
Local Dark Matter Density from Improved Local 
Mass Density of Stars and Updated Baryonic Model
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ROTATION CURVE

● HI and CO terminal velocities
(McClure-Griffiths & Dickey 2007, McClure-Griffiths & Dickey 

2016, Sofue & Kohno 2025)
● Molecular masers 
(Reid et al. 2019)

● Classical Cepheids
(Ablimit et al. 2020)

● Red Giant Branch stars
(Ou et al. 2024)

BARYON MODEL

Revised gas model
● Atomic gas disk with flaring
● Molecular gas disk with flaring
● Ionized gas disk (Jo et al 2019)

Star model with recent 
observations

● Thin disk with flaring 
(Vieira et al. 2023, Lian et al. 2025, Sanders & Binney 2015)

● Thick disk with flaring 
(Vieira et al. 2023, Lian et al. 2025, Tkachenko et al 2025)

Normalised to observationally derived Local Mass 
Density (Lutsenko et al. 2025)

● Bulge (Dehnen & Binney 1998)

Normalised to inner dynamical mass (Portail et al. 2016)

● Halo (Deason et al. 2011)
Atomic gas surface density Molecular gas surface density

DM HALO MODEL

NFW profile
(Navarro, Frenk and White 1997)

Einasto profile
(Einasto 1965)
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LITERATURE COMPARISON

RESULTS

FITTING PROCEDURE
Informed priors on baryonic model parameters + 

wide uniform priors for DM halo parameters
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We combine rotation curve 
measurements from different 
tracers into a single dataset. 

Individual measurements 
were binned with bin size of 

0.5 kpc, with per-bin 
weighting adjusted to give 

equal statistical impact 
across datasets
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Local density DM
0.0104 ± 0.0002 M⊙ pc−3 

(0.395 ± 0.008 GeV cm-3)

0.0102 ± 0.0003 M⊙ pc−3 

(0.387 ± 0.011 GeV cm-3)
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Lutsenko et al. 2026 (in prep.)
Email: 
artem.lutsenko
@studenti.unipd.it



TOPOLOGICAL SIGNAL DETECTION IN LISA: 
A NOISE-AGNOSTIC APPROACH TO GRAVITATIONAL WAVES ANALYSIS

Lorenzo Viganò, Riccardo Buscicchio, Alberto Sesana, Massimo Dotti

Signals

+

Noise

                =

Data

Rapid parameter estimation 
without PSD assumptions

Time domain data Embedding Topological 
classification

1st BiCoQ Conference: from gravity to particles

contacts



Realistic Beams, Non-Ideal HWPs: Quantifying Systematics and Cosmic Birefringence for Next-Gen CMB Cosmology

Author: Matteo Billi
matteo.billi2@studio.unibo.it

Next-generation CMB experiments are designed to measure CMB polarisation with unprecedented precision, targeting new physics beyond the Standard Model, like the Cosmic Birefringence effect. Achieving these
goals requires exquisite control of instrumental systematic effects. Therefore, it is crucial to quantify the impact of realistic Beam and Half-Wave Plate (HWP) systematics for future data.

TOD simulation of a  two-lens refractor telescope with (achromatic) HWPS and PO beam

 BEAM PROFILE

HWPs RESIDUALS COMPARABLE TO THE B-MODE AMPLITUDE WITH r=0.003

CONTAMINATION OF THE BB POWER SPECTRUM

 HWP NON-IDEALITIES INDUCES A
MISCALIBRATION POLARISATION ANGLE

WHICH CAN MIMIC CB

Investigating the impact of realistic HWP systematics on isotropic CB using
beamconv simulations.

SIMULATION SETUP:
2-year satellite LiteBIRD-like scanning with
160 detectors at 140 GHz 

IMPACT OF HWPS NON-IDEALITIES ON CB ANGLEbeamconv

Harmonic representations of the polarised beam response
and sky to generate simulated CMB time-oder data

Arbitrarily shaped beams
Real HWP modulation

Open-source spherical harmonic beam convolution algorithm

FIRST TIME-DOMAIN SIMULATIONS THAT INCLUDE BOTH HWP
NON-IDEALITIES AND  REALISTIC FULL-SKY BEAM CONVOLUTION

STEP FORWARD IN MODELLING HWP SYSTEMATICS: 
STANDARD TOD SIMULATION FRAMEWORKS SUCH AS SOTODLIB
(SO) AND LITEBIRD_SIM (LITEBIRD) ACCOUNT FOR THE COUPLING

BETWEEN BEAM RESPONSES AND IDEAL HWP MODULATION

beamconv: TOD WITH REAL HWP AND FULL-SKY BEAM CONVOLUTION

RESIDUAL BB SPECTRA

Cross-polar leakage
(QU,UQ)

Polarisation modulation
efficiency (QQ,UU)

Total sensitivity

HWP MUELLER
MATRIX

BEAM SYSTEMATICS within SO and LiteBIRD collaborations Anisotropic Cosmic Birefringence with Planck data and future forcasts

TIME-ORDERED DATA (TOD) BEAM-CONVOLVED SIMULATIONS USING THE SOTODLIB AND LITEBIRD_SIM FRAMEWORKS
we utilise 4Π beam convolution to simulate TODs and compare arbitrary beams with Gaussian models: this approach enables us to isolate and

quantify beam-induced systematics

SO LAT: MAIN BEAM SYSTEMATICS

RESIDUALS POWER SPECTRA FOR LAT WAFER 13 AT 150 GHZ RESIDUALS POWER SPECTRA  vPOSTKDP2 Option1

LITEBIRD MDR2 SIMS: FSL BEAM SYSTEMATICS 

SATs-like and LiteBIRD-like forecasts

Application of this approach to forecast constraints on the CB spectrum
for next-generation CMB experiments: simulating observations with a null

intrinsic signal and a white noise level of 2 µK-arcmin

COMPARISON WITH THE PLANCK DATA UNCERTAINTIES:
CRITICAL INCREASE IN THE CONSTRAINING POWER

Master thesis Matteo Longo Minnolo - UNICT

Level of systematic evaluated by applying the
localisation of the D-estimators to the output maps:

red line:  LAT systematics due to 5% beam
ellipticity variation across the focal plane;
blue line: LiteBIRD systematics due to beam toy
model with FSL.

Forecasts for future LiteBIRD-like experiments 
(white-noise 2 µK-arcmin - Longo's thesis)

INSTRUMENTAL SYSTEMATICS ON ANISOTROPIC CB

IMPACT OF EXTENDED FSL ON ANISOTROPIC CB MEASUREMENT 



TESTING PRIMORDIAL NON-GAUSSIANITY ESTIMATORS IN
NON-TRIVIAL COSMIC TOPOLOGIES

Emanuela Sireno
MSc student in Astrophysics and Space Physics
University of Milano-Bicocca

Supervisors
Martina Gerbino, Massimiliano Lattanzi
INFN – Ferrara

Primordial non-Gaussianity

↓
constrained through the non-linearity 

parameter 𝑓𝑁𝐿 using KSW estimator

↓
assumes statistical isotropy

Non-trivial cosmic topologies

↓
break isotropy and induces off-

diagonal harmonic correlations

↓
potentially affecting the behaviour of 

standard isotropic estimators

Goal of the project: investigate how robust standard isotropic estimators remain when applied to CMB 
maps generated in topological universes.



What happens when an estimator designed for an isotropic
Universe is applied to a Universe that is not statistically isotropic?

Step 1 — Validation of the KSW estimator on standard
Gaussian and non-Gaussian ΛCDM simulations

Step 2 — Application to topological CMB realizations:
CMBtopology code used to generate Gaussian CMB
realizations for the E1 and E3 topologies and analyzed
them using the standard isotropic KSW estimator.

Any non-zero reconstructed 𝑓𝑁𝐿 would indicate an
effective response of the isotropic estimator to
topology-induced anisotropies rather than genuine
primordial non-Gaussianity.



Andrea Trost (atrost@sissa.it) 
and the ESPRESSO WG4

Measuring the Cosmic Redshift Drift with the VLT:  
A Long-Term ESPRESSO Program into the ELT Era

·z = (1 + z)H0 − H(z)
In an accelerated expanding Universe, redshift of fixed objects changes with time
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Direct, real-time, 
model-independent  

cosmological measurement

Use the Lyman-α forest as a tracer

But the measurement is 
EXTREMELY CHALLENGING!

These two are 8 million years apart…

·zz=4 ∼ 10−11 yr−1 ·vz=4 ∼ 0.5 cm s−1yr−1



Andrea Trost (atrost@sissa.it) 
and the ESPRESSO WG4

Measuring the Cosmic Redshift Drift with the VLT:  
A Long-Term ESPRESSO Program into the ELT Era

Extreme long term precision, accuracy and stability  are a must!
First ever dedicated experiment at high-z 
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Come check the Poster!

ESPRESSO is competitive with next-gen facilities

First constraints + study of systematics

Will lead the Redshift Drift Experiment in the next decades

Stable Laser Frequency Combs are essential








