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GI"C(VI‘l‘C(‘I‘IOth detection of dark maﬁer

150 —

NGC 6503 i Dark matter accounts for

| approximately a quarter of
7 the total energy density of
| the Universe

| Gravitational detection of dark
. matter at various astrophysical

30

Radius (kpc)

Begeman, Broeils & Sanders MNRAS 249 (1991) 523 O cales Bullet cluster

https://en.wikipedia.org/wiki/File:1e0657_scale.jpg

ESA website
http://sci.esa.int/planck/51557-planck-new-cosmic-recipe/

Dark matter is
responsible for

the large scale structure
of the Universe

The interaction rate of dark
matter with light is much
weaker than electromagnetic
rate

Dark Matter

Density of dark matter in this room

. - -3
Density of water =1 g cm = 5.35 x 1035 g cm-3
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matter cand

Mass in electron volts (eV)

A left-field possibility: Dark
matter might be klack
ULTRALIGHT DARK MATTER / holes created during the

T Big Bang — concentrations
~1to ~30
solar
masses

Like axions but potentially of ordinary matter so

far more lightweight, these dense they trap light.
particles could comprise
dark matter without

_ i WIMPs
sclving the strong CP Proton I

problem, a puzzle about mass
the force that binds : The erstwhile favorite
subatomic particles

together.

Electron candidates, weakly

1 ol ¢ i ) oy 1eles
mass —. interacting massive particles

jibe with a theory called
‘ supersymmetry, but they're
AXIONS = 7 . almost ruled out.

These wispy, wavelike )

particles are appealing o LIGHT DARK MATTER
because they would solve 2 \
the strong CP problem. Dark matter could consist

of o complicated family

of particles that are like

WIMPs but more lightweight.
https://www.quantamagazine.org/dogged-dark-matter-hunters-find-new-hiding-places-to-check-20240507/

Wide range in dark matter candidate masses

We need to thoroughly test all well-motivated candidates

It is important to test all regions of the dark matter mass parameter space and
all different couplings of dark matter - Standard Model particles
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Does dark matter interact with Standard Model
particles via non-gravitational interactions?

Indirect detection

X
Indirect detection > _____ <
N t‘

Y f
Direct detection
: \/ X
|
1
f /\ f
Production
f £ EpM X
p 4 —_— :

Production
f JJ X

Direct detection

Slide idea: Ranjini Mondol https://www.cambridge.org/core/journals/philosophy-of-science/article/methoddriven-experiments-
and-the-search-for-dark-matter/98EODBCF 79C8B3503C8BB28DBC95689C
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Part 1: Dark Secrets of Baryons: Illuminating
Dark Matter-Baryon Interactions with JWST

Credit: Northrop Grumman

arXiv: 2511.02906 (accepted in Physical Review Letters)

Souradeep Das, Ranjini Mondol, Abhijeet Singh, and Ranjan Laha



Dark Secrets of Baryons: Illuminating Dark
Matter-Baryon Interactions with JWST

Dark Secrets of Baryons: Illuminating Dark Matter-Baryon Interactions with JWST

Souradeep Das ' ,1»2:* Ranjini Mondol ““,*>T Abhijeet Singh “*,!* and Ranjan Laha ‘18

L Centre for High Energy Physics, Indian Institute of Science, C. V. Raman Avenue, Bengaluru 560012, India
% Department of Physics, Ohio State University, 191 West Woodruff Avenue, Columbus, OH 43210
(Dated: November 6, 2025)

The James Webb Space Telescope (JWST) has discovered numerous bright galaxies at high red-
shifts (z ~ 10 — 14). Many astrophysical models and beyond the Standard Model physics scenarios
have been proposed to explain these observations. We investigate, for the first time, the implica-
tions of dark matter (DM) scattering with baryons (protons and electrons) in light of the JWST
UV luminosity function (UVLF) observations. These interactions suppress structure formation on
galactic scales, which may have an observable effect on the UVLF measurements at high redshifts.
Using a recent galaxy formation model designed to explain high-redshift observations, we obtain
strong upper limits on DM-baryon scattering cross-sections and explore new regions of the param-
eter space. For DM-proton scattering with cross-section o< v~ 2 velocity dependence, we obtain the
strongest limit for DM masses of ~ 1 — 500 MeV. For other cases that we study (DM-proton scat-
tering cross-section o v°, v™4, and DM-electron scattering cross-section o v°, v=2, v™%), our limits
are competitive with those obtained from other cosmological observables. Our study highlights the
potential of JWST observations as a novel and powerful probe of non-gravitational interactions of

DM.
arXiv: 2511.02906

accepted in Physical Review Letters
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Earliest galaxies observed
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These UV emissions get redshifted to
longer wavelengths (i.e., optical and IR)
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earliest galaxies
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A sample of the earliest galaxies
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Slide idea: Souradeep Das

RedShlft Z Adapted from Harikane et al (2024a),
Carniani ct al (2024)

A large number of galaxies at redshifts z 2 10 have been discovered by JWST
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Dark Matter-Baryon elastic scattering

—] We consider dark matter particles elastically
f f scattering with protons and electrons

(cosmologically, both protons and electrons are referred to as
baryons)

Transfer cross-section

do
T
O'X — /(1 —COSH)d—QCZQ

We parametrize the transfer cross-
section as

X X .

_ n
O'X — OV
f=e",p x = DM particle
U = relative velocity between dark

https://indico.cern.ch/event/1166693/contributions/5281043/attachments/2641770/4571955/Boddy-Avi matter and bar'yo ns
gnon.pdf

Slide idea: Ranjini Mondol, Souradeep Das, and Abhijeet Singh
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Dark Matter-Baryon elastic scattering

— We consider

f f ag o v : contact interactions;
interactions mediated by
a heavy particle

ag x v~ 2: electric-dipole-like
Intferactions

X X a;"; x v~ % : Coulomb-like
interactions

f=e",p x = DM particle

https://indico.cern.ch/event/1166693/contributions/5281043/attachments/2641770/4571955/Boddy-Avi
gnon.pdf

Slide idea: Ranjini Mondol, Souradeep Das, and Abhijeet Singh
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How does this affect structure formation?
® X

—>  Gravily ®ctp
Radiation prescure

Image courtesy: Ranjini Mondol
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How does this affect structure formation?
® X

—>  Gravity ®ctp
Radiation prescure

AT

Image courtesy: Ranjini Mondol

—>  Momentvm transfer for
DM-b



How does this affect structure formation?
® X

— Graw'fy & ei, P
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—>  Momentvm transfer for
Image courtesy: Ranjini Mondol DM_b
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Linear matter power spectrum in the presence
of dark matter - baryon interactions
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Halo mass function
Dark matter - ACDM =
— = 10"*" cm

baryon {0 70 R
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Do we have a new probe of this suppression l
and consequently probe dark matter - ~Milky Way

baryon scattering cross-section?
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UV Luminosity Function
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Comparing UV Luminosity Function due to dark
matter - baryon interactions with data
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Our results for the dark matter -

T

electron scattering for o, =

X

0'0710

is better than that obtained from
CMB + BAO, and it will improve
with discovery of more galaxies at

these

high redshifts

Ranjan

| We derive the strongest
| constraints on dark matter -

proton scattering for o, = ogv™?

1 using the data from 40
| spectroscopically confirmed
1 galaxies

LZ(Current)

Das, Mondol, Singh,
and Laha,
2511.02906

Cosmic Rays

mx [MeV] 21



Part 2: Dive deeper with SUBMARINE: SUB-MeV
dArk matter diRect detectIon using bilayer
grapheNE

credit— arXiv: 1412.1359

arXiv: 2604.21969

Rinchen Sherpa, Anuvab Sarkar, Tarak Nath Maity, Paramita
Dutta, Ranjan Laha, and Anirban Das
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Dive deeper with SUBMARINE: SUB-MeV dArk
matter diRect detectIon using bilayer grapheNE

Dive deeper with SUBMARINE: SUB-Mev dArk matter diRect detectlon using
bilayer grapheNE

Rinchen Sherpa “¥,':* Anuvab Sarkar ©*,1:2:7 Tarak Nath Maity
;3% Paramita Dutta @ ,% % Ranjan Laha “? > Y and Anirban Das (756, **

! Centre for High Energy Physics, Indian Institute of Science, C. V. Raman Avenue, Bengaluru-560012, India
2 Department of Physics, Ohio State University, 191 West Woodruff Avenue, Columbus, OH 43210, USA
3S8chool of Physics, The University of Sydney and ARC Centre of
Ezxcellence for Dark Matter Particle Physics, NSW 2006, Australia
4 Theoretical Physics Division, Physical Research Laboratory, Navrangpura, Ahmedabad-380009, India
® Theory Division, Saha Institute of Nuclear Physics, 1/AF, Bidhannagar, Kolkata-700064, India
® Homi Bhabha National Institute, Training School Complex, Anushaktinagar, Mumbai-400094, India
(Dated: April 27, 2026)

Novel target materials with anisotropic response will play a key role in detecting low-mass dark
matter in upcoming experiments. Bilayer graphene is one such material that has been proposed for
the detection of sub-MeV mass dark matter particles via electronic excitations. In this work, we
calculate scattering rate via a massive mediator in bilayer graphene. With an exposure as small as
~ 0.5 mg-year, bilayer graphene can probe new regions of the parameter space. The anisotropic
response function of bilayer graphene leads to a sidereal-day modulation in the scattering rate,
depending on its orientation with respect to the Galactic dark matter wind. We find significant
modulation in the scattering rate for sub-MeV mass dark matter, demonstrating bilayer graphene’s
promise for a future experiment. We hope that our work will motivate the community to investigate
bilayer graphene as a novel target material, and that it may lead us to discover the particle nature
of dark matter.

arXiv: 2604.21969
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Dark matter - electron scattering

DM ‘/

7 Sensitive to dark matter - electron

DM
\ coupling
e |=>
\ Search for the electron recoil in
A\
e ©

underground experiments
(experiments are situated underground
to suppress various backgrounds)

Essig, Mainz 2019

Generally sensitive to lower dark matter masses as compared to nuclear
scattering

Many on-going and near future laboratory experiments are pursuing this search
strategy, e.g., SENSEI, XENON (various versions), DarkSide-50, CDMS,
EDELWEISS, and DAMIC

Tremendous progress during the last few years

Ranjan Laha 24



Dark matter - electron scattering

Fom=1 = DAMIC-M, this work

......... PandaX-II (2021)

DAMIC-M 2302.02372

,,,,,,,,,
,,,,,,,,,

Target materials: silicon

= = = DAMIC-SNOLAB (2019) == SENSEI (2020, recasted)
= = = EDELWEISS (2020) s SuperCDMS (2019)

—— DarkSide-50 (2022) = = = XENONA1T (2019, 2022)

(Smallest target mass, however

.............................. lowest DM mass threshold)

V

most sensitive to

--------------------------- DM masses ~ 10 MeV

1 10 10?

" 10° These upper limits assume the Standard Halo Model

Dark matter particle mass + M (MeVic)  of dark matter velocity distribution

Target materials: xenon

(Largest target mass and
heaviest DM mass threshold)

!

most sensitive to
DM masses ~ 200 MeV

(Mid-range target mass

argon =>mid-range DM mass threshold)

most sensitive to DM
masses ~ b0 MeV

See Maity and Laha 2208.14471 for effects of dark matter
substructures for xenon-based detectors; Maity et al
2011.12896 for effects due to modifications in halo velocity
distributions; and many others
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Dark matter - electron scatterin

—~107%
=

=107

10 |
107%
107
107 |

107 |

107%°
107

107

107 1

* How do we probe lighter dark matter particle masses?

DAMIC-M 2511.13962

E

E \ Fou =1 This work

i \‘—‘ — QCDark Median, 1o, 20
E\% — - QEDark

Ranjan Laha
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Energy deposition from dark matter scattering

— —3 —6
vpy ~1073%¢c  ppm =107 mpy Epy =107 mppy
Dark matter energy Condensed Matter scale
20 MeV ~10eV Atomic ionization energy
2 MeV ~1eV Semiconductor band gap
100 keV ~ 50 meV Optical phonon energy,

superconductor band gap

* In order to probe dark matter particles with masses S MeV, we need to use
materials which are potentially sensitive to O(50meV) energy deposition

Slide idea: Rinchen Sherpa and Anuvab Sarkar
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Our choice of material: bilayer graphene

Yo, ¥1,Y3,Y4 are hopping parameters
Top View

Ranjan Laha
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Energy [eV]

Our choice of material: bilayer graphene

U =0meV

Energy [eV]

0.6

U = 100 meV

» Applying a voltage, U, between the two layers opens up a band gap, £, between
the valence band and the conduction band

by

Sherpa, Sarkar, Maity, Dutta, Laha, and Das
~ ‘ U | arXiv: 2604.21969

» By varying the potential, one can change the band gap and this can be used to
differentiate the signal from background

Ranjan Laha 29



Dark matter scattering in bilayer graphene

Dark matter g, get Interaction
Dark matter caloci amiltonian
density Dilstrilt:mon vTume -
R |
1 py Va'py
R, = ——% | d%f,(v) o Z| (f,p),|AH, 1]i,p,)[*276(E; — E; + E, —E,)
pPrm X
Target l
density  payk matter
e m‘f(q) :
R, = d°vf (V)J 6(w+E —E.,)
X prm, X (27 ,u% X X
27 :
X P Z |(f |OT(q)|l>|25(Ef L)
Sherpa, Sarkar, Maity, Dutta, Laha, and Das c i J

arXiv: 2604.21969

S(q, w)

S(a,w)= dynamic structure factor, informs us about how the material responds to a
momentum q and energy w. It depends on the electron density in the
material

Ranjan Laha 30



Dark matter scattering in bilayer graphene

10—31
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Sherpa, Sarkar, Maity, Dutta, Laha, and Das
arXiv: 2604.21969

Projected sensitivity of DM-electron scattering cross section in bilayer graphene
for two applied voltages U = 50 meV (blue) and U = 100 meV (red) assuming an
exposure of 3 events in 50 mg-yr and 0.5 mg-yr

One can probe new parts of the parameter space with an exposure of 0.5 mg-yr
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My connection with CCAPP

I was a Ph.D. student in the Ohio State University from 2009 to 2014, working
with Prof. John F. Beacom

I work on various topics in theoretical astroparticle physics, astrophysics,
cosmology, and particle physics. Majority of the time, I think about dark
matter, neutrinos, gamma-rays, cosmic-rays, beyond the Standard Model
physics, gravitational waves, etc.

Other CCAPP folks with whom T collaborated: Basudeb Dasgupta, Kenny C. Y. Ng,

Shunsaku Horiuchi, Kohta Murase, Sheldon Campbell, Eric 6. Speckhard,
Matthew D. Kistler, and Bei Zhou

During my Ph.D., we worked on a number of topics in dark matter, high-energy
astrophysical neutrinos, and supernova neutrinos
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My connection with CCAPP

The wide variety of science topics pursued in CCAPP helped me to work in these
topics and learn even more research areas

Both theoretical and experimental efforts in various topics helped me
I made life-long friends and collaborators

Not only did my science improve, I improved as a human being during my time in
CCAPP

Last two decades have been great for CCAPP, here's wishing for even more
success in the upcoming decades

Currently, I am an Assistant Professor at the Centre for High Energy Physics
(CHEP), Indian Institute of Science (ITSc), Bengaluru, India; please visit us.
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Conclusions

Searching for beyond the Standard Model in cosmology and particle physics is
one of the major avenues of research

I discussed two different ideas to explore this research area:

(i) We demonstrated that JWST observations can set the most stringent and
competitive constraints on a variety of particle physics models of dark matter -
baryon interactions

(i) We demonstrated that bilayer graphene will be an excellent probe of sub-
MeV dark matter particles scattering with electrons

Best wishes to CCAPP

Questions & comments: ranjanlaha@iisc.ac.in
34



J WST (J ames Webb Space Telescope)

P Spitzer
0.85 meters

> .

LOCATION : .
/" From its orbit ot Lagrange Point 2 (L2), nearly one million miles from : - Sizes of Telescope
Eorth, Webb hos o relatively unobstructed view of the universe. _ " & 3 5
primary mirrors

I‘~ "', - . < s .
NOON \e\L2 | ) _ Hubble

‘ /,.mm ‘ ' - _\ 2.4 meters

Four different instruments on-board: NIRSpec, NIRCam,

MIRI, and NIRISS Webb

6.6 meters
NIRSpec: Near InfraRed Spectrograph
NIRCam: Near InfraRed Camera
MIRI: Mid InfraRed Instrument

NIRISS: Near InfraRed Imager and Slitless Spectrograph

Ranjan Laha
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How does this affect structure formation?

We assume that dark matter consists of a single particle and 100% of

it is interacting with baryons
g 4 X = dark matter

We model the dark ma’r’rer'éand baryons as a fluid R, ox 05
aH = conformal Hubble .. 0p o
parameter 0 1= ?’ 0:=V.v = conformal momentum-

D; exchange rate due to
Cy = sound speed in Density contrast 1vergence dark matter - baryon

) f velocit
dark matter fluid ot veloety interactions
Contimuity 0y = —0, + 3
ty X X qb Pressure term: DM Momentum
is no longer cold transfer

Euler OX

—aH0, +[I~c2c§<5x}+[Rx_b(9b — HX)J+ k2

Heat Flow TX 9 CI,HT _‘_[2 R T _T )J k = wavenumber of

perturbations

Image courtesy: Souradeep Das Heat transfer

¢, w = metric perturbations in the

dot represents derivative w.r.t. conformal time :
conformal Newtonian gauge

Ranjan Laha
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How does this affect structure formation?

We model the dark matter and baryons as a fluid
O0p = —0 + 3¢
éb = —aHO, + kzcgéb + Rb—X(eX — 95) -+ Rb_,y(e,y — Hb) -+ k2¢

T, = —2aHTy + 2R;_ (T, — Tp) + 2R, _ (T, — Tp)

/ /
Rb—q/ X 0Thomson Rx—b X Rx—b RX—b X Rx—b

Momentum and heat is exchanged between dark matter and baryons

These modified cosmological perturbation equations are solved using
the class_dmb code, which is a modified version of CLASS (Cosmic

Linear Anisotropy Solving System), and one obtains the linear matter
power spectrum P (k)



Halo mass function

dn o ,Om() dlno
dloth(Z)_ (o(Mn)) dln M),

1 = humber density of halos with mass M), at redshift 2

Pm,0 = co-moving matter density

1

2 _
7R =5

/ dk k* W?*(kR) P(k)= variance of the smoothed
0

density contrast within a sphere
of radius R

W (kR)= Fourier transform of a window function, called kernel or
filter function

f (o) = fitting function

Extended Press-Schechter formalism in order to have a statistical
measure of the halo mass distribution



JWST (James Webb Space Telescope)

ELECTROMAGNETIC SPECTRUM

EEL. B : -
amr —__>>>

GAMMA X-RAY ULTRAVIOLET INFRARED MICROWAVE RADIO

é

HUBBLE SPACE TELESCOPE> <JAMES WEBB SPACE TELESCOPE> SPITZER SPACE TELESCOPE
90-2,500 NM 600-28,500 NM 3,000-160,000 NM

JWST is an infra-red telescope covering wavelengths 600 nm to 28500 nm
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James Webb Space Telescope

Credit: Northrop Grumman



Number /mag/Mpc?

Number /mag/Mpc?

UV Luminosity Function
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UV Luminosity Function

_4 Naidu et al., 2505.11263 /:,‘) % Adapted from
Zspec =14 wac P Shen+23,24,25
— - #/ .-’ // -
[ Gszia F cae DGR OV
- ¢ - - 1
o e —I,// (EIRE 2-like)
S // l,/ L High SFE+moderate oyy
T@ —6- NV 7 (Thesan-Zoom-like)
S 7
@ oei/ ..';'/," Classical SFE+low oyy
g X ol gl - -~ Early Dark Energy
§ —7 - COQ:/ ‘,;‘/i/ Mauerhofer+25
o &,\(;/ }:}’/ (DELPHI+SPHINX)
S b@// A // ------ Evolving SFE
-84 ///' Top-Heavy IMF
/ ’/. Z : : : : Lit. Photometric LFs
-24 =23 =22 =21 =20 -19 -18
MUV

Highest redshift galaxy MoM-z14 zgpec = 14.44 = 0.02

Second highest redshift galaxy JADES-GS-214-0
Zepee = 14.1796 + 0.0007

Carniani et al., 2409.20533
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Conclusions for part 1

JWST has opened up a new infra-red view of our Universe

Given its leading sensitivity, one can try to conduct searches for dark matter
using its observations

A major result from various JWST observations is the discovery of numerous
bright galaxies at high redshifts

A significant dark matter - baryon interactions will suppress the production
of galaxies at high redshifts

Using UV luminosity function derived from JWST data-set, we derive the leading/
compeftitive constraints on dark matter - baryons interactions for a variety of particle
physics models

Das, Mondol, Singh, and Lahag,
arXiv: 2511.02906



Dark matter - electron scattering



Dark matter - electron scattering
in bi-layer graphene



Results



dR Cur . a\/\—
g L(kg-yr-ev) 1]

1

dR . -1
%[(kg yr-eV) "]

Dark matter scattering in bi-layer graphene

7
10 T T T T T T T TrTprrTr
— my =100 keV 3
m,, =200 keV A
106 =

10* |

10° |

10!

100 |

oot b b0 0 o B

—— my =300 keV

Massless mediator

0.0 .
L w eVl
10 S5 D D D D B L IR B
! —— m, =100 keV ]
m, =200 keV -
100 | 5
F —— my =300 keV :
1071 ¢ .
1072 673 E
E = E
8
1073 4§ -
- u-:l-l 3
Massive medidtor
10—4 o b b | IFETEET T | I I
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

w [eV]

Recoil spectrum of electrons in bi-layer
graphene due to dark matter scattering.
The three lines represent various dark
matter masses. The energy threshold in
these two plots is 100 meV. These plots
assume a mass-less mediator and a massive
mediator.

The dark matter - electron scattering
cross-section is Oye = 10738 cm?

Sherpa, Sarkar, Maity, Dutta, Laha, and Das (in preparation)
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How does the Milky Way form?

» Structure formation in ACDM (cold dark matter) cosmology is bottom up

The Local Milky Way's Family Tree

Quiet Merger History OR Active Merger History ?

QQ <P CP

Lisanti "GGI tea breaks' semin Q Q

Non-steady

Steady state Galactic archaeology state

v Milky Way Milky Way

present
Slide idea: Tarak Nath Maity day




Dark matter - electron scattering

- We know that dark matter moves inside the Milky Way with a typical velocity
~220kms™"

- But, what is the velocity distribution of dark matter? It depends on the Milky
Way formation history

- Typically, we assume that the velocity distribution of dark matter follows the
Maxwell-Boltzmann distribution (also called Standard Halo Model)
v

fé\gg(v) X exp ( 202) O (Vesc — [v])

v

where o, ~ 156 kms™*

* How does different velocity distributions affect dark matter - electron
scattering in bi-layer graphene?

- How do we probe dark matter velocity distribution using dark matter - electron
scattering in bi-layer graphene?

See Bloch et al., 2006.14521 THEP
Maity and Laha 2208.14471 JHEP
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Dark matter scattering in bl-layer gmphene

EIIIIIIIIIIIIIIIIII T llo‘ylll? 1026
10—32 é : : : : — Eth = 50 meV %
T Il — Em=100mev =2 10-28
E T SENSEL
L - 1] i1 3
1075 F i § 1079
N - ifr i —
£ Wy W { €
el i\ \ 1 G 10-32
-36 1 =
q>J< 10 EN \ §J<
S EsSCar v W\ e S
E ] 10
1038 é— ';
10736
Massive mediator
Massless mediator 3
—-40 1 L a0l R 10—38 11 1 A | 1 [ N B B
10 104 103 106 104 10° 106

Sherpa, Sarkar, Maity, Dutta, Laha, and Das

(in preparation)
Using results from the DREAMS simulation suite, we study the effect of the
uncertainty in the dark matter velocity on the projected sensitivity of DM-
electron scattering cross section in bi-layer graphene for two applied voltages U =
50 meV (blue) and U = 100 meV (red) assuming an exposure of 3 events in 50 mg-

yr
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Cosmology

- - - Planck 2018 6-parameter fit to flat ACDM cosmology - - - - = = = = = = = = - - o o o oo oo oo oo

baryon density of the Universe Qb = pb/Perit £0.02237(15) h—2 = 10.0493(6)
cold dark matter density of the Universe Q¢ = pe/Perit £0.1200(12) =2 = 10.265(7)
100 x approximation to r«/Da 100 x Oy £1.04092(31)

reionization optical depth T 10.054(7)

In(power prim. curv. pert.) (ko = 0.05Mpc™')In(10'°A%) 13.044(14)

scalar spectral index N £0.965(4) eee

How do we probe ACDM more precisely or in newer regimes or answer outstanding
questions about it?

Time, t

= Picture Cl'r.t: Robertson zt al. (2010)
Cosmic Dark Ages Reionization ‘ IGM Mostly lonized
z > 15-307 246157 z=0-8, 1>1 Gyr

t<100-270 Myr 1< 1 Gyr Ey4

Rare Sources Form
lonized Bubbles

™~

. Mocern Galaxies Form

Inflation /
Big Bang

* Overlap

(2-15-307) y

. 4 Ionizec Bubbles i i
First Stars F .
> ] 7

Neutral IGM

|
|

First Galaxies

(z~10-307) S \ Dense, Neutral Pdckets

“f " > v‘ ‘A_-- - 3 .
Recombination / CBR Emitted
z~1100 t~370,000 yrs

Present Day, z~0

Redshift,z  Discover the earliest galaxies observable and
< answer fundamental questions about particle

This region is not probed at all (before 2022) thSiCS and as‘rr'ophysics/ COSI’I’\OIOQY
Do we have new data regarding this region?
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Piin(k) [Mpc?]

Linear matter power spectrum
(6(k)6*(K')) = (2m)°6(k — K') P(k) k ~ 1/(length scale)
Quantifies the strength of density fluctuations at a given scale

corresponding halo mass [My]

10%° § o Jo2d 1010 108
Gilman et al., 2112.03293
a_ —_—
104+
102+
ACDM .

— Pl =Plo)(f)** TR
100d . orior minmax |

68% CI strong lensing (this work)

e Lyman-—-a
10-2- SDSS DR7 LRG

UV LF
-+ DES Y1 cosmic shear
-+ Planck 2018 TT
104 - Planck 2018 EE
-+ Planck 2018 PP

102 0.1 1 10 70
k [Mpc!]

Ranjan Laha

A large number of
cosmological
observables have
been used to probe
the linear matter
power spectrum

Some details taken from
Souradeep Das’' and Abhijeet
Singh's slides
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From Halo mass to UV Luminosity Function

SFR = SFE. f,.M;,

T €

S'I:h = 1" A3
M\ ()
M., M,

qol ;
]\[8%5 = A“IUV + AL'V

Ayy = —0.34(21 + MZR3) +0.79

Slide courtesy: Souradeep Das

Halo mass

Mass accretion rate

AN

Star Formation
Rate (SFR)

'

UV Luminosity

AN

Dust-corrected
UV luminosity

Ranjan Laha

: Vi 1alo ! o
l\’[halo _ C( 1[} 1 ) [I(?’)

102Moh=1 )  H,

v = 1.000 + 0.329a — 0.2060*
log,, C = 2.730 — 1.828a + 0.654a”

T 1
LV = —SFR
Kuv

kov = 1.15 x 1002 Mg s erg ! yr—

1
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Results

Upcoming observations will
discover more galaxies at higher
redshifts, thus it will significantly
strengthen our results

anjan

We derive the competitive

! constraints on dark matter -

{ electron scattering cross-sections
' for a variety of velocity-

: dependencies using the data from
| 40 spectroscopically confirmed

: galaxies

my [MeV]
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