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Challenges in the detection of gases in exoplanet atmospheres
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Claims of dete(‘tinnq of gaqcs in exoplanet atmosphorcq nftcn relv on mmpariqnnq holwcen models includino and Nclud-

b—_" _ing specific ck chcmlcal _speeics., Howevcr, the spacc ofmolccular cnmhmatlgm avmlahle for_ model construction is vast.
1) and highly degenerate. Only a limited subset of these combinations is typically explored for any given detection. As
. a resull, apparent detections ol trace pases risk being artifacts ol incomplete modeling rather than robust identifi-
= cation of atmospheric constituents, especially in the low signal-to-noise regime. Using the sub-Neptune K2-18 b as a
lQ-A case study, we show that recent biosignature claims vanish when the model space is expanded, with numerous alter-
® natives providing equally good or better fits. We demonstrate that the significance of a claimed detection relies on the
b= choice of models being compared, and that model preference does not in itself imply the presence of a specifie gas. We
}7) recommend treating model comparisons instead as relative gggguacy testsy: which should be supported by theoretlcal
E predutu{l‘lb and gumplementar; metrics of bldllbllull 51;,mﬁunw in order to attribute a signal to a particular gas., >
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Deuterium fractionation and CO depletion in Barnard 5
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N ABSTRACT
N Deuterium fractionation provides a keyv diagnostic of the physical and chemical evolution of prestellar and
(.C\Dl protostellar cores, where it is strongly linked to CO depletion in cold, dense gas. We present the first spatially
e resolved maps of deuterium fraction and CO depletion in the Barnard 5 (BS) region of the Perseus molecular
D cloud. covering both a starless core and the protostellar core hosting the Class 0/l source IRAS 03445+3242.
) Using IRAM 30 m observations of NoH*(1-0), NoD*(1-0), H'*CO*(1-0), and DCO*(2-1), complemented B,
by C'30(2-1) data, we derive column density, deuterium fraction, and CO depletion maps. We find that_the ',’ i
(‘t:} deuterium fraction in both lgeggioned nitrogen- and carboil-bearing species increases from the protostellar.to :
the starless core, reaching R, = 0.43 £ 0.10 and RE" = 0.09 £ 0.02 in the starless core, compared. with w/
s 0.15 + 0.03 and 0.05 + 0.01, respectively, in the protostellar core. The CO depletion factor also rises from
<E 4.1+0.1t035.0+0.1 across the same transition. While the embedded YSO reduces deuteration in the dense inner
O gas, the less dense envelope traced by HCO™ is only.slightly affected at our resolution. Our analysis confirms ||
_r:: that CO freeze -out and the presence of a protostdr jointly regulate deuterium chemistry in star forming regions. |/
— - L0 7 ' ﬁ‘b“lj;_' [t [; & \i‘. 1} L o ! F .

&t

BKZIEMEIE. prestellard7 &S KORIGE T 7 OYIIER - {EZRNE(CDERIRZENY — )L, K& - &
AKWAZL T(E. Perseus MC Barnard 5 (B5) ([CHBULT., BKREMEERECOZEZILDIIDY Y T &R,
27320177 &EClass 0/1 source Tépd IRAS 03445+3242 #5077 OmAHNEEND.

IRAM 30mEBiE$E(C &3 N2H+(1-0), N2D+(1-0), H13CO+(1-0), DCO+(2-1), C180(2-1) —4 DiFiRE,
FETDIER. ERREBIVORFEROMIDFREICSWT, BKREMRRIRBE I NS ERU 77 (ST TEN

Tnll}

BEDHACHTDCOZEZL &5 < BEE,

KRR, COZEZIbYwY T

FIRUTOTTIE orrerrerrrrrrrees ([OET DN, [RIBETI T TEZNTAL e o LJ2D Tz SISV COZEZAbfactor® 4./-0.1 15 5.0 +/- 0.1 ANER

IBENYSOIEBEDOANEI N ADEKF L Z R TEFDI—HF T, HCO+T L —XTEBIEKEEenvelopeld, SEOIOFHEGRE

CDMFRICKDT. CORMEERIBEDFEN. EFAMBEICHITDIEKFILFEZjoinylydli#Hl LTS Z EZ2EMITENIZ,

TEDOI DV D+,

02




A VLA search for compact radio sources in the explosive molecular
outflows DR 21 and G5.89
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ABSTRACT - 3 ey % WIC T, =2 2RI
Wc present high-angular-resolution (~ 021) VLA Ku-band (12-18 GHz) obscrvations of two cxplosive molccular outflows
(EMOs), DR 21 and G5.89, in 4 search for runaway stars related to these explosive events. In DR 21, we identified 13 compact ‘
radio sources (CRS). 9 located in the DR 21 core and near the CO swreamer ejection region, The radio properties of the CRSs

show that three are nonthermal radio emitters, likely magnetically active stars, while the nature of the remaining CRSs cannot be
conclusively identificd. All detceted CRSs are good candidates for follow-up proper motion studics to confirm whether they are t
runaway stars. We also identify multiple ionized arc-shaped structures that can be fitted with parabolas whose symmetry axes  #
converge to a position coincident with CRSs #11, raising the possibilitv that this source is the main ionizing star. A re-analysis

of the |8 molecular outflow streamers refines the center of the explosive event, which aligns closely with the position indicated

by the arcs convergencee point, supporting a common stellar origin for the EMOs and the H n-region. In G35.89, the observations

reveal a shell with a square-like morphology. The strong extended emission from this Hwr region prevents the detection of weak
compact radio sources inside the shell; only two werg identified well beyond the shell, and a single parabolic arc was fitted within

this region. Overall, arc structures in ionized regions seem (o be good tracers of the or igin of the i 10NiZiNg sources.

Key words: Star Forming Regions — radio continuum: stars — techniques: interferometric — ISM: HII regions
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Environment matters: stronger magnetic fields in satellite galaxies
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ABSTRACT L

Magnetic fields are ubiquitous in the universe and an important component of the interstellar medium. It is crucial to accurately
metel and understand their properties in different environments and across all mass ranges ol galaxies Lo interpret observables
related to magnetic fields correctly. However, the assessment of the role of magnetic fields in galaxy evolution is often hampered
by limited numerical resolution in cosmological simulations, in pm ticular for satellite oalames To this end, we study the magnetic
tields in high-resolution cosmological zoom simulations of disk aalaues (with Moy =~ 10" 1o 10" M- ) and their satellites
within the Auriga galaxy formation model including cosmic rays. We find signilicantly higher magnetic field xlrenvlhs in satellile
galaxies compared 10 isolated dwarls with a similar mass or slar—lornmllml rate, in particular after they had their first close
encounter with their host galaxy. These are stronger on average by factors of 2-8 when compared at the same total mass, with
a large scatter. ranging up to factors of ~15. While this result is ubiquitous and independent of resolution in the satellites that

——

arc past their first infall, there seems to be 4 mdg range of amplification mechanisms acting together. Our result highlights the

importance of considering\the environment of dwarf galaxies when interpreting their magnetic field properties as well as related
observables such as their gamma-ray and radio emission. the latter being particularly relevant for tuture observations such as

with the SKA observatory. ﬁio o Acc. }mm) XB | ﬁm D=2 E M Ru3 Fy/ ?‘7(1 thods
A s - methods:

Key words: cosmic rays — galaxies: dwart — galames ution — galaxies: haloes — oalzmes magnetic
numerical o) Kt g
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ﬁ Remote sensing of exoplanet atmospheres hinges on

© |

our ability to reliably interpret signatures of absorp-
tion, emission, and scattering by atmospheric chem-
1cal species and o infer their abundances, The high
precision and broad wavelength coverage of the James
Webb Space Telescope (JWST)' enables atmospheric
characterization of sub-Neptune and terrestrial exo
planets. Even with JWST, spectra of these objects
often operate near the limits of achi¢cvable signal-
(o-noise ratios. In the absence ol strong, statistically
significant features, the community frequently couples
atmospheric madels with statistical inference methods
(commonly called armeospheric retrievals) 1o 1ease oul
small signals 1n the data @and draw conclusions about
the nature of these distant worlds.

arXi1v:2504.217

dll appaantdeicetion. and the subscquent mtu*prc

tauon of planetary conditions. Lhe leld has adopted

, 3. % Ilnwcver T!ﬂ(
concerns have emerged thcu relying on the Baves M
cvidence as the sole goodness-ol-IT Mg _jydnsufl

ficient for rabust atmospheric mtejnetatmn Rmenvw’wm
work has advocated for methods beyond the Bayesiar k
evidence that provide insight into which parts of a#!
dala\Cl drive inferences™’, and for averaging infer- b“?bt

ar models instead Ul sele«.lmv between them”
AP “"011%)

c!ear v 1dem1hed almle (see Key
Criteria from ref.”) remain largcly uncxplored.

istrate that Bayesian model com-

tions of atmospheric consHfEnNTe.
comparisons only quantify the relative fit to the data of
onc model against another. When all considered can-
didate models are poor representations ol reality, the

best-performing model is simply the least inadequate
and may not necessarily lead to reliable interpretations
of the data. Conversely, when all candidate models
adequately fit a spectrum, a preference for one model
over another does not rule out the worse-performing

a case study of the sub-Neptune K2-18 b'* !  where

the inferred atmospheric properties can be shaped as
much by preconceived notions for what this planet
: o like as by the observational data.

Bayesian Model Comparison in Exoplanet
Atmospheric Inference

Determining appropriate, data-driven model assump-
tions was an carly challenge in analyzing cxoplanct

cnantra otvuan ~aire limitad A nriars bnawwvladons onf thoaon

have plausibly resulted in the observed data (Section
2.2.2 in ref.?). This approach was quickly adopted
by the field, and became popular for its promise
of applying “Occam’s razor” to penalize the fit of
more complex madels over simpler ones that were not
sufﬁuemly supported bv the data.

ssibility of constructing

mnwm there is _a nsk of Bayesnan
del comparison being used to evaluate the rela-

then be reported based on Bayes
factors between models that each include only a lim-
ited suhset of chemical species, without comparison

Detections cou

or contextualization relanve to a more comprchen-
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Fig. 3 | JWST/MIRI transmission spectrum and model fits for K2-18 b. A Transmission spectrum of K2-18 b reduced with the JEXoRES

pipelinem Black points show the mean transit depth per wavelength bin. Vertical error bars represent lo standard deviations on the measured
transit depth: horizontal bars indicate bin widths. The green line shows the median model including CH4, CO2 and C3H4 (propyne) with shaded
bands denoting the 1o and 2o posterior intervals. B Normalized residuals ([data- model]/error) for parametric models including combinations
of CHy, CO», C3H4, DMS, and DMDS: self-consistent models considering radiative- wmccmc lherm(xhumcal equilibrium (RCTE) and
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radiative-convective-photochemical ululhbrlum (RCPE):; a_chemical Lqumbl Ium modd where tunpcralurc structure is freely retriev ul and a
“— c—
constant transit duplh (flatTifie) model. The black curve shows lhc cxpu,tcd normal dlstrlbullon for comparison.
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> Low-riass sty stat fosming in prestellar cores, cold dense
ey strucwures of molecular clouds characterizad by empera
= tures of =10 K and densities of = 10°=10" em™ (17 Ward-
—  Thompson et al, 1999), Alhese eanliest stages of star [or0a-
= tion, the abundinces of dzuterated molzet!es, i.e., molecules
- where hydrogen s replaced by devterum, are sigmihcartly
higher compared to what would bz 2xpected based on the cos-
(P mic abundence ratio of decterium and hvdrogen i2.g., K. K.
™ Fraesen | il X3 A Ry, _The a"-llm-
> e ratios of deuterated end non-deuterated § s (K n)
& in preszllar clodds 74y reach values higher than 0.01, §
'):‘_: thangh the cosmolagical [/H abundines rasiais significartly
g Jower (15<107°, A Delg: epp 1984 1.1
et al. 2006), Due to (he lower zero-point energy ofduuur um
compered 1 protivm, proton-exchange reactions ar low .em-
peratures preferentially replace hydrogen with deutesium in
moleciles (A, Dalgarmo & S, Lepp 1989). &g provess al-

alg, Lrherchy ircreasing

Fymanova ¢t al

Cl

nos S I Linssy

) L

rnum fraction,

Emal petshbevich igoid gimail com

forming regions (1565) — Interstellor ¢
oscopy (1354) e Chemical abuncances (--J-— Astroels unull\ (73

louds (834 — Interstell® 7 amoents

é%‘&%a

‘lL/

T racUONal o nracess

% Caton

reacuon of HY ion with dzuterated molecalar hydrogen |

tha pm.e*d& inone dircction at low emperaure: H! JHD
— HLIY + W, However, HT 1s a very reaclive ion, anfl can
competitively rzact willi othzr species in e ges plase § most
importan:ly, with CO, This reaction results in the forghaton

of the HCO' ion. m;_mdr leted gns-phase @h C
CO s highe: than that of HD. Tlm\. aoundant (Y)M
hase reduces the effic

E. Case
2005 A f'mp\ eral 2005 A Socci

phise, w5 rhown in bot observations (e.z2., et al
207 A Beemann ot al

et al. 2024) and models (F. Casell et al. 2008; 5, Kong et al

2015; Q. Sipild 2t al, 2015a.b).
Nex: stage of pratostellar develapment is chameterized hy
th

e fermation of a young stellar obygect (YSO) As the ki-
netic emperature dround it nses, the deuterum fracuon in
molecules deerzases. This is caused botn by the equilibrium
shift in proton-centeran exchange reactior mentionsd above,
und by the lclu;m- ol CO moulecules buck w the gus plwc.
Thus, - ;

eSule

instrument © study prestellar phase and the first stage of pro-
tostellar core, as well as 10 understand the chemical processes
and to impose observational constraints on chemical models
(P. Caselli & C. Ceccarelli 2012). e b & ¥
Many observational studies are focused on the deuteri
fraction in differemt spcuc\ in cold dense cores using si
ole pointing observations (e.g., A, Crapsi et al, 2005;
013 A l’un.um..l et al. 2016; ). Harju et .!l
s Ambrose et al. 2021) and maps (e.g.. R. K. Friesen

);
2017;:H. |
. et al. 2010; B. Parise et al, 2011 A ('h‘mirl T‘m'nlncl al
5‘
Z

Fliesen et al, 2

20019; 1LV qu.nhk\n\h\' al. 2024). uterium

fracuon R,, of 0.5-0.7 is observed toward J
in low-ny ' ming regions ta. Crapsi et al. 2005; L.
Pagani et al. 2007; A 2016). Studie

deuterium fractionation toward protostars (M. Emprechtinger
et al. 2009; 1. E. Pincda et al. 2010; J. Huang ‘\ K. L U’\rﬂ
2015; M. Imai et al, 2018) show that fractiong s

afteg formation of a protostar that leads to t
agecrease of deuterium fraction. M, Emy

Punanovr ¢t al.

= (.15 are ir a stage soon after the beginning of collapse, and
ds(qum(muus with a value of ~0.03 are at the Class (/1 borderline,
sterium fractional > died in relation 1o CO deple-
ton andawkite most of the results are in line with theamatical
expectations (e.g.. A. Bacmann et al. 2003, A. Crapsi et al
2005), there are some outlying sources. R. K. Friesen ¢t al
(2013) and A. Punanova et al. (2016) showed that an clevated
deuterium fraction (0.12-0.43) was observed at a low CO de-
pletion factar, fy, (0.2-4.4) toward several dense cores in the
Perseus and Ophiuchus MC, which contradicts the theory of
deuterium fractionation (A, Bacmann et al. 2003; P, Caselli
et al. 2008; S, Kong ¢t al, 2015). The cores in Ophiuchus
were further studied in 1. V. Perrashkevich et al. (2024)

One of the cores with high Rp and low fy was a star-
less core in Barnard 5 (BS), an elongated structure located in
the Perseus molecular ¢loud. BS is located at a distance of
302£21 pe ¢C. Zucker et al. 2018). ). E. Pineda et al. (2010)
showed a sharp transition from supersonic turbulence of the

3

fust pc.lk nl thc. starless core IR K. Friesen et al. 2013), as
pletion (R. K. l ricsen et al, 2013).

N>H*,
bution of deuterium fraction and its relation to CO depletion

HCO", and NH: toward BS, to understand the distri-

in this complex region, We analyse how and CO de-

pletion factor affect the dewerium fraction in the surroundine
M‘:’ t"l""'k the_reason fog !W&M

sgion. reported by R K. Friesen et al. (2013). We use the
BCO(1-0) emission (N. A. Ridge et al. 2006) in the entire
Perseus MC to estimate the total CO abundance in Perseus
and obuun accurate values of f,.

Section 2 presents the observations and the data taken from
the literature. Section 3 presents the processing of the spectral

maps, Section 4 describes the derived disributions of column

al
(2009) noted that protostars with a deuterium fr.unonN! densities, deuterium fractions, abundances and CO depletion

factor. In Section 5 we discuss the results. Section 6 presents
our conclusions,

2. OBSERVATION DATA
2.1, IRAM 30 M Dau

Figure | shows the BS region with the area of our maps cov-
ering the brightest starless core (J2000 a: 03" 47" 42.778°,
&0 327 517 30.31”) of BS and the pratostellar core with
IRAS0344543242 (J2000 a: 03" 47" 42.4*, 5: 32° 51" 44",
J. E. Pineda et al. 2015). The DCO*(2-1), HCO*(1-0),
N2D*(1-0), and p-NH;D(1,1) line observations were car-
ried out with the IRAM-30m telescope on August 27-28
and November 23 2016 (project 031-16 PI: A. Punanova),
On-the-fly mapping was performed simultancously in 2 and
3 mm bands, in position-switching modz, under acceptable
weather conditions (PWV=7-10 mm). The elescope was
equipped with the EMIR090 and EMIR 150 receivers and the
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Figure 7. The deuterium fraction maps of NoH™ (far left) and HCO™ (center lefi) toward B5. CO depletion toward BS5 (center right). lonization
degree estimated from the sum of the ion abundances (N,H™, N,D*, HCO™, and DCO*, far right). The molecular hydrogen column density is
shown by black contours (the first contour starts at 0.8x10%* cm ™~ with a contour step of 0.5%10%* em~2). The crosses show the positions of
the single pointing obscrvations in R. K. Friesen ct al. (2013). The star shows the position of the YSO (K. C. Yuct al. 1999). The beam size is
shown in the bottom left corner of cach map. CO depletion was calculated with 4.8% 10~ from J. H. Lacy et al. (1994). The black line shows
the direction of the profile in Fig. 9.
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1 INTRODUCTION

In recent decades, astronomers have identified a new type of outflow
known as explosive molecular outflows 0s) in several massive
star-forming regions : Burton 1993; Zapata ct al. 2013,
2019). Unlike common stellar outtlows, which are driven by accre-
tion processes and typically exhibit a clear bipolar structure, EMOs
are characterized by their unique morphology, higher energy output,
and enigmatic formation mechanim1 (see Zapata et al, 2017, for a
detailed discussion). S ’ ssess kinetic
' ing f ally 2016).
In contrast. EMOs eject material trom Al slee point in multiple di1-
rec lmus resullm" i a nelwork ul f'{m;u !zke [ilaments distributed
: putflows are

kmenc cncrgtc.\ rangmg from ()"’
‘hi ecis‘c formation mecha-

One possible scenario is the decay of a compact, non-hierarchical
multiple star system into an ejected binary and two runaway stars, in
which the molecular outfiow is the result of the high-speed expulsion
of debris from a disrupted circumstellar disk during the final stellar
encounter (Bally et al. 2011).

The Orion BN/KL region was

* E-mail: v.yanza@irya.unam.mx

discovered (Allen & Burton 1993) and subsequently characterized in
detail (e.g.. Zapata et al. 2009; Bally et al. 201 1). Early observauons
at radio and millimeter wavelengths revealed that two compact radio
sources (i.c., unresolved or slightly resolved sources) associated with
young massive stars, known as the BN object and source [. exhibited
unusual motions, moving away from each other at high velocities
(Plambeck et al. 1995; Rodriguez et al. 2005). Subsequent studies
confirmed these peculiar motions and identified additional stars in
the vicinity with similar behavior (Gémez ct al. 2005, 2008: Dzib
ct al. 2017; Luhman et al. 2017). ' .

saaad-jeasiansinaadorihc CO streamars and.outliopss (Zapata ct al.

2009: Rodriguez et al. 2017, 2020). The relatve proximity of the
BN/KL region in Orion, at a distance of ~390 pc (Kounkel et al.
2017), has facilitated numerous high-resolution studies, In conurast,
other recently discovered EMOs are located at distances an order of
magnitude greater. This makes it challenging to characterize stel-
lar motions in these regions duc to the distance and the inhcrent
extinclion in star-forming regions.

Radio observations offer distinet advantages in the scarch for stars
with high velocities associated with EMOs. These obscrvations pro-
vide high angular resolution and precise astrometric results, allowing
astronomers (o filter out extended emission [rom surrounding malte-
rial. Unlike observations at other wavelengths, radio waves are unal-

fected by dust obscuration, a critical benefit in star-forming regions

where stars are otten deeply embedded WW“

act radio sour

EMOs DR 21 (Zapata et al. 2013: Guzman Ccolque et al. 2024) and
(35.89-0.39 (Zapata et al.

2019, 2020).
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Figure 2. VLA radio images of DR 21 at a mean frequency of 15 GHz. Lefr: Image combings the data of the obscrved session and use the full band and all
baselines. Contour levels are at -3, 3, 5, 10. 30, and 60 times the noise level near 1o the arcs, 36 uJy beam™'. The white square indicates the area shown in
the right pancl. Righ:r: Image obtained combining the data of the observed session, using the full band and basclines > 300k.1. Contour levels are at =3 (red),
5, 10 and 15 times the noise level close to the arcs, 30 pJy beam™!. The diamonds indicate the position of detected compact radio sources. The corresponding
synthesized beam is shown in the bottom left corner of each pancl.
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I INTRODUCTION

Magngric ﬁelds are considered to_be a dynamicully

‘al ealaxies. exhibiting atypical strength of a few uG
and thereby having energy densities comparable to other energetically
important components of the interstellar medium (ISM: Beck 2015:
Brandenburg & Ntormoust 2023). Their related observables, in
particular synchrotron cmission and Faraday rotation, allow us
10 estimate their strength and structure in the Milky Way (MW)
and ncarby star-forming galaxics. Magnctohydrodynamical (MHD)
simulations of galaxies play a major role in understanding the origin
of magnctic ficlds and their role in the tonmtwn and cvolution of
eala\le\ l[\()lpl Ld"" et al j()‘4)

- » (e.g. Rieder
& leyssicr 2016; Butsky et al. 2017, Pfrommer ¢t al. 2022 a04d
gosmological sel-ups (e.g. Pakmor el al. 2014; Pakmor et al. 2017,
Su ¢t al. 2017; Martin-Alvarcz ct al. 2018: Pakmor ct al. 2024},
In addition, simulations show that they have a signilicant impact

Another important non-thermal constituent of the ISM are cosmic
rays {CRs)., which have a comparable cnergy density in the mid-
plane of the MW to the thermal, turbulent and magnetic components
(Boulares & Cox 1990; Zweibel 2013), CRs interact through wave-
particle interactions with the ISM, leading to an exchange of energy
and momcmum »\llh it Theremrc thc» can have a significant ¢ffec

i s (see e.g. Zweibel 2017;
Ruvl\n\»sl\l & Pfrommer 2023, for recent reviews ). Their interaction
with the gas and magnetic fields of the ISM induce the emission
ol non-thermal lddldlloll mn"lug Irom the radio o the gamma-ray
rCEIme, LIvations rmal radiation can potentially
5 onstrain the CR content and how thev interact with the

ISM, thereby allowing us to assess their importance as 4 feedback

process in star-forming galaxies.
This has been studied, in particular, within CR-MHD simulations

that simultancously account for non-thermal radiation processes and
their observational constraints (e.g. Chan el al. 2019:; Buck et al.

=== A

IR/ \ERAIR IS DS 1 T EIEIE(S.

KR EDHRADFFHETC T TRE 5 DN

EEREEHRNE UTDERRE.
RENREZEZS A DD ?

B=EAZK
<r
[EE DIRIE N

an remnants of mereers provided the resolution is sufficiently high 2020: Werhahn et al. 2021a.b: Pfrommer et al. 2022; Ponnada ct al.
(Whittingham et al. 2021), as well as on the physical properiies of 2024: Chiu et al. 2024). To model CR transport and the related
the circumgalactic medium (CGM) of galaxies (van de Voort et al. crission, in particular from CR clectrons and positrons, it is crucial
2021). to understand magnetic fields, their structure and amplification
mechanisms. Observations of an excess i radio emission in ram-
pressurc stripped galaxies in galaxy clusters (¢.g. Gavazzictal, 1991,
Gavazzi & Boselli 1999; Murphy et al. 2009: Vollmer et al. 2013;

* E-mail: mwerhahn®@mpa-garching.mpg.de
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Chen et al. 2020; Tgnesti et al. 2022; Edler et al. 2024) suggest that
the environment can significantly affect the observed radio emission.
We therelore aim (o assess the impact of environment on galactic
magnetic fields, which could in tum influence the emitted radio
synchrotron emission. In addition, it could also indirectly impact
gamma-ray emission from CR protons due to the dependence of
CR transport and Alfvén wave cooling on magnetic fields. Jo this
end, lzugc cosmological boxes would be ideallv placed to studv this
| ' oalactic cnv' '

the observed dldLllL vuluc s (Marun-Alvarez et al. 2022; Pakmor

el al. 2024). Therelore, we study cosmological zoom-1,3 al10ns
of jndi haloes in this paper, including . where we also re-

assess the resolution requirements [Or converged magneuc lields in
isolated dwarf galaxies versus satellites.

The structure of this paper is the following. We first describe our
simulation set-up in Section 2. Section 3 gives an overview ol the
ditferent environment of satellites compared to isolated dwarfs and

quantifies the difference in magnetic field strengths as a function of
total mass and star formation rate (SFR). In Section 4 we discuss 1 2
the temporal evolution of the magnetic enerey, quantify the turbulent
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Figure 2. Average magnetic field strength (within a sphere with a radius of 20 kpc) of the satellite galaxies (circles) in comparison to central galaxies (star
symbols) as a function of total mass (left-hand panel) and SFR (right-hand panel) at z = 0 of the CR-MHD simulations. The solid lines represent the binned
averages of the three types of galaxics shown here. We find systematically higher magnctic ficld streneths in the satellites eomnared to central oalaxies at 4
fixed mass or SFR. cxcept for the satellites that are still on their first approach to their host galaxy (open circles). The colours in the left-hand panel show the
pericentres of the satellites in units of Ry of their host halo. indicating a trend of larger magnetic field amplification for closer encounters with the host. All
galaxies in the right-hand panel are colour-coded by their stellar mass, indicating a similar trend of stronger magnetic ficlds also as a function of stellar mass.
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