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Introduction

Axion like particles (ALP) are a common Important to study propagation of VHE, ALP through magnetic fields from
prediction of BSM theories. target to Earth
VHE photons can oscillate to ALP in magnetic
erIdS (IOSS Of phOtonS), but ALPS Can OSC'IIate 10°j oo Pyy for BLLac and different ALP masses and coupling ga,y =2.0 x 107! GeV~ and B=1.0 x 107G |
. 2 e . oA
back to photons (recovery) AT 2" =
ALPs have very low cross-section with matter, | = TINA L

so do not interact with EBL during propagation

Photon su

| = g4y =0.40x 10731 Gev-?
e ay=1.00x 10-}! GeV~

Jay = 8.00 X 10~ GeV~?
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Oscillation is determined by critical energy Energy (GeV]
dependent on ALP mass, interaction strength SRECEANN
Figure 3: Photon survival probability for tl oot oot ‘
mi e . a),l?,)l A Depends on ALP Characterlstl CS Figure 2: Photon survival probability in the case of BL Lac, assuming g4y, =
Eit ~ 2.5 GeV . f Depends on magnetic fields during
g11 Buc s -
. propagation
Observable: £
- around critical energy, interaction is 5 o
oscillatory and introduce wiggles on the e T T s
S peCtru m ) - + M(I)‘k42l - MAGIC flux points (1 BB)
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Figure 4: Spectral energy distribution of a representative Bayesian Block



Magnetic fields along l.o.s.

1. Target blazars: so B-field in the jet 1. < more relevant

2. |Is there a cluster with B-field in the core? 2. < no, there is not

3. Is there IGMF? 3. « the effect is minimal

4. Is there reconversion in the Galactic B field? 4. «— well measured, tested different models

Ultrarelativistic jet

Transition Region, equipartition

Accelerated )
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e PC model is extended and inhomogeneous rather than one-zone: the emission is
computed by integrating along the whole jet. rO is therefore measured rather than
assumed

e \What governs photon—ALP mixing is the integral of the magnetic field across the
propagation length. Thus ALP-photon mixing does not depend on BO or rO separately
but on their product: for a toroidal field the mixing integral is 7 jet

del = B() ro ln(—)

BH

Tiet

ro
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Figure 1: Schematic structure of a relativistic jet (not to scale). The innermost,

BO rO equals 0.18, 0.24, 0.32, 0.19 G.pc for Mrk 421, Mrk 501, BL Lac and 1ES 1959+650
Model Potter and Cotter, that gives parameters for our targets. respectively, so that although rO and BO vary a lot, across the sample, their product varies
by less than a factor of two

=
>

Target Mrk 421 Mrk 501 BLLac 1ES 1959+650 . : celis e [T
rar[ii] e S 0913+ ‘ e We have also examined how the tangled component  %.. o:
0 . . . . J . . = -m- ;=07
B, [G] 0.03 0.8 2.68 1.88 z affects the ALP signature: a larger tangled fraction 210
no [cm";] 85-10° 4.5-10* 8-10° 7-10° 4 does not smear the spectral features < 0s-
oy el 9'972 354 16520 32:” z e Also, stochasticity of the tangled component does not ~ gesf=*<.u_
g: 12 9 8 8 significantly impact the results L S B
a 1.0 1.68 1.95 1.60 ‘ . . éo.z ..... i

‘ Other tests in Appendices T e ————

Table 2: Parameters of the jet magnetic field model; radius ro where B field is ma [nev]



Magnetic fields along l.o.s.

Target blazars: so B-field in the jet
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s there reconversion in the Galactic B field? 4. <« well measured, tested different models

IGMF/EBL

Galactic Magnetic Fields

The most recent model is proposed by Unger and Farrar (2023) and

consists of eight different realisations. All eight variants are
consistent with the present observational data.

The ‘neCL realization yields conversion probabilities most similar to
those obtained with the (previous standard) Jansson and Farrar

(2012) model. Landgraf (2024) notes that the the ‘base’ and ‘expX’
models can be regarded as providing an estimate of the maximal

systematic range.
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Figure C.15: Impact of the choice of the GMF model realisation on the ¢
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IGMF introduces some additional spectral irregularities in the 1
neV range, while these effects are subleading
EBL, we used Dominguez et al. (2011), however, all sources are
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Figure 2: Photon survival probability in the case of BL Lac, assuming gy, -
2.0-1071'GeV~!, four different ALP masses and three magnetic-field configu
rations. The solid lines correspond to photon—ALP mixing in the jet, the IGMEF



2.1 Experimental data preparation

Target Class Z MAGIC ST

Period Duration oy BBs Period Duration oy BBs
Mrk 421 HSP 0.031§ 2014.12-2024.12 263.6 h 438.5 175 § 2020.12-2024.02 71.7 h 69.5 36
Mrk 501 HSP 0.034 3 2015.07-2024.09 235.0h 85.2 55 §2020.03-2023.06 35:7h 17.1 29
BL Lac LSP 0.069§ 2015.06-2024.11 90.9 h 101.9 43 §2021.08-2022.11 31.8h 31.6 17
IES 1959+650 HSP 0.048 § 2015.03-2024.12 217.1h 2242 78 § 2020.08-2023.09 149 h y.2 9

Table 1: Summary of MAGIC and LST observations. Classes: HSPALSP denote High/Low Synchrotron Peak blazars. z 1s the redshift. o 1s the Test Statistic

(global significance in standard deviations relative to the backgrou
Blocks (see text).

The observations used in this study combine MAGIC data
taken 1n years 2014-2024 and data from LST-1, overall be-
tween 2020-2024. We restrict our analysis to optimal qual-
ity data, that 1s data obtained under dark-sky conditions and
with atmospheric transmission above 0.8. Tab. 1 summarizes
the complete dataset along with some statistics. This com-
prises most of the data from the selected targets observed by
each experiment, constituting the largest dataset analyzed to
date, both for each target and for ground-based gamma-ray ALP
searches (BatkovicC et al., 2021). Data sets partially overlapping
with those considered here have been used in previous astro-
physical studies by the MAGIC and LST-1 collaborations, in-
cluding, tor MAGIC, (e.g. MAGIC, 2015a, 2018, 2020b, 2019,
2020a), and, for LST-1, (LST, 2025).

nly hypothesis), computed following L1 and Ma (1983). BBs 1s the number of Bayesian

MAGIC data quality requirements
max DC 2200 nA

5° < /ZD < 62°

TRANS9 > 0.8

CLOUD < 45

run duration > 300 s



A. The autoMAGIC framework

The MAGIC data analyses presented in this work employ
autoMAGIC, a database—driven pipeline for automated MAGIC

data reduction, reported in Schubert (2023); Walther et al!
(2025). Its design philosophy 1s to minimize human interven-
tion while ensuring full reproducibility of results. At the core

of the system lies a relational SQL database that manages all

analysis information through approximately eighty interlinked
tables. These include job tables for each MARS executable,
data tables for observation runs and Monte Carlo simulations,
and logic tables to enforce dependencies and consistency across
the workflow.

We cross-checked a subset of autoMAGIC
datasets against published archival data
analyzed with the regular MARS pipeline.
Results are not in the paper but are available
on the Wiki. (e.g. Mrk 501 on the right)

A few bugs fixed: MR#149, MR

MRB#153

https://qgitlab.pic.es/magic/automatic_analysis

date(s)

['2022-07-09'

['2022-03-26'

['2022-03-07"

['2017-06-17"

['2017-05-25'

['2017-04-22'

'2022-07-09'] -

'2022-03-31"] 1

'2022-03-11"] 1

'2019-07-23"] -

'2017-05-26'] -

'2017-05-05"] -

—+— autoMAGIC

——

Archival

0.0

0.5 1.0 1.5
$o [1/(TeVscm2g—11



https://gitlab.pic.es/magic/automatic_analysis
https://wiki.magic.pic.es/index.php/AutoMAGIC_analysis_for_axion-like_particles_study_with_blazars
https://gitlab.pic.es/magic/automatic_analysis/-/merge_requests/149
https://gitlab.pic.es/magic/automatic_analysis/-/merge_requests/153

2.1 Experimental data preparation

Target Class Z MAGIC ST
Period Duration o1y BBs Period Duration

Mrk 421 HSP 0.031 | 2014.12-2024.12 263.6 h 438.5 175§ 2020.12-2024.02 147D

Mrk 501 HSP 0.034 | 2015.07-2024.09 235.0h 85.2 55 1| 2020.03-2023.06 35:7h

BL Lac LSP  0.069 | 2015.06-2024.11 90.9 h 101.9 43 3| 2021.08-2022.11 31.8h
LES 1959+650 HSP 0.048 | 2015.03-2024.12 217.1h 2242 78 }J| 2020.08-2023.09 149 h

Table 1: Summary of MAGIC and LST observations. Classes: HSP/LSP denote High/Low Synchrotron Peak blazars. z 1s the redshift. o 1s the Jest Statistic
(global significance in standard deviations relative to the background-only hypothesis), computed following L1 and Ma (1983). BBs is the numb

[ Bayesian
Blocks (see text).

The observations used in this study combine MAGIC data
taken 1n years 2014-2024 and data from LST-1, overall be-
tween 2020-2024. We restrict our analysis to optimal qual-
ity data, that is data obtained under dark-sky conditions and LST data (partially overlaps with the
with atmospheric transmission above 0.8. Tab. 1 summarizes AGN ZOO paper, but |arger):
the complete dataset along with some statistics. This com- _ g
prises most of the data from the selected targets observed by, = quallty requirements (Standard)
each experiment, constituting the largest dataset analyzed to, g 0° < ZD < 60°
date, both for each target and for ground-based gamma-ray ALP
searches (Batkovi¢ et al., 2021). Data sets partially overlapping @ maX_ped_Std =2.3 (d ark)
with those considered here have been used in previous astro- g run duration > 120 s check
physical studies by the MAGIC and LST-1 collaborations, in-
cluding, for MAGIC, (e.g. MAGIC, 20135a, 2018, 2020b, 2019,
2020a), and, for LST-1, (LST, 2025).




2.1 Experimental data preparation

e In total, we are analysing:
o Mrk 421: 277 runs
o Mrk 501: 210 runs
o BL Lac: 121 runs
o 1ES1959+650: 59 runs
e Initially processed using Istchain v0.10.7 starting from official DL2 and official IRF files available on

IT-cluster — after the presentation at the Ist-reco meeting in January, due to slight miss-match in
the BL Lac data, we decided to use officially released LST-1 DL3 files

Spectral analysis
e Energy range [10 GeV, 100 TeV], 10 bins per decade
e Used ReflectedRegionsBackgroundMaker method with a = 1

e Run-wise and night-wise LCs are computed, and used as input for Bayesian Blocks tool in Astropy:
e fitness: measures,

e false prob: 0.0027, 3 standard deviations in a normal distribution

e Groups of data are defined as separated by a minimum amount of 2 months - to avoid long
BBs with large runs-less gaps



2.1 Experimental data preparation

e The data in each BB were fit to a PWL, ECPL or LP model, accounting for EBL

e Results are found stable under different choices of er

e Resulting BB are used as the input for the ALP analysis

ergy or temporal binning

Mrk421 run-wise lightcurve (LST)
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2.1 Experimental data preparation

e The data in each BB were fit to a PWL, ECPL or LP model, accounting for EBL
e Results are found stable under different choices of energy or temporal binning
e Resulting BB are used as the input for the ALP analysis

Mrk421 light-curve comparison (LST)
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2.4 Signal modeling
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EO Ec
—a—p log(E/E,)

—I

E
LP: @(E) = ¢, A
0

For each BB, the EPWL or LP is selected as the
spectral fit with the best [12 after including EBL
absorption and ALP mixing.

Energy range zenith-dependent: the same used for
the LST-1 AGN-zoo paper
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Figure 4: Spectral energy distribution of a representative Bayesian Block
from the MAGIC observations of Mrk 421. The red points show the re-
constructed flux measurements with their statistical uncertainties. The black
dashed line represents the best-fit intrinsic spectral model of Eq. (3) after
EBL attenuation, assuming the EBL model of Dominguez et al. (2011) and
no ALPs. The green curve shows the corresponding observed spectrum of
Eq. (4) including photon—-ALP mixing for the benchmark point (m,, g4y) =
22 1078 eV, 2.7 107! /GeV), corresponding to the ALP hypothesis
yielding the largest discrepancy with respect to the null hypothesis for this
Bayesian Block. The lower panel displays the residuals with respect to the
null-hypothesis model. |




2.5 Statistical analysis

. . : ». (g ’u _ ﬁ (S + albz]) e_(s +a;b;) > bLmU e_bif"| I: BB index
On/Off Poisson Likelihood ap M Hi ol ! m;;! 7: energy bin index
Expected signal counts s,.j=J dEIdE’ ®! (E';u) P (E'; g,,m,) IRF(E | E)
AE;



2.5 Statistical analysis

N; (S + alb, ) bmlj . BB ind
. . : g(ga > My, :uz — J e_(sif+a‘ bij) X— _bljl . inaex
On/Off Poisson Likelihood / I:I ! m;;! 7: energy bin index
Expected signal counts SZ.J.=J dEJdE’ @ (E'p) P, (E'; g,,m,) IRF(E | E')
AE-

W-stat statistics or “goodness of fit"  W(g,.m,) = - 2log$ (8ay Mys 1) + 2log &, =

—ZZ(SU+(1+a)bU — n;;log(s; + ab;) — mylog(b,) — C )
j
The statistic Wi(g,,,m,) is y*-distributed with d(g,,m,) degrees of freedom b= e eV M levm € =y + my; = niglog(ny) — m; log(omy)

Global statistics Wigym) = Y Wigym)  With d(g,.m,) = ) df(g,,m,) degrees of freedom



2.5 Statistical analysis

| | | Pl ) = ﬁ l (S ~+ a,sz) o~ (itaby) 5 bz;‘nﬁ e—sz] I: BB index
On/Off Poisson Likelihood e Tere n;! m;;! 7: energy bin index
Expected signal counts s,.j=J dEJdE' ®! (E';u) P (E'; g,,m,) IRF(E | E)
AE;

W-stat statistics or “goodness of fit"  W(g,.m,) = - 2log$ (8ay My ;) + 2log &, =
_2Z(s,]+(1+a)b,] — ny;log(s; + aby) — m;log(b,) — C )

J
| ntm—(L+ 1a)s +\/(n+m—(1+ V)P +40 + Uasm | [C = n;; + my; — n;; log(ny) — my; log(m;;)

The statistic Wi(g,,,m,) is y*-distributed with d(g,,m,) degrees of freedom b6 - ET

Global statistics W(gym) = 3 Wigm)  With d(g,,.m,) = ) d(g,,m,) degrees of freedom

A given point in the ALP parameter space (ga},, m,) can be excluded with a statistical significance quantified by the p-value:

o . . — RO " S— . _I
P(gay’ma)=Q< (ga; )’W(gz )) » O-(gay’ m,) = \/zerf 1(1 _p(gay’ ma)) |

regularized upper incomplete gamma function

_L > s—1_-—t ‘
_Q(s,x)— ) [x ' e dtl




aYoJel=Talo[ '@ = W24 How do we get the degrees of freedoms ?

MC analysis done for each BB and ALP point

1. Fit to real data. We perform the fit described in App. 2. 51
for the chosen (g.,,m,), obtaining the expected 31gna]
counts s;; and background estimates b; j(sij). These rep-
resent the model prediction under the hypothesis that the
ALP parameters (g,,, m,) are the true ones.

2. Generate MC realizations. @ We generate synthetic
ON/OFF observations by drawing

MC : 2 MC : »
n;; ~ Poisson(s;; + a;b;;), m;; ~ Poisson(b;;),

1.e. we simulate what would be observed if the ALP hy-
pothesis were true.

3. Refit each MC realization. For each simulated dataset,
we refit the SED parameters u; and compute the corre-
sponding statistic WM©(g,,, m,).

4. Extract the effective d.o.f. The resulting distribution of
WlMC is well described by a y* distribution, as illustrated
in Fig. B.10, where both the null and an ALP hypothesis
are shown for comparison. Its effective degrees of freedom
di(g4y, m,) are given by the expected value of the distribu-
tion, o

(d (8ay>Ma) = E[WMC(gay,maD

as predicted for a Y~ random variable where E[y?] = d is
the number of degrees of freedom.

— \" distribution d = 17.3

MCs assuming m, = 0 and |g.,| = 0

0.06 -

==== Observed W

- ————— -

2 ().04 1

Density

0.02 1

[[)—\"cllll(‘ = 2.4e-01 ( 0.7 & )

.00
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Figure B.10: Distribution of the MC-simulated test statistic WlMC for a given
BB under two different hypotheses. Top: Null hypothesis with m, = 0
and g,y = 0. Bottom: ALP hypothesis with m, = 4.6 - 103 eV and
18ayl = 27.1 - 10711 GeV~!. The blue histograms show the WIMC values ob-

tained from pseudo-experiments, while the red curves represent the best-fit x>
distributions. The vertical dashed lines indicate the observed W; value from real
data. The reported p-values and corresponding Gaussian significances quantify
the level of disagreement between the model and data.




AYoJolsTalo @M= Treatment of blocks with poor intrinsic SED fits

Among the 442 BBs we have (as expected) encountered some BBs whose intrinsic SED fit gives a “bad” chi-square value
Possible solution: discard those “bad” BBs whose null-hypothesis fit showed a discrepancy larger than 2o with respect to the [12 expectation

Criticism: discarding BBs requires defining what constitutes a “bad” block (e.g. adopting a 2o threshold), which is an intrinsically arbitrary choice

The shift method avoids this ambiguity and incorporates the observed discrepancy in a well-defined and continuous manner
(the resulting exclusion limits were nevertheless consistent with both approaches)



AYoJolsTalo @M= Treatment of blocks with poor intrinsic SED fits

Among the 442 BBs we have (as expected) encountered some BBs whose intrinsic SED fit gives a “bad” chi-square value

Possible solution: discard those “bad” BBs whose null-hypothesis fit showed a discrepancy larger than 2o with respect to the [12 expectation

Criticism: discarding BBs requires defining what constitutes a “bad” block (e.g. adopting a 2o threshold), which is an intrinsically arbitrary choice

The shift method avoids this ambiguity and incorporates the observed discrepancy in a well-defined and continuous manner
(the resulting exclusion limits were nevertheless consistent with both approaches)

First, we verify that ALPs do not improve the fit, in
other words, the mismatch is due to the spectral
model, not to missing ALP effects

Then, we add this mismatch that we observed
In the data to the simulation as well

WMC(g,,, m,) = WMC(g, ,m) + A

A = W90 0) — WME0,0)

/ \

Global statistics under Mean global statistics under
the null hypothesis the null hypothesis from the
from the data with the MC simulation, which by

“bad” BBs default cannot have bad BB

0.004 1

0.003 1

A= Wdum(()’o) _ WM(‘(O’O)
1

: X
2 0.002 1
0.001 1

0.000

Densitv

0.004 A

0.003 1

ensity
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D
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Figure B.11: Illustration of the correction applied to MC-simulated distr
butions of the test statistic W. The histograms show the distribution of WM
values obtained under two hypotheses: the null hypothesis (blue) with m, =
and g,y = 0, and an ALP benchmark hypothesis (red) with m, = 2.2 - 108 ¢
and |g4y| = 0.4 - 10711 GeV~!l. Solid curves represent the best-fit x> distr
butions, while vertical lines indicate the corresponding W9 values for eac
hypothesis (blue for null, red for benchmark ALP). Light grey vertical line
show observed W values for other ALP hypotheses. Top: Original (unco:
rected) MC distributions. Bottom: Same distributions after applying a shi
A = W90, 0) — WMC(0, 0) that aligns the simulated null distribution with th
observed value.

Validation of the shift prescription

We first generated ON/OFF counts under
the null hypothesis of no ALP signal and
performed the complete analysis on this
fake dataset, obtaining the corresponding
exclusion

We then repeated the procedure after
artificially increasing or decreasing the
signal counts Iin selected energy Dbins,
thereby introducing a spectral mismatch
analogous to that of a BB with a poor
intrinsic SED fit. From this, we obtain
exclusions using the “shift” procedure.

The two exclusion regions were found to
be consistent



aYoJolsTale|VQ® Systematic uncertainty in the effective collection area

In this appendix, we tried to quantify how uncertainties in the collection area may affect the ALP limits
As for other systematic studies we tested it on the 10 “best” BBs

I BB index
Additional nuisance parameter 8,-]- ~ N (0,0'8) Sij 5 Sij(1 T 8ij) i energy bin index
N (s--(l + &)+ ab; ' pli 1 2
ij ij i’ij i &
New likelihood: L@upmam) =[] esil+e)=aby 5 2 _o=bi| exp | ———
= n,]' m,]' ] 20—8
New statistics: W (8, m,) = —21n Sf(gay, mg; i, é) +2In& ad*+A8*+Bé+C=0
Il | ]
Repeating the analysis with the new statistic .
assuming an uncertainty Of 10% per energy T T TTTTT] T T TTT1T] T T TTT1T1T] I

bin in the effective area (i.e. 0=0.1) o o - o

mg | eV ]

Figure D.16: The blue contour shows the nominal exclusion obtained with the
standard likelihood, while the orange contour is obtained using the modified
likelihood of Eq. (D.3), assuming an independent 10% uncertainty (- = 0.1)

on the expected signal yield in each energy bin.
e —



3. Results and Discussion

Figure 6: contribution of individual BBs (for MAGIC)

Mrk 421 - MAGIC

251

<D
Sigmas
— N}
@) o

16.8 10 1;
10-10 ) °1i .
;\ 14.7 O-I . i phsiamens l
5 i B | Mrk 501 - MAGIC |
U e 8 * gay=0
ot
e 10.5 = 61
: 34 % é‘l i :
— = Bl | iy
S .2 | ¢
E (7 0'ltI"‘l‘i*u,“i‘i""’“"!‘}i"'i}*'l"*'f"‘f"**"**"'** l
4.2 1ES 1959+650 - MAGIC
81 * gay=0
2.1 & :
0.0 é o : ’
W0 W07 g W CEEEE ! NHIMOATTATTI T I . :
] l tEe it thitapnan
My [ eV ] _(2)“ ”“}IH “Hh”gl”ll'hlﬂl“&“ulh}ll HHH}H“HH praege ,“
5 BL Lac - MAGIC ) -
Figure 5: Exclusion significance, expressed in Gaussian standard deviations, n "
over the ALP parameter space obtained by combining all MAGIC and LST-1 o 3
observations listed in Tab. 1. The solid black line marks the 95% confidence- E 2 v . :
level exclusion contour. The significance is evaluated on a grid of 121 ALP ZENY l E ’ e T T :
parameter points, while the color map is obtained with Matplotlib contourf of ¥ 41} . H i REEE o bid t  REEEEEEEEEE R i
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3. Results and Discussion
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Figure 7: Distribution of the Bayesian Blocks (BBs) used in this analysis
as a function of their intrinsic flux normalization and their constraining power
on the ALP parameter space. Each point corresponds to one BB. The vertical
axis shows the best-fit intrinsic flux normalization ¢ (at the reference energy
E.f = 0.5 TeV) obtained by fitting the data with the intrinsic spectral model
including only EBL attenuation. The horizontal axis reports the maximum ex-
clusion significance, expressed in Gaussian standard deviations, reached by that
BB over the explored ALP parameter space. Marker colors 1dentify the source,
while circles and crosses denote MAGIC and LST-1 observations, respectively.

Figure 8: Comparison of the 95% CL exclusion obtained with different sub-
sets of the dataset. The solid black curve shows the exclusion derived using
all MAGIC and LST-1 observations. The gray curves show the result after
progressively removing the least constraining sources, ultimately leaving only
Mrk 421. The shaded gray region corresponds to the exclusion obtained using
only the ten most constraining Bayesian Blocks of Mrk 421. These ten BBs
provide a good approximation of the full Mrk 421 exclusion and are therefore
used in the systematic studies presented in the appendix, where repeating the
full analysis on all 442 BBs would be computationally prohibitive.

episodes matter
more than long
iIntegrations in the
baseline state



4. Conclusion

Limits consistent with previous Blazars-based analysis

for instance:
LST-1 + MAGIC

Blc,- aAl'S
. ® Flaring states of PKS 2155-304 measured by H.E.S.S (13
| hours)
_~4 ‘ ® Roughly ~110 hours of Mrk 421 and PG 1553+113 measured
by MAGIC and Fermi-LAT (Hai-Jun Li et al 2022 Chinese
Quasans ' Phys. C 46 085105)

Previous multi-epoch analyses of blazars have obtained similar
limits and likewise shown that only a subset of activity periods
provides substantial constraining power.
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Other studies (lik Davies et al. 2023 and Li, Chao & Zhou 2024) that obtained much stronger limits assume:

® alarger B,
® alarger emission distance ryyg

® 3 coherent toroidal field



4. Conclusion

Selling points we explicitly wrote in the conclusion:

LST-1 + MAGIC . . . . T
Blazars ® The exclusion derived in this work is limited by the current

understanding of AGN jet magnetic fields

should be read as conditional on the adopted jet-field

|
g ‘ ® The limits derived, as in previous blazar-based ALP searches,
model

QUASARS
Fermi

e ® We identify the statistical framework, rather than a new ALP
bound, as the main methodological contribution:
likelihood-level combination of Bayesian Blocks provides

a scalable approach for incorporating new observations
o - ""X'\\L. - ""\'0'; - ""\'0'/(, | without reanalyzing existing data

m, | eV |

Figure 9 e Given that a handful of flaring blocks carries most of the
sensitivity, the most effective gain will come not from longer
exposures but from catching more of the rare, bright
states



