H.E.S.S. collaboration / C. Mediné 5 <
Disentangling intrinsic source effects from LIV ones in time-lag researches with VHE

gamma-rays by combining data from various observatories
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Lorentz invariance violation (LIV)

The problem & the “solution” - Data - Analysis - Results

[See Julia's and Tomislav’s contributions]

(Ep ~ 10" GeV)

g

Modified dispersion relation of photons
oo n
E
E? =p*c* |1+ Z —
n=1

Erivon
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Time delays from LIV

The problem & the “solution” - Data - Analysis - Results

Deterministic effect of LIV B
Temps (s)
Stochastic effect of LIV
Ot o
<+> -
e Wy
TCI 'O °

Temps (s)

BridgeQG workshop — Feb. 2026 Cyann Plard for the y-LIV WG 4



Time delays from LIV

The problem & the “solution” - Data - Analysis - Results

Deterministic effect of LIV

AAUTE <
AANIVAS <

Flux (cm? TeV™1 s71)

Temps (s)

Temps (s)
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Time delays from LIV

The problem & the “solution” - Data - Analysis - Results

Deterministic effect of LIV

AAUTE <
AANIVAS <

Flux (cm? TeV™1 s71)

Temps (s)

or ==
Ut,n

No detection — constraint on minimal value of Eppv at n =1 and n = 2

Stochastic effect of LIV

AUAA < E

Temps (s)

BridgeQG workshop — Feb. 2026 Cyann Plard for the y-LIV WG 6



Choice of sources

The problem & the “solution” - Data - Analysis - Results

Need:
= VHE photons and large energy range
= |mportant flux

= Very high temporal variability of flux

Gamma-ray bursts Blazars (AGN) Pulsars

Antoine Tassel

Antoine Tassel

Antoine Tassel

BridgeQG workshop — Feb. 2026 Cyann Plard for the y-LIV WG 7




Modelisation of propagation

The problem & the “solution” - Data - Analysis - Results

[See Julia’'s and Tomislav's contributions] Aty 4 n+1 AE™ Kn (Z)
or — X ——
mn
Ot,n 2 ELIV,n Hy
25 T TT ‘ TTT T TT T TT T TT T TT T TT T TT T T TT
: N —— : :
i 0.15F :‘-' /|
2
F—01f
s JP
~ oosf =] :\ Kn (Z)
1.5_— 0 JEPTE IOt ' .
- T—— ’ P Jacob & Piran, 2008
. 00564508 0.2 06 02 x’_.'.:- o
¥ [ e ]
< A
I - PN
- - ----"""-""-7"- —\
N~ T s 7 DSR2
0-5¢ P ] Kp=1 (Za a, G, 043)
B // — JP, =1 ]
o= _ T Doubly special relativity
- —— Sl I (3 free parameters)
- Caroff et al, 2025 — — DSR2 .
_I [ ‘ 11 1 | |1 | | |1 | | 11 | | L1 | | L1 | | | - | | - | [ \_
0% 02 04 06 08 1 12 14 16 18 2

Redshift z

Problem 1: Freedom of choice for propagation modelisation

— need to combine data of sources distributed over a large range of redshift

BridgeQG workshop — Feb. 2026 Cyann Plard for the y-LIV WG 8



Time delays from intrinsic source effects

The problem & the “solution” - Data - Analysis - Results

No guarantee that photons are emitted at the same time

W

Agsource AtLIV Agsource
<> < rap»
Agsource AtLIVAtsource

L v M

Problem 2: Intrinsic source delays may appear

BridgeQG workshop — Feb. 2026 Cyann Plard for the y-LIV WG 9



Disentangling LIV effects from intrinsic source ones

The problem & the “solution” - Data - Analysis - Results

Problem 2: Intrinsic source delays may appear

Agsource 1 AtLIV Agsource 1

Apsource 2 AtLIV A ¢Source 2

— Source dependency: combination of various sources and various types of sources

— Redshift dependency: combination of sources distributed over a large range of redshift

BridgeQG workshop — Feb. 2026 Cyann Plard for the y-LIV WG 10



The y-LIV working group

The problem & the “solution” - Data - Analysis - Results

Problem 1: Freedom of choice for propagation modelisation

Problem 2: Intrinsic source delays may appear

Collaboration between 4 major
Imaging atmospheric Cherenkov telescopes

E" R MAGI

o
i S

VERITAS

g
© Max Planck Institute for Physics / R. Wagner

H.E.S.S. / Frikkie van Greupen VERITAS Collaboration

C. Plard

[See Tomislav Terzic's contribution for IACT observation principle]

BridgeQG workshop — Feb. 2026 Cyann Plard for the y-LIV WG 11



Data sample for LIV study

The problem & the “solution” - Data - Analysis - Results

. Spectrum
10~
& 10710
g
Tcn 10711
9,
X ] T PL model - Index: 3.6+£0.07
HES.S. — 1 AGN flare w 10 —— LogP model - a: 3.7+0.09 & B: 0.34+0.1
T 4 Flux points
PKS 2155-304 (z=0,11610) 1071 —————— : ———
2006-07-29 - 0.5h 10 Energy [TeV] 10
Lightcurve
[400 Gev ’ 5 TEV] T —— Fit on 2min :Jins
Model: 2 gaussians | + 2minbins

_+_

Flux (E€[0.4 TeV, 0.79 TeV]) [1/(cm2 s)]
o B N W A U o N ©®

0.0150 0.0175 0.0200 0.0225 0.0250 0.0275 0.0300 0.0325
Time (mjd) +5.39459¢4

Ugo Pensec & Julien Bolmont, LPNHE — France (Ugo is now at univ. of Lodz — Poland)
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Data sample for LIV study

The problem & the “solution” - Data - Analysis - Results

Spectrum
8— -
10 R 25+0.2 !
[ N ]
W 10 % ;
t 5
S [
<10k ]
MAGIC - 1 GRB 10 ﬂg- & Observed ! ]
GRB 190114C (z=0,425) [+ EBLcomected 4 1103/physRevL ett,125.091301 ]
_ 10° 10’
2019-01-14 - 0.3h _Energy [GeV]
o e LightCcurve
[300 GeV ; ~2 TeV] oL § §
Model: power law o
E 1043;—
£ ol =
0T ., 10103/PhysReviet 1250213
1 10 102 10° 10*
Time - T, [s]

Tomislav Terzi¢, univ. of Rijeka — Croatia
BridgeQG workshop — Feb. 2026 Cyann Plard for the y-LIV WG 13




Data sample for LIV study

The problem & the “solution” - Data - Analysis - Results

Spectrum
‘T"_‘leo“l ’
I
I_‘L)
'o.,leo-11
3 l .
X
[ PL model
VERITAS - 1 AGN flare *7] |Index:2.3x0.1

1ES 1959+65 (z=0,047) ' Energy [TeV]

1.6

[250 GeV ; ~6 TeV] 1.4

Model: 1 gaussian o
E_q
:

2 0.8
3

% 0.6

0.4

i i (I) 10I00 20I00 30I00 40I00 50|00 60|00 70I00
Samantha Wong, McGill univ. — Canada Time [s]
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Data sample for LIV study

The problem & the “solution” - Data - Analysis - Results

LST-1 (CTAO) — 5 AGN flares
(from scan of all AGN data of LST-1)
BL Lacertae (z=0,069) — 10.6h

le-10 2021-08-03 le-10 2021-08-08

[only lightcurves are shown]

6] o
| —— Fit with p-value = 0.22 —— Fit with p-value = 0.09
From 119 Gev tO 3 TeV = 14 4 Lightcurve =l + Lightcurve
0 1.2 0 2
. i o P
Model: n gaussians 2ol £ ]
et s
x X
é 0.8 *** + “_2 3
el el
() 4 ()
5°%° | +.L e T2
Soai T | T* | + g
f=
e 2021-08-02 | t
401 Fit with p-value = 0.80 . . . . . . . . .
e ' 4 Lightcurve 0 1000 2000 3000 4000 5000 6000 7000 8000 0 2000 4000 6000 8000
0 3.5 Time (s) Time (s)
o
£ 3.0
L
X 2.5
5 2.01 le-10 202 1'08'09 le-10 2022 10 20
(7}
‘é 1.54 + 57 —— Fit with p-value = 0.12 1750 Fit with p-value = 0.30
g = 4 Lightcurve i 4 Lightcurve
£ 1.0 t —— 0 4] 0 150
| N N
031 . . . . . g + E125
0 1000 2000 3000 4000 5000 =3 =
Time (s) X 5 1.00
=4 =
el el
221 ++ 20.75 * + * +
© e
§’1A go.so \ ﬁ
£ £
0.25
0 1000 2000 3000 4000 5000 0 2000 4000 6000 8000 10000
Time (s) Time (s)

Cyann Plard & Sami Caroff — LAPP, France
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Data sample for LIV study

The problem & the “solution” - Data - Analysis - Results

H.E.S.S. MAGIC VERITAS
1 AGN flare (z=0.11610) 1 GRB (z=0.425) 1 AGN flare (z=0.047)

T "y

5 ool R -

s o -1.51 2o
5 3

3 ° E ~ 54
23 = r g

22 5 F 2

E el -

é 0 0.0150 0.0175 0.0200 00225 0.0250 0.0275 0.0300 0.0325 E 21

Time (mjd) +5.39459e4 107 1 E ‘ 1‘0‘. ‘:L‘:I‘-gslp‘h‘y‘s‘Fa‘?‘vLe‘tt‘]‘-‘2‘5‘”‘02173‘0‘1‘ \ 14 I I I l I I
1 10 102 103 104 ) 1000 2000 Tlnl:}é)(;sﬂ] 4000 5000 6000
Time - T, [s]

4 v /

y-LIV WG sample: 1 GRB + 7 AGN flares (4 different z)

!

LST-1 (CTAO)
5 AGN flares (z=0.069)

175{ Fit with p-value = 0.30
. 4 Lightcurve
1.50
5

Integrated flux (cm-2.s-1)
R S
ntegrated flux (cm-2.s-1)
- ~ w IS

Integrated flux (cm-2.s-1)
S © O S -

0 2000 4000 6000 8000 10000
Time (s)
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Method: maximum likelihood

The problem & the “solution” - Data - Analysis - Results

m  Root C++
m Can analyse data of various observatories

= Maximisation of likelihood L£(A,,) by the lateshift A,

®m  Various types of simulations and analysis

LIVelihood

m  Takes into account:
* Instrumental response functions (IRF)
e Systematics

BridgeQG workshop — Feb. 2026 Cyann Plard for the y-LIV WG 17



Method: maximum likelihood

The problem & the “solution” - Data - Analysis - Results

t Likelihood built from the PDF of detecting an event i at time t; and energy E;:
0/\\\ 3/ 1 d?>P .
LIVelihood E(An) — H £z 0 X dERdt (ER,i7 ti7 >\n)
¥
L(An) = —2log L(An)

+3.84 (1.960) |—

A

>
)\QS%CL /\95%CL (s TeV™")

n,min )‘n,rec n,max

At,n - At,ouoy, in +1 1
)\O',TL AEnlin<Z) 2H, ELIV,nn

The log-likelihood L(Ay) is minimised by the lateshift A,

BridgeQG workshop — Feb. 2026 Cyann Plard for the y-LIV WG 18



Method: maximum likelihood

The problem & the “solution” - Data - Analysis - Results

t Likelihood built from the PDF of detecting an event i at time t; and energy E;:
é\\\ o/ £ =1] ! i (E A
LIVelihood n : Ei,O dERdt 29 Y1y 7'

¥
L()‘n) = —2log £()‘n)

A

+3.84 (1.960) |—

A

>
)\QS%CL /\95%CL (s TeV™")

n,min )‘n,rec n,max

Combination of Ns sources:

Lcomb Z Lns

ne=1

BridgeQG workshop — Feb. 2026 Cyann Plard for the y-LIV WG 19



Method: building the likelihood

The problem & the “solution” - Data - Analysis - Results

= t Likelihood built from the PDF of detecting an event i at time t; and energy E;:
0/\\\ 3/ B 1 d?P .
d?P d? Pg d? Pg
= Eri tii )\,
QEpdt ~ S aEpat PR i) Fws g (Bras )
Slgnal Baseline background

le—-10 |

—— Fit with p-val‘pe =0.80 /
. 4 Lightcurve \‘
. |
i

//% ;
i v

0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

me (9 Time (9 [estimated from specific
regions in the field of view]

flux (cm-2.s-1)
N w w -
w o w o

Integrated
=N
n o c

g
=}

o
n
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Method: LIV in the likelihood

The problem & the “solution” - Data - Analysis - Results

dEpdt

J F*S(ET)CE‘(t)PLIV(t — 1)dt
«

A &

Temporal propagator of LIV effects

Spectrum Lightcurve
le-10
4.0
— 1010 o
tTl v 3.51
§ o
g £ 3.0
| L
(7]
o § 2.5
2 =
% 4-"03 2.0
5 1071 _ €15/
3 —— PowerlLawSpectralModel fit 2
Stat. err. c 1.0
+  Flux 0.51 % o
100 0 1000 2000 3000 4000 5000
Energy [TeV] Time (s)
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Method: LIV in the likelihood

The problem & the “solution” - Data - Analysis - Results

/\ i f FE(ET)Cg(t)PLI\/(t — t/)dt
=Y
LIVelihood Temporal propagation of LIV effects results in:

0 7
Z Z
2 &
= = (J )
Y [
° []
Temps (s) Temps (s)
“Deterministic” effect “Stochastic” effect

CS (t o Atn) Cs(t; )‘a n) Gauss MS; \/ 05 + O 7ASALIV>

/

Ay X kp(2) X Ef
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Method: choice of Ky, (2)

The problem & the “solution” - Data - Analysis - Results

| I JP
1 B2 Ky (2)
P =y )
04l 25 o it Jacob & Piran, 2008
N W@l v @
: - & &
% 0.2 — DSR
= Pr= 5 DSR2
0.0 4oeeir A S S I k=1 (Za a1, g, 043)
Doubly special relativity
—0.2' Lo H H
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Redshift z

= Deterministic LIV: JP and DSR with choice of « to illustrate the impact of the modelisation
m  Stochastic LIV: only JP and only with LST-1 data
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Method: simulations

The problem & the “solution” - Data - Analysis - Results

- 1000 simulations (of different types) of the dataset

LIVelihood
Fasaon
£
S
g 2eml b
Z — Fon 2minbins @ [
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ER 5} =
= X
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24 3 -
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K 8
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Method: simulations

The problem & the “solution” - Data - Analysis - Results

1000 simulations (of different types) of the dataset
|
One log-likelihood minimisation per simulation
A A
LIVelihood —2log L(\,)
+1.960 = 4 — — — — — — — — -

I I

I I

I | I

I I L
95%CL 95%CL -n
An,rr(l)in An’rec )‘n,max (S Tev )
[
distribution of 1000 reconstructed lateshifts

I / ."'|"'|"'I"'|'"|4‘20_'|"'|"'¥"|"'|"1
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[ I I e BN e i
80-_ Iy [oen o o| 100 o . Il [oncen i 0
: ‘!‘II {; *‘x’/m' 344.8/ 2 L ‘|; +‘|> 2/ ndf 27.08/26 8ol <|‘I ‘|:|; 21 ndf 17.28/26
€ 1[ l I g I L P I R —
BRERE-r flrf ==l D=
40._ I 3 2665 5:1 : I ) 1250 + 68.0 I ] msrss;s
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A Foroob 1 o : b I
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Al et of el iTosalieaTstan] Joiabt. . il 7. . ]
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Method:

simulations 1

LIVelihood

The problem & the “solution” - Data - Analysis - Results

1. Calibration - synthetic simulations with IRF

Simulations: Signal Baseline background| + | Hadronic background

W
n

Integrated flux (cm-2.5-1)
=P NN >

f \ / le-10 ? T
—— Fit with p-value = 0.80
4 Lightcurve F 7

+

0 1000 2000 3000 4000 5000

NN W W
o 0 o n o un

Power law with photon index

a =27 (PhysRevLett.114.171103)

—— PowerlLawSpectralModel fit

Vo )t (e

0 1000 2000 3000 4000 5000

Time (s) 10° Time (s)
Energy [TeV]

Integrated flux (cm-2.5-1)
o oNoN

= Signal and baseline from data parametrisation
m  “Theoretical” hadronic background

= |RF taken into account by convolution

Artificial injection of lateshift
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Method: simulations 1

The problem & the “solution” - Data - Analysis - Results

1. Calibration - synthetic simulations with IRF

LIVelihood
L JP . JP
Deterministic effect - y-LIV WG data - K;,—1 Stochastic effect - LST-1 data - K,,—1
40000 -
""" Arec = /\inj = Arec = /\inj
2007 1 6MC(/\rec) 350001 6MC(/\rec)
l_l," A?esc%min/max ,_I’.‘ 30000 - Argefz:%min/max
% 100{ —— Arec=aAin+b % —— Arec = aAinj+ b (¥)
= | std Arec = 250001 [ std Arec
v L
= 5 200001
3 Z
S S 150001
(@] O
9 —100 o
- - 10000
< a=0.964 +0.003 ~< a=0.971+0.02
b=0.4+0.5 5000 b=897 £628
=200+ x2=107.54, n,=5
O_
~200 ~100 0 100 200 0 5000 10000 15000 20000 25000 30000 35000 40000
At injecté (s Tev™1) Ao injecté (s TeVv™?)
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Method: simulations 2

The problem & the “solution” - Data - Analysis - Results

b 1. Calibration - synthetic simulations with IRF
®
‘/\\ t 2. Lateshift extraction - Toy MC simulations
NEe/
LIVelihood
Simulations: Signal | + | Baseline background | + | Hadronic background

= Signal and background from real data

= |RF taken into account by convolution

Extraction of the result
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Method: simulations 3

The problem & the “solution” - Data - Analysis - Results

b 1. Calibration - synthetic simulations with IRF
®
‘/\\ t 2. Lateshift extraction - Toy MC simulations
) . .
L\IVeIihzoo{I 3. Bias test - Toy MC boostrap simulations
Simulations: Signal | + | Baseline background | + | Hadronic background

= Signal and background from real data

= |RF taken into account by convolution

=  Shuffling of arrival time between events

Substraction of this reconstructed lateshift to the final result
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Method: simulations 4

The problem & the “solution” - Data - Analysis - Results

1. Calibration - synthetic simulations with IRF

2. Lateshift extraction - Toy MC simulations

LIVelihood 3. Bias test - Toy MC boostrap simulations

4. Extraction of systematics - synthetic simulations “template free”

Simulations: Signal Baseline background| + | Hadronic background

f\/ |

Power law with photon index
o = 27 (PhysRevLett.114.171103)

—1
— A
+ Lig

le—10
it with p-valuF =0.80 /
htcurve

Integrated flux (cm-2.5-1)
e N N wow s
&
Integrated flux (cm-2.5-1)
e NN owow
b5

o U o

—— PowerLawSpectralModel fit

Vo )t (e

[ 1000 2000 _ 3000 4000 5000 5 | [ 1000 2000 3000 4000 5000
Time (s) 10 Time (s)
Energy [TeV]

®= Signal and baseline from data parametrisation
m  “Theoretical” hadronic background
= NoIRF

m  Spectra and lightcurve parameters are free for likelihood minimisation

Extraction of systematical uncertainties
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Method: simulations 4

The problem & the “solution” - Data - Analysis - Results

1. Calibration - synthetic simulations with IRF

2. Lateshift extraction - Toy MC simulations

LIVelihood 3. Bias test - Toy MC boostrap simulations

4. Extraction of systematics - synthetic simulations “template free”

C. JP
Deterministic effect - y-LIV WG data - fin=1

: : : == Toy MC 95% C.L-
1 11 == Synthetic data 95% CL
: : : —— Real Data 95% CL
[0} distribution
0.010+ i i i - % ;y{ltl\:\ztic (:ata :iistribution
= L [ ¥
% o w1
2 oome B }E IShii
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> Lo T
G 0.006 o e { I
o I 11 ]
hoj I 11 n
> _e { H - o
Z 004 Lo t Simu. 2: toy MC (result)
Ke) 1 11 I . .
3 - %H 1 corrected with simu. 3
(o] 1 11 1} |
= 1 1 In
% 0.0021 : :ﬁ E" [ B "
i ﬁ :ruiI Raw real data
s 5t %;H H }fi No simu. = only one likelihood
0.000 A T 90000 0 00X i‘: :: ::
; : ; 1 ! 1 H : i | ;
o o, -250 -200 -150 -100 -50 0 50 100
S A (s/TeV)
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Constraint on deterministic LIV

The problem & the “solution” - Data - Analysis - Results

JP .. DSR2
Ry —1 - Deterministic effect - y-LIVWG data- ~,=1
[
LST-BL Lac 5n. - = ‘ LST-BL Lac 5n. 1 o4 toy MCcorr. %
VERITAS-1ES - s VERITAS-1ES - N
MAGIC-GRB o MAGIC-GRB .
Aminimax X 10 x1071
H.E.S.S.-PKS * H.E.S.S.-PKS - —e—
| red toy MC corr.
Comb' T y kel Comb. 7 —ea—
—~4000 ~2000 0 2000 4000 20000  —10000 0 10000

At (s TeV1) At (s Tev™l)
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Constraint on deterministic LIV

The problem & the “solution” - Data - Analysis - Results

JP L DSR2
Kop—1 - Deterministic effect - y-LIVWG data- ~,=;
LST-BL Lac 5n. - = = LST-BL Lac 5n. 1 e toy MC ‘corr. ——e—
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Constraint on deterministic LIV

The problem & the “solution” - Data - Analysis - Results

Deterministic effect - y-LIV WG data

P JP
S Rn=1 =2
g 100 £ R ele e Planck Lo 4
S ] 1 10 |
S 108 i : I
LL? I 1 I i ® > ® g A
. 17- I ] “»
7 10 1 N 1 ¢
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"~ 1016 ;
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£ : — 1010
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m  Strongest constraint by Fermi GRB 090510 (doi:10.1103/PhysRevD.87.122001):
Errvi > 9.3 x 10 GeV and Eppva > 1.3 x 10M GeV

as suggested by doi:10.1103/PhysRevD.111.083021, need to reprocess these data
m 1 combination of different types of sources

= Includes a larger set of systematic effects and uncertainties than earlier analyses
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Constraint on stochastic LIV

The problem & the “solution” - Data - Analysis - Results

JP

n

Stochastic effect - LST-1 data - K

A=t = 446.07E 8P s TeV™! | Agn—p = 1516.581 27070 s TeV ™

Errvi > 5.3 x 10'0 GeV Errv,e > 6.6 x 107 GeV

Only other study (doi:10.1038/nphys3270) at n=1: Frrv,1 > 3.2 x 10" GeV
= Data from Fermi GRB 090510
m  No systematics
= Unique source (no combination)

= We plan to reproduce this analysis with LIVelihood
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Conclusion of a LIV search with photons time-of-flight

2 problems:
intrinsic source effects & freedom of propagation modelisation

v

“solution”:
combination of data from various sources & different
types of sources & at different redshifts

v

CoIIab(_)ration between:

: g :
H:E.S.S. / Frikkie van Greunen ©-Max Planck Institute/\Wagner VERITAS Collaboration C. Plard

- 1%t constraint on LIV from a combination of different types of sources
- analysis that includes the largest set of systematic effects and uncertainties

In the future:

= More sources!
=  More AGN flares from LST-1 (lower variability, lower energy threshold)
=  AGN population study in data of H.E.S.S., MAGIC, VERITAS like in LST-1 data
=  Pulsars!
=  GRB (Fermi)

m  LST-2to 4 and CTAO
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Method: choice of Ky, (2)
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Stochastic effect and likelihood

Log-likelihood maximisation: L(An) = —2log L(|An])

—2log L(|\,]) —2log L(|\,.])
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Method

1. Calibration - synthetic simulations with IRF

2. Lateshift extraction - Toy MC simulations

LIVelihood 3. Bias test - Toy MC boostrap simulations

4. Extraction of systematics - synthetic simulations “template free”

ws
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Method

" A 1. Calibration - synthetic simulations with IRF

é\ 2. Lateshift extraction - Toy MC simulations
) . . .

L|Ve|IhZOO{| 3. Bias test - Toy MC boostrap simulations

4. Extraction of systematics - synthetic simulations “template free”

d*P
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Method

P 1. Calibration - synthetic simulations with IRF
®
é\\ t 2. Lateshift extraction - Toy MC simulations
C) . .
L\IVeIihzoo{I 3. Bias test - Toy MC boostrap simulations

4. Extraction of systematics - synthetic simulations “template free”

Minimisation of profile log-likelihood: LnS ()\n) — S_‘}P L;s ()\na 9n8>

Hns \

Nuisance parameter

L:Ls ()‘nv 9’;) = L" ()‘na 9_;713) T LZ(@;) + qu(gw) + LES(HES) + Lz(ez>

Spectral  weight Energetic  redshift
index  signal vs bkg bias
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Calibration plots — LST-1 data
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Method

1. Calibration - synthetic simulations with IRF

2. Lateshift extraction - Toy MC simulations

LIVelihood 3. Bias test - Toy MC boostrap simulations

4. Extraction of systematics - synthetic simulations “template free”
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LST-1 data — BL Lacertae spectra
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