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Cutline

Xk Motivation: Dark sector searches with Neutrino experiments

3k The search : Phenomenology & analysis results: ongoing Neutrino
experiments
2%k Sub-GeV dark matter search @MiniBooNE (PhysRev.Lett. 118
(2017) 22, 221803, Phys.Rev.D 98 (2018) 11, 112004 )
* "First" thSiCS result @ICARUS (ar'Xiv: 2411.02727 [hep-ex], accepted
in PRL )
% HNL searches @ICARUS (Eur. Phys. J. ¢ 85, 195 (2025))
¥k Future : BSM searches @protoDUNE using SPS beam @CERN
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https://arxiv.org/abs/2411.02727

The Standard Model

- Particle physics has a Standard Model of particles and their
Interactions

© Point-like
particles

~ Force carriers
communicate
between particles

© The Higgs
particle

o, &, & | completes the

Sl Standard Model

Higgsboson .
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The Standard Model

© Particle physics has a Standard Model of particles and their
intferactions

particles

|Force carriers
communicate
between particles
| The Higgs
article
ompletes the
tandard Model
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What about the Neutrinos ?

In the Standard model neutrinos are
neutral leptons that only interact via

the weak force

Three flavors of neutrinos
(experimentally observed)

Neutrinos oscillate between one flavor

to another flavor, call neutrino
oscillations

Neutrino oscillation brings neutrino
mass

Standard model can not explain the
existence of Neutrino mass

Need to go beyond standard model

21.03.2025, A.Chatterjee, PRL/CERN



Where is BSM/New ‘Ph:sif::s ?

! WHITE PAPER ON NEW OPPORTUNITIES AT THE

NEXT-GENERATION NEUTRINO EXPERIMENTS
(PART 1: BSM NEUTRINO PHYSICS AND DARK MATTER)

.A. ARGUELLES'. A.J. AURISANO?, B. BaTeLL®, J. BERGER®?, M. Bisuar*, T. Boscur®, N. Byrnes®, |

A. CHATTERJEES,IA. CHODOSS, T. CoAN", Y. Cut®, A. DE GouvEA" 2, P.B. DENTON?, i

A. DE ROECK ™, W. FLANAGAN'!, D.V. FORERO'?, R.P. GANDRAJULA'®, A. HATZIKOUTELIS',

M. HosTerT!®, B. JoNEs®, B.J. Kayser!®, K.J. KeLLy!6, D. Kim!7, J. Koppl®18 A Kuik!?,
K. LaNG®, 1. LepETIC?!, P.A.N. MACcHADO!, C.A. Moura??, F. OLNESs®, J.C. PARK?3,

. PascoL'®, S. PrakAsH!2, L. RoGERs®, 1. SAFA?4, A. ScHNEIDER??, K. SCHOLBERG?®, S. SHINZ6:27,

I.M. SHOEMAKER?®, G. SINEV?®, B. SMITHERS®, A. SousA® 2, Y. Su1®, V. TAKHISTOV??,
J. THoMAS®!, J. TopD?, Y.-D. Tsa1!632, Y _T. Tsar3, J. Yu* 6, aND C. ZHANG?

Naturalness? Baryon Asymmetry?
Strong CP? Neutrino Mass? Flavor
Puzzle? Dark Matter? Unification?
Inflation? Quantum Gravity? ...

Where is BSM/
New physics ?
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One of the motivation: Short Baseline Anomaly

| FE CEEEIRR | reactor flux anomaly
M - i resolved with new input data
- o to flux calculation

sl A Mol reactor spectra )
3yt M%H _ ,

. e is there really an anomaly? -
g o  dem ]
Z % ”””” Ty 1 gallium anomaly 7
i e 11 | unresolved, recently reinforced -

g

LSND )

unresolved ®

- == |  MiniBooNE 7
: N unresolved L

’ Eon

Detailed talk by Prof. Raj Gandhi
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One of the motivation: Is there a common
explanation for all the anomalies ?

@ Flavor conversion : Inclusion of a new light sterile neutrino

Inclusion of dark sectors: Dark matter particles, dark neutrinos, Long
ived Heavy Neutrinos etc.

@ Conventional explanation : Single photon production, reactor flux
modeling etc.

And many more theoretical models ...
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Second motivation: Experimental motivation for

searching Dark Sector using Neubrino detectors

10-39 "

] T
10-40 I Direct detection
- What about here? B
< 1074} .
3 Relativistic dark matter i
e 10—42 i : : :
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b "
2 10-44
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10~ . N e P s -
. . G,L. Baudis, Phys. Dark Univ. 4 2014) 50. arXiv:1408.4371 [astro-ph.
102 107! 1 10 100 1000 10*
WIMP Mass [GeV/c?]

% Accelerator based fixed target experiment has

experienced much recent theoretical and
experimental activity below GV range.
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Second motbivaktion: Exparimem%ai mobkivakion

for searching DS using Neutrino detectors

* Opportunities to probe hidden sectors experimentally arise in particular when

states exist with a mass scale of a GeV or less and a lifetime longer than the
mesons decay due to weak interactions

* Such light, long-lived hidden sector states can be searched for at high-
intensity fixed target experiments

*A rough comparison between the collider and fixed target reach for "new light
states” in Dark sector:

* Assuming the interaction between SM and DS is mediated by operators of dimension
4+n , with n>=0, the production cross-section typically can be written as

Ii2 E 2n
56

Where k is a dimensionless coupling constant and A ~ TeV

21.03.2025, A.Chatterjee, PRL/CERN arXiv:0906.5614, 2207.06898 |



Second moEE,va\HowComgarisom bebween Collider

ahnd Fixed Targebt Exp

* Integrated luminosity of collider (LHC) ~ 104 cm-2

3k The analogue of integrated luminosity for a fixed target of length 1m with
1021 POT is 102! x 1024 x 102 cm-2 ~ 1047 cm-2

3k With these numbers, one can derive and compare the production rates for
neutral ~ GeV scale states at collider and FT

Ncollider N 10—6 y (%) 2n—2
Ntarget Et

Now, if we use  Ec/ By = E./+/ 2mpFaap |, and Ec=14 TeV, Eip=1006eV, then

N.
collider ~ 1 0 —1246n
N, target

* For low ("portal”) n=0,1, clearly the production rate at fixed targets is

advantageous and at n=2 it is comparable to colliders. However, this does not
imply that the signals would be necessarily be larger at FT due to detector
geometry acceptance and other factors.

21.03.2025, A.Chatterjee, PRL/CERN
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The dark sector paradiqm

Portal

E OE E E E E E E E Dar‘kSECtOl"

"New particles” with the following properties ...
kA mediator may connect the visible and dark sectors through a

“portal”

3k Gauge singlets - not charged under SM gauge symmetries

3k May be very light, well below weak scale ~100 GeV

3k Dark Matter, Sterile (heavy) neutrino, axions, ... could be part
of the sector.

This talk will be mostly based on exploring different DS portal using data from

fixed target accelerator based neutrino experiments.
21.03.2025, A.Chatterjee, PRL/CERN 12




Dark sector models looking @u-Experiment

kSimplest way dark sector particles interaction with the standard model are
via "portal” (operators of lowest dimension):

* These portals fall info different general categories :

™ Vector Portal (dark photon) : dark sector photons couple to SM
via kinematic mixing ( p'#v) ‘

M Higgs portal (HPS) : Scalar dark sector particles - interactions
through the coupling with the Higgs (gt /)
™ Neutrino Portal (HNL) : Fermionic particles - interactions by mixing

with neutrinos (LH)
0

21.03.2025, A.Chatterjee, PRL/CERN 13



Exper’&mem&at &e&hmiques

4 )

Beam Dump (MiniBooNE, ICARUS, SBND, DUNE, sHADows )| Fixed Target spectrometer (DarkQuest,
HPSNA64 ..)
mediator
beam B il ->< SM beam rpediator
B I SN
. y

LHC (CMS, ATLAS, LHCb)

LHC auxiliary detectors SM
(FASER,CODEX-b, MATHUSLA, ...)

L 4

4
L 4
L 4
L 4

mediator

Meson facilities (NA62,PIONEER, ...)

LAV

Vacuum: P<10® mbar

- Ll Sl
Targe: CHANTI ‘ | ' I | | l = ﬂlll“
T 1=
T — B A m .
»  ceoart Pl ‘ TETR | ] 1 JIII“
prolons GTK | | Kr
RICH MUV
nadron beam L . )] STRAW CHOD
DecayRegion 65m beam pipe
L | J
Total Length 270m
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How ko search Darke sechkor par&iﬂes LA
neubrino experimem&

target decay volume dirt, shielding near detector

-->@

neutrino \

detect recoiling
charged lepton,
nucleus

~High intensity proton beam - fixed target experiment

~Large acceptance due to forward kinematics, short baselines,
large volume detectors

~ Less SM background compared to collider.

~ Advanced neutrino detectors with excellent particle ID and
energy reconstruction are suitable for BSM searches

21.03.2025, A.Chatterjee, PRL/CERN
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DS model # 1: Vector por&at

[Holdom]
[Pospelov, Ritz,Voloshin]

SM - O O m X [Hooper, Zurek]

€ ! v [Arkani-Hamed, et al]
iFle”‘
2 o2 Loy, 1 o N2 € v
LD IDMX| o mx|X| o Z(F,uu) + §mA’(Ap,) o §F/JJVF T

* Dark photon (A') mediates interaction between DM and SM
% 4 new parameters; 1M, ,MA’, XD, €

Dark-Photon couples to SM : Coupling between mediator and particle
x L 4
SM ”o
A € 0 A’ Re 2
Y Ly ~e“amy M g o =2
’Q
SM Xf‘,

21.03.2025, A.Chatterjee, PRL/CERN 16



DS model # 1: Vector por&at

< Production of DM beam:

g ¥ P
.
o'.
7% n .
V <%
.
Xt.b

Neutral mesons decays

Bremsstrahlung + vector
meson mixing

o

Direct production

*Detection of DM via scattering

e, N

Elastic NC nucleon or

\ electron scattering

Inelastic NC neutral pion -
like scattering

Deep Inelastic scattering

21.03.2025, A.Chatterjee, PRL/CERN




DS model # 1: Vector For%at : How to estimate signal
evenks U a detector

[Nevent = N POT XA’ Br(A" — vis) €det j

Where , Nror= Number of protons on target

6 /
X, = — Production fraction of A’ per POT
Otot

Br(A’ — vis) Branching fraction of A’ decays to dark matter

€det Probability of A’ decaying inside the

detector and detector efficiencies

One example of production : A’ from 7"

—b—'&(}:lvw
w0, n

/ mi, ?
A Br(z’ — yA") =2¢%| 1 -

mj%o

X, =X _,Br(z" — yA)

21.03.2025, A.Chatterjee, PRL/CERN 18



Darke Matter search@MiniBooNE Debector

Il
Electronics Room' Entrance W
I ' i

.

Signal
Region Veto

Overflow Tank

% The MiniBooNE detector is a 818 tons of mineral oil (CH,) Cherenkov
detector, oil sits inside a 610 ¢cm radius sphere.

<+ The inner signal region consists of 1280 inward facing PMTs and the veto
region consists of 240 PMTs.

< PMT timing resolution is 1 ns

21.03.2025, A.Chatterjee, PRL/CERN
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MniBooNE-DM S@.&up

Target Decay Pipe Beam Dump MiniBooNE Detector
P —=
Be Air
: 50m

<+ For the Dark Matter (DM) search, the <
beamline was configured in "off-target” 8 o
mode, which reduce a lot of neutrino 1:',
background. o 10"

< To understand the neutrino background in ;&210_,3
detail, first neutrino flux calculated for g .

CCQE-u channel (as the dominant channel ). &

’:‘ 900 CCQE'” Off—TCll"ge'l' dClTCl are flr‘ST - 1; Off_target/ on target
identified (using previous selection of MB & & "
neutrino data sets) >

< This not only validate the of f-target MC K
model but also shows the reduction of the

neutrino background in the of f-target mode
(1/27).

21.03.2025, A.Chatterjee, PRL/CERN
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MniBooNE-DM Se&u,p

& The sugnm‘ure of the x N scaﬁermg . Phys.Rev.Lett. 118 (2017) 22, 221803
events is a pattern consistent with a 7 Preched i tha,
proton/neutron of a few hundred of | e e detector .
MeV e ---- v-related dirt bkg.

< First, a DM-candidate event sample m o Firoouln s M1
selected from the off-target data ~
using previous neutrino-NCE 100
scattering with a cut 35<T<600MeV

% This selection along with the
requirement of no-activity in the
veto, minimizes beam-unrelated -
background (cosmic) and non-NCE z:

beam related background. T 0z 03 034

I T

lll]l

400

300

200

----- Fit results + DM2

NCE Off-Target Events

1.4F
1.2f
1=

Ratio to Fit Results

O3 o (GeV)
< Neutrino induced NCE events are an irreducible background and must be

subtracted.

/7

< NCE sample from previous neutrino run was selected and MC modified to
generate NCE events in of f-target mode.

/7

<» DM-N NCE events are generated and simulated through the same detector
simulation as of neutrino (in off-target mode) with proper re-weight.

/7

<» No excess of events observed and put constraints of the DM Parameter space.

21
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DS model # 1. Vector portal@MiniBooNE

Target Decay Pipe Beam Dump MiniBooNE Detector
P —=
Bel  Air
50 m . 4m 487 m

90% C.L. on vector portal, 1.86x1020 POT

kFirst Dark matter

search result in beam-
dump mode in neutrino
experiment and
constraints are more
stringent than existing

7 o experimental results.
* * The MiniBooNE-DM collaboration searched for
g I vector-boson mediated production of dark
o 0 = matter using the Fermilab 8 GeV Booster proton
£ MB Electron beam to a steel beam dump.
= 109_—_1‘55“_"2"_/ , ceccion S First analysis performed with DM-Nucleon
= b e\ Elastic scattering(PhysRev.Lett. 118 (2017) 22, 221803)
E ol and full analysis with DM-electron scattering
‘“E " w, = 05 and my = 3m, using timing info (PhysRev.D 98 (2018) 11, 112004 )
- [ 7 - | * No significant excess over background was
° B Densty observed and a 90% confidence limit (CL) was
3 A — placed on the vector portal light dark matter
° " m@eviey (LDM) model using a frequentist approach

21.03.2025, A.Chatterjee, PRL/CERN
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DS model # 1: Vector Por&at@‘DUNE

DUNE MPD
ECAL/Magnets

Proton Bea,mI
120 GeV

574 m 579 m 584 m
I I I > 17
7 = Distance from Target (not to scale)

Fermionic DM x, ap = 0.5, My = 3M,

Fermionic DM x, ap = 0.5, M, = 20 MeV

On — axis
=== PRISM — 24 m
—— LDMX — Phasel

* Expected DUNE on-axis and
PRISM sensitivity to x e~ —

X e~ scattering

* Simulation uses full DUNE
detector simulation and
sensitivity performed at the
LArTPC detector due to the

h M, [GeV] h leTaeV] 1 hlgh densi’ry.

Eur.Phys.J.C 81 (2021) 4, 322

A.Chatterjee et.al., DUNE Collaboration

21.03.2025, A.Chatterjee, PRL/CERN 23



DS F:'c:rr&ai. # 2: Higgs parﬁat

Hidden sector particle decay to di-muonh final
sktate searches @ICARUS

arXiv: 24-11.02727 [kep-ex]
Atr:ege&ed i PRL

O First “Physics” result from ICARUS/SBN experiment

O 4 mwembers &V\&i.jsts team (AChatterjee (coordinator, analysis
su,pervisor), G Pubnam (Ph.D student, U-Chicago), N.Row (Postdoc, U-
Chicago), HHausner (postdoc, Fermilab))

21.03.2025, A.Chatterjee, PRL/CERN
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https://arxiv.org/abs/2411.02727

Short Baseline Neultrino Program (SBN)

A three liquid argon detector experiment -
_ . : " I e -
" =N “ . / b 4 “-b_..' h,:;

- MicroBooNE
MiniBooNt -
Icarus - T600 (operating)
(relocated)

@ The SBN Program is composed of three LArTPC detectors with the goal
of definitively addressing the hints of eV-scale sterile neutrinos

21.03.2025, A.Chatterjee, PRL/CERN




Motivation: Search for Higqs Portal scalar with bwo muons

3k Motivation: Higgs Portal Scalar - a BSM scalar decays in ICARUS to 2

I
| | LD —(AS+\SHH'H ' Higgs
SM
scalar
- / N J
Diagram of the HPS Phenomenology @ICARUS 10 S
( ] i ) L CHARM |
I\
= h \ \ LHCb
= d - 107\
" { W n s I} " // S A ( \ Bng. \\u .
q q / : \\ SB/\/D 1
\\ o Lo carus =0 “M’%m \ Sensitivity
protons AN , .
—_— i \j driven by
NuMI target K7, K absorber V'S to Minnesota 1 oo HU decays
k J —6' = """/// ] This analysis
10940-2 107" 10°

ms, GeV
2m, mg—mg,

B. Batell, et.al. Phys. Rev. D 100, 115039
MIn the Minimal model, the new scalar S couples to the Higgs via portal coupling

o Characterized by the mass of the scalar mg and the mixing angle 6 with the Higgs

& Production in NuMT is via Kaon decay (Ky,y1— #S)
™ Once produced, the scalar can decay to dilepton or pion pairs: S — e'e’, p u', nn

21.03.2025, A.Chatterjee, PRL/CERN 26



The Resulk: di-muon final stake

® 2uis aclear and easy to reconstruct final state in the

detector % Scalar decays create a

- Topological, calorimetric, and kinematic features resonance in the di-muon
distinguish decays from v interactions | mass

- Strategy: select stopping pp events which will have a

resolvable mass bump

No New Physics!

scale factor to data, look for
bumps

o -
U o
-~

|

®
1
®

f— e g —--
Excess: 0.190
. ICARUS Data i ==: Nom. MC | v Incoh.
ICARUS MC O 2.571 Signal Box I| ® Data Ui CC Coh-m
= a1 ' Fit (x0.78)
HPS — pp 3 dlayl !
- 20 ' '
M_S = 265MeV l; | H“ E . Bkg. Fit Region
— s _
:\E i eNumi<1oo
S 5 E Heavy Axion - J\;W(J(()Gziv()) 31)
: M, =340 MeV IS il
* S‘rr'afegy: fl'l' Vu CC Coh-m § Efk]:7 x 104 Gev @ 20+
o I Running ¢, N i ----
: :C]ZCQZngl 10
n |
c :
S
L

©
o)
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Linaiks on HPS

arXiv: 2411.02727 [hep-ex]

Higgs Portal Scalar Exclusion

ICARUS Limits Reinterpretations Model Independent Limit by ¢ s [m]
—— Exp. Med. MBOONE —— E949 - PS 191 —e— 2-:10! —— 2-:102 2-103 104
[ Exp. 10 —— NAG62 LHCb ---- LSND

= QObserved —-— CHARM

---Exp. Med. Exp. 1o —e— QObserved

[BR(K*-m* +S)+0.13 - BR(K!-n% + S)]

. . . . . - 0.225 0.250 0.275 0.300 0.325 0.350
220 240 260 280 300 320 Ms [GeV]

Ms [MeV]

3k First study of HPS and model independent limit from fixed

target neutrino experiments
#*90% C.L. limits computed

21.03.2025, A.Chatterjee, PRL/CERN 28


https://arxiv.org/abs/2411.02727

DS wmodel #3 Heavy Neubral Lep%am
searches@ICARUS-SBN (?k@.mo“sﬁudv)

3k HNLs arise in simple SM extensions (type-I Seesaw) to explain the
origin of neutrino masses
3 The HNL mixes with the active neutrinos

M
v, —ZUmv,+U

Fig. from Khalil, Moretti

3k Interaction Lagrangian : L DO yo"" (LoH) N;,

Gauge singlet fermions Ni interact with SM fields via Yukawa interactions,

A.Chatterjee, A.De.Roeck. J.G.Garcia (Eur. Phys. J. C 85, 195 (2025),arxiv: 2408.03383)

29
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https://arxiv.org/abs/2408.03383

*

DS model #4

* Production

PRIMARY SECONDARY TERTIARY

BEAM BEAM BEAM
(PROTONS) (MESONS) (NEUTRINOS)
M e
' KT
Target Oeips  ~
h A
List of decay modes to HNL
T K— D— Ds— 17—
U |? eN eN eN eN —
eN
— 7%N K%N — —
v |2 uN uN  uN  uN —
uwN
— 7°uN K°uN —  —
— — TN TN =@N
0
Uon P — — — — 7' N
— — — — evN
— — — —  uvN

21.03.2025, A.Chatterjee, PRL/CERN

Hecwv Neubral Lep&m\

Detection :

Detector
HNL travels along the
neutrino beam line and
decays in flight
N
Example decay channels
HNL decay modes
N —
,||eev mpv epv e hadr. v hadr.
|UeN |
v em  ep —
,|leev ppv epv p hadr. v hadr.
|UuN |
v’ pmo opp —
.|| eev ppr  — — v hadr.
Urn|
vr® — — vp°




DS model #4 : HNL sensitivity@ICARUS/SBN
90% C.L. limit for POT : 1.32X10721 ~ 4 years of data taking

- - = arXiv:-2408.03383 [hep-ph]

1072

101

107

|Ua4|2

1078 L & — 2ulike :

I Two muon like events

--- signal + background -
[ signal eff. € (15,30)% E
0’10 R 1 1 . . 1 el . L 1
0.1 0.5 1 0.1 0.5 1 0.1 0.5 1
My (GeV) My (GeV) My (GeV)
N\ J
4 N
1072
1074}
~of
% 1077k
=) ] :
107°F s ctuen + All the possible channels -
;r ICARUS, N —» visible - 3
10_10; —— signal j
signal eff. € (15,30)% ]
0.01 0.05 0.1 0.5 1 ().Ol 0.05 0.1 0.5 1 0.01 0.05 0.1 0.5 1
\_ My (GeV) My (GeV) My (GeV) Y,
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Dark Sector generator for Fixed-target experiments

Developed DS generator for fixed-target experiments @neutrino experiment
This will be public soon! Will be useful for DUNE@Fermilab and other DS search
experiments like SHiIP@CERN

JE
e

SBN

Program

. MeVPrtl: An Event Generator for Dark Sector Particles in the Short
. Baseline Neutrino Experiments

s ICARUS Collaboration, SBND Collaboration, J. Berger?, A. Chatterjee?, J. I. Crespo-Anadén®,
.+ J. Dyer?, R. Garrote‘, V. C. L. Nguyen?, V. Paolone¢, I.. Pelegrina-Gutiérrez’ and G. Putnam?

“Colorado State University, Fort Collins, Colorado 80523, USA
b European Organization for Nuclear Research (CERN), 1211 Geneva 23, Switzerland

4 University of Sheffield, Sheffield, UK
¢University of Pittsburgh, Pittsburgh, PA, 15260, USA
10 fUniversidad de Granada, Granada E-18071, Spain
1 8Enrico Fermi Institute, University of Chicago, Chicago, IL, 60637, USA

5
6
7 “Centro de Investigaciones Energéticas, Medioambientales y Tecnolégicas (CIEMAT), Madrid E-28040, Spain
8
9

3w ARTICLE INFO Abstract

15

16 Keywords: MeVPrtlGen is a modular event generator of Beyond Standard Model (BSM) physics particles
17 Short Baseline Neutrino Program developed for use in the Short-Baseline Neutrino (SBN) program. A large class of BSM physics
18 Dark Sector Searches models predict that new particles could be produced in the intense BNB and NuMI neutrino
19 Event Generator beams, where they would travel to the SBN detectors and either interact with or decay into
20 Phenomenology standard model particles. These new physics models are motivated by dark matter, the neutrino
21 mass scale and a solution to the strong CP problem. MeVPrtl provides an interface to implement
22 the overlapping phenomenology of these various models, and to connect them with meson flux
23 inputs and object outputs used by the SBN LArSof t-based detector simulation. Implementations
24 for the Higgs portal, heavy neutral lepton, and heavy QCD axion models exist within MeVPrt1.
25 In this technote we specify these implementations and their validation, as well as details of the
2 MeVPrtl interface.

21.03.2025, A.Chatterjee, PRL/CERN



Fubure: BSM searches with LArTPC @CERN

From slides by L. Molina-Bueno

T10 target

EHN&Neutrmo Platform

EHN1

H2H4HGH8 / X \
/ \

TT20 transfer li

SPS BEAM — A
400 GeV North area EHN1 Neutrino Platform
protons Magnets 2 Magnets Soil EHN1 NPO2
T2 ] I
g p 7mrad =¥ |! _‘
> — I SR - |
§ = [ ] D, B, n, nY p,...
D, B, n, nY p,... NP04
° ) NPO2 NPO4
The T2 Beamline soi
5 p T2 | 15m {214 bea™
.z I
B | 400 Gev ~700 m
m -
50 cm thin Be target > 5_77 m  723m
Distances from T2

33
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Future: BSM searches with LAYTPC @CERN

One of the_first neutrino event @protoDUNE from SPS

1000

1073 |

250
800

500

600
750

1000 400

ADC(Charge)

1250
200

1500

0
1750

2000 —200

10-10 E T e )
- BBN el ] 0 200 400 600 800

. e Channel number (z)
107 o? ( ) 10°
my(MeV

% RecenT study shows that ProtoDUNE detector with 400 GeV SPS beam at CERN will be

excellent setup for BSM.

* Working group formed last year to study the feasibility of the proposal of a new
experiment |

3k We have developed experimental tools (sof tware & hardware) to take small sample of
data

3k We have observed "neutrinos” from the data, which are background, to so the proof of
principle.

3TIn process to analyze the data and submit proposal for running longer as Experiment.
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Sunmmary % Outlook

3k Dark sector theories are motivated on several accounts, as they may
address some of the outstanding mysteries in fundamental physics, including
dark matter and neutrino masses, or explain certain experimental anomalies.

3k A wide-ranging experimental program to probe the dark sector is emerging,
and there has been a growing realization that neutrino beam experiments
are a vital part of this.

3k Substantial progress has been made in recent years in terms of the
phenomenological and experimental developments needed to pursue a viable
dark sector search program at neutrino beam facilities.

2kWe have performed both pheno and experimental data to search (or
provide constraints) on the dark sector parameter space for different
fixed target experiment

3k Dark-sector MC generator for the fixed-target neutrino experiments will
be released soon, this will helpful for future experiments.

3k BSM search at CERN using prototypes of DUNE detectors will provide
important information for proposed SHiP and FPF experiments.
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