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Backgrouncl

o The top Pair clecag tt - (bWH(bBW™) and the Higgs Pair clecag
HH — (bb)(WTW™) have the same daughters

< The two can be mistaken especiallg when 3 low mass W boson O{:

mass less than 40 GeV emerges as a toP decag Procluct



+ Neural networks could easilg clistinguish kinetica”g modified top
Pair end states from those of the Higgs end states

S Mg goal s to mocli% data fjegond kinematics in the MCatNLO +
Herwig gcneratecl data in order to see if the F’gtorch neural

network can still clistinguish the two end states



| ow Mass W Bosons

+ On average, W bosons with mass less than 40 GeV occurred in
onlg 9 out of 10,000 events in the MCatNLO data, making it
ditficult to train the neural network

° Acquiring more data througlﬁ more iterations is imPractical due

to excessive computation time



o Thisleads to the Practical need to moclhcg the MCatNLO data

ancl see when the Iow mass W bosons are emittecl

o The ratio between cos 0 distributions for Wjets and for low mass

Wjets showed that low mass W bosons are 5 times more likelg to

be emitted when emitted in Para”el to its Pair
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Two Boclg Kinematics

o The above coincides with basic results in two bo&g kinematics

o Inthe rest frame of a Particle of mass M clecaging into Particles
of masses m and m,, the total center of mass energy L can be

cxpressecl in the Lorentz invariant form —

o E* =mi + m; + 2EE,(1 — 5,5, cos 0)?, comqrming that E would be
minimum when @ = 0 (PDG, 49.2)



. Therefore, one rotates and scales the MCatNLO events so that

| | | d
more low mass W bosons can be reconstructe

o The energies and the momenta of the two decag Proclucts of a

mass M Paf’tiCIC can bC CXPFCSSCCl as:

XS M2—m22+m12

Ei=——=  andp,| = Ip
] M Pl = |p,o| = 2M

where A is the Kallen function (PDG, 49.17)

AM?, m?, m3),



The Rotation Procedure

Boost the top Pai r into its rest frame
. Boost the toP clecag Proclucts into their toP Parent rest frame

. Boost the anti~tol:> clec:ag Proclucts into their anti~tol:> Parent

rest Frame

3 Wjet has mass < 80 GeV, then rotate the Wjet so that it is
Para”el to the other Wjet



5. Scale that Wjet mass along with the bottomjet from the same
toP Parent ]:33 a factor of 0. 41 using equation (PDG, 49.17)

6. Boost that Wjet’s clecay Proclucts into their W Parent rest frame
and rotate them accorcling to equation (PDG, 49.17)

7. Undo all boosts in reverse order and rel:)eat this Procec]ure on
the whole data set



Larger Fvent Number Histograms

< Compare the new histograms for the Pair masses after rotation to the

histograms for the Pair masses with largcr number of events before

rotation

o Scale the larger event number histogram before rotation so that it covers

the new one up to the Point where the W boson Pair mass is 125 GeV, using
the ratio between the old and the new Pair mass histograms

o That rcquires the old histograms for the W and the b Pair masses to be
scaled bg at least 200 and 1.9 times respectivelg
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o The red histograms represent the Pair mass distributions atter

the rotation Procedure
o The green ones rel:)resent the ones from before

© The blue ones represent the ones From b@core the rotation

Proceclure) but with more events



Trainiﬂg the Neural Network

< The input clata sets are the events aFter rotation ancl the events

before rotation but with larger event numbers

o The features to be tested are the Pseuclorapiclity 1, the angular

distance AR, the mass M, and the transverse momenta p;



