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o
1) Sim

ulating the background (w
hole sky) 

•
10.000 tim

es 
•

For 10.000 seconds starting 
       little bit before GW

 trigger 
•

Background is com
posed of:  

 
point &

 extended sources 
diffuse galactic em

ission 
isotropic background 

o
2) Perform

ing LAT analysis 
•

standard unbinned likelihood analysis 
•

at each point (HEALPix pixel) in GW
 loc. 

      area (90%
 containm

ent for exam
ple) 

•
for each of 10.000 backg. sim

ulations  
•

(N
pix  x 10.000 total analysis) 

•
w

ith real Ferm
i pointing history during 

      the tim
e w

indow
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o
3) Calculating TS value 

•
after each analysis 

      as TS = -2 ln (L0 /L1 ) 
•

L1 : m
ax. likelihood  

      (for m
odel: background &

 GRB) 
•

L0 : m
ax. likelihood  

      (for m
odel: just background) 
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•
Distribution of TS values should follow

 ½
 χ 2 (surface = 0.5)  

w
ith degree of freedom

 equal to num
ber of additional  

free param
eters w

hen adding GRB to the m
odel 

(negative TS values account for half the surface) 
•

Probability to obtain certain TS
0  value (or higher) in one  

analysis due to background fluctuation should be equal to  
surface of area under the ½

 χ 2  function from
 TS

0  to infinity. 

•
U

pper plot: GRB in the m
odel has a fixed position  

      w
ith flux left to vary  during fitting, so the  

      10k TSs follow
 pretty w

ell ½
 χ 2 w

ith 1 d.o.f. (TS=25 ↔
 5σ) 

•
Low

er plot: GRB in the m
odel has position and flux  

      left to vary during fitting, so the 10k TSs  
      follow

 pretty w
ell ½

 χ 2 w
ith 2 d.o.f. (TS=28.5 ↔

 5σ) 
(in both plots first bin contains TS values w

hich w
ere  

negative and w
ere then set to 0. They account for half the  

histogram
 surface leaving the rest to follow

 ½
 χ 2) 
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The problem
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•
Corrections for m

ultitrial (analysis at m
any pixels) 

•
Analysis at different pixels are not independent because regions of interest (RO

Is) overlap 
•

So far, no analytical form
ula like for the case of single trial/pixel (½

 χ 2) 
•

Ideally: perform
ing >>10k sim

ulations and analysis at each pixel, and select m
axim

um
 TS 

       (m
ax. TS of all pixels for each sim

ulation) and see how
 these m

ax. TSs are distributed 
•

  N
ot possible, too com

putationally intensive (even for SLAC com
puters). 

•
  Trying w

ith sem
i-analytical, sem

i-num
erical (w

ith 10k sim
ulations) approach. 

GW
 localization 

ROI = 8 deg 
? 
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Also 
Individual pixels don’t exactly follow

 ½
 χ 2 w

ith single degree of freedom
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Exam
ple of three different pixels w

hich follow
 m

ore closely ½
 χ 2 w

ith dof = 1, 2 and 3 (left plot to right) 

Degree of freedom
 obtained from

 fit for each 1271 pixel 
Tw

o peaks instead of one peak centered on single dof 
Each dot is the center of pixel w

ith color m
atching  

dof obtained from
 fit 



Currently…
 

•
Verifying that there w

ere no issues w
ith M

onte-Carlo sim
ulations and 

analysis; 
•

Exam
ining effects of extended sources and allow

ing for GRB position 
to vary w

ithin pixel during fit on M
C sim

ulations-analysis; 

Conclusions 

•
U

seful to have a w
ell-defined LAT threshold (for exam

ple:  
     TS=? ↔

 5σ) for the upcom
ing GW

 observatory runs; 
•

This type of determ
ination of threshold could be used for other 

experim
ents w

here larger areas of the sky are searched for a source. 


