E2

Lorentz invariance violation (LIV)
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—» Blazars, GRBs, pulsars
—» Intrinsic lag

At = AtLIV + Atsource

E At Aty Aty
At,‘soru/rce AtLIV
Redshift-independent Redshift-dependent
Sources and flares -dependent Sources and flares -independent

—» Combine different flares and sources
—» Consortium H.E.S.S. , MAGIC, VERITAS, LST-1
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All blazar data of LST-1 from January 2021 to June 2023

Standard run quality selection All sky MC IRFs and RFs
Standard gammaness cut at 0.6 Energy range = [150GeV ; 10TeV]

Search for significant nights (Li&Ma) , S > 50
Variability : fit lightcurve with constant function, variable if pvalue < 50

Significance of BL Lac (z=0.069) observation nights
201 (+) 2021-08-08

2022-10-20 ()

w
o

2021-08-09
O,

N
o

Significance

10+

N
Vv Vv
Observation night
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ted flux (cm-2 s-1)

BL Lac variable nights

n 1.7571
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Non-variable sample

v

Select different gammaness cuts
and search for the significance

BL Lac
o 38 {(Preliminary) e !
c o °
©
= 36 ° °
5
34 ¢
©
2
S 32 o °
5 .
©30- .
NG S° Q‘.g) o Q’.\") N Q?;’) N Q‘?‘P
0.0 0.2 04 0.6 0.8 1.0 Gammaness cut

Gammaness

Scut — Z S%

non—uvar night

—» ForBLLac: 0.9
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Search for a variability template and extract sample
properties (energetic and temporal distributions)

Define two energy bins : lower and higher than median of counts

Find a parametric model for the lightcurve of the low energies sample :
selected if p-value > 0.05 (20)

No significant disagreement between low and high energies

BL Lac 2021-08-08 BL Lac 2021-08-09
le—10 le—10
—— Fit with p-value = 0.27 4 —— Fit with p-value = 0.20
¢ light curve \ ¢ light curve
8-
| |

(o))

o

Integrated flux (cm-2 s-1)

2
, + , , * ' (Preliminary) (Preliminary) ' ' ' '
0 2000 4000 6000 8000 0 1000 2000 3000 4000 5000
5 bins per run Time (s) 6 bins per run Time (s)
_(—pp)® _ (tzpg)® _ (t=w)?
f(t) =Aie 21 +Aze T 4+ (g g(t) = Ae” 22" +C

Cyann & Sami — gammapy meeting - 18-01-24



= No significant time-variation of spectra parameters

e BL Lac 2021-08-08
1.21 —— Fit of variability modell i
.H; 104 ¢ Light curve (all energiels) #
IV S
£ 0.2 ” + \ﬁﬁkfm
0.0 | t (Erelimjnary)

0 2000 4000 6000 8000
Time|(s)

—— power law fit 10_10_ —— power_law fit —— power_law fit

10_10 | Stat. err. Stat. err. Stat. err.
= & Flux #+ Flux 10-10 H Flux
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~
[ -12

. 107134 1074 .
102 Index : 3.8 +/-0.1 Index : 3.7 +/- 0.2 Index : 3.5 +/- 0.1
10° 10° 10° 10 10° 10’
Energy [TeV] Energy [TeV] Energy [TeV]

Cyann & Sami — gammapy meeting - 18-01-24



LIVelihood software : likelihood method

Lag A = free parameter that minimizes the likelihood

Sample simulations to
validate LIV analysis

Perform 1000 dataset simulations

Calibration : inject lag to verify that LIVelihood reconstructs it well

BL Lac 2021-08-08 and 08-09 combined

3000

a=1.00 +/-0.01
— b =136.02 +/- 13.80 L
= 2000 g
> .
@
£ 1000- Pl
=) -~
L =
5 O
8
E .”’
+ —1000 - o
c o
S
& —20001 “e calibration stat. err. (MC)

----- ax+b fit 68% CL o
(Preliminary)

—2000-1500-1000 -500 0O
Injected lag (s.TeV-1)

500 1000 1500 2000
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LIV analysis on real data

Time delay : \,= (2060 * 5838+ 27/9 )s.Tev

A 4

—2logZ :
Systematics :

Statistical uncertainty of the light
curve template : obtained by
letting all parameters free in

: v each of the 1000 simulations
A 68y :

/ 1000 values
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LIV analysis on real data

Time delay : \.= (2060 +§§%§1) * )s.TeV-1

A 4

—2log &

? v v
A Aess Aosy

/ 1000 values \

-3 -2 -1 3 -3 -2 1 2 3

0 1 2 Y 0
/11 /11,68% '11,95% '11,95%

n+1
2H0Eé2G,lim

to extract : Eé}G,lim = 4.2 X 1016G€V

(subluminal case)

Use Al95% = L
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Comparison with other limits

101- I
] GRB 190114C

I PKS 2155-304
PSR B0531+21, MAGIC

I Mrk501, MAGIC PG 1553+113 I
Mrk501, H.E.S.S.

PSR B0531+21, VERITAS

i subluminal case
BL Lac, 2 nights combined ( )

Lower limit on Egg 1(10'8GeV)

I PSR B0833-45

00 01 02 03 04 05
Redshift z Bolmont et al., 2022
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Ongoing work :

Until now, used arbitrarily Emin = 0.15TeV ;

Updated the analysis with a safe mask threshold on the energy range : percentage of the
effective area (10%) ;

21-08-08 : Emin = 0.25TeV
21-08-09 : Emin = 0.19TeV
22-10-20 : Emin = 0.40TeV

—» Combining 3 nights : offset in 2022-10-20 calibration plot - investigating

Calibration plot of 2022-10-20 (n=1)

6000 - a=1.06 +/- 0.06
. b =-1087.33 +/- 92.13
—
% 4000
©
G 2000
_____ °

g o e il
=
V' ol ae=mTT [ )
£ -2000{ ... e
2 e---""
n —4000
C
o
2 —60001 o calibration stat. err. (MC)

—-80001 ~~—" ax+b fit 68% CL

—2000-1500-1000-500 0O 500 1000 1500 2000
Injected lag (s.TeV-1)

Producing data for gammaness E-dependent (62 E-dependent in the future)
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