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Dark force model

Yukawa interaction
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Dark force model
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Dark force model

Yukawa interaction
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: Perturbative regime: f < 1
e Only new params: f, m,,
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Mediator background evolution
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Mediator background evolution
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Observables: CMB

Massless mediator
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Observables: CMB

Massless mediator Massive meditator
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Observables: Power spectra

Massless mediator
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Observables: Power spectra

Massless mediator

Massive meditator
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Results

)‘go (Mpc)
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Conclusions

 We studied the effect of long-range attractive scalar force between DM

 Mediator evolution is crucial to understand cosmology of Dark Forces

» Bounds valid for ranges up to 100 kpc, factor 5 stronger for m(p/HO ~ 107

. f < 5% 1072, forecasted +FS: f < 1077

« Outlook: iff, < 1/8, O(ff,) > @(ﬁfj log): need to change EFT+PT structure!

- Outlook: matching mediator to fluid for m, > H,

Marco Costa (Perimeter Institute), New Physics from Galaxy Clustering
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Massive mediator details
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Time dependent background: tested via atomic clocks
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Corrections to coupling strength Corrections to 1/r
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A step back: new baryonic forces
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What do we know about DM forces?

5, =5, — 5, Om = J0 *Jp0%
@ @

We will actually see there is another
unforeseen effect: mediator

1 background time dependence!
(p(D))
L (o)

- (o)

v
@

EP violation: sensitive to a5 , # a5,

A
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What can cosmology measure?

 Background time dependence: CMB, BAO

» Total clustering o, :

» EP violation 0, :

Marco Costa (Perimeter Institute),

Full shape Power spectrum

Higher point functions
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Why now?

Galaxy clustering data will soon be available, need to properly model for BSM!

~ ]2

(S /N )CMB ™~ 1¥modes,CMB max

CMB anisotropies are 2D info!
Limited by small scale noise

(S/N)LSS ™~ {¥modes, LSS k3 Vol

max

Galaxy clustering provide 3D info!
Limited by theoretical modeling!

Marco Costa (Perimeter Institute),

Sailer et al. 2016
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Particle motion

dx* dx*

Sx = — Jm%(s) dr = — Jd /IZ(S) —8

dA dA

— V'Y

NR “geodesic” jc'i

Change in EOS: —
different redshift! % X m)( (S)n)(
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Full relativistic geodesic
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Perturbations: Boltzmann equations

5)(,[9 — p){,b/ﬁ;(,b — 1 (9)(,19 — Vivi b
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Linear solution

Fifth force 1

Background correction

/

m 1771

- | 1 ZD
6r<1><k> D{\rgDM 1+§ /fo 8 : 5
| ) G
~ 0(10)

Total matter growth is log-enhanced compared to naive expectation
EP violation effect non enhanced!

Marco Costa (Perimeter Institute), New Physics from Galaxy Clustering Il 24



Toward the non-linear galaxy Power Spectrum

To properly model full shape modes k >~ O.2hMpC_1 we need to properly
compute mild non-linearities and relate matter to galaxy

1. Bias expansion to compute galaxy field 5g

2. Perturbative loop expansion of Boltzmann equation
3. EFT counterterms to account for deviation from ideal fluid  ©arascoatal2012, Baumann etal 2012

4. Redshift space distortions

Th|S has been dOne assuming CDM Cosm0|ogy D’Amico. Lewandowski, Senatore, Zhang et al
lvanov, Philcox, Simonovic, Zaldarriaga et al
What about new forces”?

Marco Costa (Perimeter Institute), New Physics from Galaxy Clzqstering 1l



LSS Observables

Galaxy Power Spectrum

P, not directly Pg(?a Z) ~ < 5g(?9 Z) 5{?(_7, Z)) Galaxy over density :

observable... “Composite” Field

6
5. =1o.+(1=£)5, = | 1+—=p1 /7) | DEPM()6.(k
Fundamental " ]} £ ( ]}) b ( 5'6 f)( og(zeq Z)) 1m (Z) ()( )

fields: . :
5. =6 — 6, = BE.DPM(ANS(k Negligible feature if
T 0 'BJS{ im - (2)%K) f,>1ogz.,/z =~ 1/8
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LSS Observables

o, =n,/n,— 1
Galaxy Power Spectrum 8 8.8
P, not directl 1 7 7 Gal densit
. hot directly ~ - . alaxy over density :
observable... Pg( k ? Z) <5g( k ? Z) 5g( k ? Z)> “Composite” Field
5, =1.5,+ (1 —f)5, = 1+9ﬁf210g(z /2) ) DEPM(2)8,(k)
Fundamental " 4L s 5774 cq Im 0
fields: - :
5 =0 —5, = DEPM NS (F Negligible feature if
r 4 b :B]S( 1m (2) ()( ) £, > logze/z =~ 1/8
Bias expansion: based S5 = b.S ) b0 bZ 52 h(K.S 2
on symmetries of theory g~ “1¥m i rer T 0-'r T 7 m T S( I m)
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LSS Observables

o, =n,/n,— 1
Galaxy Power Spectrum 8 8.8
P, not directl 1 7 7 Gal densit
. hot directly ~ - . alaxy over density :
observable... Pg( k ? Z) <5g( k ? Z) 6g( k ? Z)> “Composite” Field
5, =1.5,+ (1 —f)5, = 1+9ﬁf210g(z /2) ) DEPM(2)8,(k)
Fundamental " 4L s 5774 cq Im 0
fields: - :
5 =0 —5, = DEPM NS (F Negligible feature if
r 4 b IB]} 1m (2) ()( ) £, > logze/z =~ 1/8
Bias expansion: based S5 = b.S ) b0 b2 52 h(K.S 2
on symmetries of theory g~ “1¥m i rer T 0-'r T 7 m T S( I m)

Example: tree level P, real space Pg ~ blszm ~ b12 (1 : 152 ,Bf)? log (Zeq /Z)) P,%DM(k)
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Second order kernels

0= O [ 1),

k
vhere ¢ =
Pl =i o)+ 2 4 (B 1)
Fy. o(ky, ko) = b Fo.(ky, ko) — bl%(l (k;glé:;p) ok gbm,. + gbm((k;glé:;h ;>
‘”:”QGQ"(“““”* gbwklékQ(klf ’ klg) N gb“* g”f‘((k}c%gQ fl’:)
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Computing Non-linearities with 5F

S e —— p—

At non-linear level 5th forces symmetries = CDM
* symmetries at O(f log)

|
|

« Can use existing pipeline as PyBird for BOSS Pg w. RSD and FishLSS for
Fisher Forecast

D’Amico Senatore Zhang 20

Sailer Castorina Ferraro White 21

 Use CLASS with 5fth Force (2204.08484) for P,
» (Also RSD kernel is the same at O(f log)!)

. 6 CDM pars (Q,,Q,, Hy, 7,n, A) +  +(CT, biases, SN)x z bin

Marco Costa (Perimeter Institute), New Physics from Galaxy Clustering 25



Results
FS@1-loop+EFT, RSD

. <5 0.015 @95%

. (w.reco): f# < 5% 1072

 + BOSS FS no improvement: strong
degeneracies between 3, b

* Future surveys FS will improve bound!

. +Euclid: # <2 x 1073

. + PUMA+MM: < X 1073
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/ Present+(P;)uclid
. Present+(By + P,)guctia (KL, = 0.11 h/Mpc)
Bispectrum J \
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Multi-tracer Bispectrum

Real Space, Tree level

AAB— . T A=\ SALNSB( T g i A
BMB(G, K, K ~ (830 8A(K)oE(K ) A e
. ¥

* Violation of EP: squeezed limit pole

(different infall rate in long mode bkg)

Not | h AB™(4 K, k) q-k ApALB _ 1BLA
* Not log-enhanced (as expected) PCDV(0) PCDV(0) ~ fFf, " bbb’ — bPb)
. Still subleading forf ~ 1 not enough

modes, pole cutoff by k.~ 1/V1/3
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Energy density evolution

10 1000 10° 107
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Different models

Model

:
SX

(super-renormalizable)
5 2,2
J,

(marginal)

1 n 2
n!
(non-renormalizable)
Marco Costa (Perimeter Institute),

0 log m(s)

0s

Small Siyy;
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Naturalness of light mediator

msp 5 H() Y 10_33 eV

X
2 9%) 2
e . Sl «
. L M (47T)2mx ~
X

0.01

My S e mgaMPI)l/Q ~ 0.02 eV (
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Power spectrum details

LIOE 5 —0.005 Feq ‘:
: my,/Hy =0.1
When m,, > H mediator behaves like ULA = 1'05_' -
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Computing Non-linearities

————

Also at non-linear level (loop, EFTofLSS
Dark force = CDM symmetries at

« Can use existing pipeline as PyBird for BOSS Pg w. RSD and FishLSS for Fisher Forecast

Sailer Castorina Ferraro White 21

» (Also RSD kernel is the same at O(f log)))

D’Amico Senatore Zhang 20

Marco Costa (Perimeter Institute), New Physics from Galaxy Clustering 3



LSS only results

« BOSS FS + BAO with no n

prior comparable with CMB
alone bound
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1D analytic estimates

° ﬂ2o-,P X (kmin/ kmax)L5

2.2 |

° ﬁZa,B X (kmin/ kmax)
. B, ~ P, when k,, 2 0.2h/Mpc .
: need 1-loop computation! 0001,
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HO tension

Marco Costa (Perimeter Institute),
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DESI bestfit
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