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Bootstrap approach

0(x,7) =W (x,7) + 6P (x,7) + - -
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What is the most general form of F, that is allowed by the symmetries?

see Matteo’s talk from Monday
2

D’Amico, Marinucci, Pietroni, Vernizzi, 21
see also Fujita, Vlah 20



EdS vs bootstrap, an example

In EdS approximation:
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can reach a difference of a few percent



Extended Galilean Invariance (EGI)

T—=T, X—>X=x+d(7)



Eulerian vs

A nonlinear transf. of the overdensity field
O(x,7) = d(x —d(7),7)

connect kernels at different order

lim FQ(p17p277-) . . .2p2 Fl(p277-) - O(p
p1—0 P1




vs Lagrangian

In Lagrangian PT

0(x) = /d3q5D(X —q—%(q,7)) — 1

Extended Galilean Invariance (EGI):

Y(a,7) = Y(q,7) +d(7)

A linear transformation of the displacement field



How to build higher-order displacement?

Extended Galilean Invariance (EGI):

v (q,7) = v (q,7) +d(7)

v (q,7) = " (q,7), n>2

Assuming no initial (transverse) vector ()% = 3*,(1)& no new scale

Basic building block is linear scalar potential fields with 2 spatial derivatives
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Displacement field at n-th order - 2nd order scalar

EGI + rotational invariant + no new scale

(2) CORRCOBMPRICORNC)

Pii — CP 1 ¥jj 1 Pl

For matter, impose mass conservation / Pr 5(x,7) =0 = / dq o' (q,m) =0

(2) 1( 1, (1) (1) <1>)

Pai = 5 \Pu ¥~ PPl

Therefore gb(2)(q, T) = 6(2)(7)90(2)((17 T)



Displacement field at n-th order: n > 2 scalar

3rd order
E =l et e e N o
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structure of the Galileons ...

4th order: there are 5 operators

1 |
90é43z = 5%0,(11]') (Ejmnv,(li)zn + Elm”vff’ﬁf)

start to have contributions from the transverse vectors
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Extension to biased tracers

In this formalism, the biased tracers move as

“additional mass non-conserving displacement”

5t(X7 77—) . /dgqéD [X —q— ¢(q7 77_) R ¢t<q7 77_)] — 1

“Resummed Lagrangian bias (in prep.)” 11



Example of mass-non conserving displacement

In this formalism, the biased tracers move as

“additional mass non-conserving displacement”

3
sux,,7) = [ da00 b~ a = b(a, 1) i@, 1) - 1
Example: at 2nd order, both operators are allowed separately

2 2 2 2 2
P (q,7) =0 ()P (q,7) + b5 (7)p$P (q, 7)

where V290§ ) = 90,(11)90,(]]) and v290;2) == 90,(13)90,(1.7)

“Resummed Lagrangian bias (in prep.)” 12



Conclusion

Lagrangian bootstrap approach, in the case of matter,
have been developed

Requirements have been identified

Generic structure of displacement fields up to 6th-order
and an algorithm

Beyond GR/LCDM

Multispecies

EPT vs LPT bootstrap relation

Redshift space

NEXT: biased tracers, field level analysis, correlators, ...
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Thank you!



Additional slides
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The (transverse) vectors contribution

Starts to be generated at 3rd-order

(3)i _ iin (2) (1)
Vkk — ¢ ¥P51%n

In general

vin = €YY

We note that "¢, ") "% M7 g forbidden by momentum conservation
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Multispecies

Two cold DM species ‘o’ and ‘f’,

with relative abundances W ,0,, such that W, +0,= 1

X =(qq T+ wa(qa) — g3 - %z(qﬁ)

EGI constraint: potential with one spatial derivative terms are allowed

(2),rel __ | (1) (1) (1)
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Multispecies - 2

So, these new terms are generated

PP = o e )
2)k 2),rel 2),rel
Pt = e () (T)Pain

Momentum conservation gives non trivial constraints

/d3q (ww&”k +w5¢g)k) 0 — wacgoz,rel BCS[; el
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Multispecies - 3

Transverse vectors are generated at second order
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Uik = € Po 18 jn
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Modified gravity

In Horndeski theory, the Poisson equation is modified into

B_énbe, . 0?®,(x,7) 0?®y(x,T)
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V2d(x,7) = gofHQQmé(X, T) +

The additional terms respect mass conservation

— N0 new terms are being generated
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