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what if there are already QG signatures in the data?
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source properties. ingredients

type of particle
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position of emission site

position of each source and within the source

temporal emission profiles

light curves source

Intrinsic spectra

number of events in each energy bin number of particles

geometry of emission (intervals of) solid angle X energy X time

Isotropic, jet
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propagation.

target distributions
photons (e.g., CMB, EBL)

magnetic fields
galactic, extragalactic

gravitational fields
lenses

physics of interactions
Cross sections,....

mesoscale physics

collective phenomena

In-between
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cosmological photon backgrounds
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centre of mass 4 > 4

Elaﬁl
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modified interactions with photon backgrounds

dnz(ﬁz)
dp,

11 = %J]de dcos@ o (s) p. (P, P)) (1 — 1, oS 9)
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modified interactions with photon backgrounds
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can we use the same equation
with Lorentz violation?
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modified interactions with photon backgrounds
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with Lorentz violation?
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on propagation effects

We never really know the real origin of a particle

necessary conditions to state the a flux of a messenger is primary

» know the intrinsic spectrum well to exclude cascade contribution
+ but:unobserved gamma rays at higher energies

» know the flux of other particles along the line of sight

+ degeneracy between absorption of parent and observations of the messenger
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cosSMic rays
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modified interaction thresholds
~

LIV-induced modifications

E? = m2c* + p*c* + f(E, p)
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modified interaction thresholds
;

LIV-induced modifications photodisintegration

E? = m2c* + p*c* + f(E, p)
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modified interaction thresholds

nucleus(A, Z) + Ybg = nucleus(A-1,72) +
LIV-induced modifications photodisintegration nucleus(A, Z) + Yog = nucleus(A-1,Z-1) + p

E* =m?c* + p*c* + f(E,P)

f(EF) ~ 2 ( )

12
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Hubble horizon
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photodisintegration
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: Bethe-Heitler pair production
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(similar for nuclei)
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self-consistent constraints in hadronic sector

problem: effects in the hadronic sector also
affects the showers

» what we measure IS Xmax
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self-consistent constraints in hadronic sector

Coleman et al. Astroparticle Physics 149 (2023) 102819. arXiv:2205.05845 Energy [eV]
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Coleman et al. Astroparticle Physics 149 (2023) 102819. arXiv:2205.05845

» problem: effects in the hadronic sector also

affects the showers

» what we measure 1S Xmax

» how to tackle that? LIV-CORSIKA working group
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gamma rays
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the usual approach to gamma-ray propagation
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attenuation

17

flux

the usual approach to gamma-ray propagation

(I)O(EO; Zs) = (I)s(Eo,s) 28 [_T(Ew Zs)]
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the usual approach to gamma-ray propagation

flux
. Oy(E,z) = O(E, ) exp |—(E, )]
attenuation ’
optical (E Z)—sz 4 Eo . dz
depth ) I+z /] dz
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the usual approach to gamma-ray propagation

X
w . D(E,z) = D(E, ) exp |[—1(E,, 2)]
attenuation ’
how good is this
approximation?
. % E
optical H(E..z) = J' ot Zos dz
depth ) I+z J dz
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the usual approach to gamma-ray propagation

ﬂux 103 =0.140 e Intrinsic spect —_—
° (D()(E(); Zs) — q)s(E(),s) eXp [_T(EO, Zs)] T Zi%bolz.o Y = EBL attenuation ——-— plrlompt
attenuatlon 101 | EB_I_: Gilmore et al. 2012 —_— ;stdgenerati@
— — 2N genera;cils:
how good is this - 2th genemtion
. . 2 10771
approximation? k) \i__ii
2|10
7 E d7 .
1Cd _ : 107°2-
optical T(EO,ZS)=J'dZ/1 | os )42 |
depth 1 + < dZ 10_7 — | | | : | .
0 102 10 10 102  10!® 10  10%5

E [eV]

simulations performed with QB]PrOpa
Alves Batista et al. JCAP 05 (2016) 038. arXiv:1603.07142
Alves Batista et al. JCAP 09 (2022) 035. arXiv:2208.00107
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the usual approach to gamma-ray propagation
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the usual approach to gamma-ray propagation
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the usual approach to gamma-ray propagation

ﬂux (D (E . )_ q) (E ) ex [_ (E )] 103 z=0.140 intrinsic spectrum —— all
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the usual approach to gamma-ray propagation
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the usual approach to gamma-ray propagation
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the usual approach to gamma-ray propagation
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the usual approach to gamma-ray propagation
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the usual approach to gamma-ray propagation

flux
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attenuation ’
how good is this
approximation?
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the usual approach to gamma-ray propagation
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the usual approach to gamma-ray propagation
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the usual approach to gamma-ray propagation
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the usual approach to gamma-ray propagation

flux
. O(E,z) = DE, ) exp |—u(E,, %))
attenuation ’

how good is this
approximation?
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» other processes can be important
+ Inverse Compton in this case

» It is always better to perform full simulations

+ but not faster &

CR Propa
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the usual approach to gamma-ray propagation
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the usual approach to gamma-ray propagation

z =0.140
B=10"1°G a=17
1014 B=10"9G Emax = 10°2° eV

EBL = Gilmore et al. 2012
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the usual approach to gamma-ray propagation

1 B=10"1G z=0.140

B =10"15G a=1.7
EBL = Gilmore et al. 2012

- h? — all

1~ 7 _
I |__,__"‘1——|-—]
I

I

—-=——=- 1st generation

1072 — L - - -
10° 1010 101 1012 1013 10t 10%°
E [eV]
1 B=10"1"G z = 0.140
B=10"1>G a=17

EBL = Gilmore et al. 2012

larb. u.]

—-=——=- 1st generation

10-5 - - - - - -
10° 1010 10" 102 101 10 10

E [eV]

Rafael Alves Batista | BridgeQG Workshop | 4-6 February 2026 | Astrophysical Searches for LIV: what multi-messenger observations can (and cannot) tell us



the usual approach to gamma-ray propagation
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the usual approach to gamma-ray propagation

1 B=10"1G z=0.140
B =10"15G a=1.7
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transmittance, exp(

polarisation-dependent effects
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complete simulations of gamma-ray propagation with LIV
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complete simulations of gamma-ray propagation with LIV

» complete simulations including LIV

*

*
*
*

modification of pair production

INC

INC

LUC

LUC

ing inverse Compton scattering

Ing vacuum Cherenkov

including photon decay
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complete simulations of gamma-ray propagation with LIV

Saveliev & Alves Batista. Class. Quant. Grav. 41 (2024) 115011. arXiv:2312.10803

z =0.030

» complete simulations including LIV

+ modification of pair production

+ Including inverse Compton scattering
. . = | x{=x7=-10"
+ including vacuum Cherenkov S5 gos| — x=x =107
N — X{=x] =1
+ Including photon decay n
]_()_4 SR: pair production

—— LIV: pair production
—~——LIV: pair production + photon decay
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on time lags
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on time lags

Atobs <E19 E2> —
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on time lags

Atobs (E19E2) — Atac:c:(El’ EZ)

acceleration
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on time lags

Atobs(EbEZ) — Atacc(ElﬂEZ) T Atemi(ElﬂEZ)

acceleration emission
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on time lags

Aty (Ep Ey) = Aty (Ep Ey) + Aty (Ey, Ey)+ Atg(ELE,)

acceleration emission gravitational
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on time lags

Aty(EEy) = Aty o(ELEy) + At (EL Ey)+ Atg(EL Ey) + Atg(E), E,)

acceleration emission gravitational magnetic
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on time lags

Aty (EL Ey) = At
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acceleration emission gravitational magnetic 0G signal
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on time lags
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discussion
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two approaches: lamp and lighthouse

i‘lamp approach ﬁ lighthouse approach

rigorous focused approach complex brute-force approach

look at few observables / effects at a time exploits correlations — reduces parameter space
phenomenologically-motivated phenomenologically- or theoretically-motivated
excellent for clean signals weaker but sturdier constraints

empirically adequate empirically adequate

allow for inconsistencies Imposes internal consistency

parsimonious and descriptive complex and more explanatory
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some thoughts on model-building
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some thoughts on model-building

are there QG signatures in the data?
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some thoughts on model-building

are there QG signatures in the data?

P(HQG | D) X P(D | HQG) p(toc)
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are there QG signatures in the data?

P(HQG | D) X P(D | HQG) p(toc)

10|

Rafael Alves Batista | BridgeQG Workshop | 4-6 February 2026 | Astrophysical Searches for LIV: what multi-messenger observations can (and cannot) tell us



28

some thoughts on model-building

are there QG signatures in the data?
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some thoughts on model-building

are there QG signatures in the data?

P(QQG | D) X P(D | HQG) p(toc)

propagation
uncertainties

P (D ‘ 0QG> — ‘]J p(D ‘HQG’ Hprop ) P (Hpmp) deprop
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some thoughts on model-building

are there QG signatures in the data?

P(HQG | D) X P(D | HQG) p(toc)

propagation source
uncertainties uncertainties
p(D‘ 6QG> B ‘IJ P (D ‘QQG’ Hpropa‘gsrc ) P (Hpmp) P (QSTC) dHSICdHPTOP
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some thoughts on model-building
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some thoughts on model-building

are there QG signatures in the data?

P(HQG | D) X P(D | HQG) p(toc)

propagation source
uncertainties uncertainties
p (D‘ HQG> - ‘]J P (D ‘HQGﬂ Hpropa‘gsrc’ Qinst> P (Hpmp) P (QSTC) dHSdeepmp
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some thoughts on model-building

are there QG signatures in the data?

P(HQG | D) X P(D | HQG) p(toc)

propagation source instrumental
uncertainties uncertainties uncertainties

P (D‘ 6QG> B ‘]J (D ‘HQG’ Propa‘gsrca 6’1nst> P © prop) ( src) P (Hinst) demstde dHPTOP
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sink terms affecting propagation are considered
rarely new source terms are considered on top of standard ones (new processes)
results are only as good as the models on which they are based
problem with lamp strateqgy: dutch book argument
combine multiple messengers
build models covering larger parameter space
dimensional reduction from correlations / couplings

epistemic goal: coherence over tightness
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