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SBN

Short-Baseline Neutrino Program at Fermilab

Target SBND MicroBooNE ICARUS

Horn + decay pipe 760 tons of argon

SBN program involves three LArTPC e Neutrino oscillation
neutrino detectors placed on the e Sterile neutrino hypothesis
_ Booster Neutrino Beam (BNB) axis. ® BSM physics
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Short Baseline Near Detector
The TPC :

4m x 4m in the transverse plane
5m along the beam axis

Two drift volumes

3D event reconstruction

3mm position resolution

Low momentum tresholds

Each consists of
3 planes of wires

with 3 mm S
spacing and = 24 boxes for
different angle the PMT
per plane. system
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Booster Neutri no Bea m 100 SBND Neutrino Fqu*a/t TPC Front Face

Image credit: Zarko Pavlovic

5
©

-
S)
&

H
2

¢ /10% POT / m? / 50 MeV

-
o
1

w

Decay region Dirt
M ~50m "

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

o <E>"800MeV.

x
"

2m anode plane

® 10-18 X 10%° POT/yr
e BSM phenomena in the beam y®LZ

front face of detector
back face of detector

cathode plane

(0,0,0

=

i x=-0.73¢mbeam ]
target 110 m

X=-2m anode plane
z=0m

WY

N B s,
]
Rm3

4

as” The Short-Baseline Near Detector at Fermilab | Gaetano Fricano

8>,
0,



Dark Matter

ENERGY DISTRIBUTION
OF THE UNIVERSE

DARK
ENERGY . . . .
All our evidence for DM comes from its gravitational

influence on visible matter
DARK
MATTER

NORMAL MATTER

Particle physics approach

e Uncharged
e Non-relativistic and stable
e \ery weakly interacting with itself and with

visible matter
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WIMP’s model

The model of Weak Interactive Massive Particle (WIMP) assume dark matter candidates as particles with a
mass greater than 2GeV that interact by mean of the Weak force.

o wme

i i —

MeV 2 GeV 1TeV

The theoretical model suggests that these particles formed following the Big Bang during the hottest and
densest phases in the history of the universe. The high mass range is due to the high energies available
during this period.

As a consequence of the universe expansion and subsequent cooling, WIMPs would have cooled
down, reaching thermal equilibrium with the standard model plasma and interacting with it through
the weak interaction.

1 1

f(t7f7ﬁ> — fGC’E(E) = [G(E_ui)/Ti F 1}_ —_— Q) ~ g
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Weak Interactive Massive Particle

e Thermal relic model

MeV 2 GeV 1TeV e WIMP’s miracle Q~1/0
(Q = abundance)

Sub GeV DM o wme

MeV @ 1Tev

Lee-Weinberg bound
X f
L~ Gr(xy"x)(f"f)
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SubGeV Dark Matter

According to thermal relic model a new interaction

is needed in order to have a SubGeV DM I

candidate.

DM interaction

Dark photon
DM/SM interaction

> New gauge boson !

Model parameters

® mV

e m <2 GeV

e ¢, kinetically mixing parameter.
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Dark photon: Vector Portal

The gauge symmetry employed is U(1)’, and we are In order to allows the dark photon to transform
able to apply the Higgs mechanism, resulting in a into a standard model photon we introduce the
non-zero mass associated with the dark photon concept of a kinetically mixing parameter €
1 1., € my
L = —FHVF'W — —FMVF'“V + —FM,,F'u —
U(1)y ~ U(1)em —_— 4 4 2

1
+eA, JE +dpV,Jh + imzvvuw

— eA,Jt, — eA,JL, +|eeV, JE .

Dark millicharge
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DM decay

Decay region " Dirt
LI ~50m
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Background —— NC #°

Neutrino interaction with the Argon nuclei

X1
”
- ”
X2 -
.
1%4
e+
SBND Detector
. W [
Event selection needed > e AR e
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About the e*e” selection

N\
VertX1 - 1 cm < VertX2 < VertX1 + 1 cm
. . The two particles are
VertY1-1cm <Verty2<Vertv1+1cm ¢ G | Fiducial Volume —> Vo part
an e“e” pair!
VertY1 -1 cm < VertZ2 < VertZ1 + 1 cm
7
Invariant mass SBND simulation in progress SBND simulation in-progress

s 11— - Dark photon mass=0.2 GeV E - 2 V
é [~ \:’ #Dark matter @ 09:_ |:| 0 Ge
W~ l:] #Background ‘E E 1] l:l 0.4 GeV
08‘_ = 0.8

L 0.72—
06— 0'62_

i Pl 0.5F
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i Norm of vectorial =

r difference 0.3~
0.2— 0.2?

- 0.1 H
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Energy(GeV) lenght (cm)
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PRISM measures —— Off-Axis angle

_axi i ion i Off-axis angle SBND simulation in progress Off-axis angle SBND simulation in progress
axis angie simulation in progress
0.05— Oft axis angle o+o-fry 018 Off axis angle e+e-/9y 0.16 C Off axis angle o+é¥yy
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Open angle distribution

Open angle SBND simulation in progress
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[] #ark photon mas = 0.4 Gev

I:l #Standard model file

sl b v b s

OO

I1 00 120 140 160 180 0 20 40 60 80
Angle (Degree)

Final state: 1p 1p 17° 1mr*
Interaction: v, CC DIS
SBND simulation

100 MeV decaying to v ee 25cm
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Energy SBND simulation in progress
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Work in progress

Hadron search SBND simulation in progress

1400 = histogram
Lo 72 Entries 3170
~ Mean 1.919
12001— Std Dev 2.752
1000 :—

C e Cuts combination
e e More statistics
600/— e dE/dx

C e Invariant mass
400—
200~
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Thank you for your attention!
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