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Novel effects on astrophysical scales

e Fifth forces - screening
e Dark matter

* Lots of high quality data

e Usually assume a theory of gravity (GR or Newtonian) and then do
astrophysics. Can we get a good enough handle on astrophysics to
instead test the theory of gravity?
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Quantum Gravity

Qualitative argument (Wheeler 1998):

* On timescales At ~ 1/Ep, expect quantum-gravitational fluctuations
in spacetime of energy AE ~ Ep

* Spacetime would not look smooth on length scales Ax ~ 1/Ep -
“foamy” structure

* Non-trivial refractive index for empty space? Would be important at
high energies.
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Challenges to Overcome

Some issues with previous constraints

* Do not propagate uncertainties in redshift of source.

* Simple (or no) model for other contributions to spectral lag.
* Only use a handful of GRBs.

How to overcome this
* Forward model time delays with Monte Carlo procedure.

* Test a variety of models - compare performance and sensitivity of
constraint.

e Use a larger sample.

Deaglan Bartlett deaglan.bartlett@physics.ox.ac.uk




75°

log L o< log (B (1 + 2))

Deaglan Bartlett deaglan.bartlett@physics.ox.ac.uk



EZ'—EJ' Z1—|—Z/

dz’
Eqa o H(2')

G
At = ¢

Deaglan Bartlett deaglan.bartlett@physics.ox.ac.uk



0.01 0.02 0.03  0.04 0.05 0.06
At (QG) /S

Deaglan Bartlett deaglan.bartlett@physics.ox.ac.uk



Other contributions to the time delay

First approach: Suppose B;; intrinsic to source and same for all GRBs

T 0045 005 0055 006 0085 007 0075 008

Ellis et al. 2006 (arXiv:0510172)
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Other contributions to the time delay

Second approach: Suppose B;; intrinsic to source and stochastic

O HETE

A BATSE
® SWIFT

. i Ellis et al. 2006 (arXiv:0510172)
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BORG - Bayesian Origin Reconstruction from Galaxies

Lavaux, Jasche & Leclercq 2019 (arXiv:1909.06396)
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Problem: Black holes and stars within Vainshtein radius of host

Solution: Galileon Symmetry

Can feel long wavelength modes, i.e. from large scale structure

MZ=—MV® — aQV o
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Stars, gas, dark matter: () = M  Black holes: () =0

Restorlng /-\ Gallleon

Galaxy

20 o 0.01 Mgpe =3
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1. Galaxy properties - M(< 1)
2. Large scale structure - ¢,

3. Knowledge of non-Galileon effects

Deaglan Bartlett deaglan.bartlett@physics.ox.ac.uk



400 {5

10-9
200
: 10-°
i
é. 3
0 I}
= s
> 1077 =
Q
-200
' 10-%
—400 1~
ol 3 g7 il Sl 0
~400 ~200 0 200
X | Mpc

Deaglan Bartlett deaglan.bartlett@physics.ox.ac.uk



B19

SB18

016

OF13

[ ] ( ]
- C)
o ® * 6’0. - W.J(.
° () . 02
] | & T ®
o5 %% o
B %W
[} ... ”.. ~vL’
00.0 R Qe
.. ....." ¢ U.
° @a® o
¥ e oL
(1] o.ﬂao# .0 °

0.15

0.10

Redshift

0.05

0.15

0.10

Redshift

0.05

0.00

0.00

deaglan.bartlett@physics.ox.ac.uk

Deaglan Bartlett



—— OF13

IR 016
\ SB18

— BI19

Eg (ea,obs ‘ ea,pred) —

202 \

f
V 2O obs obs

].— eao s_ea re
4+ fexp (_| ,ob ,P d|)
2v 1%

2
exp (_ (ea,obs — ea,pred) )

— |

Oobs / Mas

rv = 100 Mpc

4

L

ALY ok S ® P BN MR PN NSNS N D
AG /Gy Oobs / Mas v / mas f

v / mas
D 2 G S VRN
% % % % o DD 0 YD

8

\jv

>

—

-

Q
@)
g
Q
o N
g
_|_

N\

. | 9

> |8

N—

(\V)
f

Deaglan Bartlett deaglan.bartlett@physics.ox.ac.uk




— H;!
1.25 - ~ = DGP, Normal branch
: DGP, Self-accelerating
3 branch
S 1.00 - This work
LLR
AG E
—— =2a° £0.75- N
GN 9
S
> 0.50 -
Ao
0251 T T==~__
0.00 +—————————— e S e
10~ 10° 10! 102
rc / Gpe

Deaglan Bartlett deaglan.bartlett@physics.ox.ac.uk



Deaglan Bartlett deaglan.bartlett@physics.ox.ac.uk



* Noise model —simple and empirical
e Astrophysics is messy — could be degenerate with my signal

e How do | know | can trust what I've done?
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Y; — gz + noise

N
(yi — ?Jz')
202

Li (yi|yi) = \/%Oy Z 2

1. Am | missing any correlations?

2. How significant are these correlations?

3. Is my model for y; sufficient?
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Stellar dish

Stellar disk

— l as. -

Halo/gas center
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Stellar dish

/7 as,,
\0/Gas centre

log(fro)
-80 -7.0 -6.5 —-6.0 -55
10° 5 —— gas--star offset
— Wwarp r-band
= 10%- — combined
&)
g
~ 10 -
Q
c
T 10 ?
w
=
8 )
J 10
i
10 ¢
1 2 3 A 5 6 7 8
Ac/Mpc SR PN

AG/Gy o, /arcsec Oy, % 10

Deaglan Bartlett deaglan.bartlett@physics.ox.ac.uk



Stellar dish
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lo constraint on AG/Gx

logyo (fro)
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Stellar dish

Ae = 1.2 Mpc
Ac = 4.4 Mpc

e A\ = 7.6 Mpc
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Stellar dish
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Stellar dish
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3. Is my model for y; sufficient?

* With real data, had to assume the inner
power-law slope of halo density profile

* \We can measure this in the simulation

e Gas-star offsets far more sensitive than
warps

* Conclusions depend on how much you
trust your simulation

Bartlett, Desmond & Ferreira 2021 (arXiv:2103.10356)
Deaglan Bartlett deaglan.bartlett@physics.ox.ac.uk



Summary

e Under-explored
region of parameter
space

 Lots of data

 Importance of noise

* Ay constraint 30 times
stronger than previous

) attempts

e T|ght constraints on ° Astrophysics messy —

fifth-force should test your noise
* Improve non-linear model
modeling
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