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Abstract:

The effects of baryonic feedback on matter power spectrum are uncertain. Upcoming large-scale structure surveys require
percent-level constraints on the impact of baryonic feedback effects on the small-scale ($k \gtrsim 1\,h\,$Mpc$~{-1}$) matter
power spectrum to fully exploit weak lensing data. The sightline-to-sightline variance in the fast radio bursts (FRBs) dispersion
measure (DM) correlates with the strength of baryonic feedback and offers unique sensitivity at scales upto $k \sim
100\,h\,$Mpc$~{-1}$. We analytically compute the variance in FRB DMs using the electron power spectrum, which is modeled
as a function of cosmological and feedback parameters in IllustrisTNG suite of simulations in CAMELS project. We demonstrate
its efficacy in capturing baryonic feedback effects across several simulation suites, including SIMBA and Astrid. We show that
with 10,000 FRBs, the suppression of the matter power spectrum can be constrained to percent-level precision at large scales (k
< 1 h/Mpc) and ~10% precision at small scales (k > 10 h/Mpc). Insights into the impact of baryons on the small-scale matter
power spectrum gained from FRBs can be leveraged to mitigate baryonic uncertainties in cosmic shear analyses.
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FRB dispersion measure probes baryons

Integrated column density of free electrons along the FRB sightline: DM = f nedl
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FRB dispersion measure probes baryons

Integrated column density of free electrons along the FRB sightline: DM = f nedl
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DM-Redshift relation: Information in Mean
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DM-Redshift relation: Information in Variance

Sightline-to-sightline variance in DM depends on the degree of clustering of baryons

Astrid : NlustrisTNG SIMBA
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DM-Redshift relation: Information in Variance
Sightline-to-sightline variance in DM depends on the degree of clustering of baryons
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DMs serve as a complementary probe of baryons
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DMs serve as a complementary probe of baryons

X-ray Observations [nf MM?)

CRJ‘\SS—I

Thermal SZ Effect [m(M)M*"]
SPT-Pol

Kritti Sharma, Caltech

Pirsa: 25080007

Relative Sensitivity

o
oo
I

[y
o
1

o
(@)}
L

o
~
1

o
[\
1

——  Kinematic SZ Effect
e ACT LRG Stiicks

1012

1614
Moo [M o]

Cosmic Shear

.
-
3 » -
.- -
y '

']

{— Weak Lensing [C*]

Sharma+2025a

Page 9/17




DMs serve as a complementary probe of baryons
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DMs serve as a complementary probe of baryons

‘_ DM Mean [(DM_oumic) xn(M)M'] ’ ‘— DM Variance [67(DM_.unicl7)] ]
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Hydrosimulations-based inference

(4 DM-redshift relation inference using 1000 cosmology & feedback variations in CAMELS
[d 1-to-1 mapping b/w matter power suppression and DM variance
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10* FRBs = 1% precision on P(k) at large-scales

[d Expected constraining power: ~1% precision at large-scales and ~10% precision at small-scales

d  Robust to capture the suppression caused by at least different subgrid feedback physics
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Statistical DM-galaxy cross-correlations
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Continued efforts to build large FRB samples

.t

I = r FEB20121Th24 FRAZ01A0301A - PRE201809168 [ Iz
FRE 202203180 FRE 202311208 FRE 20220207C FRE 20220508G [ Fre Foasci2aA R RBZA180201% 20Laaa1n ) B201004240 223
PSir BASS/r PSir BASS/H BASS/H ’ . Arccibo 7 M E AP

P = 0,998 o = 0.987 5 Py = 0569 ;: [ Poou=0993 ®

z=0.0112 7 = 0.0368 S kpe || z = 0.0422 z=0.0894 skpc | [z=0.0939

(]
5 kpo
DM =-22 poem®  a. DM = 386 pocm?  §78" | [ DM = 182 po om? DM =214 peom-? 2a7 ||DM=551 pcom®  2.8a0

2 B ; Fi pe iy
FRE 202308284 FRE 202200208 W FRE 202211018 FRB 202208250, FAB 202203078 ‘ b by ucoss. - = Cae T .
BABST PS1F RS1F PST1iT ¥ R i

Py = D053 g i 5 From = 0. GSC? ..om_ = 0893 Py = 0,088
@ ® -

r= 01270 = 01582 Skpe ||z =0zaes r=02414 10 kp< || 2= 02481 10 kps

DM =274 peem® 1.81% || DM = 388 pe cm DM =571 pcom™® 253" | |DM = 363 pc om® 2547

FRB 202311238 3 || FrE 202211188 FRB 202210124 FRB 202205060
BASS/ WaSH/r gy - BASS/T WaSP/r
P s = 0808 P, P = 0843 0.996 P a.991

" e L

> - 02621 10 kpe || 7= 02706 10 kpe || 7= 02764 10 kpe | |x =0 2847 10 kpe | | 2= 03004 10 kpe

FREZ01907 1A “TFRBZO1010014
Pan-STARRS/T . HST/F160W
ASK. ASKAF

Plioat = ot =

OM = 356 poom?__ 2447 || DM =S80 poom? 2,397 | | DM =496 poom® 2357 | |DM - 387 poem ¥ 2307 || DM - 307 poom® 2.227 2 3 - 3
PO L | " B L2 FRESEISTHITA

FROZOZ00006A 02101174 | &= Q2150
5 DRZ DECam Keck LET SOAR Goudinanis =
ASKAP CH AS!

FRB 202306264 FRE 202202084 | . FRE 20220726 FRE 202203300 FRE 202202044
BASSH WIRGA + B = BASST r 3
P = 0,888 Py = BEED Pe = 0,994 Py = 0.530 -

N T R

z=03270 whpe || z=oasto 7= 0.3619 10kpe [|7-0a7T14 g 10KpC

OM =411 poem?® 2097 [ OM=346 pcem® DM - 801 pcom® 1967 [|DM - 428 pe em ¥ 1.927

FRB 2023113 P oRiiaana L [ e sozsianes e e
w= 01074 Vi et ST

2 202 . FREZ0210320C FRE20210410D *  FRE20210507D FRBZ02111271
FREr20RR0BI0E: EREROznoISH, 83, ‘n&‘_ﬂ"m\*_ L e SUAR Goodman/r SUAH Undmani L et SOAH Uondman e
PN BASS/ 3 BASS/r ASKAP AP ASKAP

B,

MonarTRA
- Pros =018 P = 0616 P =098 - . .

&
B

z=DA780 10 kpe ||z =0.5310 \0kpe | |z=0.5422 10kpe || z=0.5530 10 kpe || z=06213 10 kpe

DM =416peem?, 166" || DM =788 pccm® 157" [ (DM =205 pecem® 155" || DM =662 pc cm ® 153" || DM = 586 pcem @ 145"

o
[

e T e ol = y FTA 20230503F FRBZ02310208
= 2294 FRE 20231230M FAE FNEATA ISR
PR BNpFNalda RA PAZ711184 FRB 202305014 FRE 202307124 FRB 20221020A * T zedozmE o £= 00728

' Sharma+2024 '

P — 0820 »

‘- 40 Gordon+2023 *  Pastor+2025

= 5 3 5
z=0.4525 10kpe | (2209750, ‘@« 10kes
DM - 548 psem™ 1717 | | DM = 1347 po em # 1257
| Bt ol b B | i3 2 AP o

Kritti Sharma, Caltech 9

Pirsa: 25080007 Page 15/17



_ Summary
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_Summary
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| EI FRBs probe dlstrlbutlon of baryons down to scales of ~100 kpc

| 'Scatter in FRB DMs (“variance”) probe the small scale suppress1on

*

" Thank you!
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