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Into and Motivation



DESI reported evidence for w0wa in BAO data 
Satya’s talk 
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Lohda++ (2025)

credit: J. Sullivan

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Phantom crossing 
is necessary to fit 
the data well

w0wa Hunter GuideSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Overall slope (Om tension w/ CMB), and the phantom crossing
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Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential
Interacting fields work —>  
effective phantom
behavior without violating NEC 

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Usual single scalar field 
models do not work b/c it can’t 
be phantom

Khoury, Lin, Trodden (2025) Toomey, Sullivan, Hughes, MI (to appear)

dark QCD:
DM-DE axion coupling

DE axion 
w/ a moduli 
field

Toomey++



w0wa / Tau / Ok ?

We need more information. Full Shape!

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Tension in LCDM Om 
measurements between 
CMB and BAO 

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Can be caused by something other than w0wa:

Tang et al (2025)

Sailer et al (2025)
Chen, Zaldarriaga (2025)

(* no SNe)



EFT-based full-shape analysis



Cosmic Microwave Background

Planck’18
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Large-Scale Structure
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data

linear theory
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The big problem 

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

LSS is intrinsically non-linear

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

CMB analysis relies on linear physics



Ways to analyse LSS: 

“standard” approach until recently:
focus on observables that 
are approximately stable w.r.t.
non-linear effects: 
Baryon Acoustic Oscillations + RSD

Discard shape information

�theory � �dataSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potentialSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potentialTegmark++, SDSS analysis (2006)

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

For many models the progress 
can be made only 
with the shape information.
I’ll show today how this works
with the Dynamical DE



Solutions

galaxy formation

matter clustering

time-consuming

unlimited range
limited range 
precision & accuracy
fast/ cheap - beyond LCDM 
marg. over astrophysics

Perturbation theory (EFT)Simulations

State-of-the-art equipment  
for a theoretical physicist



Galaxies in perturbation theory (EFT)

PT approach to LSS

Bias expansion

�(g) = F [rirj�] = b1� + b2�
2 + bs2(rirj�)

2 + b̃r2� · · ·

Desjacques, Jeong, Schmidt (2016)
Review:

Write down all possible “operators” compatible with symmetries

Additional complication: non-locality in time…

Galaxy formation is a local 
function of the tidal field + 
stochastic proceses

�g = b1�

+ b2�
2 + bG2(rhirji�)

2 + ...
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b1, b2, bG2 , ...

Roy, McDonald (2006)

Nuisance (bias) parameters:

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Dimensional analysis + Symmetries:
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+vi

Rotation invariance
(+Galilean inv) Equivalence Principle
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approach and their ’role’ is to reproduce eventually the SPT result. In order to further

renormalise the UV - behaviour and account properly for very short modes one has to

introduce new counter-terms for the �n vertices. This issue, however, is not the main

goal of this paper and will be addressed in detail elsewhere.

To make the connection with the SPT approach, i.e. to write TSPT as a series in

P0, it is very instructive to perform one - loop computation, to which we proceed now.

2.3.1 1-loop results and comparison with SPT

Let us now focus on the 1-loop PS (e.g. including next to leading order corrections

of P0). The field  used to be a generic field obeying (4) in the previous sections.

However, in order to switch to the familiar notation of SPT, it will be more convenient

to relabel this field as follows,

 ⌘  2 , (31)

which is validated by the fact the filed  has to be identified with the velocity divergence

field as far as cosmology is concerned. In this subsection we will be studying the power

spectrum of the  2 field,

h 2(⌘,k1) 2(⌘,k2)i = P 2 2(⌘, k1)�
(d)(k1 + k2). (32)

In terms of Feynman diagrams, at the order O(P 2
0 ) this is given by8 (the combinatorial

factors are included in the diagrams)

PL
 2 2

(⌘, k) + P 1�loop
 2 2

(⌘, k) =
k

+
k k

C2
+

k k

q

�4

+
k

q

k

q� k

�3 �3

(33) diagr1loop

The first graph is simply the linear power spectrum. The e↵ect of the second diagram

with C2 is to cancel spurious UV divergences (⇠ P 2
0 (k)⇤

3
UV ) appearing in the third,

so-called ’sunrise’ diagram (see (B) for more details). misha:More on UV here?

8Note that one-loop tadpole graphs have been already taken care of, see (30).

12

k
= g2(⌘)P̄ (|k|),

k1

k2

k3

= �g�2(⌘)
�̄3(k1,k2,k3)

3!
,

k
= �C1(k),

k1

k2

k4

k3

= �g�2(⌘)
�̄4(k1,k2,k3,k4)

4!
,

k1 k2

= �
C2(k1,k2)

2

Figure 1. Example of TSPT Feynman diagrams.

Using the diagrams depicted in Fig. 1 one obtains,

h⇥⌘(k1)⇥⌘(k2)⇥⌘(k3)i
tree = = �g4(⌘)

3Y

i=1

P̄ (|ki|) �̄3(k1,k2,k3) , (3.27)

h⇥⌘(k1)⇥⌘(k2)⇥⌘(k3)⇥⌘(k4)i
tree = +

=g6(⌘)
4Y

i=1

P̄ (|ki|)


� �̄4(k1,k2,k3,k4)

+ �(3)
⇣ 4X

j=1

kj

⌘⇣
�̄0
3(k1,k2,�k1 � k2) P̄ (|k1 + k2|) �̄

0
3(k1 + k2,k3,k4) + perm.

⌘�
,

(3.28)

where “perm.” in the last expression stands for the terms obtained by the exchange

k2 $ k3 and k2 $ k4. We observe that �̄n are identified as one-particle-irreducible (1PI)

contributions to the tree-level correlators with amputated external propagators.

As already noted above, the counterterms Cn have the same order in the coupling g

as the 1-loop contributions. To understand their role, consider the 1-loop correction to the

– 11 –

+
C2
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EFT program

Baumann (2012), Nicolis, Carrasco, Senatore, Zaldarriaga, Simonovic, White, Vlah, Lewandowski,  ++ many more

MI, Simonovic, Zaldarriaga (2019), Philcox, MI (2021) ++
D’Amico, Kokron++(2019), Chen, White, Vlah (2021)

Check out CLASS-PT code see also FAST-PT,  Velocileptor, Spinosourus, 
PiBird, CLASS-1loop, etc. 



EFT: from BOSS to DESI

[km/s/Mpc]

MI, Simonovic, Zaldarriaga (2019), Philcox, MI (2021) ++
D’Amico, Kokron++(2019), Chen, White, Vlah (2021)
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BOSS (our pipeline)
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Planck 2018

DESI collaboration (2024)

DESI adopted EFT full-shape
analysis as a main beyond BAO 
analysis

The most complete BOSS analysis: Chen, Ivanov, Philcox, Wenzl (2024)



Applications

Hubble tension Dark Sectors Inflation

10

WHAT COULD SOURCE THIS?

Cabass, Philcox+22, Creque-Sarbinowski, Philcox+22

New particles! Ghost inflation!

Chern-Simons inflation

No evidence for an 
inflationary source from 
the 18 models we tried!

1. Primordial Sources

▷ New particles in inflation?
▷ Ghosts in inflation?
▷ Gravitational waves in inflation? 

2. Late-time Sources

▷ Modified gravity?
▷ Magnetic fields?

3. Systematics

▷ Wrong covariance / simulations?
▷ Observational effects?

O.Philcox, C. Hill, E. McDonough,  M. Toomey, A. He, R. An, V. Gluscevic, K. Rogers, A. Lague, K. Akitsu, 
G. Cabass, C. Dvorkin, F.-Y. Cyr-Racine, D. Camarena, +++

Check out previous editions of this workshop



New tools



Limits of EFT: breakdown on small scales
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Perturbation theory does not work beyond its 
radius of convergence 

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

No matter how many loops you compute, EFT is a disaster
beyond the non-linear scale: 

e.g. spherical collapse
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Simulations: from hydro to HOD
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Hydro: best we can doSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

But they are expensive Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Cheap alternative: Halo Occupation 
Distribution (HOD)

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Galaxies live in DM halos
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Take halos from N-body

& paint galaxies based
on the distribution motivated
by data or hydro sims, e.g. 

4 B. Hadzhiyska et al.

strong emission lines and are thus unlikely to make it into an ELG-
targeting sample. Better-suited for the ELG occupations is the High
Mass Quenched (HMQ) model, proposed in Alam et al. (2020),
which expresses the mean central occupation as:
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where the new parameters ?max and & control the amplitude and
quenching of ELG central occupations, respectively. The occupation
statistics of the satellites is assumed to obey the standard functional
form of Eq. (3). (For more details on the interpretation of the various
parameters, see Alam et al. (2020).) The model seems to qualita-
tively match the shape of the ELG HOD predicted by IllustrisTNG
(Hadzhiyska et al. 2021b).

In Fig. 1, we show the halo occupation distribution of the LRG and
ELG samples we extract from MTNG at I = 0 and I = 1, at the “low”
(=gal = 7.0 ⇥ 10�4) and “high” (2.0 ⇥ 10�3 [⌘�1Mpc]�3) galaxy
number densities. Each of the panels shows the mean occupation
distribution for the di�erent samples, split into their central and
satellite contributions. The lower panels give the ratio between the
standard deviation of the satellite halo occupations and their square-
root, which is the predicted standard deviation of the satellite halo
occupations provided that they follow a Poisson distribution. This
ratio allows us to explore deviations from the typically assumed
Poisson halo occupation distribution for the satellites.

According to Fig. 1, the shapes of the mean halo occupancy match
well the qualitative form of the Zheng et al. (2005b) and HMQ (Alam
et al. 2020) model predictions for the LRGs and ELGs, respectively.
In addition, the behavior of each galaxy sample is similar for the
two redshifts we consider. Interestingly, we find that as we go from
high to low redshift, the masses of haloes containing an ELG central
shift towards lower halo mass, whereas in the case of LRGs, the
opposite is true. This is a reflection of the fact that haloes become
on average more quenched and more massive as time progresses.
Thus, by I = 0, ELG centrals living in more massive haloes have
already been quenched, whereas those in less massive haloes are still
undergoing vigorous star formation. As we will see in later sections,
this has important implications for the clustering and bias of ELGs.

The most striking finding in Fig. 1 is the evident discrepancy
from the Poisson prediction in the case of ELG satellites, which
warrants careful modeling when populating haloes with galaxies.
At the “high” number density, we see that the inconsistency with
the Poisson prediction of both the I = 0 and I = 1 ELG samples
is roughly 10-15%, which can have significant consequences for the
one-halo term (see Section 3.1.2). The deviation for the “low”-density
ELG samples is less pronounced, at the 5-10%-level, but still more
noticeable than that of the LRGs. Nonetheless, the digression from
Poisson variance for both LRGs and ELGs seems to increase with
halo mass.

While previous studies have similarly found a slight deviation in
the case of red (LRG-like) and subhalo samples (e.g., Jiang & van
den Bosch 2017), to our knowledge this is the first study that demon-
strates that the deviation from the Poisson prediction is much more
noticeable for ELGs (blue, star-forming galaxies). Work by Jiménez
et al. (2019) also examined this question for both star-forming and
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Figure 1. Halo occupation distribution of the extracted LRGs and ELGs
from the MillenniumTNG hydrodynamical simulation at redshifts I = 0 and
I = 1 at two di�erent galaxy number densities, =gal = 7.0⇥ 10�4 (“low,” top)
and 2.0 ⇥ 10�3 (⌘�1Mpc)�3 (“high,” bottom). The top panel of each figure
shows the mean occupation distribution, split into its central (dashed line) and
satellite (solid line) contributions, while the bottom shows the ratio between
the standard deviation of the satellite halo occupations and its square-root
(i.e. the Poisson prediction for the standard deviation). Strikingly, we find
a clear departure from the Poisson prediction in the case of ELG satellites,
which warrants careful modeling of the halo population. At the “high” number
density, we see that the deviation from the Poisson prediction of both the
I = 0 and I = 1 ELG samples is roughly 10-15%, which can have significant
consequences for the one-halo term.
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strong emission lines and are thus unlikely to make it into an ELG-
targeting sample. Better-suited for the ELG occupations is the High
Mass Quenched (HMQ) model, proposed in Alam et al. (2020),
which expresses the mean central occupation as:
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where the new parameters ?max and & control the amplitude and
quenching of ELG central occupations, respectively. The occupation
statistics of the satellites is assumed to obey the standard functional
form of Eq. (3). (For more details on the interpretation of the various
parameters, see Alam et al. (2020).) The model seems to qualita-
tively match the shape of the ELG HOD predicted by IllustrisTNG
(Hadzhiyska et al. 2021b).

In Fig. 1, we show the halo occupation distribution of the LRG and
ELG samples we extract from MTNG at I = 0 and I = 1, at the “low”
(=gal = 7.0 ⇥ 10�4) and “high” (2.0 ⇥ 10�3 [⌘�1Mpc]�3) galaxy
number densities. Each of the panels shows the mean occupation
distribution for the di�erent samples, split into their central and
satellite contributions. The lower panels give the ratio between the
standard deviation of the satellite halo occupations and their square-
root, which is the predicted standard deviation of the satellite halo
occupations provided that they follow a Poisson distribution. This
ratio allows us to explore deviations from the typically assumed
Poisson halo occupation distribution for the satellites.

According to Fig. 1, the shapes of the mean halo occupancy match
well the qualitative form of the Zheng et al. (2005b) and HMQ (Alam
et al. 2020) model predictions for the LRGs and ELGs, respectively.
In addition, the behavior of each galaxy sample is similar for the
two redshifts we consider. Interestingly, we find that as we go from
high to low redshift, the masses of haloes containing an ELG central
shift towards lower halo mass, whereas in the case of LRGs, the
opposite is true. This is a reflection of the fact that haloes become
on average more quenched and more massive as time progresses.
Thus, by I = 0, ELG centrals living in more massive haloes have
already been quenched, whereas those in less massive haloes are still
undergoing vigorous star formation. As we will see in later sections,
this has important implications for the clustering and bias of ELGs.

The most striking finding in Fig. 1 is the evident discrepancy
from the Poisson prediction in the case of ELG satellites, which
warrants careful modeling when populating haloes with galaxies.
At the “high” number density, we see that the inconsistency with
the Poisson prediction of both the I = 0 and I = 1 ELG samples
is roughly 10-15%, which can have significant consequences for the
one-halo term (see Section 3.1.2). The deviation for the “low”-density
ELG samples is less pronounced, at the 5-10%-level, but still more
noticeable than that of the LRGs. Nonetheless, the digression from
Poisson variance for both LRGs and ELGs seems to increase with
halo mass.

While previous studies have similarly found a slight deviation in
the case of red (LRG-like) and subhalo samples (e.g., Jiang & van
den Bosch 2017), to our knowledge this is the first study that demon-
strates that the deviation from the Poisson prediction is much more
noticeable for ELGs (blue, star-forming galaxies). Work by Jiménez
et al. (2019) also examined this question for both star-forming and
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Figure 1. Halo occupation distribution of the extracted LRGs and ELGs
from the MillenniumTNG hydrodynamical simulation at redshifts I = 0 and
I = 1 at two di�erent galaxy number densities, =gal = 7.0⇥ 10�4 (“low,” top)
and 2.0 ⇥ 10�3 (⌘�1Mpc)�3 (“high,” bottom). The top panel of each figure
shows the mean occupation distribution, split into its central (dashed line) and
satellite (solid line) contributions, while the bottom shows the ratio between
the standard deviation of the satellite halo occupations and its square-root
(i.e. the Poisson prediction for the standard deviation). Strikingly, we find
a clear departure from the Poisson prediction in the case of ELG satellites,
which warrants careful modeling of the halo population. At the “high” number
density, we see that the deviation from the Poisson prediction of both the
I = 0 and I = 1 ELG samples is roughly 10-15%, which can have significant
consequences for the one-halo term.
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Simulation-based inference program
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Computational cost is a significant burden even for HODSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Small grid of high-res high-volume simulations:  e.g.  AbacusSummit

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Large grid of small-volume low-res simulations: Quijote

Can analyze only small
volumes ~ 1 (Gpc/h)^3 

© Hanh ++’23

Grid too coarse (80 sims)
for precision statements 

© Cuesta-Lazaro ++’23

Uros’ talk



Beyond - 2pt Challenge

E. Krause, MI ++’24 

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Benchmarking EFT vs Simulation-based inference (SBI)



EFT (PT) vs Simulations
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Both approaches have weaknesses and meritsSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Why not combine them?Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

The best way: combine EFT and Sims at the field level 

Modi, Philcox (2023)Obuljen, Simonovic ++ (2022),COLA, FastPM methods, etc.,



EFT-based analysis with Simulation-Based priors
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential
Problem: need a lot of simulations for large “training sets" 
— small volume 
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b1, b2, bG2 , ...
From the simulations!

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

The simplest way: extract priors on EFT parameters

but small volume = large errors  (cosmic variance)

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Solution: extraction of EFT 
at the field level!

Sullivan, Seljak, Singh’ 21
Schmittfull, Simonovic, Schmidt, Nguen, …

MI, Cuesta-Lazaro, Mishra-Sharma, 
Obuljen, Toomey’24



MI, Cuesta-Lazaro, Mishra-Sharma, 
Obuljen, Toomey’24

EFTMTNG sim

Field-level comparison: MillenniumTNG

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Don’t pay the price of cosmic variance because the 
initial conditions are known!



HOD-based priors
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FIG. 2. The joint distribution of EFT and HOD parameters extracted from 10,500 HOD mocks for BOSS-like galaxies. Density

levels correspond to two-dimensional 1-� and 2-� intervals (i.e. 39.3% and 86.5% of samples). Individual samples are also

shown as dots. They are especially pronounced in the tails.
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Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

>20,000 cheap sims Fit the distribution Priors for EFTxFS

Fitting functions : 
Normalizing Flows,
Gaussian Mixture Models (GMM) 

Chen, MI (2025)

MI, Cuesta-Lazaro, Mishra-Sharma, 
Obuljen, Toomey (2024)



0.12 0.14

!cdm

0.30

0.34

0.38

≠
m

0.6

0.7

0.8

æ
8

65

70

H
0

65 70

H0

0.6 0.7 0.8

æ8

0.30 0.35

≠m

BOSS P`, conservative priors

BOSS P`, HOD-based priors

BOSS P` + Q0 + B0+BAO, HOD-based priors

Planck 2018

MI, Obuljen, Cuesta-Lazaro, Toomey  
(2409.10609)

EFT with Simulation-based priors

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Some of the strongest
constraints ever

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Similar to the full
SBI methods

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Suggests that there’s
no much cosmology
on small scales*

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

But more powerful:
can be readily applied
to any data, e.g. DESI



Tension w Planck (systematics)

Chen, MI, Philcox, Wenzl (2024)

<latexit sha1_base64="tzPjdpZ05gWnjg9LRPYf4a11wIM=">AAAB+XicdVDLSsNAFJ34rPUVdelmtAiuSiLBml3RjcsK9gFNKJPppB06kwwzk2IJ/RM3LhRx65+482+cthGq6IELh3Pu5d57IsGo0o7zaa2srq1vbJa2yts7u3v79sFhS6WZxKSJU5bKToQUYTQhTU01Ix0hCeIRI+1odDPz22MiFU2Tez0RJORokNCYYqSN1LPtAAkh0wfoBYoOODrp2RWn6swBl4jv+zXPh26hVECBRs/+CPopzjhJNGZIqa7rCB3mSGqKGZmWg0wRgfAIDUjX0ARxosJ8fvkUnhmlD+NUmko0nKvLEzniSk14ZDo50kP125uJf3ndTMdXYU4TkWmS4MWiOGNQp3AWA+xTSbBmE0MQltTcCvEQSYS1CatsQvj+FP5PWhdV97Lq3XmV+nURRwkcg1NwDlxQA3VwCxqgCTAYg0fwDF6s3HqyXq23ReuKVcwcgR+w3r8AIcGTWw==</latexit>

⇡ 4�!

6

0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200

k, hMpc�1

1000

1200

1400

1600

1800

2000

k
P

0
(k

)

bestfit

Planck ⇤CDM
P0

0.200 0.225 0.250 0.275 0.300 0.325 0.350 0.375 0.400

k, hMpc�1

700

800

900

1000

k
Q

0
(k

)

bestfit

Planck ⇤CDM
Q0

0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200

k, hMpc�1

�200

0

200

400

600

800

1000

1200

k
P

2
(k

)

bestfit

Planck ⇤CDM

Quadrupole, CMASS NGC

0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200

k, hMpc�1

�800

�600

�400

�200

0

200

400

600

800

k
P

4
(k

)

bestfit

Planck ⇤CDM

Hexadecapole, CMASS NGC

0 10 20 30 40 50 60

triangle index

0

20

40

60

80

10
�

4
k 1

k 2
k 3

B
0

Planck ⇤CDM

B Monopole

0 10 20 30 40 50 60

triangle index

�100

�50

0

50

100

10
�

4
k 1

k 2
k 3

B
2

Planck ⇤CDM

B Quadrupole

0 10 20 30 40 50 60

triangle index

�100

�50

0

50

100

10
�

4
k 1

k 2
k 3

B
4

Planck ⇤CDM

B Hexadecapole

100 200 300 400 500

�

0.00000

0.00001

0.00002

0.00003

0.00004

0.00005

0.00006

0.00007

�C
g
�

�

Planck ⇤CDM

Galaxy-CMB lensing

FIG. S1. Bestfits for NGC CMASS
<latexit sha1_base64="po4OF1GFfywkNcKkxHzPOEjD9Co=">AAACG3icbZC7SgNBFIZnvRtvUUubwSBYhLAbRC01NnZGMCaQjcvs5CQZMnth5qwYln0PG1/FxkIRK8HCt3FyKTTxh4GP/5zDmfP7sRQabfvbmptfWFxaXlnNra1vbG7lt3dudZQoDjUeyUg1fKZBihBqKFBCI1bAAl9C3e9fDOv1e1BaROENDmJoBawbio7gDI3l5ctuWvVckLJ47dnFyhhdhAdMK+dXWfFi5Nylbp/FMaPdzM28fMEu2SPRWXAmUCATVb38p9uOeBJAiFwyrZuOHWMrZQoFl5Dl3ERDzHifdaFpMGQB6FY6ui2jB8Zp006kzAuRjtzfEykLtB4EvukMGPb0dG1o/ldrJtg5baUijBOEkI8XdRJJMaLDoGhbKOAoBwYYV8L8lfIeU4yjiTNnQnCmT56F23LJOS4dXR8VziqTOFbIHtknh8QhJ+SMXJIqqRFOHskzeSVv1pP1Yr1bH+PWOWsys0v+yPr6AQlHoNY=</latexit>

{P`, Q0, B`,BAO, Cg
` }

Reanalysis of BOSS: circa 2024

*DESI BAO DR1



Un-detecting Dynamical Dark Energy: with BOSS
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

the old FS data from BOSS disfavors w0wa even in combination with SNe,
and especially so with the simulation-based priors

Chen, MI (2025)



Comparison with MTNG and Astrid
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

One might be worried that these priors are specific to HOD models

MI, Cuesta-Lazaro, Obuljen, Toomey ++ (2024)

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Selections matching the observed color

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

We validate them on full hydro simulations

Hadzhiyska++ (2021)



Comparison with MTNG and Astrid
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Subgrid physics 
uncertainties: 
can’t predict 
EFT params 
exactly Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Universality: 
correlations between
EFT parameter
trends and corr’s
seem very robust

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

probably we can 
trust them 



Hydro results for ELGs

4 B. Hadzhiyska et al.

strong emission lines and are thus unlikely to make it into an ELG-
targeting sample. Better-suited for the ELG occupations is the High
Mass Quenched (HMQ) model, proposed in Alam et al. (2020),
which expresses the mean central occupation as:
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where the new parameters ?max and & control the amplitude and
quenching of ELG central occupations, respectively. The occupation
statistics of the satellites is assumed to obey the standard functional
form of Eq. (3). (For more details on the interpretation of the various
parameters, see Alam et al. (2020).) The model seems to qualita-
tively match the shape of the ELG HOD predicted by IllustrisTNG
(Hadzhiyska et al. 2021b).

In Fig. 1, we show the halo occupation distribution of the LRG and
ELG samples we extract from MTNG at I = 0 and I = 1, at the “low”
(=gal = 7.0 ⇥ 10�4) and “high” (2.0 ⇥ 10�3 [⌘�1Mpc]�3) galaxy
number densities. Each of the panels shows the mean occupation
distribution for the di�erent samples, split into their central and
satellite contributions. The lower panels give the ratio between the
standard deviation of the satellite halo occupations and their square-
root, which is the predicted standard deviation of the satellite halo
occupations provided that they follow a Poisson distribution. This
ratio allows us to explore deviations from the typically assumed
Poisson halo occupation distribution for the satellites.

According to Fig. 1, the shapes of the mean halo occupancy match
well the qualitative form of the Zheng et al. (2005b) and HMQ (Alam
et al. 2020) model predictions for the LRGs and ELGs, respectively.
In addition, the behavior of each galaxy sample is similar for the
two redshifts we consider. Interestingly, we find that as we go from
high to low redshift, the masses of haloes containing an ELG central
shift towards lower halo mass, whereas in the case of LRGs, the
opposite is true. This is a reflection of the fact that haloes become
on average more quenched and more massive as time progresses.
Thus, by I = 0, ELG centrals living in more massive haloes have
already been quenched, whereas those in less massive haloes are still
undergoing vigorous star formation. As we will see in later sections,
this has important implications for the clustering and bias of ELGs.

The most striking finding in Fig. 1 is the evident discrepancy
from the Poisson prediction in the case of ELG satellites, which
warrants careful modeling when populating haloes with galaxies.
At the “high” number density, we see that the inconsistency with
the Poisson prediction of both the I = 0 and I = 1 ELG samples
is roughly 10-15%, which can have significant consequences for the
one-halo term (see Section 3.1.2). The deviation for the “low”-density
ELG samples is less pronounced, at the 5-10%-level, but still more
noticeable than that of the LRGs. Nonetheless, the digression from
Poisson variance for both LRGs and ELGs seems to increase with
halo mass.

While previous studies have similarly found a slight deviation in
the case of red (LRG-like) and subhalo samples (e.g., Jiang & van
den Bosch 2017), to our knowledge this is the first study that demon-
strates that the deviation from the Poisson prediction is much more
noticeable for ELGs (blue, star-forming galaxies). Work by Jiménez
et al. (2019) also examined this question for both star-forming and
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Figure 1. Halo occupation distribution of the extracted LRGs and ELGs
from the MillenniumTNG hydrodynamical simulation at redshifts I = 0 and
I = 1 at two di�erent galaxy number densities, =gal = 7.0⇥ 10�4 (“low,” top)
and 2.0 ⇥ 10�3 (⌘�1Mpc)�3 (“high,” bottom). The top panel of each figure
shows the mean occupation distribution, split into its central (dashed line) and
satellite (solid line) contributions, while the bottom shows the ratio between
the standard deviation of the satellite halo occupations and its square-root
(i.e. the Poisson prediction for the standard deviation). Strikingly, we find
a clear departure from the Poisson prediction in the case of ELG satellites,
which warrants careful modeling of the halo population. At the “high” number
density, we see that the deviation from the Poisson prediction of both the
I = 0 and I = 1 ELG samples is roughly 10-15%, which can have significant
consequences for the one-halo term.
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strong emission lines and are thus unlikely to make it into an ELG-
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where the new parameters ?max and & control the amplitude and
quenching of ELG central occupations, respectively. The occupation
statistics of the satellites is assumed to obey the standard functional
form of Eq. (3). (For more details on the interpretation of the various
parameters, see Alam et al. (2020).) The model seems to qualita-
tively match the shape of the ELG HOD predicted by IllustrisTNG
(Hadzhiyska et al. 2021b).

In Fig. 1, we show the halo occupation distribution of the LRG and
ELG samples we extract from MTNG at I = 0 and I = 1, at the “low”
(=gal = 7.0 ⇥ 10�4) and “high” (2.0 ⇥ 10�3 [⌘�1Mpc]�3) galaxy
number densities. Each of the panels shows the mean occupation
distribution for the di�erent samples, split into their central and
satellite contributions. The lower panels give the ratio between the
standard deviation of the satellite halo occupations and their square-
root, which is the predicted standard deviation of the satellite halo
occupations provided that they follow a Poisson distribution. This
ratio allows us to explore deviations from the typically assumed
Poisson halo occupation distribution for the satellites.

According to Fig. 1, the shapes of the mean halo occupancy match
well the qualitative form of the Zheng et al. (2005b) and HMQ (Alam
et al. 2020) model predictions for the LRGs and ELGs, respectively.
In addition, the behavior of each galaxy sample is similar for the
two redshifts we consider. Interestingly, we find that as we go from
high to low redshift, the masses of haloes containing an ELG central
shift towards lower halo mass, whereas in the case of LRGs, the
opposite is true. This is a reflection of the fact that haloes become
on average more quenched and more massive as time progresses.
Thus, by I = 0, ELG centrals living in more massive haloes have
already been quenched, whereas those in less massive haloes are still
undergoing vigorous star formation. As we will see in later sections,
this has important implications for the clustering and bias of ELGs.

The most striking finding in Fig. 1 is the evident discrepancy
from the Poisson prediction in the case of ELG satellites, which
warrants careful modeling when populating haloes with galaxies.
At the “high” number density, we see that the inconsistency with
the Poisson prediction of both the I = 0 and I = 1 ELG samples
is roughly 10-15%, which can have significant consequences for the
one-halo term (see Section 3.1.2). The deviation for the “low”-density
ELG samples is less pronounced, at the 5-10%-level, but still more
noticeable than that of the LRGs. Nonetheless, the digression from
Poisson variance for both LRGs and ELGs seems to increase with
halo mass.

While previous studies have similarly found a slight deviation in
the case of red (LRG-like) and subhalo samples (e.g., Jiang & van
den Bosch 2017), to our knowledge this is the first study that demon-
strates that the deviation from the Poisson prediction is much more
noticeable for ELGs (blue, star-forming galaxies). Work by Jiménez
et al. (2019) also examined this question for both star-forming and
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I = 1 at two di�erent galaxy number densities, =gal = 7.0⇥ 10�4 (“low,” top)
and 2.0 ⇥ 10�3 (⌘�1Mpc)�3 (“high,” bottom). The top panel of each figure
shows the mean occupation distribution, split into its central (dashed line) and
satellite (solid line) contributions, while the bottom shows the ratio between
the standard deviation of the satellite halo occupations and its square-root
(i.e. the Poisson prediction for the standard deviation). Strikingly, we find
a clear departure from the Poisson prediction in the case of ELG satellites,
which warrants careful modeling of the halo population. At the “high” number
density, we see that the deviation from the Poisson prediction of both the
I = 0 and I = 1 ELG samples is roughly 10-15%, which can have significant
consequences for the one-halo term.
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Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

require different 
HOD functions: 

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Perfect agreement 
between
HOD and hydro EFT 
parameters
for this tracer as well 



Analytic understanding of EFT params from halo model

Akitsu (2024), Ivanov (2025)

can be used in
analyses Beyond 
SM Physics  

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

can be easily
computed without
simulations

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

~10% accuracy
w.r.t. simulations

Seljak (2000)



One-loop bispectrum 
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Ḡn(k1, ...,kn) = (2p)3d (3)
D (k1...n)Ḡ 0

n (k1, ...,kn) . (102)

Once the tree-level 1PI n-point functions are fixed, the calculation of equal-time
correlation functions proceed by a perturbative expansion of the generating func-
tional (92) around the Gaussian weight. This is identical to the perturbative calcula-
tions of n-point functions in QFT. Just like in the usual QFT, this computation can
be represented in terms of Feynman diagrams. These diagrams are built of vertices
Gn, n � 3, and lines correspond to propagators g2Plin, see Fig. 7. One should also
include vertices corresponding to counterterms Cn, n � 1 in order to subtract certain
UV divergences in loop diagrams. In this sense counterterms appear in TSPT quite
naturally.

To compute an n-point correlation function of the velocity divergence one has to
draw all diagrams with n external legs. It is easy to see that diagrams with larger
number of loops are proportional to higher powers of g(h). Hence, g(h) plays the
same role as a coupling constant in QFT. For the correlators of the density field d
one should use the expression (87) which is akin to an expression for composite
operators in QFT. It gives rise to additional vertices proportional to the kernels Kn;
these are denoted by an external arrow, see Fig. 7.

k
= g2(�)PL(k),

k1

k2

k3

= � 1

g2(�)

1

3!
�̄3(k1,k2,k3)

k
= �C1(k),

k

q1

q2

=
1

2
(2�)3�(3)

D (k � q12) K2(q1,q2)

Figure 1: Example of TSPT Feynman rules.

4 TSPT with primordial non-Gaussianity and Feynman rules

In the presence of primordial non-Gaussianity the initial conditions (3.13) get modified.

One expects now a non-vanishing initial value of the 3-point vertex, �(3)
3 �= 0. The early-

time asymptotics of the PDF become,

lim
����

P[e��̃; �] = N �1 exp

⇢
�

Z
[dk]

�̃k�̃�k

2PL(k)
�

Z
[dk]3

3!
�(3)

3 (k1,k2,k3) �̃k1�̃k2�̃k3

�
.

(4.1)

Substituting this expression into the generating functional (3.3) and taking variational

derivatives with respect to the external sources one derives the correlation functions of the

�-field at early times. The latter are to be matched to the linear statistics. Assuming

that the non-Gaussian contribution is small, as will be confirmed shortly, we can restrict

to linear order in the cubic vertex �(3)
3 and obtain the matching condition,

(2�)3�(3)
D (k123) BL(k1, k2, k3) = ��(3)

3 (k1,k2,k3)PL(k1)PL(k2)PL(k3) . (4.2)

We observe that �(3)
3 is proportional to the linear bispectrum. Let us estimate the size of the

cubic term in (4.1). Taking for the characteristic amplitude of the modes �̃k ⇠
�

PL(k) we

obtain �(3)
3

�
�̃3 ⇠ BL/(PL)3/2. As discussed before, the latter quantity is of order fNLA�

which is much smaller than unity, given the existing bounds on non-Gaussianity. This

justifies our expansion to linear order in �(3)
3 .

The TSPT vertices receive a contribution seeded by the primordial non-Gaussianity,

�n(�;k1, ...,kn) =
1

g2(�)
�̄n(k1, ...,kn) +

1

g3(�)
�̄NG

n (k1, ...,kn) , (4.3)
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Fig. 7 Examples of TSPT Feynman rules.

5.2 Soft Limits and IR Safety

Since we have used the PPF equations as sources in the TSPT PDF calculations,
our resulting expressions for the equal-time correlation functions must be identi-
cal to that of the PPF hydrodynamics that we discussed before. This is indeed the
case. However, the intermediate calculations required to obtain n-point functions are
completely different. The PPF loop diagrams contain unphysical IR divergences that
cancel only when all diagrams of a given order are summed together. In contrast,

Effective Field Theory for Large Scale Structure 37

presented formalism, however, can be used to consistently go for higher loop order without

any obstacles.

Let us discuss some of the advantages of the Wilson-Polchinski e�ective action. First

of all, from Eq. (3.6) we observe that all the counterterms are manifestly local in time. This

is a direct consequence of the factorization of time dependence in the TSPT approach.

The second useful property comes from working directly with the connected correlation

functions �n. This guarantees a consistent renormalization procedure: the counterterm

that cancels a divergence from a certain 1-particle irreducible (1PI) diagram will also

cancel all divergences which appear in any 1PR diagrams that nest this 1PI graph. Thus,

once we have renormalized a particular 1PI diagram, we should not care about divergences

which may appear in more complex graphs involving this diagram; these must be cancelled

by the same 1PI counterterm inserted in an analogous graph. Schematically,

�̄3 �̄3 +

�̄3

+

�(1)�
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The situation here is to be contrasted with the EFT of LSS, where the use of local

in time counterterms spoils the systematic character of renormalization [11]. It should be

pointed out that the TSPT diagrams are di�erent from those appearing in the EFT (or

SPT), only the final answer is guaranteed to coincide in two approaches. Speaking loosely,

the TSPT diagrams contain the EFT contributions reshu�ed in a systematic way.

In the next subsection we will solve the RG flow equations (3.10) at the tree and

one-loop level.

3.1 Tree-level vertices

At the tree level l = 0 we expect the result to match to the usual TSPT vertices that

appear in PPF. This will reproduce the SPT tree-level result. From Eq. (3.10), the tree-
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terterms are required only for the 1-particle irreducible correlation functions.

Tree-level RG matching

It is reasonable to assume that the tree-level vertices (⇠ g�2) for momenta k < L
coincide with those derived from PPF. This is natural as the difference between PPF
and real dynamics should only appear in loop calculations. Thus, we can demand
that the tree-level vertices reproduce the ones from PPF TSPT in the limit L ! •.
An explicit calculation shows that G 0(0),L

3 (k1,k2,k3) = Ḡ 0
3 (k1,k2,k3) and

G 0(0),L
4 (k1,k2,k3,k4) = Ḡ 0

4 (k1,k2,k3,k4)

�
�
H(k12 �L)Ḡ 0

3 (k1,k2,�k12)P̄(k12)Ḡ 0
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�
.

(119)

Note that the L dependence appears for the first time in the tree-level 4-point vertex.
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It is reasonable to assume that the tree-level vertices (⇠ g�2) for momenta k < L
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Note that the L dependence appears for the first time in the tree-level 4-point vertex.

Bakx, MI, Philcox, Vlah (2025)
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Cobra: use SV decomposition 
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bispectrum analysis made possible

To capture BAO need 
around 100 elements
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Now back to DESI
Custom likelihood based on public FS data (DR1) 

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Streamlined treatment of systematics

Fiber collision corrections for B for the first time

Chudaykin, MI, Philcox (2025)++Oliver’s talk on week 6 (probably)

Window-free estimators for P + B 



LCDM Power Spectrum + BispectrumSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Consistent w/ DESI’s P(k) FS. The bispectrum adds a bit of information
and moves Om to Planck 

Chudaykin, MI, Philcox (2025)++



Galaxy biasSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Halo bias relations are not particularly accurate
Chudaykin, MI, Philcox (2025)++



Un-detecting Dynamical Dark Energy
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Independent reanalysis based on public DESI FS data:

Chudaykin, MI, Philcox, to appear 
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Un-detecting Dynamical Dark Energy
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

With the Supernovae!

Chudaykin, MI, Philcox, to appear 
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* tree-level bispectrum

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

This suggests that w0wa is simply a 
statistical fluke. No new physics 
is required at this point



Un-detecting Dynamical Dark Energy
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Kitchen sink (preliminary): 
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Chen, Chudaykin, 
MI, Philcox, to appear 



Summary

e.g. suggests DESI’s w0wa is a statistical fluctuation

Makes a difference for BSM models

EFT-based FS is a highly competitive probe

Non-perturbative information, interface with 
simulations is key to boost constraining power

Huge improvements in the future

Thank you!


