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Objective: In this work, we are trylng to characterize this emission of cosmlc rays from . Fi{st;:%ha‘d"learn how gamma rays are produced and how Fermi is able to «+ | was able to learn a lot of particle physics and
pulsars. In more detail, we are exploring if such opulation-of pulsars can make the Sins . detect them in order to understand the reason for using Ferm| and gamma rays cosmology. It was very helpful to learn about the
cosmic ray (CR) electrons that produces the gamw exceeding emission. & th ctet‘ect the emlssmn of CRs T 7 emission @ gamma rays-a.nd how Fermi is able to
» The Férmi LAT gamma-ray instrument is detecfing an emission that exceeds the - . "L“'“ ;. NI v : : detect them and help predict a source for CRs

expectations towafds the Galactic center of the Milky Way. In the past years this : f Fad §econdlyz | Iearned a nverse‘(}ompton so,that I would be ableto - * » | was able to practice’and learn a lot of new python

emission has been attributed by different authors either to dark'matter or to a glowo{_, « @ underst nd how gam rays are Qroduced from CRs and-the diffusion of the “*commands and use packages.lwould not usually

sources that were too faint to be detected by Fermi. Recently, we. were able to model ‘ -,=' CR e';f ps - " e . A - ‘f.---, S ;foeg';:a;hrgyr\:gd'enre g?’?e[na’rsd[rggrr}gfnit:irtnselat'ons

S SRR < : ; 55 ing very ulations.
fpe-entire gamiady excessOiing S center with a populationof SROESEE vy e l:aSt' , We used.python to construct a prog ram  th ed in graphs and « The graphs I"'produced wefe a visual certification of

thousand pulsars. = ald ﬁ' -){».

« To do that we have investigated the CR electron spectra that can be produced by 2
pulsar wind nebula (PWN). We have characterized the PWN by the age of the leFsar
and from its distance from the Earth. As a result we _found that as. the pulsar furthered'
away from the earth the gamma rays produced by its CRs were har’der to detect as - &
well as the younger pulsars. This will be the basis to describe CR eIectrons produced

by the pulsars in the Galactlc center, and-eventually the emission seen by FermllAT _
in the same region. Y : B At
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dic |ops of the emission and propagatlon of - the behavior and propagation of high and low energy
0 compare the di stance and age of thep‘ . electrons emitted by pulsars. . .
| ,ted,. L R A " ﬁ-— Gl -~ - Provided more time | would have construct a

PP e R O R : : program that graphed multiple pulsars and their
effects on the propagation of the gamma rays to

further our knowledge on these mysterious particles.
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Figure 1: Fermi Telescope replica, half the size of the r ; : X '.‘. - - ?‘
original, as seen in the Kavli building at SLAC.
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v’ 3 Figure 5: This image is a good visual aid to explain the
Figure 4: This is an image of the Fermi LAT and ; ot ; emission of a gamma rays and how gamma rays help pin
describes how the telescope detects the pair conversion. - down the source of the cosmic rays.

-
No association Possible association with SNR or PWN
* Pulsar 2 Globular cluster « Starburst Galaxy
= Binary + Galaxy SNR
+ Star-forming region Credits: Fermi LAT collaboration

Figure 2: This image is the entire milky way in a 2D plane that 2 Figure 3: This is also an image of the milky way in a 2D plane that
§ shows what has been collected by Fermi essentially showing that % demonstrates the sources and diffusion emission of gamma rays.
M Galactic center is made from pulsars. : -

« Based on th?data collected by Fermi the main hypothesis was that the Galactic center is made up

_of pulsars so my objective was to use a python program that simulated the emission and ' : |
diffusion of the CR electrons using a couple mathematical-equations and plot the data produced et _ s 4

by this simulatf®n in order to uffderstand more about the sources of the CR electrons. T .

« JAs aresult | was able to plot two graphs shown in figures 6 and 7. From these graphs | was able |

. to analyze the type of electrons that were being detected by the Fermi telescope accordlng to the

dlStance Of the pU|Sar fl'0m the Earth and the 'age Of the pU|Sar . Pwn Flux = e This material is based upon work supported by the Na-l.“onal
- In figure 6 we took the hypothetical distance of 0.5kpc and compared the different ages of the | Distance = 0.5 ke Age 20 kyr L _Age =11k Science Foundation through the Robert Noyce Teacher
pulsar and we found that a young pulsar emits a spectrum of very high energetic electrons seen Ao = 100 yr T Scholarship Program under Grant # 1340110. Any opinions,

Age = 500 kyr

from Earth that result in low flux while a very old pulsar emits a wide spectrum of low and high
energetic electrons seen from Earth and the®graph demonstrates that the low energy eIectrons
have a higher flux and as the energy of electrons increase the flux reduces.

* In flgure 7 we took the hypothetical age of 11kyr of the pulsar and compared the dlfferent .
distances of the pulsar with respect to the Earth. We found that if the pulsar is really close to the
Earth then Fermi is able to detect a very wide spectrum of low and high energy electrons and the ‘ | I
flux ig also higher for the low energy electrons and as the energy increases the flux decreases. In R e 5 [ T T T T T
comparison to a pulsar at a large distance away from the Earth has a very small spectrum of h|gh Figure 6: This graph was produced by the python ey teey

program to compare the flux of the electrons depending
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Figure 7:This graph was produced by the python program ;
energy eleCtrons but it also has very low flux. o . ' on electron energy at a fixed distance of the pulsar from | to compare the flux of the electrons depending on electron

energy at a fixed age of the pulsar and the different

» the Earth and different ages of the pulsar. )
distances of the pulsar from the Earth.




