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How it started, ~ Feb 2020

Almost everything on this blackboard turned out to be wrong



  

How it’s going

A six weeks program in 2025 !



  

The journey so far

● New Physics with Galaxy Clustering 1, Nov 22 @ CERN

● New Physics with Galaxy Clustering 2, Nov 23 @ ICTP/IFPU

● New Physics with Galaxy Clustering 3, Nov 24 in Parma

● New Physics from Galaxy Clustering at GGI, Aug 25th to Oct 3rd, 2025 

https://indico.cern.ch/event/1192722/
https://indico.cern.ch/event/1308028/
https://www.ggi.infn.it/showevent.pl?id=513


  

Goals

The EFT of LSS gives a calculable model. 

Modifying it consistently in the presence of new physics 
gives to cosmology the possibility to discover new physics in precision data.



  

What New Physics?

Most new dynamics at z > 10 does not require any modification to existing LSS codes

● Interactions of DM with baryons;

● Interactions of DM with DR à la ETHOS/Buen-Abad+15;

● Early Dark Energy ;

● Neutrinos self-interactions in the context of the H0 tension ;

● Particle physics inspired solutions to H0 and S8 tensions;

● ….

Anything that can be summarized in an early Universe Transfer function T(k) 
can already be constrained !



  

New Physics ≠ Early Universe

Nightmare Scenarios : The Dark Sector is actually Dark

New physics in the Dark Sector can affect dynamics at any times (it requires EFT)

● Light but massive relics and ultra-light axions;

● Late time interactions in the DS, e.g. long range forces;

● Decaying DM;

● ...

Dark Sector, 85 % of matter

● DM Mass

● Couplings

● Other particles...

Visible sector

15% of matter



  

The five stages of grief

Me : This new BSM model is so cool ! How about some LSS constraints ?

Also me :

1) Denial : I’m never going to redo all the calculation I did for the standard model.   
                  There has to be a way out !

2) Anger : What’s wrong with these people !

3) Bargaining : Can I get away with only 1/2 of the calculations and wave my hands  
                          for the rest?

4) Depression : I’m never going to do it. It’s ΛCDM all the way.

5) Acceptance : Alright, I’ll do it.

Looking for new physics with the LSS is hard, but it is a unique window into the many 
open questions of the cosmological model

Need to solve for time dependence of the loops ! 

We do not know a priori when this is important, e.g. D’Amico 2020 for clustering 
quintessence



  

The EFT of New Physics 

In the presence of New Physics:

● The ansatz above might not work in the first place. The theory has a spatial scale.

● The n-th order growth factor is not simple

The theory has a new time scale.

● The structure of the kernels is different, new counteterms are possible



  

An example: long range dark fifth forces

● Down to 100 kpc

● Cannot extend to 
lower masses because
of lack of EFT model

● Fraction in the works

Wed @1:15pm

Bottaro, Castorina, Redigolo, Salvioni (in prep.)



  

● A fluid is not a model

It’s important to have a Lagrangian before going macroscopic

How is DM produced in this model ?

Some of the things that came up
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● A fluid is not a model

It’s important to have a Lagrangian before going macroscopic

How is DM produced in this model ?

● Modifying LSS codes is not easy

ΛCDM assumptions about perturbative kernels are built-in and hardcoded

● Any useful data compression for New Physics( ~ EW precision tests) ?

BAO is one, not obvious for shape. New observables ?

● Interplay between large and small scales, e.g. fractions.

Small signal and small theory errors vs large signal and large theory sys.

Some of the things that came up



  

Upcoming activities

Save the date and stay tuned for an invitation !



  

New Physics @ GGI, Aug 25 - Oct 03, 2025
 

A six weeks program :

https://www.ggi.infn.it/showevent.pl?id=513
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 Two classes on cosmology : 1 foundation of PT and 1 hands on on codes/data
 One class on model building/BSM in cosmology

2) The state-of-the-art

1-2 talks a day on recent acticities in the field, then free discussion

3)Theoretical tools to search for new physics

What new theoretical tools are needed for testing new physics with LSS data? 
What role can numerical simulations play? What is the
interplay between the LSS and astrophysical searches for new physics?

1-2 talks a day, then free discussion

A six weeks program :
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Identify the short and in the long term goals of this program

Coordinate the preparation of a white paper presenting a range of
new science cases for ongoing and future galaxy survey.

https://www.ggi.infn.it/showevent.pl?id=513


  

New Physics @ GGI, Aug 25 - Oct 03, 2025
 

Save the date and stay tuned for an invitation !

4) Focus week

Identify the short and in the long term goals of this program

Coordinate the preparation of a white paper presenting a range of
new science cases for ongoing and future galaxy survey.

5) Future experiments and interplay with CMB and other probes

1-2 talks per day, then free discussion

https://www.ggi.infn.it/showevent.pl?id=513


  

New Physics @ GGI, Aug 25 - Oct 03, 2025
 

Save the date and stay tuned for an invitation !

4) Focus week

Identify the short and in the long term goals of this program

Coordinate the preparation of a white paper presenting a range of
new science cases for ongoing and future galaxy survey.

5) Future experiments and interplay with CMB and other probes

1-2 talks per day, then free discussion

6) Symposium

More traditional conference-like workshop

https://www.ggi.infn.it/showevent.pl?id=513


  

Outlook
 

New physics in the Dark Sector, at late or early times, should be a primary science
case of current and future surveys.

Making this happening requires the combined effort of two communities.

We hope the ‘New Physics’ series and this meeting will help towards this goal 

See you in Parma (2024) 
and Florence (2025) !
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New physics in the Dark Sector, at late or early times, should be a primary science
case of current and future surveys.

Making this happening requires the combined effort of two communities.

We hope the ‘New Physics’ series and this meeting will help towards this goal 

See you in Parma (2024) 
and Florence (2025) !

Thanks!


