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OUTLINE

e Overview: the landscape of modified gravity.

® Details: parameterised tests.

= theory

= opbservations
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WHY TEST GRAVITY?

- Cosmic acceleration, i.e. dark energy.
Replace / explain the cosmological constant?

- Cosmological scales >> scales of precision tests.
Test extrapolation over 16 orders of magnitude(!)
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LOVELOCK'S THEOREM (CLIFTON VERSION)

“The only second-order, local gravitational field
equations derivable from an action containing solely
the 4D metric tensor (plus related tensors) are the
Einstein field equations with a cosmological constant.”
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2.PARAMETERISED METHODS




PARAMETERISED ACTIONS

1. Determine a sensible set of ‘building blocks':

6 = (QW, Q, ff, qW)

| —

metric new fields

2. Taylor expand the gravitational Lagrangian:

_ 1
L~L + Lg, 00, + §L@a@b5@a5@b + ...

l ' |
OL Gives us linearised
00, grav. field equations.




PARAMETERISED ACTIONS — THEORY

3. Write down an action containing all possible combinations of
the building blocks = ~ 70 terms!

Each term comes with an unknown coefficient.
09,5 /d4az Vv — [ (1) 59; 59? + ...
+ Lgog(t) 6g;5 0°6g% + Lgg(t) 6goo 6g™ + ...

+ Logog(t) 9°6¢ 0,00 + Ler(t) 00dR  + ..

-+ usual fluid matter sector



PARAMETERISED ACTIONS — THEORY

4. The action must be coordinate-invariant + a few other
physical restrictions.

= Enforce linear diff symmetry: 2% — 2 + €V

} .
el = (7T, 87’6)

terms linear in
O, 0goo, OFj; etc] X (T‘- Or E)

must vanish

= 52S — 525 +

Invariance of action under a non-dynamical symmetry gives a
set of constraint relations.
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Write down an action containing all possible combinations of
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SIMPLEST CASE — HORNDESKI THEORY

M(t)°

= /dSLE dt o’

_R(4D> + ap(t) do (\/ER/cﬁ)

- oax (t)H25N2 1+ 4oy (t)H5K5N"— just pieces of metric

T (t) . speed of gravitational waves, c% =14+ ap.
QK (t) . kinetic term of scalar field.

QB (t) . “braiding’ — mixing of scalar + metric kinetic terms.

1 dln M?=(t) | |
ay(t) = : running of effective Planck mass.

H dt




THE ALPHA PARAMETERS

cuscuton (wx # —1)

quintessence 1, 2] (1—Qn)(1+wy)

k-essence /perfect fluid  [45, 46] (1=$2m)(1+wx)

¢z

m2 (nm } f""a)
H2MZ,

kinetic gravity braiding [47-49]

galileon cosmology [57] — 303, H?r2e2¢/M

OZ.KUJ)C K
H2M?2

l BDK [26]

metric f(R) (3, 72] \ %

MSG /Palatini f(R) (73, 74] 302 ZHQ

f(Gauss-Bonnet) [52, 75, 76] : H(I{t{'; ffég) 52 f{ég

Bellini & Sawicki (2014)




THE CURRENT STATE OF PLAY

20 constraints:

0.24<ag<2.32
-1.36 < auv < -0.13

36 -15 -0.81 -0.11 0.59
aM(z=0)

Bellini et al., 2015.



ONGOING & FUTURE EXPERIMENTS




FUTURE CONSTRAINTS

S4+SKALIM ~ — SA4+LSSTy, 54 = CMB experiment.
— S54+L55T4, —  S441SST6,+LSSTy,

LSSTOg = galaxy clustering

LSSTYg = weak lensing

IM = intensity mapping
(radio emission survey)

Alonso et al. (2017)
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"CONCLUSIONS’

1. Method applies beyond scalar-field models.
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"CONCLUSIONS'

1. Method applies beyond scalar-tield models.

2. We have codes!

xXIST - Mathematica routines for linear Scalar Tensor theories.

Available from https://github.com/noller/xIST .

We're working on a version of: =~ 3iTiREiTE

‘Hi_classl

. S ow u

. ooTisL. . Zumalacarregui
ST etal (2014).
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