Search for muonic trident production in SND@LHC
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Scattering and Neutrino Detector at LHC Analysis
= SND@LHC studies neutrinos produced in pp collisions at the LHC. = Data collected in the 2022 and 2023 campaigns corresponding to integrated luminosity of 13 £~ ! were
= Operates in the unexplored forward region, 7.2 < n < 8.4 in the TI18 tunnel. used.
= The event reconstruction is done by combining doublets of clusters in subsequent SciFi planes in 2D.
e | . |
’Uf%f Chs}[_rgied = The signature of muonic trident events: Three parallel tracks, two of them are close (d,,,;,,) and the third
. particles

Neutrinos one is separated (d;naz).
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Figure 1. Sketch of the experiment site (not to scale). 100
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= The SND@LHC detector consists of Veto, vertex detector & EM calorimeter and hadronic calorimeter &

muon subsystems and is capable of identifying all neutrino flavors and studying physics beyond the
standard model such as light dark matter.
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Figure 6. d,,,.. distribution in d,,;, slices for MC and data. A clear correlation is visible between these parameters that validates the

trident hypothesis. Inset shows the d,,,,. and d,,;, definition.
Figure 2. The SND@LHC detector layout, See also Giulia Paggi's talk.

= The contribution of background processes is estimated to be 3.75 %.

Muonic Tridents = The detection efficiency is parametrized as a function of vertex position.
= The process is a pure QED phenomenon and it is particularly interesting as it can be used to confirm ] Detection Efficiency as a Function of Z —
. . o« 4o | 2/n 0.4996/ 16
Fermi-Dirac statistics. B ! 7170 + 7.571e+04
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= The cross section of muonic trident production was measured in Brookhaven National Laboratory 0.121 0 1495 2 762.8
Alternating Gradient Synchrotron (AGS) in 1971 [1] with a 10.5-GeV muon beam impinging on a lead - N
target. 0.1— _
= T+ Pb— pt+ P+t 4 N ]
= [he cross-section measured to be 51 £+ / nb per nucleus 0.08F —
= The most recent observation made by CosmoALEPH with cosmics in 2006 [2] | B 5
= The process was implemented in GEANT4 [3] 0.06 -
= This study will serve as a means of verification. B —
. . L 0.04 — —
= Events in SND@LHC, interactions inside the rock = .
= [Three parallel tracks reconstructed in the detector. B _
= Possible sources: 0.02 — —
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P 1oft — Energy E £ Figure /. Detection efficiency as a function of z coordinate of the vertex position.
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Figure 3. Feynmann Diagram of Muon Tridents Figure 4. MC (magenta) flux-averaged cross section with — N N N
spectrum of incoming muons (blue) and cross section as a LAOO [mreemeetemmeepre s i e e o e L
function of incoming muon energy per nucleus (red). — il : \Q'b
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= SND@LHC is sensitive to muon trident production in the rock about 100 m upstream of the detector, —
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such that the individual muon tracks can be resolved. =TT BT BT R BT B SR B SR SR RS B
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x - .o Figure 8. Background subtracted and efficiency corrected number of observed events in different runs. Errors are only statistical.
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- Summary
LA} sweucemmmen com L = The first observation of muonic trident events at the LHC has been reported.
| S — Time (GMT): 2022-10-01 14:49:37 . . . . . .
I = MC expectation of flux-averaged muonic trident cross section in the rock is 281 nb per nucleus.
= The cross section extraction is ongoing using single muon event rates [4].
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Figure 5. A reconstructed muonic trident candidate
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