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Stellar attenuation curve

At high-z: evidence for shallow curves, but not always
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Curve slope-Avy relation

Effects of scattering, dust-star geometry, and [SM chemical evolution
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Shallower curves at high-z
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A theory: dust grain evolution
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A theory: large dust grains at high-z
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theory: large dust grains a
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Much less UV attenuation at z >/ than previously expected?

shallow curve: less efficient in UV attenuation and IR emission
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Much less UV attenuation at z >/ than previously expected?

shallow curve: less efficient in UV attenuation and IR emission
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Very small Grains: UV bump a

Salim & Narayanan 2020
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Very small Grains: Bump at high-z

Witstok, Shivael, Smit+2023
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Very small Grains: Bump at high-z
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Very small Grains: Bump at high-z
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PAHSs at high-redshifts

1 10 100 1000
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A nNew era in cosmic noon studies:
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+ Stellar light (UV)

4+ Metals (near-IR spectra)

+ PAHs (mid-IR spectra)

+ Cold gas (sub-mm lines, CO)
4+ Cold dust (far-IR emission)
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PAH production/survival in the ISM

Z ~ 0 view: Z ~1-3 view:
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Tight correlation between PAH and CO emission across redsnifts and
galaxy populations

Pre-JWST view: Now with MIRI: -
Cortzen+2019 Shivaei & Boogaard (2024)
~ — - .
T ULIRGZSI\/I;I;‘. :‘ﬁr e s
( S, S, ) + : ¢ » /
o | a2 + o | +
L b 7~ ‘ 5 10
~ + —— & ~
NN @ ¢ . A 4 N ¢
:':\ 0 g "‘/ :':\ g - / Z ~ 1 - 3
g S 44 E + 44 + | (Main-sequene)
2z ¢ # 3 *
5 < 4 S 4
0
O 8- O 8- . .
Linear relation
7-/ o< molecular gas mass 7-/
7 8 9 10 11 7 8 9 10 11
log(L'(CO) / K km s~ pc?) log(L’'(CO) / K km s~ pc?)

Irene Shivaei | Centro de Astrobiologia (CAB, Madrid) | ERC StG DistantDust 13 Nov 2025, PanDust, Tucson, Arizona



Tight correlation between PAH and CO emission across redsnifts and

galaxy populations
resolved 7z ~ O Integrated z ~ 0 - 3 Shivaei & Boogaard (2024)
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also Chown+2025, Gao+2025, Villanueva+2025, Leroy+2025 log(L(CO) / Kkm s pc?)
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Peering mn
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Peering INto PAHS: SPectroscopy

MIRI LRS spectra: PAH3.3 In MIRI MRS spectra: PAHS3.3 to 11.3 In
massive IR-bright galaxies at main-sequence galaxies at z =1
z=07-25
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McKinney+2025 PAHSPECS Program (Shivaei+in prep)
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PAH grain size and charge at cosmic noon

massive IR-bright galaxies at z=0.7 - 2.5 Main-sequence galaxies at z =11
ke B — PAHSPECS program (Pls Shivaei, Boogaard, Diaz-Santos)
gy 10 = 5 ° GOALS galaxies (z 0) I I
5 1.0} SPECS20
GOALS ULIRG -—#—-
g. c)b Cg\/ $c//\,’b°’ 100% Neutrals ; = ‘ GOALS AGN
N 0.5 N’ W/ D é) | lE- 0.8l Y PAHSPECS galaxies - I—*—IASPECSH
X = 0.
= & T
d 0.0 I L ) & 0.6 ok ASPECS6
’é P\ ‘.-.— g 4_sx. %ASPECSM
- " ® () 1
1 V’ = O 4 i ) %o °°.
—0.5 — Y. 2° . gNGE€6240
M — % W o
|_i 100% Cations é -"0,‘.”:':- ':%a
|_| TH20=5 02' ° o ) & °
~ —-1.0 3 . . . . .
®) This Work ) 0.0 0.1 0.2 0.3 0.4 0.5
O 3 5 : 5 PAH 6.2um / PAH 7.7um
e | Smaller
log L(11.3 um)/L(3.3 um)
| Lofaro+in prep
McKinney+2025 Cristina Lofaro

PhD student at IA-FORTH
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Resolved PAH diagnostics at cosmic noon

Donnan+in prep
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PAHs appear more neutral than locally with
clear variation on spatially resolved scales
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Resolved PA

PAH deficit in the core of a
starburst galaxy at z=1.5
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Baryon Cycle: gas, metals, dust

UV-irradiated molecular cloud edge

+ PAHs (mid-IR spectra) Hil region  Photodissociation Region ~ Cold Molecular Cloud
{ ) { ) 4
4+ Metals (near-IR spectra) H,
Ho
+ Cold gas (sub-mm lines, CO) H+ C+ C+
Ny ¢ & Lpno ; ©
4+ Cold dust (far-IR emission) | <><> photons
Stars <> < .

Atomic layer

Adopted from Goicoechea+2016
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LIVIA

Or typical galaxies at high-z

- Stacks of a few thousands JADES (GS) galaxies at z~6-10
- Still not detected for fainter UV and lower mass bins

Ciesla+2024
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Linking dust emission to flundamental galaxy properties

Dust peak temperature
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Linking dust emission to flundamental galaxy properties

Dust mass Algera+2025
1 Low-z Measurements R
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Also: Burgarella+2025
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e/
Ac" ALMA Chemical Evolution (ACE) Survey

LMA CHEMICAI EVOLUTION

Pls: [rene Shivael, Gergo Popping
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Flux Density [m]y]

Linking dust emission to flundamental galaxy properties
ﬁ@ ALMA Chemical Evolution Survey (Pls: Shivaei, Popping)

Hotter dust at low metallicities? Poster 58

Roxana Popescu |
PhD student at UMass Amherst
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Linking dust emission to flundamental galaxy properties
ﬁ@ ALMA Chemical Evolution Survey
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Linking dust emission to flundamental galaxy properties

ﬁ@ ALMA Chemical E

Nikki Geesink
PhD student at ESO

Low-z trend:
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Stellar dust attenuation curves have shallower UV-optical slope at high redshifts, at a
given Av: potentially indicating stellar dust dominance. Shallower curves mean lower
attenuation, even though there might be dust.

UV attenuation bump has been observed at very high redshifts, its origin might be
related to PAHs. Lower redshift studies connecting UV bump, PAH, metallicity will be
informative.

The PAH mass fraction-metallicity and PAH-CO luminosity relationships exist out to z~2

MIRI spectroscopy is revealing properties of PAHs in PAH diagnostic diagrams, showing
variations compared to z~0O

Studies both at cosmic noon and higher-z combining dust emission properties with
cold gas and metallicity are paving the way for understanding dust evolution and origin
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