BSM searches @ProtoDUNE

In collaboration with the CERN Neutrino platform group and trigger and
DAQ DUNE team who provided many useful feedback

EP-Nu meeting
Oct 17, 2024



Introduction

Can we use the existing ProtoDUNE detectors as a beam-dump facility
to search for new weakly interacting particles?

Beam-dump experiment

(Many present and future facilities: MiniBooNE, LSND, NA62,SHIP, T2K,
SBND, ICARUS, DUNE...)

Primary Target Detector

Distance to the detector (lget)

Initial Beam
e Protons, electrons,... « Technology
* Energy * Fiducial volume

e ntensity (particles on target)

S. Urrea, DUNE collaboration meeting May 2023, https://indico.fnal.gov/event/57487/contributions/267712/attachments/167448/223448/
Salvador_Urrea_protodune_sps.pdf
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https://link.springer.com/article/10.1007/JHEP01(2024)134
https://indico.fnal.gov/event/57487/contributions/267712/attachments/167448/223448/Salvador_Urrea_protodune_sps.pdf
https://indico.fnal.gov/event/57487/contributions/267712/attachments/167448/223448/Salvador_Urrea_protodune_sps.pdf

Feasibility studies

1. Development of a dedicated trigger to search for LLP signatures (In collaboration with DUNE
DAQ group):

= Sensitivity studies considering the full SPS length (4.8 s)

= Exploiting trigger algorithms based on Trigger Primitive (TP)

= Time synchronisation between the SPS spill and TP information

2. Estimate the main background sources (no background considered in the phenomenological
stuady)

= From the preliminary results, the main source are neutrinos from the decay of mesons produced in the T2
target and TAX

3. Full signal and background detector simulation:
= Full Geant4-based simulation including all T2 target area elements

= Signal simulation embedded inside the ProtoDUNE LArSoft framework. The decay of the LLP particles or
the neutrinos propagated to the NP04 detector using ProtoDUNE LArSoft framework

4. Exploit other LLP scenarios: axion-like particles, scalar, inelastic DM...

*Charged particles (for illustration purposes)
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Neutrino simulation @NP04

See details https://indico.cern.ch/event/1465812/
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Feasibility studies
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After NP04 run finished we collected data with the following trigger selection:

e SPS beam ON: data collected with two T2 configurations
¢ Tracks parallel to the (the detector is located 720m from the T2 target):
e We focus on high energy particles:
e The ADC integral of the Trigger Primitives in one of the APAs above 12x10% ADC (this corresponds
roughly to 12 GeV)
e Time window of 0.32 ms (20k ticks) with 2.75 ms before and after the trigger) Data including PDS (latest
runs include also CRT and no ground-shake events)
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Feasibility studies

ADC Integral Sum Cut Efficiency in TPC 2
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e Further selection offline: The vertex should start inside the detector with a fiducial volume cut (skip the
first 10 cm (corresponding to the first 30 channels in APA3 and APA1)

e Total data corresponding to ~4 days (last two weekends)

e We want to thank the DAQ and trigger team, specially Michael Rigan, Artur Sztuc and of-course Wes)

e We just started looking at the data: Dario is able find “neutrino-like” events from the data!
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Back up
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Neutrino energy with the BSM-trigger

Energy of Triggering v,and v,

60

50

40

IIII|IIII|IIII|IIII
|
CD<

W
o
I

7

—_l
o

SR — S e —

150 200 250
Energy (GeV)

o
o ||||
0
S
—
o
S

A. Chatterjee, C.Hasnip



