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... to seek answers to such
fundamental questions...
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How do we measure the mass?

...We can use di-photon events
We can observe Higgs Bosons events as a Very

8 ook .* Daa o ATLAS - Nice peak over a smoothly falling background.
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We need to know how to model the signal peak
and the background to obtain the mass of the
Higgs Boson



The decay of a Higgs Boson

The Higgs cannot decay directly into 2
photons because it only interacts with

particles that have mass however, the
photons have zero mass.

It does so through some other particles
in between.



Monte Carlo

Experiments

are a broad
class of computational
algorithms that rely on
picking random numbers
to obtain numerical
results. The key idea is to
use randomness in order
to solve problems th
might be deterministi
in principle. X

Geant4 is a platform
' for simulating the

passage Of particles
through matter using
Monte Carlo methods in
order to emulate
realistic results.
It is written in C++. You
can design a variety of
physical experiments‘
it,even the ATLAS }I
collider.
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In order to obtain these
plots we used this

2 tools to simulate

the data we would
obtain in reality.
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Mass distribution of
the two photons for
Monte Carlo
samples generated
with different mass
of the Higgs Boson
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Number of Events
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Number of events: 9280.714574 Legenda
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An exemplary selection cut: Isolation

We can distinguish good photons from bad phtons measuring the energy in a cone around them:
* A true photon has almost no energy around it

* A background photon from a jet has a lot of energy in the cone around it because there are a a lot of other particles
inside the jets
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How do we model the signal?
—
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With a very complicated function : a
Double Sided Crystall Ball

f(m;mg,0,ap,ng,ap,ng) = <

We fit the invariant mass distribution for the Higgs:
110,122,123, 124,125,126, 127, 130, 140 [GeV]

M;; = 127 [GeV]

‘J;' -IL:fO_ | T T T T T T T T T T T T T T T T T T T T T T T T T T T ] ‘;_ -I'_:PO:'_
s . > ¢
= 140 — = 140
c — — -—
(14 — _ c —
& 120 — i 120
100~ — 100—
80— — 80—
60— — 60—
40— - a0f—
20 — 20—
ofs - o
25 80E-
20 2
. 15 . OE
i 10 [ 205_
o] 5 o] 0
a 0 S 20 =
_}3 40 3
_15.|...|...|...|...|...|...|...|...|...|.>( _6{]---I---l---I---I---I---I---I---l---l---_EX
T8 120 122 124 126 128 130 132 134 136 120 122 124 126 128 130 132 134 136 138 140
m,, [MeV] m,, [MeV]

M, =130[GeV]




136
134
132
130
128
126
124
122

x10

Parametrizing the function

Instead of using a lot of functions, we want to have a general function that only depends on the Higgs Boson mass
=P SO We define the parameter of the DSCB as a function of My
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This is the position where the function peaks
with respect to the simulated mass. We notice
that the mass of the peak is never exactly equal

to the simulated mass.
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This is called the resolution of the function and we
notice that it increases with the mass of the boson,
this means that the graphs will get wider with the
increase of the simulated mass.
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Input (MeV) Measurment (MeV)
125090 125193 1+ 252
124150 124218 + 239
126052 126039 + 330

—®— Mock Data

- Signal+Bkg

my= 125193.296240 MeV

123880 123846 1389







