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Outline
● Intro: X-GAP and motivation

● Simulation strategy

● Models for galaxies, clusters & groups (NEW)

● Current status of the Mocks (Xray+optical)
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Why simulations?

● Understand survey source 
catalogue

● Key for population and 
cosmology studies

● Test detection/X-ray pipelines

Ghirardini+24 

Seppi+22
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Context
● Feedback processes are pivotal FEG ingredients 

(regulate SF, quenching, stellar mass function…)

● Galaxy groups: log(Mhalo)~13-14, ~10 galaxies

● Galaxy groups are very sensitive to AGN feedback

Eckert+21

Oppenheimer+21
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X-GAP
● XMM Newton Group AGN Project (D. Eckert): 

ROSAT All Sky Survey (X-ray) + SDSS FoF 
(optical) selection: Thermodynamic properties of 

49 groups to be compared to simulations
● KEY: understand group selection (with mocks!) Eckert+24

Eckert+in prep.
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DMO
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Mock 
strategy
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Uchuu
Dark Matter light cone: great for haloes hosting clusters, AGN, galaxies

Allows measurement of velocity dispersion (Ishiyama+21)



  

● Concatenate individual snapshots (Seppi+in prep.)
● Mock galaxies: UchuuSDSS (Dong-Paez+22): SHAM Uchuu + SDSS mag

Uchuu light cones
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Mock AGN
● SHAM model (Comparat+19): AGN assigned with duty cycle-z-stellar mass
● Hard Lx drawn from luminosity function and assigned with Lx-stellar mass

● Spectral library(galnH, nH, z): abs power-law+SE, reflection+emission lines

Comparat+19
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Mock Clusters & Groups
● Build model from groups in simulations (TNG)

● Extraction of EM profiles with pyxsim (see Shreeram+24)
● Tx from fitting ideal mock X-ray spectra

● Generate variety with ML (or pick nearest neighbor in M,z)
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Mock Clusters & Groups
● New model with Normalizing Flows: build complex distribution from simple ones

(e.g. Glow – OpenAI)

Build P(EM,kT | M,z)

Halo assignment

Validate model (scaling 
relations, profile shape)

Seppi+ in prep.
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Mock Background
● Simulated as individual component: trace spatial variations

● Merge RASS BKG maps 4-7: 0.44-2.51 keV
● Spectrum with LHB, GH, CXRB
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Mock PSPC
● Mock PSPC with large pixels, fast readout in 

SIXTE (Dauser+19)
● Mock optics structure masking X,Y

● Vignetting from M. Freyberg
● PSF model from Boese+00

● ARF, RMF: SIXTE PSPC module (M. 
Lorenz, J. Wilms – K.Remeis Obs. Bamberg)

● Concatenate individual RASS pointings
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RASS mocks

REAL rs932611n00 MOCK pix064

● X-ray simulator provides event files
● Generate images of the mock RASS sky
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X-GAP mocks – X-ray selection

● Wavelet filtering (1 pix=45”)

● Pnt:2-4, Ext: 5-6 (Damsted+24)

● EXT detection with sextractor

Image EXP

Wvlet extWvlet pnt
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X-GAP mocks – optical selection
● Friends-of-Friends group 
finder (SDSS, Tempel+17)

● Output catalogue strongly 
depends on input parameters

● Good old little-h issues

Image EXP
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 X-GAP mocks

X-ray Input-output
using photonID (Seppi+22, Liu+22)

Optical Input-output
with probabilistic approach

Development of interactive Mock Sky View
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 X-GAP mock: velocity dispersion
● Velocity dispersion from subhalo velocities

● Calibration of the scaling relation between with halo mass
● Model accounting for:

Power law SR + intrinsic scatter + measurement scatter
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X-GAP mocks – X-ray selection
● The cluster model is PRELIMINARY

● Flux distribution to be improved

Seppi Riccardo – riccardo.seppi@unige.ch                                                                      Ecogia Science Meeting, 14/10/2024     
                                                       

mailto:riccardo.seppi@unige.ch


  

 X-GAP selection function
● To model accounting for observables:

Flux (XMM-Newton), velocity dispersion, (z?)

● Key component in comparison to hydrosims

OUTLOOK

● Finalize and validate cluster model
● Polish optical selection (linking 

length, n_members)
● Increase statistic with light cones 

in different orientations (3x on the 
way)

● Model the selection function and 
its uncertainty
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Summary
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● End goal: inform AGN feedback models 
using galaxy groups

● Comparison to hydro-sims, baryonic 
models (e.g. Arico’+21)

● Selection modeling with end-to-end 
mocks

● New X-ray model for groups/clusters

● Pdet(Fx, vel_disp, z) 

● Calibration of Mhalo-vel_disp
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