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Abstract Diagonalization Cont.

The neutrino is a weakly interacting, electrically neu-
tral particle in the standard model of particle physics.
These neutrinos are referred to as left-handed or active
neutrinos and are classified into three flavors (electron,
mu, and tau). Neutrino oscillation is the phenomenon
that involves the oscillation of neutrinos between the
three flavors.[1] This phenomenon is also applied the os-
cillation of left-handed neutrinos into right-handed (ster-
ile) neutrinos. The sterile neutrino is a hypothetical par-
ticle that does not interact with the weak force and only
interacts through the gravitational force. [1]This char-
acteristic of the sterile neutrino makes it a very good
dark matter candidate. Dark matter is a form of mat-
ter that does not interact with the electromagnetic force.
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and the eigenvalues will go as A = My and A = _mD;n =

From the eigenvalues the diagonalized form of M goes as

Mp = UMUT (5)

and U is the matrix use to diagonalize. and is defined as:
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where 6 is defined as the mixing angle between neutrinos
and goes as: mpM ' [1]. The diagonalized result is:

diagT — dia
—mp® MNlmD S | (7)
0 My

and written in a more convenient notation:
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Abundance Density Cont.

O 1s equivalent to . ¢ is the reduced cross section

Mo
and k1 i1s the modified Bessel function of the first kind.
['(vr, — LH) is known as the decay width and goes as:
(yyyl)gg%. Solving the Boltzmann equation will result

in the yield which goes as:

> YR2
Y (T = — T 14
N, (1= 0) /0 dI"P(Vr2 — VR1) T (14)

H is the Hubble expansion rate and s is the entropy den-
sity [2]. The result from the yield can be rescaled by

defining Y to be:

Yn1

YV, = (15)
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which mean that it does not interact with light. The
objective of this project has been to calculate the abun-

dance of sterile neutrinos in the early universe and use M = <_
this abundance to constrain the parameter space of the
model using data from X-ray observations. |2

Diagonalization

To begin investigating the distribution of sterile neu- Mo ]\7747“ :
trinos it is important to begin by establishing the formal- i = Y (9) |
ism that will be utilized. Starting with the Lagrangian diag _ !

L = Ly + Lgp where Lg); is the Lagrangian of the My tz;kes the form of diag(M;, My, M3) where M; = l | NG | NG
Standard Model and Ly is the Lagrangian of the right Mo — 35 1]. %1000 5000 110 5x10%  1x10°

handed neutrino and goes as: ] Ms (GeV)
Ab Uun d ance DenSIty Figure 1 shows the relic abundance of sterile neutrinos

Using the resulting masses and the mixing angle from vs Mo for varying values of My where from blue to violet

the diagonlization of M to calculate the distribution of the My values are 10 keV, 100keV, 1 MeV, 10 MeV, and
sterile neutrinos in the early universe [1]. Starting with 100 MeV. The dashed line represents the relic abundance

the Boltzmann Equation: of dark matter.
The rescaled parameter is then plugged into the fol-

lowing equation:
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where M, = mp** Mym%p*® The matrix representa-
tion of My goes as: 'S 0100

0.001 ¢

‘ 1 ,
Ly = VgpiQvr — z/j;{Ty,/LH -+ §I/ETMNI/;’% — H.C. (1)

Where H and L are the Higgs and Lepton doublets re-
spectively and vg is the right-handed neutrino. y, is the
Yukawa coupling [1]. To begin the diagonalization of M
consider the terms contained in Ly

1 . % 0 mk
5 (v vi' )M (VICL?) M = <—mp M?v) (2)

The eigenvalues of M go as

Sin2(29N |ygiag|32 My }7181

Qn, h? ~ 0.12
S O e 103/ 10718 v 102

(16)

where the collision term C), r, goes as

col ID

C,r, = P(vr, — VR, ) (%Rz 1 Ton, ) (11) The resulting term Q1A% is the relic abundance of sterile

neutrinos [1].

Conclusion

2 T Gdn | The contours of the relic abundance abundance for the
(M g choices of M cross the expected relic abundance of 0.12.
This makes the sterile neutrino a viable dark matter can-
didate. Future implications would include investigating
the decay rates of sterile neutrinos into X-rays which
would establish constraints on the system.
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A= (My £ M/ M3 — 4(-

and by Taylor expanding A becomes

1
=3

The two collisional terms can be summed and simpli-
fied to 7,,, Then additionally defining the probabil-
ity P(vr, — vgr,) as %sinz(QQN) where 6y is defined
as the mixing angle between between vr, and v, [1].
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