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Karjeros kelias
• Mokykla: Vilniaus Mykolo Biržiškos gimnazija ir Fizikos 

Olimpas 

• Bakalauras ir magistras: Mančesterio universitetas (2013–
2017)  

• Doktorantūra: Imperial College London (2017–2021) su CMS 
eksperimentu 
‣ Ilgai gyvuojančių dalelių paieškos 
‣ Mašininis mokymasis 

• Posdokas: Ženevos universitetas (2022—) 
‣ Automatizuotas ATLAS duomenų kokybės įvertinimas naudojant 

dirbtinį intelektą 
‣ Anomalijų paieškos ATLAS eksperimente persiklojančiuose protonų 

susidūrimuose (pileup)
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• Standartiniame modelyje randame daug ilgai gyvuojančių 
dalelių: miuonas, tauonas, B mezonai… 

• Įmanoma, kad naujos dalelės yra ilgai gyvuojančios ir 
galėtų palikti egzotišką pėdsaką detektoriuje 

• Daugelyje naujos fizikos modelių dominuoja tokių dalelių 
skilimas į hadronų čiurkšles (jets) 
‣ Ilgai gyvuojančių dalelių čiurkšlės skirtųsi nuo įprastų foninių 

partonų (kvarkų ir gliuonų) čiurkšlių 

• LHC ATLAS, CMS eksperimentai dažniausiai ieško greitai 
skylančių dalelių skeveldrų — tam detektorius yra 
optimaliausias  

• Paslinktų dalelių paieškas apsunkina neefektyvūs 
rekonstravimo bei identifikacijos algoritmai 
‣ Puiki proga išnaudoti mašininį mokymasį! 3
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2.4 Long-lived particles

In this Section, the properties of LLPs are described. LLPs are introduced as new particles
in several BSM scenarios. Traditionally, searches at the LHC have focused on prompt BSM
particles, i.e. those with a very short lifetime. Such searches could miss an LLP signature,
and hence, dedicated searches for LLPs are required to fully exploit the capabilities of the
LHC detectors.

2.4.1 Introduction

⌥ resonances, and in the continuum regions o↵ the resonances. Operating between 1999 and 2010, the48

two experiments collected data samples totaling about 1600 fb�1. The largest sample used for LLP49

searches was 711 fb�1.50

In many LLP search analyses performed to date, the SM backgrounds have been extremely small,51

sometimes much less than one event. In such cases, the search sensitivity grows roughly linearly with the52

integrated luminosity of the data sample. This is in contrast to background-dominated BSM searches,53

where sensitivity is proportional to the square root of the integrated luminosity. Therefore, LLP searches54

are especially attractive for high-luminosity colliders. In particular, this includes the future runs of the55

LHC [22], but also those of Belle II [23] and proposed high-energy e
+
e
� facilities such as FCC-ee [24].56

As the focus of this review is BSM LLP searches at particle colliders, we aim to cover the broad range57

of theoretical models, their experimental signatures at such facilities, and published searches pursuing58

them. Thus, other than an occasional mention when relevant, we do not discuss experiments at non-59

collider facilities or results from astrophysical observations1. Furthermore, following the definition of60

LLP signatures stated above, we do not include signatures without detectable features of the LLP or61

its decay.62

Basic distance-scale definitions used throughout the review are indicated in Fig. 1. A particle decay63

is considered prompt if the distance between the particle’s production and decay points is smaller than64

or comparable to the spatial resolution of the detector. By contrast, a distance significantly larger than65

the spatial resolution characterizes a displaced decay. Depending on the relevant detector subsystem,66

the typical resolution scale is between tens of micrometers to tens of millimeters. The second distance67

scale of relevance is the typical size of the detector or relevant subsystem, ranging from about 10 cm to68

10 m. A particle is detector stable if its decay typically occurs at larger distances.69

In Sec. 2 we review the theoretical motivation and a variety of BSM scenarios that give rise to70

LLPs. The experimental methods used for identifying LLPs, which frequently give rise to non-standard71

1
For a review including implications of collider-accessible LLPs on cosmology and astroparticle physics, see Ref. [2]

Figure 1: The SM contains a large number of metastable particles. A selection of the SM particle
spectrum is shown as a function of mass and proper lifetime. Shaded regions roughly represent the
detector-prompt and detector-stable regions of lifetime space, for a particle moving at close to the
speed of light.
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Figure 2.4: Selection of elementary and composite SM particle masses and lifetimes.
The shaded regions indicate regions where the particles are either prompt or stable in a
general-purpose detector like CMS. Figure taken from Ref. [58].

The partial decay width of a particle can be calculated in perturbation theory using
Fermi’s golden rule:

Γ𝑓 𝑖 = 2𝜋|𝑇𝑓 𝑖|2𝜌(𝐸𝑖), (2.17)

where 𝑇𝑓 𝑖 is the transition ME for the process 𝑖 → 𝑓, and 𝜌(𝐸𝑖) is the density of available
decay states at energy 𝐸𝑖. Assuming a particle 𝑖 decaying to several final-state particles 𝑗,
the transition element is expressed in terms of the Lorentz-invariant ME:

|ℳ𝑓 𝑖|2 = 2𝐸𝑖 (∏𝑗 2𝐸𝑗) |𝑇𝑓 𝑖|2. (2.18)
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Sterilių neutrinų paieška
• Sterilūs neutrinai galėtų padėti atsakyti į keletą atvirų 

dalelių fizikos klausimų: 
‣ Paaiškina labai mažą standartinio modelio neutrinų masę 
‣ Pateikia tamsiosios materijos kandidatą 
‣ Paaiškina visatos materijos-antimaterijos asimetriją 

• Tam tikros masės sterilūs neutrinai tampa ilgai 
gyvuojančiomis dalelėmis 

• Sukurtas algoritmas atpažinti pasislinkusias ilgai 
gyvuojančių dalelių čiurkšles 
‣ Veikia gilaus neuroninio tinklo pagrindu 

• Atlikta CMS duomenų analizė ieškoti sterilinių neutrinų 
naudojant minėtąjį dirbtinio intelekto algoritmą
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production is also challenging to trigger on as the final state particles are soft; in addition,
this scenario is only kinematically allowed below the specific heavy-flavour meson mass
of a few GeV.

CC production is the primary mode considered in this analysis, as it results in the
associated production of a prompt lepton, denoted ℓ1, which can be triggered on at CMS
with relatively high efficiency. The cross-section times the BR for this process, valid for𝑚N < 𝑚W, can be expressed in terms of the CC production cross-section as follows:

𝜎CC = 𝜎(𝑝𝑝 → W) ⋅ 𝐵(W → ℓ𝜈)∑ℓ |𝑉ℓ|2 (1 − 𝑚2
N𝑚2
W
)2 (1 + 𝑚2

N2𝑚2
W
) . (7.1)

The decays of low-mass HNLs take place via off-shell EW gauge bosons. CC semileptonic
HNLs decays, which are the subject of this thesis, are the most common. The semileptonic
three-body decays via an off-shell W boson N → ℓ2W∗ → ℓ2qq̅ result in the production
of an additional displaced lepton, denoted as ℓ2, and displaced jet(s); this occurs almost
twice as often as NC decays to two charged leptons and a neutrino N → ℓ2ℓ3𝜈. Finally, the
HNLs can also decay hadronically via the NC, i.e. N → 𝜈Z∗ → 𝜈qq̅. However, this would
result in a neutrino being produced instead of the ℓ2, which is a muchmore experimentally
challenging signature, and, thus, not considered in this analysis.
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Figure 7.1: CC HNL production in association with a prompt trigger lepton ℓ1 and decay
to a displaced lepton (ℓ2) and a pair of quarks. In (a), an opposite-sign (OS) dilepton
final state is shown, possible for both Dirac and Majorana HNLs. In (b), a same-sign (SS)
dilepton final state is shown, possible only for Majorana HNLs. The flavours of ℓ1,2 can
differ.

To summarise, both the HNL production and decay proceed via the CC in this analysis:

W → ℓ1N → ℓ1ℓ2q ̅q, (7.2)

also shown as a Feynman diagram in Figure 7.1. It is important to note that the semilep-
tonic HNL decays differ kinematically depending on the HNLmass [156]. For𝑚N < 1GeV,
the HNLs decay primarily via a two-body decay N → ℓ2M, where M is a light meson,

čiurkšlė(s)

https://arxiv.org/abs/1912.12238


Mokslo sklaida — virtualus CMS vizitas
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• Vaizdo tiltas su Molėtų observatorija tyrėjų nakties metu (2019 m) 

• Nacionalinės moksleivių akademijos sesija (2021 m)


