 101, 075045 (2020) p E9F MeV]
* Decay of upscattered heavy sterile neutrinos or new scalars mediated by Z'or 2507 Dipole Modl
more complex higgs sectors {d,my} 21{1215 x 1077 Ge/\/"l: 047 GeV} i}
- Vy = Ve obal Best Fit w/o MiniBooNE 1
- [1] Bertuzzo, Jana, Machado, Zukanovich Funchal, PRL 121, 241801 (2018) 200+ {Am2,sil(12(20)} = {13 V2 6.9 x107*} ) i
— [2] Abdullahi, Hostert, Pascoli, Phys.Lett.B 820 (2021) 136531 _ " MiniBooNE Data
— [3] Ballett, Pascoli, Ross-Lonergan, PRD 99, 071701 (2019) . PfijUC?S " 5206.07100
— [10] Dutta, Ghosh, Li, PRD 102, 055017 (2020) ee" pairs - -
— [6] Abdallah, Gandhi, Roy, Phys. Rev. D 104, 055028 (2021) Zg _
* Decay of axion-like particles 72 1007
— [8] Chang, Chen, Ho, Tseng, Phys. Rev. D 104, 015030 (2021) ) = ]
* A model-independent approach to any new particle 504
— [9] Brdar, Fischer, Smirnov, PRD 103, 075008 (2021) : T _}
 BSM matter effects in sterile oscillations Alves et al. arXiv:2201.00876 TR T 00 0 o

e Charged meson decay to new physics Dutta et al. arXiv 2110.11944

[1] See 1803.10661 and 1906.00045
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https://arxiv.org/pdf/1906.00045.pdf
https://arxiv.org/abs/2206.07100
https://arxiv.org/abs/2201.00876
https://arxiv.org/abs/2110.11944

Beyond Sterile Neutrinos

* Tension in sterile neutrino global fits [1] has led the community
to exnlare alternative mode N exnlain the MiniBoaNE excess

The MiniBooNE 4.8c
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e Many cross section measurements

c (cm?)
— b =)

Cross Sections

” CCnr

PRL 103,081802 (2009)
PRD 83,052007 (2011)

across different neutrino interaction Qe
channels over the 17-year run i i NG

(Neutrino mode)

Muon neutrino CCQE double- LS
differential cross section established
importance of multi-nucleon effects
In accelerator neutrino experiments

Adapted from Adrien Hourlier
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Conclusion

e MiniBooNE's 818-ton mineral oil Cherenkov detector
detector has taken 17 years of data at Fermilab’s booster
neutrino beam

e MiniBooNE observes a 4.8c excess of electron-like events

 Recent MicroBooNE results offer some insights into the
nature of the excess, but it remains unexplained!

e Community is exploring more exotic explanations

e Many other important MiniBooNE results, including cross
section measurements and dark matter constraints
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The Entire MiniIBooNE Dataset

2nd data set v: 6.38x1020 POT

2.0E19 2.0E21
B Comissioning [ Neutrino [ Antineutrino Beam Dump
st . 20
e 1st data set v:  6.46x1020 POT I ‘ / .
1st data set : 11.27x1020 POT N
g
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Q ' // - g
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Neutrino mode total: 18.75e20 POT
Antineutrino mode total: 11.27e20 POT
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Electron | =
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Angle / Energy
1 110
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Timing Distribution
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Final Electron-Like Excess

 With the complete dataset, the excess of electron-like events is:
638.0 + 52.1 (stat) + 122.2 (sys) events (4.8c significance)

e EXcess is consistent across the lifetime of the detector
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