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] # Fermilab

SBN-FD Buildinge

Fermilab Muon Campusv 9

MicroBooNE

3.5 2 Google reviews

Laboratory in Kane County, lllinois

Permanently closed v

MicroBooNE is a liquid argon time projection chamber

8GeV BNB
Booster Neutrino Beam

MicroBooNE
Data collection 2015 - 2020
470m
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] # Fermilab

Booster Neutrino Beam
< On-axis beam line o e b
% 470 meters away from target 5t
. g 6.0E20 g
% Data collected over 5 years of running: 2 e S
1.5x10%" protons on target (POT)
0.0E00 > S S 0 0 o 0 0 0 o 0 o 0.0E00
\,\'1,\7"\\,\@\7'\,1’9\7:‘\1&\'1’\,1:\\'1;\\,50\16\5\7'%\9,\7'\\\\'L\\A\'L\,Lq\'lf\,Lg\'L\,LQ,\'L,b\\\'LB\p,\ %ﬂ\')« \\'L (:,\7'
— 7I Date
SBN-FD Buildinge : MiCTOBOONE
¢ Data collection 2015 - 2020
8GeV BNB 470m
ey (e Campuso 9 Booster Neutrino Beam
MicroBooNE
3.5 2 Google reviews
Laboratory in Kane County, lllinois
ooyt
MicroBooNE is a liquid argon time projection chamber 4
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2£ Fermilab

MicroBooNE
Data collection 2015 - 2020
470m
679m, ~8° off-axis to target
100m, ~125° to absorber

120 GeV NuMI
Neutrinos at the Main Injector

-

Absorber
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4.5E18

4.0E18

3.5E18

3.0E18

2.5E18

2.0E18

1.5E18

1.0E18

5.0E17

0.0E00

PN 'L
\,\fz,\ \,\Q,\ b(\qp\“

—— NuMI Delivered POT

1 1
\'ﬂ\q’ '50\7’ \‘3\7’ \%\7' \\’\\

~——— NuMI POT on tape

w \"L n \'L \n m“ s
N G AN e \11

Date

2.5E21

2.0E21

1.5E21

1.0E21

5.0E20

0.0E00

Cumulative POT
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2L Fermilab

The NuMI Beam

O/
0’0
O/
0’0
O/
0’0

O/
0’0

O/
0’0

Off-axis beam

679 meters to target

100 meters to absorber
Two modes:

> Neutrino

> Antineutrino

Data collected over 5 years:
2.2x10%' POT

MicroBooNE
Data collection 2015 - 2020
470m
679m, ~8° off-axis to target
100m, ~125° to absorber

120 GeV NuMI
Neutrinos at the Main Injector

Absorber
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2£ Fermilab

MicroBooNE
Data collection 2015 - 2020
470m
679m, ~8° off-axis to target
100m, ~125° to absorber

___________ S\

8GeV BNB
Booster Neutrino Beam

120 GeV NuMI Absorber
NETLITeS Efeiine Injectyr Keng Lin - MicroBooNE Collaboration - NuFact 2024
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] # Fermilab

% The benefit of dual beam configuration:
> Double the POT
> Explore physics from different energy scale
m BNB: 8GeV proton beam at BE
m NuMI: 120GeV proton beam at Graphite

MicroBooNE

> Strongly correlated detector systematics vata collection 20752020
\ 679m, ~8° off-axis to target
> Extra geometry-associated handles 100m, ~125° to absorber

m Off-axis reduces neutrino backgrounds

8
Keng Lin - MicroBooNE Collaboration - NuFact 2024



MH“H“ Il

H‘ir

M\!H\

\Hl

|

k.ﬁ‘;,‘,w

Plenary tomorrow: N. Nayak - Results from MicroBooNE

MicroBooNE Physics Goals

Detector R&D v-Argon Interactions Explore BSM Physics

-
\ \ : \ —==
h- \-1 i JIJ \\= < ' /\ ; e an d
Al | I DATA : RUN 5440 EVENT 2577~ CH 15, 2016

Keng Lin - MicroBooNE Collaboration - NuFact 2024
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https://indico.fnal.gov/event/63406/contributions/297166/

/| Liquid ArgonTPC

wire plane waveforms

X/
%%*

>

>
>

TA : RUN 5440 EVENT

Neutrino-Argon Interactions

85 tonne Liquid Argon Time Projection
Chamber (LArTPC)

Passing charged particles induce ionization
electrons, which drift toward wires

Energy deposition: — high
Timing from PMTs & Wires

25777 MARCH 15, 2016

Keng Lin - MicroBooNE Collaboration - NuFact 2024
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Neutrino-Argon Interactions

u vy V wire plane waveforms

/| tiquid ArgonTPC

= < 85 tonne Liquid Argon Time Projection
— Chamber (LArTPC)

> Passing charged particles induce ionization
electrons, which drift toward wires

Charged Particles

 Cathode .
Plane
o //‘

7% > Energy deposition: — high
& %gz > Timing from PMTs & Wires
gyl
o gn R MicroBooNE Papers HBoONE_
Talks:

< D. Barrow - Pionless XSec. (Thu.) 69 papers

<  P.Green -Pion XSec. (Thu.)

5 XSec. Posters:

L COOper-troendle 5 : RUN 5440 EVENT 2577 MARCH 15,

D Barrow ‘IO_ 118 P Englezos

Tnhe | 127 J Rondon 1
B Bogart 106 | — Keng Lin - MicroBooNE Collaboration - NuFact 2024



https://indico.fnal.gov/event/63406/contributions/297563/
https://indico.fnal.gov/event/63406/contributions/297562/
https://indico.fnal.gov/event/63406/contributions/296955/
https://indico.fnal.gov/event/63406/contributions/297109/
https://indico.fnal.gov/event/63406/contributions/297111/
https://indico.fnal.gov/event/63406/contributions/297450/
https://indico.fnal.gov/event/63406/contributions/297453/

Neutrino-Argon Interactions

Electron Shower O(100 MeV)

Proton Track O(100 MeV)

12
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Neutrino-Argon Interactions

MeV scale “blips”

Keng Lin - MicroBooNE Collaboration - NuFact 2024



Detector R&D for Future LArTPCs

% Reconstructable energy threshold as low as 100 keV
> Reveal MeV scale activities through “blips”. (Poster: D. Andrade 115)
> Applications:

m Radiological activity measurement p_Abratenko et al 2022 JINST 17 P11022
W. Foreman's talk on Radon Measurement (Wed.)

m Neutron Identification

m And more... e.g. millicharged particle search ]

mxmmr‘\m
'\H"'.nmm

14
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https://indico.fnal.gov/event/63406/contributions/297844/
https://iopscience.iop.org/article/10.1088/1748-0221/17/11/P11022
https://indico.fnal.gov/event/63406/contributions/297838/

Detector R&D for Future LArTPCs

MicroBooNE

% Timing resolution as low as O(1 ns)
> Reveal the beam pulse substructures.

IN)
o
w
N
o
b
ﬁ

80

» 60
=

\E
c

40

IIIIII|III|III|I

20

IIIIIII|III|III

0 L ! L
3000 3500 4000 4500
Arrival Timing [ns]

Reconstructed neutrino
arrival time from the BNB at
nanosecond resolution.

15
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Detector R&D for Future LArTPCs

Neutrino arrival HNL arrival
< Timing resolution as low as O(1 ns) e MicroBooNE Simulation
> Reveal the beam pulse substructures. T e N R K-
> Potential applications: Wi et B W &

m Heavy BSM particle searches
m e.g. heavy neutral leptons i

Evtents / 1.58 ns

260 280 300 320 340
Arrival Time [ns]

e R e e
HNL sensitive region

between beam pulses

Keng Lin - MicroBooNE Collaboration - NuFact 2024




Explore the BSM Physics

% Investigating hypotheses that explain why the SM isn't working:
> Address the SBN Anomalies from LSND & MiniBooNE
m SM approach from E_Gao (Thu.) & Poster: L. Hagaman: 104
m BSM approach from E. Yandel (in 40 mins)
>  Search for exotic particles from different sources:

Exotic Particles?

SBN Anomalies?

Beyond

Keng Lin - MicroBooNE Collaboration - NuFact 2024
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https://indico.fnal.gov/event/63406/contributions/297865/
https://indico.fnal.gov/event/63406/contributions/297110/
https://indico.fnal.gov/event/63406/contributions/297963/

Explore the BSM Physics

% Investigating hypotheses that explain why the SM isn't working:
> Address the SBN Anomalies from LSND & MiniBooNE
>  Search for exotic particles from different sources: s K*

SBN Anomalies?

Targit Hall

il ) R s Oy - s M -3
7 P L P p— ‘. v W i B4

12 18 210
Hadron Monitor " . "

[86}/0"4(/

Keng Lin - MicroBooNE Collaboration - NuFact 2024
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~" Explore the BSM Physics

SBN A lies?
nomaes: % Investigating hypotheses that explain why the SM isn't working:
> Address the SBN Anomalies from LSND & MiniBooNE
>  Search for exotic particles from different sources: s K*

-~ ®\, A2

TargjeLt Hall Decay Pipe Absorber

Target

Protons from ‘
=w i i n° RS o U |~
BNB 1T NUMl / ; o Zm 18m; 210m

%  From Charged Mesons:
> f [NEW] Heavy Neutral Leptons (HNL, N) Phys. Rev. Lett. 132, 041801
> “| [NEW] Higgs Portal Scalar (HPS, S)

Coming soon...
%  From Neutral Mesons: e 0 n d
> # [NEW] Light Dark Matter (x), the Dark Triden

Processes
> [J MilliCharged Particles (mCP, x) Bhys Rev: o, 132 241801
> § Heavy QCD Axions (a)

o From Random Rare Processes: P _Abratenko et al 2024 JINST 19 P07032

. . . 19
> @ [NEW] Neutron-Antineutron Oscillation Keng Lin - MicroBooNE Collaboration - NuFact 2024


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.041801
https://agenda.infn.it/event/37867/contributions/229769/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.241801
https://iopscience.iop.org/article/10.1088/1748-0221/19/07/P07032/meta

[NEW RESULTS]: i 4 @ [ONGOING SEARCHES]:|:|

____________________________________________________________ -

®
Heavy Neutral Leptons (HNL, N)

B Final visible states: ee s um
< HNL - Simple extension of the PMNS matrix, 12‘_)?
as Dirac or Majorana particle. % 102
< Sources: charged meson decays 5
c 1074
% Dominant decay channels are functions of mass. ® .-
10_60 50 100 150 200 250 300
) D Mass [MeV]
Production ecays
’u-i- Vo -
-
K+t N s Pl |U#4|2 :
Upa]? : " N
N “ A ot

Keng Lin - MicroBooNE Collaboration - NuFact 2024



[NEW RESULTS]: i 4 @! [ONGOING SEARCHES]:|:|

el ‘ ____________________________________________________________ —r~
Heavy Neutral Leptons (HNL, N)
N— u'n” (Majorana) Ground ¥loor
N— u' (Majorana or Dirac)
Phys. Rev. D 101, 052001 (2020) | =~~~ __
2e20POT- @
NuMI f;rget
21
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001

[NEW RESULTS]: i 4 @ [ONGOING SEARCHES]:|:|

N— u'n (Majorana)

N— u' (Majorana or Dirac)
Phys. Rev. D 101, 052001 (2020) |
2e20POT: @

N— u'n (Majorana)

N— u' (Majorana or Dirac)
Phys. Rev. D 106 9, 092006 (2022)
7e20r0T: G

NuMI Target

Keng Lin - MicroBooNE Collaboration - NuFact 2024

ATT

|U,_,4|2

1074

1075

1078

1077

1078

10-°

-1

AT\

V'L“VI‘
== PST9L
—— E949
—— NA62
— T2K
—— KEK
—— NuTeV
SIN
~—— PIENU
~— MicroBooNE (2020)

= MicroBooNE (Majorana) (2022)
==+ MicroBooNE (Dirac) (2022)

NuMI POT:7.01 x 10%°

0

T
100

T
200
HNL Mass [MeV]

T T
300 400
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092006

Heavy Neutral Leptons (

N— u'n (Majorana)

N— u' (Majorana or Dirac)
Phys. Rev. D 101, 052001 (2020) |
2e20POT: @

N— u'n (Majorana)

N— u' (Majorana or Dirac)
Phys. Rev. D 106 9, 092006 (2022)
7e20r0T: G

N— ve'e” (Majorana)
N— vr° (Majorana)
Phys. Rev. Lett. 132, 041801 (2024)
7¢20P0T: G O

Keng Lin - MicroBooNE Collaboration - NuFact 2024

[NEW RESULTS]: i 4 @ [ONGOING SEARCHES]:|:|

|U,_,4|2

ATT

1074

1075

1078

1077

1078

10-°

-1

AT\

1 — psi01

—— E949
—— NA62

+4 — T2K

—— KEK

—— NuTeV
SIN

~—— PIENU

~—— MicroBoo

== MicroBoo

==+ MicroBoo!

NE (2020)
NE (Majorana) (2022)
NE (Dirac) (2022)

NuMI POT:7.01 x 10%°

0

T T
100 200

T T
300 400
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.041801

[NEW RESULTS]: i 4 @ [ONGOING SEARCHES]:|:|

Heavy Neutral Leptons (H*'%, "

w-s]
1076 - —il- PS191
N— u'n (Majorana) © — e
N— p* (Majorana or Dirac) =Y T—8
Phys. Rev. D 101, 052001 (2020) 104 G
2¢20P0T: @) 15 || = Iembiis 53 !
= MicroBooNE (Majorana) (2022) :
— + MicroBooNE (Dirac) (2022) 1 NuMI POT:7.01 x 102°
10710 T T L T T
0 100 200 300 400
N— u'r (Majorana) . HNL Mass (MeV]
N— unt" (Majorana or Dirac) o wt® ) me €c w (2024) |
M i !
Phys. Rev. D 106 9, 092006 (2022) NUMI Targét| 10 i :
7e20P0T: G O J S :
g g 107 AL A
/// O\Q \\\ (
R 8 10-5 S = :
+ - . //, Jr-u' ~~~~~~~~~ :
N— ve'e” (Majorana) S Bag-ey o i
Neo v28 (Mjorana) £ NEW WORLD LIMITSI="] |
Phys. Rev. Lett. 132, 041801 (2024) =) | s -+ KEK E89/E104 %:
107%; —— PIENU —— PS191 veu i
7e20P0T: G O — 90— NAe2 :
10-9) = KEKE89 === MicroBooNE :
Keng Lin - MicroBooNE Collaboration - NuFact 2024 ° % ﬁ%’L mass [Me\ll?o 00 24.5



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.041801

[NEW RESULTS]: i 4 @ [ONGOING SEARCHES]:|:|

Heavy Neutral Leptons (H*'%, *7

105 - V)
1076 - -l PS191
N— u'n (Majorana) © — e
N— p* (Majorana or Dirac) =Y T—8
Phys. Rev. D 101, 052001 (2020) 104 G
2¢20P0T: @) 15 || = Iembiis 53 !
= MicroBooNE (Majorana) (2022) :
Lo | " MicroBooNE (Dirac) (2022) i NuMI POT:7.01 x 102°
10~ T T : T T
0 100 200 300 400
N— u't” (Majorana) HNL Mass {MeV]
0 |
N— unt" (Majorana or Dirac) o ) we . €e w (2024) |
D , | !
Phys. Rev. D 106 9, 092006 (2022) NUMI Targét| 10 E : e M s
7e20P0T: G v 5 : ’
// o 107 G | .
R R 25 2k
5 & 10 BT |2
' ,// .ar_un ~~~~~~~~~~ : %
N— ve'e” (Majorana) J Sagel T ]
N— v’ (Majorana) 2 = NEW WORLD LIMITS! : iy e
’ T:'L 10 e : Arrival Time [ns]
Phys. Rev. Lett. 132, 041801 (2024) 2 J——sN - KEKEB9/EL04 ] : .
107} — PENU  — PS191 veu i | Potential use of ns timing.
7e20P0T: G — ey — A2 ]
10-9) = KEKE89 === MicroBooNE |
' 25
Keng Lin - MicroBooNE Collaboration - NuFact 2024 ° % #?\?L mass [Me\ll?o 00 24.5



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.041801

[NEW RESULTS]: i 4 @ [ONGOING SEARCHES]:|:|

nght Dark Matter (y), the Dark Trident Processes

% Dark trident - new way to search x in v-beams

X/

% Sources: neutral meson decays

X/

% Decay products: emission of an on-shell dark photon after scattering

Production Interaction
‘0 x(p1) X(ps)
Ne
[} wosesn x(ky) \\1\'\0(030
g AI*
9o
X(k2)

Ar(pz) Ar(ps) -

Keng Lin - MicroBooNE Collaboration - NuFact 2024



[NEW RESULTS]: gy & [ONGOING SEARCHES]: [_]

Light Dark Matter (y), the Dark Trident Processes

> Dark trident - new way to search x in v-beams

> Sources: neutral meson decays
> Decay products: emission of an on-shell dark photon after scattering

(4

L)

(R )

L)

(R )

L)

L)

Final States

Production Interaction

nBooNE

pxopa

e \2
x(k1) \\!\'\CXOBOON

Drift Time

Low charge

Dark Trident Simulation

511
Wire Number

%  Application of convolutional
neural network (CNN)

X(k2)

Ar(p Ar(ps
(p2) (ps) 27

Keng Lin - MicroBooNE Collaboration - NuFact 2024



[NEW RESULTS]: i 4 @ [ONGOING SEARCHES]:|:|

Ground Kloor

gearch x from the

ar et . i F
NuM‘ ¢ ig ———— NuMI Target

% NuMI may produce high energy
dark matter.
% Off-axis beam reduces neutrino

Phys. Rev. Lett. 132, 241801 (2024) 7e20P0T: G ) backgrounds

Keng Lin - MicroBooNE Collaboration - NuFact 2024


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.241801

[NEW RESULTS]: g & i [ONGOING SEARCHES]: []
___________________________ 0

Light Dark Matter (x), the Dark Trident Processes

FIRST search using LArTPC

Ground Kloor

uB
NuMI Absorger

Scalar DM ‘
o AN BNB
L A
I / Search X from ihe
% i _N_‘_l}\/_‘f :[ ?Yig—e ---- NuMI Target
| | % NuMI may produce high energy
T— : dark matter.
107} : s ) . .
— — %  Off-axis beam reduces neutrino
7e20P0T: GEE O backgrounds

Phys. Rev. Lett. 132, 241801 (2024)

Keng Lin - MicroBooNE Collaboration - NuFact 2024


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.241801

[NEW RESULTS]: gy & '] [ONGOING SEARCHES]: []

__________________________________ s_._._._._._._._._._._._._._._._._._._._._._._._._,
Neutron Antineutron Oscillation (n-nbar)

- MjcroBooNE Simulation
ENIE y3.00.04

» N

. 4 T

Keng Lin - MicroBooNE Collaboration - NuFact 2024



[NEW RESULTS]: g & i [ONGOING SEARCHES]: []
................................. ‘.._._._._._._._._._._._._._._._._._._._._._._._._,

Neutron Antineutron Oscillation (n-nbar)
— FIRST n-nbar study using Argon

% Demonstrate the performance with:
> selections using BDT and CNN
> 70% signal efficiency

m Improve DUNE's published efficiency by a factor of 7

o B,
— Signal prediction (arb. norm.) e g — Signal prediction (arb. norm.)
= Data-driven background with uncertainty 10t ~— Data-driven background with uncertainty
- - Observed data " E -} Observed data
g 8 10
S @ 3
5 S
5 & 107
2 Z 10
1
0 01 02 03 04 05 06 07 08 09 (REE TR v A | GRS T A A T
BDT score CNN score
31
P. Abratenko et al 2024 JINST 19 P07032 Keng Lin - MicroBooNE Collaboration - NuFact 2024



https://iopscience.iop.org/article/10.1088/1748-0221/19/07/P07032/meta

[NEW RESULTS]: i 4 @ [ONGOING SEARCHES]:|:|

T . -
Higgs Portal Scalars (HPS, S)
% Sources: charged meson decays
% Kaons can be decaying at rest (KDAR) or decaying in flight (KDIF)
% Dominant decay channels are functions of mass
ee MU l,m
| S [,
Z,, t
%0‘4 8 d
K T
" q < q
150 175 200 225 250 275 300 325 350 32

HPS Mass [MeV]
Keng Lin - MicroBooNE Collaboration - NuFact 2024



[NEW RESULTS]: gy & [ONGOING SEARCHES]: [_]
........................................ ‘._._._._._._._._._._._._._._._._._._._._._,

Higgs Portal Scalars (HPS, S) ——

% Sources: charged meson decays

o+

< Kaons can be decaying at rest (KDAR) or decaying in flight (KDIF) v
< Dominant decay channels are functions of mass _ e

ee pu
1.0
p S

o
© ¢ %  The simulation shows

0.6 .
2 HPS coming from the
Goa 8 d bottom right — the
i K T absorber!

0.2 q < q

0.0

150 175 200 225 250 275 300 325 350 33

HPS Mass [MeV]
Keng Lin - MicroBooNE Collaboration - NuFact 2024



[NEW RESULTS]: ‘ 4 @ [ONGOING SEARCHES]:Q

e e e e e A B R et ‘..' .......................................... =
Higgs Portal Scalars (HPS, S)

S— e'e” (KDAR) S— Wi (KDAR)

| _--1 Phys.Rev.D 1 2 2022
Phys. Rev. Lett. 127, 151803 (2021) ys. Rev. D 106 9, 092006 (2022)

-Gl >
220 POT: @ ) /€20 POT
ee (2021) up (2022)
MicroBooNE preliminary|
1072
1073
NuMI| Target <
10
——— Bellell = NA62 = MicroBooNE e*e~ 2021
10_5 - E949 == CHARM  —— MicroBooNE pu*u~ 2022
= LHCb == PS191 e MicroBooNE (this work)
100 150 200 250
Keng Lin - MicroBooNE Collaboration - NuFact 2024

300

350
Scalar mass [MeV]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151803

[NEW RESULTS]: ‘ 4 @ [ONGOING SEARCHES]:Q

e e e e e A B R et ‘ .......................................... =
Higgs Portal Scalars (HPS, S)

S— e'e” (KDAR) S— Wi (KDAR)

| _--1 Phys.Rev.D 1 2 2022
Phys. Rev. Lett. 127, 151803 (2021) ys. Rev. D 106 9, 092006 (2022)

2¢20 POT: @

3 7e20P0T: G )
ee (2021) up (2022)
ee (2024)

MicroBooNE preliminary|

1072

NuMI Target ’

S— e*e” (KDIF)

1074

The publication comes soon! (Nu2024 Poster)

720 POT: QU )

~— Bellell = NA62

= MicroBooNE e*e~ 2021
10_5 - E949 == CHARM  —— MicroBooNE pu*u~ 2022
= LHCb == PS191 e MicroBooNE (this work)
100 150 200 250
Keng Lin - MicroBooNE Collaboration - NuFact 2024
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https://agenda.infn.it/event/37867/contributions/229769/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151803

[NEW RESULTS]: i 4 @ [ONGOING SEARCHES]:|:|

___________________________________________________________________________ ‘-._._._,
Millicharged Particles (mCP, ) —
Signal
e EfaioEt:: _______________________________________ ArgoNeuT
< Long-lived particles with fractional charge (e~10°~10*e) I - SRR
% Sources: neutral meson decays — Background
% mCP scatters with atomic electrons, creating low energy U e ) |
deposition. :
ArgoNeuT: Phys. Rev. Lett. 124, 131801

Production

v
r— = x—s

Target v*

36
Keng Lin - MicroBooNE Collaboration - NuFact 2024



[NEW RESULTS]: gy & [ONGOING SEARCHES]: [_]

Millicharged Particles (mCP, ) ot st it
Signal ArgoNeuT
< Long-lived particles with fractional charge (e~10°~10" ¢) Sl ] [T
% Sources: neutral meson decays
% mCP scatters with atomic electrons, creating low energy | =~ &t |8 L
deposition. ’ T
Interactions in MicroBooNE ArgoNeuT: Phys. Rev. Lett. 124, 131801

Production

Y
— By
T L—>

Target v*

SIMULATION of millicharged particle event d
3-hit signal, 1 MeV recoil electrons ReCO n St ru Cte" a S" a M eV
scale “blip
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[NEW RESULTS]: i 4 @ [ONGOING SEARCHES]:|:|

Heavy QCD Axions (a)

% Solution to the Strong CP Problem & with mass
upto 2 GeV Phys. Rev. D 103, 095002

% Sources: neutral meson mixing, ...

% Decay channels: diphoton decay, ...

/é/\/\/w'\

Decay:
BNB Target MicroBooNE/>
Production | Absorbery—
™1, 77, """ X a
NuMI Targcai_x_ﬁ_x_/_,__,

-
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[NEW RESULTS]: gy & [ONGOING SEARCHES]: [_]

Heavy QCD Axions (a)

o

% Solution to the Strong CP Problem & with mass
upto 2 GeV Phys. Rev. D 103, 095002

% Sources: neutral meson mixing, ...

% Decay channels: diphoton decay, ... )

Decay:
0’/ o
BNB Target MicroBooNE™ -
H Absorber
Production L
I LTI GUTR a
NuMI Targetr : e <

Keng Lin - MicroBooNE Collaboration - NuFact 2024

MicroBooNE Simulation
A clear event topology:
>  Two showers but with a clean vertex.
NGPRi8, i.e. expected no vertex related
“blips” from de-excitation photons in
axion decay.
Looking at those from the NuMI target with
high POT & energetic beam.
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[NEW RESULTS]: gy & [ONGOING SEARCHES]: [_]
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[NEW RESULTS]: i 4 @! [ONGOING SEARCHES]:|;|

Low Energy Features (<10 MeV) =+-+-rmrmrmrmrmimimimimimim s s %
Summar‘y Heavy mass (>1 00 MeV) _______________________ ~ .............. ‘ ................................... e,

% MicroBooNE's R&D provide handles for BSM searches

>  Low energy threshold
> 0(Tns) timing resolution
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[NEW RESULTS]: i 4 @ [ONGOING SEARCHES]:Q

Summary

% MicroBooNE's R&D provide handles for BSM searches
> Low energy threshold
> 0(Tns) timing resolution

% MicroBooNE's BSM program benefits from the dual beam configuration.

> BNB (8 GeV proton) & NuMI (120 GeV proton)
>  Search for anomalies produced at rest or in-flight

% New results for HNL, Light Dark Matter, N-nbar Oscillation, & HPS

% Exciting new searches are on the horizon: mCP and Axions.
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1031-PUB.pdf

MicroBooNE-NOTE-1129-PUB

Front horn current - neutrino mode

2£ Fermilab

Reverse horn current - antineutrino mode
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MicroBooNE R&D




INEW RESULTS]: gfg & «fJ [ONGOING SEARCHES] [ [] &
........................................................................... ‘ ‘ -

Benefits of Reconstructmg Low Energy Blips

% In Millicharged particles search
> It makes low-energy hits visible as event topology
% In Heavy QCD axions search
> |t provides extra handle to look at de-excitation photons to distinguish
diphoton signal (via decay) from the NCPi0 backgrounds.(via scattering)

MicroBooNE Simulation
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[NEW RESULTS]: gff & ¢ [ONGOING SEARCHES]: N

_______________________ ‘._._._._._._._._._._._._._._._._._.___._._._~._._._~._>

Benefits of the Nano-second Timing

% Neutrino is the background for exotic particle searches!
% Recent improvement resolves the BNB bunch substructure
> |t benefits the HNL searches with timing selections
% Future works are being done on the NuMI bunch substructure
> HPS and axions with heavy masses are expected to survived the timing

e | eCt IoNs. x10° MicroBooNE Simulation g6 x10° MicroBooNE Simulation
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Heavy Neutral Leptons




Heavy Neutral Lepton

% Motivation: Neutrino oscillation measurement suggests new neutrinos:
sterile neutrinos or heavy neutral leptons (NHL)
% Production: HNL is mixed with a extended PMNS matrix

Standard

3x3
UPMNS

mixing
Ve Ut U Ues \ (Vi R [
Vu — Uul Upz Uu3 \'%) Uprixg'd = U;ﬂ Ugﬂ UET3 Um
V¢ Uy Upp Ugs V3 New Usi Uss Uss -+ Us,

physics
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Source: https://Iss.fnal.gov/archive/thesis/2000/fermilab-thesis-2023-13.pdf

Event Display

100 MeV HNL— e+e-
from absorber

_— Decay vertex
13 cm 10 cm

180 MeV HNL— nuPi0
from absorber

18 cm

pair production 18 cm

pair production
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Light Dark Matter




Plots from the recent paper (2024)

I
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N-Nbar Oscillation




[NEW RESULTS]: g & i [ONGOING SEARCHES]: []
_________________________________ S

Neutron Antineutron Oscillation (n-nbar)

% Demonstration was performed with:
> adata set equivalent to 3e26 neutron-years

% Set demonstrative bounds on n-nbar oscillation lifetime > 1e26 years.

% Tools are developed for DUNE with 1e35 neutron-years worth of data.

Keng Lin - MicroBooNE Collaboration - NuFact 2024
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Millicharged Particles




MllllCharged Part]_C]_eS (mCPS X) https://arxiv.org/pdf/2305.04964.pdf

I £ a -[0 n x.__>
b e T

<  Motivation: EDGES anomaly (https://arxiv.org/pdf/2102.11284.pdf /
https://arxiv.org/pdf/1803.02804.pdf)

>  The Experiment to Detect the Global Epoch of Reionization Signature (EDGES) found a stronger than expected
absorption of the 21-cm transition of atomic hydrogen.
> Reasons:
m 1) The Dark Ages gas is much colder than expected,
m  or 2) the background radiation is much hotter.
> This could be explained via dark matter cooling down baryon fluid, and they need to be:
m  Light mass (<0(1)GeV) - light dark matter
m  Mediator has to be light with mass m<10E-3 eV - couples to photons
m  Has contribution to high radiation energy density — responsible of a small fraction of dark matters, f_DM
>  mCPs is the candidate.

Definition: Long-lived particles with fractional charge (e~10E-6~10E-4 e)

Production: x are produced via dark photons.
> At beam target, these dark photons can come from neutral mesons decay.
>  Dark photons can be also produced by high energy cosmic rays collision.

% Detection Process: Elastic scattering with atomic electrons.
% Signature: Create isolated hits in a straight line, mostly low-energy hits.

7 7
0‘0 0’0
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Heavy QCD Axions




The Strong CP Problem and the QCD Axion

7

% QCD describes neutron electric dipole moment (EDM) as
a function of a physical CP violating angle 6-bar at O(1) order

d, =5.2x 107 '%Ge - cm

’0’ Sma ” measured neutron ED M [the Paul Scherrer Institute (Phys. Rev. Lett. 124, 081803)]

d, < 1.3x 10 %¢-cm 6] <1071

*%* Why the angle favors a small value?

A scalar field equipped with a global axial U(1) symmetry,

the QCD axion, could be the answer.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.081803

Heavy QCD Axions Ingredient

X/

% Heavy Mass

> The boundary of mass is limited by m_f_ ~A?, where A is the SM cosmological constant.

> Assume Z, symmetric mirror sector (dark sector) existed [arXiv: 1911.12364], then we have
an updated cosmological constant, such that

> m_f =A?>>A?would allow a larger mass than QCD axions.

% High Quality
> PQ symmetry holds at the renormalizable level, i,e. suppress PQ symmetry-breaking
operators at energy above planck scale
> Vacuum expectation value of the axion field has maximum allowed value
% Production Models
> Meson-mixing from the flux (dominated at mass < GeV)
> Gluon-gluon fusion at the beam target (dominated at mass ~ GeV)
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Heavy QCD Axion Lagrangian

a2 4 a1 -
Lgauge 87Tfa i IO 0. 6 + C2 8r 7, aWW +c; =y aBB.

£lepton = Z CE 9 fa E’Y 'YSE

l=e,p,T

$GS$ for gluon interaction

$W$ for electroweak interaction
(leptons)

$B$ for strong interaction
(hypercharge)

arXiv: 2210.02462 =



