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What are HNL?

* Naturally motivated extension to Standard Model
= Admixture with regular “flavour” eigenstates v, as

Vg = Zi=1,2,3 Ugivi + ZjE] Uqj N;

Ng

« HNL: mass eigenstates of mass O(< TeV/c?)

= Can explain:
e Active neutrino mass!
* Dark matter candidate!
¢ Matter-antimatter asymmetry!
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(see Phys. Lett. B 631 (2005) 4, PPNP 104 (2019) 1)

= 0(100 MeV/c? — TeV/c?) HNL decay to visible signatures
y

in detectors
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John Plows - HNL in beamlines

AmZ43 >> 1 eV?2
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Am?35 ~2.5x 1073 e\/2

AmZyy ~7.5x 10 eV2
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A generalized HNL GENIE model
(hep-ph/2211.10210)
(release coming soon)
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10° x Acceptance (1/GeV)

User gives us this Beamline simulation = record of hadrons (decay to v/N,) 4

\ 4 \ 4

Massless v: Massive N4: And this:
2
v" Always accepted x Not always accepted (Mya, [Ugal?)
v" Lightspeed travel x Slower travel
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My, = 300 MeV/c?
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= 250 MeV /c?



Backup
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HNL decay
‘.A‘H the : products +
interesting polarisation
beamline physics...
simulation
dynamic flux
- estimation
detector ) )
location ) A
X vertex + timing
information
v physicist detector UNIVERSAL RH{EE:;{;IEENEMTDE
geometry
sensitivity
estimate

One single interface for massive neutrinos and arbitrary experimental setups!
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Rest-frame angle @ (°)

John Plows - HNL in beamlines
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Collimation effect:

Backwards emitted HNL that
are heavy enough will be
swept forwards instead!
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<common_HNL_list=

<param_set name="ParameterSpace">

<param type="double" name="HNL-Mass"> 8.208 </param> <!-- GeV -->
<param type="vec-double" name="HNL-LeptonMixing" delim=";"> 1.8e-7 ; 1.Be-7 ; 8.8 </param>

<param type="bool" name="HNL-Majorana"> false </param>

<param type="bool" name="GetCMFrameInstead"> false </param>

<fparam_set>

<param_set name="InterestingChannels"=

<!-- 2-body decays
<param type="hool"
<param type="bool"
<param type="bool"
<!l-- 3-body decays
<param type="bool"
<param type="bool"
<param type="bool"
<param type="hool"
<param type="bool"
<param type="bool"
<param type="hool"

name="HNL-2B_mu_pi"> true </param>
name="HNL-2B_e_pi"> true </param>
name="HNL-2B_nu_pi8"> false </param>
name="HNL-3B_nu_nu_nu"> true </param>
name="HNL-3B_nu_mu_mu"> false </param>
name="HNL-3B_nu_e_e"> false </param>
name="HNL-3B_nu_mu_e"> false </param>
name="HNL-3B_e_pi_pi®"> false </param>
name="HNL-3B_mu_pi_piB"> false </param>
name="HNL-3B_nu_piB_piB"> false </param>

Choose My, = 200 MeV/c?

2 _
|Ue4|2 = |U#4| =1077
Dirac HNL

Enable decay modes
N, > te~,N, > vvv

<fparam_set>

<param_set name="CoordinateXForm">
<param type="vec-double" name="Near2Beam_R" delim=";"> 8.8 ; 0.8 ; -0.05838 </param> <!

<l-- Euler angles, ext

Place a detector at ~ 1km from
beamline origin

Beam rotated on yz plane by ~ 3.34°
downwards
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<!-- Describes rotation of BEAM wrt NEAR frame --=
<param type="vec-double" name="Near2User_T" delim=";"> 8.8 ; -68.8 ; 1888.8 </param> <!
<!-- USER origin in NEAR coordinates --»

<param type="vec-double" name="Near2User_R" delim=";"> 8.8 ; 8.8 ; 8.8 </param>

<l-- Euler ﬂ|q;u;1 extri ir y=7-y ——

<|l-- Describes rotation of USER wrt

NEAR frame --=
<param type="vec-double" name="DetCentre_User" delim=";"> 8.8 ; 8.8 ; 8.8 </param> <!-- m -->

-- Position of detector centre in USER frame, in case it is not at USER origin -->

<fparam_set>



