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Based on work with the FatGR-DM monster collaboration:
Babichev, Marzola, Raidal, Schmidt-May, FU, Veermaie, von Strauss

arXiv:1604.08564
and
arXiv:1607.this.week

See also Aoki and Mukohyama (2016)
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5= [atx| Vimir(e) + VIR0 - 20t [g]V (e.fi )|

1. R(g) is GR for the metric g,,,,, with strength my

2. R(f) is GR for the metric f,,,,, with strength ms = o my

3. The interaction potential is V(g, f) and it depends on 5 parameters [3,,
4. This action contains no ghosts! It took about 100 yrs to get it right

The ghost-free coupling to matter breaks the symmetry:

= [d'x/[g] Lm(g, @)
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Expand around proportional backgrounds f,,, = ¢ g, (for technical reasons)
s@ = fd“x«/ [ 2(56) + Lt (5/\4)]

a. We have one (linearised) GR for the field 0G
b. We have one Fierz-Pauli spin-2 field M and mass mpp ~ \/BnMPl

c. These are mixtures of the interaction eigenstates with parameter «

1

1 _
5g#l, = Mipl (56#1, — Oé(sM#V) s 5fl“’ = Mipl (5GHV + « 15M,u.l/)

d. PS: We have defined the physical Planck mass as M§; = (1 + o*)m},
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Matter?

Matter was coupled to g,,,, so that at tree-level...

A\ WA

[ Sm ~ §d*x (6Gp — adM,,,) TH ]

Matter automatically couples to both massless G and massive I M states.

The coupling of M is proportional to o/ Mp

By the way: A = ?+a2 (Bo + 361 + 36, + B3) = HOéz (/84 + 305+ 362+ B)
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Recovering GR (or not)

We can show that there are two regions for which GR is approached:

+}* Static spherical solutions

a For mp » A the linear regime applies everywhere
3 The correction is proportional to exp(mppr) ~ (1+...)

~ For a € 1 we need to use the Vainshtein mechanism
0 GR is recovered everywhere if @ « 1, for any value of the mass

& Cosmological solutions
3H? = N+ p/Mpy [1— O(a?N/mip) | + O(p%)
For mip » A or @ « 1 these corrections are negligible

k Massive (# bi) gravity: the linear regime is never GR.

/

. . —2/3 .
Vainshtein is on at scales below ry ~ mg”": since ry « rg we need a small np,

usually mep ~ Hp
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How does M gravitate?

6G?

dG*oM

dGOM?

IM?

0

e

6G" | 6G*OM | 6G*SM* | 6GOM® | oM

1

1a | 1/a?

i. All dG vertices have the same strength as in GR

ii. There is no decay of M into any number of 6G
iii. §GOM? is 1: usual response to §G of SM matter

iv. M self-interactions are enhanced compared to GR
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Production and decay

® The massive spin-2 can be produced via freeze-in:

SM oM SM oM
G @V M
1 1 [e] 1
oy 0000 Moy _ Mo M
SM oM SM oM

* dM decays universally into all SM particles (but not massless gravitons):

F(0M — XX) ~ o’mip /M3,

% The froze-in DM should have the right abundance and not decay too fast:
this can be arranged!
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The parameter space

. Decay
. Perturbativity

. Production

1 A 3 4 5 b 1

Log,,mep/GeV



FatGR-DM checklist

Theory
The theory is sane
The theory is not excluded

3P

Phenomenology

DM gravitates as it should

DM evades all current detection experiments
DM can be produced with the correct abundance
DM is (meta)stable

DM is heavy enough

+~333D



FatGR-DM checklist

Theory
The theory is sane
The theory is not excluded

3P

Phenomenology

DM gravitates as it should

DM evades all current detection experiments
DM can be produced with the correct abundance
DM is (meta)stable

DM is heavy enough

39933



Wrapping it up

Bimetric automatically contains a new, massive spin-2 field:




Wrapping it up

Bimetric automatically contains a new, massive spin-2 field:

o . . .
It gravitates identically to normal matter




Wrapping it up

Bimetric automatically contains a new, massive spin-2 field:

o . . .
It gravitates identically to normal matter

S It couples extremely weakly (gravitational strength) to the SM




Wrapping it up

Bimetric automatically contains a new, massive spin-2 field:

o . . .
It gravitates identically to normal matter

S It couples extremely weakly (gravitational strength) to the SM

00 . . .
o It can be produced with correct abundance via freeze-in




Wrapping it up

Bimetric automatically contains a new, massive spin-2 field:
o . . .
It gravitates identically to normal matter
o -
o It couples extremely weakly (gravitational strength) to the SM

00 . . .
o It can be produced with correct abundance via freeze-in

88 It is heavy, 1+-100 TeV, and is stable enough




Wrapping it up

Bimetric automatically contains a new, massive spin-2 field:

%t gravitates identically to normal matter
S It couples extremely weakly (gravitational strength) to the SM
87 It can be produced with correct abundance via freeze-in

88 It is heavy, 1+-100 TeV, and is stable enough

WE HAVE A JoLLY DM CANDIDATE HERE!
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Bimetric automatically contains a new, massive spin-2 field:

%t gravitates identically to normal matter
S It couples extremely weakly (gravitational strength) to the SM
87 It can be produced with correct abundance via freeze-in

88 It is heavy, 1+-100 TeV, and is stable enough

WE HAVE A joLLY DM CANDIDATE HERE!

- Thank you! — Cam on!
e e



