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ABSTRACT METHOD & RESULTS: Truth Level RESULTS: Reconstructed Level
This research investigates the reconstruction of chargino pair On reconstructed level, simulations are treated and
with RPV decay to TtHH with special consideration on missing v v Figure 1 illustrates the decay pattern that is investigated in this filtered so that only the data expected to be produced
transverse energy. The leptonic-tau pair case is considered el "H research. Two protons collide and create a pair of charginos by the detector can be accessed. Thus, the
mainly. Since tau decay releases at least one neutrino et /ut which both decay to a tau and a Higgs. The taus then decay improvement rate can no longer be assessed as it is
(invisible to the detector) and all neutrinos released are in the leptonically into a tau neutrino, an electron or a muon, and a not possible to identify the true pairings. However,
same direction of the visible part, missing transverse energy corresponding lepton neutrino. applying the augmentation method improves the
(MET) can be used to improve the reconstruction of two tau = Neutrinos hardly interact with other particles, which means they chargino mass distribution. See Figure 6 a/b.
cases. The mET vector is decomposed into the directions of 3 are invisible to the detector. However, they do carry some ass of Ghargino (2 eptono )
the visible parts (Iept(?ns/hadronlc tau Jets).on t.he transverse Ve/Vy momentum (energy) from the system. They hold the missing e
plane and is th?n prOJect?)d _onto the real directions. An energy of the system, which can be calculated on the iosecs
moro et ofshou 20% s seioved across e kvls | iy 1. 6y i ¢ v 41y VTSV il plne. o mostralstcinatons and | L s
- (antineutrino not specified) _ ! . 2 R I R R R The upper figure (a) is
reconstructed chargino mass peaks closer to the expected accessible and affected by noise. NN TN O 1 R N the chargino mass
mass. This method also improves chargino mass distribution el | distribution at 400 GeV
on reconstructed level, but the extra noise in reconstructed _ _ o N with augmentation and
level may reduce the effectiveness. Assuming the noise does not affect mET much, it is Neutrinos2% _  _ _ _ ~~~°~ ISET i : : | | ] the lower figure (b) is
possible to decompose the vector into the directions of \\ without augmentation.
the leptons on the transverse plane (see Figure 2), which lepton?2 N _ MessolOrego@leplonet) A clearer peak around
is then added to the 4-vector of the leptons to "N - e el 400 GeV is seen with
BACKGROUND: Beyond the Standard Model ‘reconstruct” the 4-vector of the taus. . leptont S B e e augmentation with more
S > - accurate mean value of
After augmenting the leptons with mET, the method of Beam(in/outward) Neutrinost - 1 mass.

The Standard Model provides a rather successful description
of presently known particles and interactions but is still a “work
in progress” as there are many hints for “new physics”, such

mass asymmetry is used to find the correct pairing of

, iy _ Figure 2: mET decomposition on transverse plane
leptons and Higgs. The pairing with smaller mass

as the “hierarchy problem”. The Higgs boson with a mass of difference (mass asymmetry) is considered the accepted reooBharging Mass fremlepionic lewiae -
125 GeV implies that, assuming the Standard MOdeI iS COrreCt pairing. On truth Ievel (Simulation data Where everything 40_ ........................ .............................. .............................. _, .............................. , ;r::'fs 72248332
I I Iri I o) ? : i | StdDev  1.624e405
as an effective field theory, then the quantum correction to the Is accessible), the rate of correct pairing is 85.1 OA’ at 800 3 | | | [ R s
Higgs is some 30 orders of magnitude larger than the required GeV, while .W|t_hou.t au_gmentatlon, itis only 65'2_ 0. Also, 30 g i This mET augmentation method improves the
value. Such enormous contribution and cancellation leads to the mass distribution is narrower and the peak is closer 2 L — — chargino mass distribution both on truth and
the idea of a new symmetry — Supersymmetry.[1! to the expected mass. See Figure 3 for augmented case " ‘ . . S R reconstructed levels. Further research can examine
- and Figure 4 for un-augmented case. b S N N IR — the interactions between this method and different
The Supersymmetry model introduces superpartners to all 15

An average improvement of about 20% is achieved with cuts currently applied to reduce noise, as well as the

existing particles in the Standard Model, the spin of which
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effectiveness of single leptonic and hadronic tau pair

MET augmentation on different energy levels (see Figure

60 A

differs by a half-integer. For example, electron, a Fermion with 5 O 1 th ¢ thod h ) o b E S S | | S cases
Spin %, has a superpartner called selectron, a Boson wit Spin h).l fvlera ;[t tlr? Iaugrlnetncllng mMetnod has shown 1o be ST RN Fo NSl | DR NN EUF PR '
. . 4 elptul on trutnh-level studies. 0 200 400 600 800 1000 1200
0.And the Char%mﬁs (C1d, 3_2 or )él’XZ)’ WI(;hV\?pbm /2, are Figure 3: augmented reconstructed chargino mass (800 GeV)
Superpartners of charge I9gs boson an oson. reco-Chargino Mass from leptonic tau/tau Reference:
There are a variety of Supersymmetric extensions of the 100 — _ — —— sm'r\i: 800Ge\/282 1. Martin, Stephen P. (1997). "A SL-Jpersym.metr.'y Prl.mer. . Perspectives
Standard Model. Specifically, the model investigated in this —oen oy e on Supersymmetry. fdvancec series on Blrections in High Energy
. Specitically, 1 Investg . M o 20 I R S |gaoer 17ziecs Physics. Vol. 18. pp. 1-98. arXiv:hep-ph/9709356
research allows R-parity violation. R-parity Is also known as N —— A~ A~ I\ 2. ATLAS Experiment, CERN (2023). R-parity. ATLAS Experiment at CERN.
“matter parlty”, WhICh haS a Value Of +1 for Standard Model \\/ N/ ——— \ I AT .............................. .............................. ......... . 800 ... https://atlas-cern/glossa rv/r_pa rltV
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particles and -1 for their superpartners. Conservation of R-
parity prevents proton and the lightest superpartner from
decaying, while extending the Standard Model with a new
gauge symmetry with charge (B-L) can also suppress 201
unwanted decays (such as proton decay) and would allow the
lightest superpartner to decay.!?!
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Figure 5: mET augmentation improvement rate Figure 4: un-augmented reconstructed chargino mass (800 GeV) CENTER for UNDERGRADUATE RESEARGH & FELLOWSHIPS Mentoring Program
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