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COunting Experiment

What are we counting’?

° ‘Blazars - Jet- pomts along ourf _

line of sight.

<Lacs

How does countlng glve us

information about: evolutlon’?

e Counting the number of objects

per unit-comoving volume and

~luminosity interval gives us the
Luminosity Function (LF).

Two types- FSRQS and BL”V

®,
® » ,Narrow Line
o o / Region
LR
@ Broad Line

Accretion
Disk

Obscuring

Urry and Padovam 1995 Torus




L_uminosity.'Functi‘oh of Blazars

[LumanSIty FunCtI"Oﬂ enCOdeS ev.-‘-:;:;._ : - LF is.

= S

Blazars are good cosmologlcal pr'_ = v'HluminpsHi/esa}nd large redshifts -

| [ Open Questlon Do FSRQS and BL f

: Appllcatlon Contﬁbutlen of b‘razar emffﬁwii_w;m;eﬂxtragglactic y-ray background (EGB) ]

Cavaliere & D'Elia 2002.
Ajello et al. 2014. Ajello et al. 2015.



https://ui.adsabs.harvard.edu/search/q=author:%22Cavaliere%2C+A.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22D'Elia%2C+V.%22&sort=date%20desc,%20bibcode%20desc

Dataset’

2497 Sources from Ferm| LAT 8-year Redsift Histogram

Source List (Marcotulll 2020). e - & FSRQs
. A ; BL Lacs

Larger than prévious samples (Ajel,lo+14/15_ =
~400). Would lead to remarkable . ok
improvement'in LF determin‘ati-on“

100 MeV-1 TeV range Extragalactlc i
sources

Number of Sources

Classification - | Number c_)f'sourcés

2 _2_.0,,,, -
Redshift

_ Marcotulli, L:, Di Mauro, M. and Ajello, M., 2020. - .




- LF Models - -

Pure Den'éity

Evoltion (PDE) -~

Pure Lumi_nosity: |
Evolution (PLE) .

- Evolution

Local - - - _ - “Intermediate A long time ago
. Universe' " - - -~ time 7 "in galaxies far -

far away...




~ Luminosity Function at z=0
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e Best-fit LF has .
double PL shape.: -

~ Spans 4 orders of -
m‘agn_i'tude lower
‘than-previous
studies.

—— LF of Fermi Blazars
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1o uncertainty on Fermi LF
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. Evolutio.n of Luminosity Function
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SpaCe Density of Blazars

Change in curvature of
density plot can hlnt
towards the link
between FSRQS and
BL Lacs.-

BL Lacs from
Ajello+2014

Cavaliere & D'Elia 2002 : )
_Bottcher & Dermer 2002 H _ . _ Redshift



https://ui.adsabs.harvard.edu/search/q=author:%22Cavaliere%2C+A.%22&sort=date%20desc,%20bibcode%20desc
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‘Luminosity Density of BIaZars
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BL Lacs from
Ajello+2014
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- Conclusion

| LF follows a doublepower-taw shape. |

B

[ LF extends to 4 orders of magnitude lower in luminosities than previous ]

 Hintof a ink between FSRQs.and BL Lacs canbe seen. |

=

_ Separale analysis of FSRQs.and BL Lacs is required. |
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Luminosity Histogram

Luminosity Histogram

FSRQs
BL Lacs
BCU
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PDE Paraméters

i B star =1. 630855e 03 iy 1e48 = 1 63e45 erg/s '

-k—1598'
\Xi = -O 117 2 . | :
: Es o 5 . - e(z) = (1 +}l\,g(,:‘;\.
gamma1 = 1 23 L e R L
' £ £ i e Lum z

gam.ma2 —2.075 N — - < (log, (L) — 46).

" \tau = 3.325 | |
b ®(L,,z,T)=D(L,,z =0,T) x e(2),




‘Methodology

Fit various LF mbdels on the data (PLE, PDE, LDDE) -

2 (:0)<Z <z -

\\\ ' dN/dL -
unlts '

L (units) i L (unifs)
Pure Luminosity - - Pure Density
Evolution (PLE) - ; Evolution (PDE)

L (units)
Luminosity-Dependent
Density Evolution (LDDE)
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Lu'minos’ity_ Function‘(LF) i

o [ | - LF (¢) informs us on the number
T e  of objects per unit comoving

19 elme - volume and luminosity interval.
}8:; _ ; 'We can get other quantities of
e 0 - interest from LF:

10-5 = . S , 2 .
S (Nl Numberdensity ”={ el
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N
(0
0o
=
Z
o
B
©
[
[a'ef

https://jila.colorado.edu




 Redshift of BLL'

B Photometrlc dropout technlque (Lower or H|gher I|m|t)

1. Metal line absorption systems. (Lower limit).

H Host Galaxy Spectral Fitting (Lower limit)-- assuming M R of elliptical galaxy
to be same for all cases host non -detection pIaces lower limit on z.

Create PDF of z for each source Compute LF usmg z from PDF. Use LF to
predlct observe dN/dz leferent’? — replace W|th computed dN/dz and |terate to
. converge. s ; <5




Redstift Distribution
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All redshift constraints - this work

—

BL Lacs in 2LAC with spectroscopic redshifts
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. | Method |
MaX|mum L|keI|hood (ML) Method used to derlve LF (D).

| Number denS|ty _of BLL as funct_len of L, zand I':

The best f|t LF is found by comparing, through an VIL estimator, the number of
expected objects (Tor a glven model LF) to the observed number while accountlng
for seIectlon eftects S L

| L-z plane parsed |nto t|ny mtervals dez Expected number of blazars for each
: mterval B

L,z DdL,dzdT = (L, V(z),T)-QL,,z,T) [

dv
X — dL,dzdT,

dz

Intervals will contain either O or 1 BLL.




Maximum-Likelihood (ML) Method

We knew 'that~ Poisson prob,ability’isf % | -, X' = no. of successes.
For our case x = 0-or 1 |

The L|keI|hood functlon IS’ glven by the product of probabllltles such that for each
L-z b|n there is exactly 1 BLL and 0 otherwnse '

- Function to minimize:




 Test of LF Model

Comparison of Data and Predictions:. "
N N o Ly B
: = / / AML,, T, z)dL,dT,
dz Coin L, win ' '

d)\
v Yo - dVdzdl

Nobs/Nmodel Method: ~ ©

N ¢ bs

(L, ;, V(z), T)= ™ML, V(z), ) ——,
) ’ ‘,\Hmll
!




LF Model

Phorton'lndex‘—>_Geussien ,d‘istrib'ut'ion.
- Local LI::A(D'PL.).:
Low Ium|nOS|ty flatter hlgh Ium steeper slope

ALow jum objects are more common than hlgh lum. Turnover Iumlnosr[y is useful
when comparlng LFs for dlfferent z or L : : : -

PLE & PDE - e e | s ; For the PDE the evolution is defined as
) | ‘ | ®Ly,z,I)=DL,,z=0,T) x e(2),
e(z) = (1 +z)e’

\ while for the PLE case it is

Ly, z,I)=D(L,/e(2),T). (16)
Lum b4

k:=k¥+1 X l().(_ L 46). The PLE and PDE models have 10 free parameters (A, y,
d ( “)( ) — ) L.,y k*, t,& u*, B,and o).




L, z,I)=D(L,,z=0,T) xe(z,L,),

where

| +z piLy) l+z \”
(o — S ] e
((ml.),) (|+:‘(1-;,')) (|+:‘(1‘},))

ze(L,) =z5 - (L, /10%)%,

pl(L,) = pl” +1 x (Log,o(L,) — 46).

(17)

(18)

(19)

(20)




I\/Iethodo‘logy |
Fit varlous LF-models on the data (PLE PDE LDDE)

Local Lum|n03|ty Functlon (z O)

dN A ‘dL.\™"
dL.dV In(10)L- (4//.._

' (iﬁiﬁ.” |

- Evolutionary Term: |




“The V/V_max Test

| Value W|th|n [O 1]
Value O S — equally drstrlbuted Value>0 5 — pos:tlve evolution.

Would Jntroduce btas |f there IS evolutlon wnthln z bins. - i

e(z, L;) dV
—dz,

€(Zmin, Ll ) dz




“Comoving Volume

Hogg 1999 |

Dashed line
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Figure 5: The dimensionless comoving volume element (1/Dy)? (dV/dz). The three curves
are for the three world models. (2. Q24) = (1.0). solid: (0.05.0). dotted; and (0.2,0.8),
dashed.




. Algorithm

B Prlor function for dN/dz e
I Simulate 1000 samples W|th z from PDF
N Use ML to derlve best fit LF for each sampIe F|naI EF s average of 1000 LF.

Th|s enables us to derlve the uncertalnty as well.

"L:I Compare dN/dz if d|fferent use Iatest dN/dz Repeat il both match




BLL, FSRQ, BCU

Optical classification - different resources, in"decreasing order of precedence: optical spectra from our intensive follow-up program
(Shaw et al.: ), the BZCAT list (i.e.; classification from this list, which is-a compilation of sources ever classified as blazars,
Massaro et al. 2009), and spectra available in the literature, €.g:, SDSS (Ahn et al. ), 6dF (Jones et al. ).

The BCU—bIazar candldates of uncertaln type igelny BZCAT/ radro data/ double humped SED BCUs are divided into three sub- -types:
BCUI the counterpart has a publrshed optrcal spectrum but is not sensrtrve enough for a classification as an'FSRQ or a BL Lac;
BCU.II: the counterpart is lackrng an optrcal spectrUm but'a .reIrabIe evaluatron of the SED synchrotron-peak posrtron is possrble'

BCU lll the counterpart is Iackrng both an optrcal spectrum and an estrmated synchrotron peak posrtron but shows bIazar-Irke
broadband emission and a flat radio spectrum

3LAC: 10.1088/0004-637X/810/1/14



https://iopscience.iop.org/article/10.1088/0004-637X/810/1/14
https://iopscience.iop.org/article/10.1088/0004-637X/810/1/14
https://iopscience.iop.org/article/10.1088/0004-637X/810/1/14
https://iopscience.iop.org/article/10.1088/0004-637X/810/1/14

Fermi LAT Biases

il Spectrat bias (er phOtoh index bias). Itisthe seIe'ction effect which allows
Fermi- LAT to detect spectrally hard sources at fluxes generally fainter than those
—.of soft sources : |

2. Malmqurst b|as in-a b ] -I|m|ted v where stars below a certaln
‘apparent brlghtness cannot be mcluded Since observed and

appear dimmer when farther away, the brrghtness that is measured will fall off with
distance untll their- brlghtness falls beIow the observatlonal threshold V

- 3. Eddington bias: The flux _(F-) from astrophysrcal sources has a fluctuation of AF .
~ If a source falls Closely to the detection threshold of the instrument, it would be
more easily detected if F = F + AF . Therefore, such objects (~3% of the sample)
are found with a hlgher flux than the|r intrinsic one.



https://en.wikipedia.org/wiki/Brightness
https://en.wikipedia.org/wiki/Astronomical_survey
https://en.wikipedia.org/wiki/Stars
https://en.wikipedia.org/wiki/Galaxies

Detection Efficiency ()

10—1 T ST S S N S W S WS S S T S
-10.0 —-9.5 —-9.0 -85 —-80 —-7.5 —-7.0 —6.5 —6.0
log(Photon Flux) (ph em~2 s71)

Marcotulli et al., 2020.



Efficiency Correction Method

' Algorith-m“ ’

1) Point sources from LAT data Real catalog
2) Monte Carlo S|mulat|ons to generate |sotrop|c blazar dlstrlbutron.

Inputs — spectral and ﬂux parameters from real bIazars

1) - Detect pomt sources from S|mulated sky

2) Derive detect|on eff|C|ency (w(S)).

3) Using w(S)to correct the real catalog — account for biases.
4) Derive the intrinsic source count distribution (logN-logS).




, Efficie‘._ncy Correction Method

- Real Sky ] % A Intrinsic real sky not known.
’? — . ” ~ . Running detection pipeline for
" - i " . observed real sky.

‘Simulating real sky and passing it
through the detection plpellne to obtaln = * W |
detectlon eff|C|ency o . I P 8ky

v S_imulated

Real Sky | = Using the detection efficiency to
' i obtain the intrinsic real sky.

& = Bright # = Faint




Monte Carlo Simulations

To use domness to solve problems that might be de A in principle.

Monte Carlo methods vary, but'tend.to follow a particular pattern:

1. Define a domain of possibleiinputs - - . :

~ 2.. Generate mputs randomly from a prot ! over the domain

3. Perform a determinié computatlon on. the inputs. >
: -4;.. Aggregate the results :
Markov Chains: At the core of MCMC is: the concept of Markov. chains. A Markov chain is a process where the probability of-
transitioning from one-state to another depends only on the current state, not on the sequence of statesthat preceded it. In
simpler terms, it's a random process where the future state depends only on the present state; not on the past: :
One of the critical aspects of MCME methods is ensuring convergence meaning that the sequence.of sampled states
eventually settles into the true distribution, - : : : -



https://en.wikipedia.org/wiki/Randomness
https://en.wikipedia.org/wiki/Deterministic_system
https://en.wikipedia.org/wiki/Probability_distribution
https://en.wikipedia.org/wiki/Deterministic_algorithm

Diffused EGB

There are two p053|bllltles for the orrgln of the dlffused extragalactrc EGB:

(1) |t is truIy dlffuse and
(2)itis the mtegrated emrssmn of varlous dlstant unresolved gamma- ray sources

It may. also’ be a combmatlon of dlffuse and paint seurces ‘and may have dlfferent origins in different portlons of the gamma-ray band.
From below 10 MeV to-100 MeV, particle- antiparticte annihilation, bremsstrahlung and inverse Compton interactions between cosmic
ray particles and lower- energy photons are the most Ilkely gamma- ray production mechanlsms

Above 100 MeV the dominant process is decay from nucleon mteractlons ‘Eq. A cosmic- ray proton strikes another proton The -
protons survive the collision, but théir.interaction creates an unstable partlcle — a-pion — with only 14 percent the mass of a proton. In
10 millionths of a billionth of a second, the plon decaysinto a palr of gamma- ray photons.

Diffused process also |ncIude Dark matter annlhrlatlon

Blazars contribute to the unresolved isotropic diffused EGB.




| Extragalactic G'amma-réy Background
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-Discussions and Conclusions

a1 Contribution to EGB =




Cor'_rectifng the Real Sky

| dN 1 N;

das — QAS; w(S)’

For efficiency < 1, in the denominator, there is an increase in the number. This
accounts for low flux sources that were missed out ifi the uniform survey.




EGB

. Total bl_éze’r cOntributioq- to. EGB = 50 %. 27°/o_of'this U o untesdived
- sources. - Fandes - . ,

Resolved sources = Unresolved sources

LS‘)‘,' Snu\
}“:' +f (1 — w‘(S’))S’d—N‘/dS’

- K dS




Im portan-cer of Redshift Constraints

. Using o--nly’sAp(’ec:t_ro:j‘.copi.c:

~ z introduces bias in the.

dN/dz, and therefore the * -
LF computed utilizing.it. .~ -
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All redshift constraints - this work

H l_l_l+

BL Lacs in 2LAC with spectroscopic redshifts

e = BL Lacs in BZCAT with redshift
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Electromagnetic Spectrum-
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‘Blazar Mod-el.

MODEL OF A BLAZAR

SPIRAL MAGNETIC FIELD O O

MOVING SHOCK/SUPERLUMINAL BLOB

STANDING SHOCK /

HOT CAS CLOUDS




- Synchrotron Emission + Beaming
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) Aocretion Disk |
T« —3=3/4

Turbulent motions in the disk generate stresses e Lo AL

_ -
that transport angular momentum outward : T x (nA) T
‘ Y = Als o

| The alpha d|sk model prov1des a oonvenlent - I — 1”;/@;)]

—3 79

—_ = | G

way to parameterize the effects of turbulence. = S

B, = 2h7

2 ehv/&.‘f__]

Multi-color blackbody disk SED
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~ Inverse ,Comptoh Scattering |




Revla‘tivis’tic_DoppIer Effect
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-Absorptipn + Doppler Broadening
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; -Superlum'inal Motion in Jets
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Dataset’

- 2497 Sources from LAT 8-year Source List (Marcotulli 2020). -

100 MeV-1 TeV range. |b|>20°.
Redshift Histogram

zIClassification - |-Number of sources ;

Number of Sources

BL'Lacs_

.
Others ‘
‘Larger than any Asamples used to date for the detefmination.of the blazar '

LF, broader extent of redshift. Would lead to remarkable improvement in o , . . 20
: q : Redshift
LF determination '

Marcotulli, L., Di Mauro, M. and Ajello, M., 2020: ApJ
- 896(1), p.6. : : .




Understandlng Evolution from Count Dataset

We can see the trend of enrollment for-4 d|fferent years.

On adding the total enroliment, we can see how the enrollment has changed over the years

Students Enrolled in different stags of Education Total Students Enrolled in a Year
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Stage of Schooling
: ' Data from: https://www.census.gov/library/publications/2003/dec/c2kbr-26.html




Evolution

' EvoAIutiAc_in: -Shi-ft of peak.

| Major e\:/ol,u'tion atz~1.1 -¥ 
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'LumihoSity’Funlction- of BIaZars

ALF encodes evolution. Blazar LFis not weII constrained.

Blazars are good cosmologlcal probes owing to their high Iumlnosmes and
Iarge redshlfts ) . Y :

A major toplc folj debate is whether FSRQs and BL Lacs have the same

| evqutron
| _Estlmate the contrlbutlon of bIazar em|SS|on to the extragalactlc Y- ray
»background (EGB) o

Cavaliere & D'Elia 2002.

Ajello et al. 2014.
Ajello et al. 2015.



https://ui.adsabs.harvard.edu/search/q=author:%22Cavaliere%2C+A.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22D'Elia%2C+V.%22&sort=date%20desc,%20bibcode%20desc

| .Conclusion

A LF foIIows a double power-law shape _
LF extends to 4 orders of magnltude Iower in Iumlnosmes than preV|ous
studies. ~ Ll | :
LF seems to be best represented by LDDE.
a Hlnt of a I|nk between FSRQs and BL Lacs can be seen.
" _Separate anaIyS|s of FSRQS and BL Lacs IS requrred




