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Cosmic History

DM-baryon scattering probes

(1) CMB

Time
Redshift

] [Dawn (2) Milky Way satellite abundance

(3) 21cm signal from cosmic dawn
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Cosmic Microwave Background

angular scale

Temperature 00° 18 1°  (0.9° 10

1 4 _ | el | I I I I -

107- !

510

1 1— —

N B AL | -

2 10 30 1000 2000
Dark matter in ACDM: multipole

+ cold, collisionless
ESA and Planck Collaboration + ~b6x more abundant than ba ryons

Kimberly Boddy

The University of Texas at Austin




Weakly Interacting Massive Particles (WIMPs)

Scatteﬂﬂg T Sca Hubble expansion |
. N halts annihilations
- | SM SM | > z |
O D B N
.-I:’ D E 1077 &
O :_T e
- — S T s
U Q) C 0oL
O . S
L SN
A~ | DM DM | & & ..
O \
¥ \
__________________________________________________________________ T
| | “ | L L L L
7.‘.0{2 10_161 é | | 5‘ - 110 20 | IL 50 100
assume <0"U> ~ DM mass / temperature
mZ

match observed abundance for
weak-scale particles (WIMP miracle)

Kimberly Boddy



Dark Matter Scattering

do
O-MT(U) — /(1 — COS Q)d—ﬂ dS) = O'()Un
Heavy mediator Light mediator
+n=0 ZL~jff + n = — 2 (electric dipole)
+n=2 L ~iwfrf igzy’yff + n=—4(Coulomb)

vn=4 L~ prafrf

f \/f
: fin early Universe:
X /\X e ,p, He

Kimberly Boddy



Modify Boltzmann Equations

oy (v) = opv”

. h . h

g e.b 2’ Ox 0, 2 Tb + QETb = 2 M R’Y(T’Y — Tp)+2 — R;(TX —Tb)
é’b _ _geb 1 cgkz&, 4 R/y(@fy _ gb)+p_XRX(9X _ gb) | 5 Me My

| : Pb T +2-Ty = 2R (T, — T)y)

O = =0 T ey K70y + Ry (0 — 0y)

4+ Momentum-transfer rate

oo T, I TX (n+1)/2
Fx.p~ang | ——— .
X f mpyg My

+ Heat-transfer rate
Ty

My + My

Rx,f

!/
X,f

Modified CLASS: https://github.com/kboddy/class_public/tree/dmeff

+ Nonlinearities arise if relative bulk
velocity > thermal velocity; relevant

forn=-2,—4

Dvorkin+ (PRD 2014), KB+ (PRD 2018)

Chen+ (2002); Sigurdson+ (2004); Dvorkin+ (2014);
Gluscevic and KB (2018); KB and Gluscevic (2018);
Xu+ (2018); Slatyer+ (2018); KB+ (2018)

TEXAS
The University of Texas at Austin
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https://github.com/kboddy/class_public/tree/dmeff

Effects of Dark Matter Scattering

for n =0

104 enhancement

P peaks shift
_ 107 = = N
C\lx: 7 N_~N
= _
Q-

107
—  with interactions
—-==no interactions (ACDM)

small-scale
suppression

| | | |
0 500 1000 1500 2000 2500
multipole ¢

Kimberly Boddy



Momentum Transfer

107 with og at 95% C.L. upper limit ‘/‘/"
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ya —_— = ONMT ~ U

10_10 T T T T T 1T] T T T T T TT] | — T T T T T
103 104 105 106

for n>0: KB, Gluscevic (PRD 2018); Gluscevic, KB (PRL 2018)
for n<0: KB, Gluscevic, Poulin, Kovetz, Kamionkowski, Barkana (PRD 2018)

TEXAS
The University of Texas at Austin
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CMB Constraints from Planck 2018

Limits from CMDB anisotropies
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-
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Nguyen, Sarnaaik, KB, Nadler, Gluscevic (PRD 2021) 107 107> 10° 10° 10 10° 10° 10> 10
see also Buen-Abad+ (2021) DM mass m, [MeV]

TEXAS
The University of Texas at Austin

Kimberly Boddy
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KB, Krnjaic, Moltner (PRD 2022)
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Matter Power Spectrum

1()6E
105; -
104; -
103;
102;
<, 10'E
Q |
= 10°F
=2 10-1¢
_3; — OMT "~ UO (1 MGV)
10 42_ ----- OMT "~ UO ( GGV)
10~ = ——  OMT v? ( MeV)
10_5;— ----- OMT "~ 712 (1 GGV)
-6 | ] | a1 | ]
10 102 10~! 10V
k [1/Mpc]

KB and Gluscevic (PRD 2018)
TEXAS Kimberly Boddy




Matter Power Spectrum

P(K) [Mpc?]
2

10~1
1072
103
104
107>
1070

ACDM
omt ~ v (1 MeV)
omt ~ v (1 GeV)
oMt ~ v* (1 MeV)
omt ~ v? (1 GeV)
g
k [1/Mpc]

KB and Gluscevic (PRD 2018)

TEXAS
The University of Texas at Austin

Kimberly Boddy

Py (k) [(Mpc/h)?]

(kMpc)'?AP, (k) [(Mpc/h)?]

10! :
: DES Y1 cosmic shear
} SDSS DR7 LRG
eBOSS DR14 Ly-a forest
100 el ) R S | ) ]
50

0 p---F—ei—te =
—50

T T

-+ Planck 2018 TT
-+ Planck 2018 EE
-+ Planck 2018 ¢¢

Wavenumber k [h/Mpc]

Chabanier+ (MNRAS 2019)
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Small-Scale Modifications

Temperature of universe [eV]

10° 107 104 10° 108 1010 1012 1014
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O 1072} 4 — 9 : |
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= &G s 3 ks e - Rarly MD
S 107°F .9 = o, :% = Axion Misalignment
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S — = = = == Axion String
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Snowmass 2021 Cosmic Frontier: Dark Matter Physics from Halo Measurements
Bechtol, Birrer, Cyr-Racine, Schutz+ (2203.07354)

TEXAS

The University of Texas at Austin
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Milky Way Satellites

Classic dwarfs
SDSS-identified dwarfs
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Suppression of (Linear) Matter Power Spectrum

M [Me]
10" 10" 10" 10" 10°
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\ \ \
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Nadler, Gluscevic, KB, Wechsler (ApJL 2019)
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The University of Texas at Austin
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Suppression for Various Models

M Mg L, L)
0% 10t 101 107 10® 107 102 10* 100
10 """"""""""""""""""""""""""""""""" 10; ............................................. - ._I_‘ DES 4+ PS1 Satellites
0.75" ' 20 ¥ Model Uncertainty
0,75 — | ; {0l }
E 0.5 | | L
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= 02 el - |
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2 5 10 30 50 100 107 108 10” 10" 107 10* 10° 10° 101
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DES Collaboration, Nadler (PRL 2021)
TEXAS Kimberly Boddy




Constraints from MW Satellites

Sterile Neutrino WDM

7 MW Satellites
10 X-ray Bounds == SDSS + Classical
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DES Collaboration (PRL 2021) mg [eV]
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Velocity-Dependent Models
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5 0.75 A o 0.7
a¥ a¥
= V2 = — )
E 0.51 v? Lanalytic estimates /\ a 0.0] v* L numerical limits
% —_ ° % — .
2! (0.25) —— WDM Limit ~7 0.25) —— WDM Limit
....... Mmin [.imit Mmin Limit
1 10 30 50 1 10 30 50
k |h Mpc_l] k |h Mpc_l]

Maamari, Gluscevic, KB, Nadler, Wechsler (ApJL 2021)
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Scattering Constraints with MW Satellites
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21cm Cosmology

Time dependence of different temperatures:

Atz > 200: Tomp ~ Tgas ~ Tipin  (Compton scattering off remaining electrons)

At 2 <200: TomB ~ (1+2) ;5 Tgas ~ (1 + 2)2 (Gas decouples from CMB, cools adiabatically)

30 < z < 200: First, Tspin ~ Tgas (Collisions in the IGM). After 2z ~ 80: Tgpin, — TomB

Absorption: Ty, < Toumps (dark ages) .

At z < 30: First stars form! 10000¢

Stars emit Lyax photons: Tg,i, — Tgas T'[K]

Absorption: Ty, < Tecmp (cosmic dawn) 1000¢

By 2z ~ 13: remnants heat gas above CMB. 100 TcwmB |
Emission: T T ionizati \ Tgas : s S Tt T T R B e S il
mission: Tspin > Tomp _ (reionization) Tous T e Tspin | e e il "“M'?%,:";;M-r
i i i LXK T - | 7 b ’ - ‘u_u;" \_’y. ’ ,’;‘0“4’ ~.J".
The 21cm signal cuts off when reionization ends. 10 ~ 100 LR

Overview slide from E. Kovetz

TEXAS Kimberly Boddy

The University of Texas at Austin



Probing Small Scale Structure with 21cm
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Munoz, Dvorkin, Cyr-Racine (PRD 2020) Lidz, Hui (PRD 2018)
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21cm and Late-Time Scattering

o~y DM-baryon
scattering cools gas

Short, Bernal, Boddy, Gluscevic, Verde (2203.16524)
see also Tashiro, Kadota, Silk (PRD 2014); Murioz, Kovetz, Ali-Haimoud (PRD 2015)

TEXAS Kimberly Boddy




Matter Power Suppression
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Driskell, Nadler, Mirocha, Benson, KB, Morton, Lashner, An, Gluscevic (PRD 2022)
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Impact on 21cm Signal

Kimberly Boddy
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Driskell, Nadler, Mirocha, Benson, KB, Morton, Lashner, An, Gluscevic (PRD 2022)




Complementarity
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Snowmass 2021 Theory Frontier: Astrophysical and Cosmological Probes of Dark Matter
Boddy, Lisanti, McDermott, Rodd, Weniger+ (2203.06380)
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