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Abstract: <p>Alternative theories of gravity are popular aternatives to the LCDM model because they can self-accelerate without a cosmological
constant. On smaller scales, consistency with solar system tests of gravity is achieved by utilising screening mechanisms, which act to hide
fifth-forces locally. This makes them difficult to distinguish from general relativity. In this talk 1 will describe recent work using astrophysical
objects---stars, galaxies, and clusters---as new and novel probes of alternative gravity theories.</p>
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Wl’ly studg alternative gravitg

theories?

e Dark energy candidates (exPlain comic accelerzation) "

L Gravitq onlg tested N solar sgstem an& Pulsars

e i et S ~ ey o

e (New class of field theories not Previouslg lmown)
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Dark energy

f +G;u/ S 87TG(Tm 137 +TDE;1,V) ;
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Dark energy

f _l_GJU«V = 87TG(Tmp,u +TDEMV)

\ 1T

" New gravity tlﬁeorg Nov/ maties
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Dark energy

f +GPW == SWG(Tmuu_I_TDEMV)

j New gravity tl’]ﬁOl‘H NEw mlatter

\
} e | ots of freedom in genera] models
|
|

® ut the simplest are modimed gravi eories
All but th Pl t dified gravity th
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Completeness

f Gravitg 1S onlg tested to Pos’c—Newtonian level:

[t Solar sqstem - Newtonian and Post-Newtonian

o Binzarg Pu|sars ~ Post~Newtonian

SR S —

Need alternative Preclictions to test gravitg
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| ocal tests

E.g. Cassini measures ligﬂt bending ]39 the Sun
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| ocal tests

E.g. Cassini measures Iigﬂt If)encling by the Sun

ds? = (-1 + 2GTJM)dt2 + (1+ 27GTM) dz?
, vy —1| <107°

“How much space is curved bg a unit rest mass”
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What do local tests mean?

% GR:

| V&N = 47Gp = —Voy
f

¥

. Field equa’clon Force law
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What do local tests mean?

f New scalar graviton:

GR:  V2@yN =47Gp Fn =—-Voy
- MG V2¢ = 8raGp Fg =—-aVo¢
| F,
} ¢ = 20PN = —> = 207
| N

Eaci 0 <1070 = Theory is GR on all scales
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Screening mechanisms to the rescue

( Non-|inear CF‘FCCtS CJCCOUPIC COSIT!OIO%iCEE] SCEB]CS

Frorn the solar sqstcm

| soiar sgstem BStI"OhLJSI’CS

.SCT'CCﬂéd Partlallg SCF(?,CF]CC] UI"ISCFCCFIC‘CJ

— ——— e —e —
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The Problem with MG

| GR is enough:

V¢ = 87Gap
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What do local tests mean?

| New scalar graviton:

GR: V2(I)N =47 Gp Fn = —Vody
. MG:  V?¢p =8maGp Fg =—-aVo
F
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The Prob‘em with MG

| GRis enough:

Vg = 87Gap
A

Kill of source

|

|
|
|

Change kinetic term

Vainshtein Chameleons

— s ——— — ——. e
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" The Vainshtein mechanism

(Cl’lange kinetic terms — = cubic galileon:

) = 8anGp

e ——————— b + it =

2 dr (””‘b
T

. Poisson Non-Poisson Poisson

— — e S— BR—
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o ~ O(1)
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Vainshtein Mechanism

f We can integrate this once: T = Fs
I= — FN
4-XT 3
b= (—) 1 = 20"
(6

| &
| T<<Tv:>—5=2a2(L) <1
f ?N TV
&
| r>ry = — =2a%~ 0O(1)
| T

ryV. .~ Vainshtein radius

—— e R B YR AR T T e — — e — e
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Vainshtein screening

Screened Unscreened
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Unscreenecl

Screened
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Vainshtein breaking

d® GM(r) T1G d°M(r)
M a2 dr?

;. Stars and satellites behave digerentlg
|
E s < Tl 5. 0O@

/ 3
No stable ste“ar conﬁgur atsons Saito et al. 2015

— - ——
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Vainshtein breaking

| d¥  GM(r) 5Y>2G dM(r)
| dizis. 4r dr

.‘ l_ight bends C}hclcerentlg

—00 < Th < 0




EfHective field theory

f 5, functions that control linear cosmolo&g

NR Probes combinations of three of them:

5 402
Tl . H
| gl +ap) ol
|
, T, — 4a<H(0zH o (YB)

5(c:(1+ ap) —ag — 1)
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This talk: astro[:)hysica| Probes

r e Stellar structure
e Galactic rotation curves

° Galaxg Clusters

e Dwa nc stars
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by rion T el T AN I o oIEER SR Srl ] (Y | [0
CAars burn M-l-.."_l-vu" Stave uju-h-‘1'_-1|\|‘|-_|.||..J”\|'.* uruj“ D5

U Ly | Byl ey g S
the burnine rate

uminosity and life time
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Stellar structure tests

Main idea:

e Stars burn fuel to stave off gravitational co”apse

o Changinggravitg changes the buming rate

SR S —

o This alters the temperature, |uminosit9 and life time
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Gravitg onlg eftfects the I‘ngcjrostatic

ec]uilibrium equation

ge - GMir)plr) "Y1Gplz) d? M (r)
4 e 4 dzs
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Vainshtein stars

ir Gravitq weaker

Slower burning rate

Dimmer and cooler stars that live longer

e o — e —e T ——
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|

Pol gtropic stars

p:Kp'”’T“

Polgtropic index |

® n=3%-main sequence, white dwarfs
e n=15-~-convective stars, high mass brown dwarfs

* nNn=]-~ IOW mass IDFOWﬂ ClWE&FFS
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Mass~G~Luminosit9 relation

', pkT 1
‘ P as R AT T Pra —_ T4
| g a= 30

{ Cids pressure — L oc GAM3

Radiation pressure — LxGM

e e ————ei b it =

High-mass stars are more radiation Pressure-supported 1

— e ———— — ———. e
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Koyama & JS 2015

Vainshtein Polgtrol:)es
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| Koyama & JS 2015

|

PR S

540

SR e —

Log L

2.0

0.5

0.0

M=1M, Z =0.02 @ = solar age
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Rotation curves

| Circular velocntq: vE =

( o circ dr ’
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Rotation curves
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Vainshtein rotation curves
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Galaxg cluster tests

Ve are hydrostatic and lensi ass:
r ompare hydrostatic and lensing mass

d.P s G]\/-/[hy(h'o/)
ke =

Probe using X-raq brightness

d(®+0) 2GMwL
dr 5 r2

Probe using lensing

e i et S ~ ey o

GR: Miens = Mhydm
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Galaxg cluster tests

( GR: Mlens = Mhydro
| & 8
MG Mlens == Mhydro - §7T'rspsf(_a Tla TQ)

S

Non-agreement Probes gravitgl

Sakstein, Wilcox, Nichol, Koyama, and Bacon to appear
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Cluster tests

0.93
T 01105

‘{ Ts _0,22+1€§

' Note: This aPPhes at redshift Q5%

e e - - ———
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Cluster tests

0.93
T 01105

‘{ Ts _0,22+1€§

' Note: This aPPhes at redshift Q5%
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- 4 stars
- ® exoplanets
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JS 20158

Brown dwarfs — the radius Plateau

- Y —

-
R. '

{ 0.20} |

|

| Tl 0.15 |

- p—o01- 2 R

5[ ’)/(Tl — 0) »

|

!

% 0.05}

| 0.6 0.4 02 - 032 | |




Pirsa: 16030076 Page 44/46




Pirsa: 16030076

Summa ry
': Modlﬁed grawty 1S worth exp|ormg:
e Dark energy, self-acceleration

e Needed to test GR

e Can satiqu SS tests using screening mechanisms
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