1%1011 nstitute. ~  ~ * e
N :
§ ™ \' marmuc@h@cam us. tecﬁnlon ac.il e
E : ‘ 5
* ‘ ‘ . : "
R : \o * \
” . . \‘ > o) - e 5
. ™ .‘ - -
. \' - - .
* N “ % ¢ ~
- - |
4 \ . LB .
- s * . N ¢ ,

"


mailto:marinucci@campus.technion.ac.il

Bias parameters & Cosmology

Approach: model independent, just assumes Equivalence Principle

Consistency relations: MM, Nishimichi T., Pietroni M., Phys. Rev. D100
(2019); MM, Nishimichi T., Pietroni M., JCAP 07 (2020)

LSS bootstrap & beyond: D’Amico G., MM, Pietroni M., Vernizzi F., JCAP
10 (2021); Amendola L., MM, Pietroni M., Quartin M., arXiv:2307.02117



https://arxiv.org/abs/2307.02117

Equivalence principle

Consistency relations

Exact equalities among correlation functions of different order

(Peloso M., Pietroni M., JCAP 2013,
Kehagias A., Riotto A., Nucl.Phys. 2013,

Creminelli P., Norefa J., Simonovié M., Vernizzi F., JCAP 2013)
(5x1,7))...80x,,7.) | @) = (5%, 7)...0% . %))

Effect of long modes on linear scales
— Equivalence Principle (or Galilean Invariance)

(6 (q,7)8,k,,7,)...0,k 7))o= — P;(q,7) i
g\ v] g q—0 L lzzl D(T) qz

(8,(Kps 7)) .8, (Kys 7))



CR and BAO

e MM, Nishimichi T., Pietroni M., Phys. Rev. D100 (2019)

e MM, Nishimichi T., Pietroni M., JCAP 07 (2020)




CR and BAO

e MM, Nishimichi T., Pietroni M., Phys. Rev. D100 (2019)

e MM, Nishimichi T., Pietroni M., JCAP 07 (2020)

Equal-time squeezed limit

ke, ke 2 MlogP, (k ’
i Buaa@oke k) [ g WlogPo®) (g)
q/k—=0 Paa(Q)Paa(k) ba(Q) d lOg k k
Unchanged by Peloso M. and Pietroni M., JCAP (2013)

Kehagias A. and Riotto A., Nucl. Phys. (2013)
Baldauf T. et al., Phys.Rev.D (2015)

'BAO

nonlinearities!



CR and BAO

e MM, Nishimichi T., Pietroni M., Phys. Rev. D100 (2019)

e MM, Nishimichi T., Pietroni M., JCAP 07 (2020)

Equal-time squeezed limit

ke, ke 2 MlogP, (k ’
i Buaa@oke k) [ g WlogPo®) (g)
q/k—=0 Paa(Q)Paa(k) ba(Q) d lOg k k
Unchanged by Peloso M. and Pietroni M., JCAP (2013)

Kehagias A. and Riotto A., Nucl. Phys. (2013)
Baldauf T. et al., Phys.Rev.D (2015)

'BAO

nonlinearities!

{ In presence of a scale like the BAO, the oscillating part of the :
- derivative is enhanced by a ~ krg,, factor, we can isolate it §
to verify CR and measure bias



CR and BAO

N-body simulations: redshift space w/ biased tracers, MM+ (2020)

Multipoles + Kaiser
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CR and BAO

N-body simulations: redshift space w/ biased tracers, MM+ (2020)
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LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)




LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)
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LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)

K, (q; ---.q,) 67(qy)...6"(qy)

SYMMETRIES



LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)

a’3q d3q
5(”)k=J IJ K (q,.....q.) 6D(qy)...60
{00 = | 55 | s 2 (a5 - 9,) 6D(qy). .6 (g,)
k
— (n)
5z‘k

SYMMETRIES

Homogeneity and isotropy

Mass and momentum conservation (only
for dark matter)

Equivalence principle



LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)

3 3
Pq, ~3 5U(Kk) = J 44, J 4y K, (q; ---.q,) 67(qy)...6"(qy)
¢ Q2n)} ) @Qn)3 " ) ’
g0‘12
k
— (n)
O
¢qn—1
Pq, @ Equivalence principle

Leading Order: single momentum
going — 0



LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)

3 3
Pq, ~3 5U(Kk) = J 44, J 4y K, (q; ---.q,) 67(qy)...6"(qy)
¢ Q2n)} ) @Qn)3 " ) ’
g0‘12
k
— (n)
O
¢qn—1
Pq, @ Equivalence principle

Leading Order: single momentum
going — 0



LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)

d? d?
¢ 5™k =J ! J Tk (qi.....q.) sD(qy)...60
Pq
k
L
5l‘k
¢qn 1
Pq, @ Equivalence principle

Leading Order: single momentum
going — 0

Next-to-Leading Order: sum of two
momenta going — 0



LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)

d? d?
¢ 5™k =J ! J Tk (qi.....q.) sD(qy)...60
Pq
k
L
5l‘k
¢qn 1
Pq, @ Equivalence principle

Leading Order: single momentum
going — 0

Next-to-Leading Order: sum of two
momenta going — 0

Next-to-Next-to-Leading Order: sum
of three momenta going — 0



LSS Bootstrap

Kernel at second order

lq,+q,1°q; - q,

Kl(ql) — CO ﬂ(ql’ q2) —

29193
2
Ky (1. 9p) = ¢ + ¢5(q1, qp) + ¢,7(q;, ) ) = 1 (‘h ‘ q2>
q1 92
49 99
2,qpd) = ——— ———
qi q;

96 C Leading Order
{ ,% 74 ’ }/} Mass+momentum
conservation (matter)

Only 3 parameters left! Only 1 parameter left!
(tracers) (matter)



LSS Bootstrap

Kernel at third order

Ks3(4y, 43, 43) = ¢ + ¢,17(d;, Ap) + €,07(q 12, 3) + ¢5.0(dy, Ap) + c50(q12, q3)

+¢,,7(d1: )7 (d12- 43) + A1 D)1 G3) + €,57(d) 42)A(A12- G3)

+¢5,(d1, 42)7(d 2, Q3) + (ca + Gt (A1 Q) + Q. q2>) (412, 43)

%9 %%29%9%29 C}/}/a %9/%9 ﬂ}/a%a C}/aa %}

Leading Order Next-to-Leading Order Mass+mom. conservation

Only 4 parameters left! Only 2 parameters left!
(tracers) (matter)



LSS Bootstrap

In redshift space at 1-loop for the PS and tree-level for the BS we are mostly
sensitive to the time dependent function that appears in the 2nd order
kernel

B(qy, 42, 93) = 22,(q)Z,(42)Z5(4y, 92)P;(q1)P((g,) + 2 perms.

Z,(41, Q) = K5(qq, Q) +f15,Go(q, Q) + - -

T~

Gy(qy, 92) = 20(q;. q») + d,7(q;, q)

We can detect deviations
_ ANCDM _ JgACDM
f=r (I + 8f) dy — dy (I'+ gdy) —  from ACDM in a model-

independent way!



LSS Bootstrap

Euclid-like Forecast

LEGEND
mm PO+ pR2) 4 p@)
mm 300 4+p20
PO+ p@) 4 p@) 4 g0.0) 4 g2.0)

50

bs

-5 0 5 10 -50

bs
-30 O 30

MM, Amendola L., Pietroni
M., Quartin M., in preparation

-1 o0 1

Edy



L
LSS Bootstrap

Euclid-like Forecast

nDGP, Q. = 0.05
nDGP, Q. = 0.2

wo=-09,w,=025 § A new dimension to

wo=—-15w,=0.4 ¥

0= ~0.04 { constrain beyond-ACDM 1§

MM, Amendola L., Pietroni
M., Quartin M., in preparation




Conclusion and outlook

* Model-independent approaches cover a large variety of existing models
* Beyond-inflationary+ ACDM physics (?)

+ CR and BAO approach will be used within Euclid collaboration

* Bootstrap already implemented in PyBird (ongoing MCMC on sims)

» Implementing the Bispectrum (with M. Peron)
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Backup slides



Equivalence principle

Short modes

Equivalence principle: Fall
in the same way

Long modes .,




CR and BAO

N-body simulations: real space w/ biased tracers, MM+ (2019)
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CR and BAO

Euclid Flagship simulations (Euclid coll.+, i

im
glk—0 P.q)P(k)

B(q.k. k)  u®dlogP(k)

b, dlogk

Qmax = 0.0

n prep.)

1 h/Mpc
02 h/Mpc
p

Qmax = 0.03 h/Mpc

>0 0O T
S X =
< =

Preliminary
results!

0.10
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LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)

Equivalence principle

Leading Order: single momentum
going — ()

Next-to-Leading Order: sum of two
momenta going — 0

Next-to-Next-to-Leading Order: sum
of three momenta going — 0



LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)

Equivalence principle

Leading Order: single momentum
going — 0



LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)

Equivalence principle

Leading Order: single momentum
going — 0

. ql ) Qn,m qm ) Qn,m 1 "
Iim Kn(ql’ ...,qm, qm+1, ’ql’l) = > > Kn—m(qm+la ceey qn)+ 0<<_> )
q---.9,—0 9i Din 7



LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)

Equivalence principle

Next-to-Leading Order: sum of two
momenta going — 0

. kK-qp
llm Kl’l(ql’ q29 q37 seey qn) 2 ) Kn—Z(q3’
q;+q,—0 di>

n
qn)J dn’ fL(n")

D.(n)*

D+(’7)2

G>(q;,.95:7")



LSS Bootstrap

e D’Amico G., MM, Pietroni M., Vernizzi F., JCAP 10 (2021)

Equivalence principle

N.7Lto-Leading Order: sum of [
momenta going — 0

[
, k-Qo (" D,(n)
lim K,(qp, - qp qQrpqs -5 q) D 02 J dn’f+(n’)< - Gy - @ 1K, (Qpggs -5 Q3 1)

Q;0—0 1,0 D +(77)



