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Introduction
Dark Matter is a hypothesized type of matter
that does not interact with the electromagnetic
force.

It is invisible because it does not emit, absorb,
or reflect light.

All visible matter comprises only %5 of the
universe.

The observations or simulations involving dark
matter don't give a clear indication of what
dark matter is made of. 

Thus, it has become one of the important issues
to know more about dark matter to understand
about our universe. 

In LHC, we know the initial conditions of the collisions such as the
type and energy of the particles being collided. We can also create
a large number of collisions and observe them in a controlled
environment. These are essential features for detecting dark
matter particles at experiments like ATLAS.

LHC recreates bigbang like condition in small scale but the detector is not
able to detect the dark matter.   

Momentum is conserved in the collision and we apply this concept while
experimenting in LHC.  

ATLAS detactor

It is challanging to calculate the momentum of all the particle in near perfect resolution. Failure to do so leads to fake missing
momentum. Can say missing momentum are dark matter.

The most popular example of a more complete theory that includes a dark matter candidate is supersymmetry (SUSY). SUSY was
one of the first dark matter models to be studied extensively at the LHC

New mediator particle decaying into a pair of
dark matter particles, produced in association
with a photon.

Z boson decaying into a neutrino-antineutrino
pair where the Z boson is produced in
association with a photon

The Dark Matter process we'll be looking for is 'DM_300', which we call "signal". The others are processes that may look like our signal,
so we have to consider them as well, which we call "backgrounds", they are  'Non-resonant_ll', 'Z+jets', 'WZ' and 'ZZ'

Data table for DM_300

To study whether there is dark mater or not precisely we use one column from
the DM_300 table that is lead_lep_pt
.

The graph at left represents the 
 'stack graph' of lead_lep_pt of
all the signals of Non-
resonant_ll, Z+jets, WZ, ZZ and
DM_300.
We can see that there is more
number of backgrounds below
100 GeV. Thus the significance
we will get is less than 3.  
In particle physics, we declare
that we have evidence for a
process such as Dark Matter if
we find a "significance" over 3.

The graph at right represents the significance
of the DM_300 with the backgrounds.  
Since there are backgrounds with high values
compared to the value of the signal, we can see
the significance is less than 3.[no dark matter]
To get the significance we remove the
background implementing cuts as shown below 

The graph at the left is the new
'stack graph' of lead_lep_pt of all
the signals of Non-resonant_ll,
Z+jets, WZ, ZZ and DM_300
after applying the cuts.
The value of signal weight is
31.11 and total background is
29.23
We get significance above three 

Result

The significance number after applying the cut is
5.76.
Thus, we declare that we have evidence for a process
such as Dark Matter in DM_300 signal.

The nature of dark matter is currently still unknown,
many experimentalists and theorists are on the quest
to better understand it.

https://atlas.cern/updates/atlas-feature/broken-symmetry-searches-supersymmetry-lhc

