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What laws of physics governed the early universe?

Determine the field content & interactions relevant during inflation.

L = £SM+£inB.(!1’---!!Nf)
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What laws of physics governed the early universe?

Determine the field content & interactions relevant during inflation.

L = [/SM+£inB.(!1’---1!Nf)

Motivation for multiple fields:

- Additional signatures, e.g. fL.

- Ultraviolet completions, e.g. string compactifications.
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Single-field inflation requires spectral hierarchies
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Single-field inflation requires spectral hierarchies
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Single-field inflation requires spectral hierarchies
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More fields, more parameters:
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More fields, more parameters:
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Example: Nr= 100; V to 5th order: 96,560,546 Taylor coeff’s.

—
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More fields, more parameters:
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Example: Nr= 100; V to 5th order: 96,560,546 Taylor coeff’s.

Common approaches:

» Impose additional symmetries/structures.

* Focus on Ni= 2.

[too many to fit on slide]
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More fields, more parameters:

gb_a N Cab PP + Cabe O PP° + Cabed ¢%PPp°¢° + Cabode 97 ¢°¢°¢¢° + )
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Example: Nr= 100; V to 5th order: 96,560,546 Taylor coeff’s.

Common approaches:

» Impose additional symmetries/structures.

* Focus on Ns= 2.

[too many to fit on slide]

Approach taken here:

- Randomly sample interacting manyfield models.

- Search for emergent simplicity as N becomes large.
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hard easiler
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hard easiler

Is there a simple large-Ns limit of inflation?

—
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More fields, harder to solve equations
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More fields, harder to solve equations

138 L 3HI2 1V, =0

2

. . k
5¢10; + 3H5§bﬁ + (ﬁaab - Vab) 5¢i)< =0

More fields, does C ever freeze?

1 Joal
C(N) ﬁe(N)M”(N)
ST(N) = 147 (N) .
S 2(N) 0P
Superhorizon: 1”1 S Joll

—

M.C. David Marsh, University of Cambridge July 20th, 2017, NORDITA




Two methods

Dyson Brownian Motion Gaussian Random Fields

[DM, McAllister, Pajer, Wrase] [Bjorkmo, DM]?
[Dias, Frazer, DM]?

[Battefeld, Modi] [Bachlechner]

[Wang, Battefeld] [Masoumi, Vilenkin, Yamada]

[Westphal, Pedro]

[Freivogel, Gobetti, Pajer, Yang]
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Method 1: Dyson Brownian Motion

) Create the potential /ocally, to quadratic approximation,
around the field trajectory in a patch-by-patch manner.

i) Evolve potential using non-equilibrium Random Matrix Theory.
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Method 1: Dyson Brownian Motion

) Create the potential /ocally, to quadratic approximation,
around the field trajectory in a patch-by-patch manner.

i) Evolve potential using non-equilibrium Random Matrix Theory.
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Method 1: Dyson Brownian Motion

) Create the potential /ocally, to quadratic approximation,
around the field trajectory in a patch-by-patch manner.

i) Evolve potential using non-equilibrium Random Matrix Theory.

Vi, =V
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Dyson Brownian Motion: \ ,
Ohorizontal scaleC
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stochastic matrix/\j C/\deterministic force
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Method 2: Gaussian Random Fields

Previous work:

* Nf<6, and N\n > Mp.. [Frazer, Liddle]

° NfI 1 and /\h < MPI- [Bachlechner], [Masoumi, Vilenkin, Yamadal]
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Method 2: Gaussian Random Fields

Previous work:

* Nf<6, and N\n > Mp.. [Frazer, Liddle]
° NfI 1 and /\h < MPI- [Bachlechner], [Masoumi, Vilenkin, Yamada]
Obstacle:

Taylor coeffOs
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Ple)t exp [ Se” @) 5 (00" &)

C/\ Inverse covariance

mautrix

—

M.C. David Marsh, University of Cambridge July 20th, 2017, NORDITA




Method 2: Gaussian Random Fields

Previous work:

* Nf<6, and N\n > Mp.. [Frazer, Liddle]
° NfI 1 and /\h < MPI- [Bachlechner], [Masoumi, Vilenkin, Yamada]
Obstacle:

Taylor coeffOs

1 :

Ple)t exp [ Se” @) 5 (00" &)

C/\ Inverse covariance

mautrix

Key step:

200, % can be drastically simplified algebraically for any Nk.
[Bjorkmo, DM]
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The “transport method” for perturbations:
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The “transport method” for perturbations:

| | >
N ! N end N e
| | ] =
o | [
= 5
- o
© [=
S 3
O n
7 S
@
a 0N, .
5¢* - 5¢ — a(5¢a )5¢end
end

M.C. David Marsh, University of Cambridge July 20th, 2017, NORDITA



The “transport method” for perturbations:
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Transport field correlators:

<5¢i 5¢2> """"""""""""""""""""""" » 11" gnd | gnd" = | ggt) | ggt) " a " bn

—
[Mulryne], [Seery, Mulryne, Frazer, Ribeiro], [Dias, Frazer, DM] <Cend Cend>
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Why is the transport method powerful?

ON,
a  1(1—=2) ¢ b _ ¢ s
5¢ — Fa,b 5¢* Cend a(5¢gnd) ¢end
& Known \
algebraically in Known
[Vernizzi, Wands] |
[Dias, Frazer, DM] each patch algebraically

No need to solve complicated coupled ODE’s numerically.

Efficient: Opens window to manyfield inflation.

—
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Result #1:
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Result #1: Manyfield inflation can be consistent with
observations, but future experiments may rule it out.
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Result #2:
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Result #2: Despite tachyons, isocurvature can decay
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Result #3: Large non-QGaussianity is very rare.
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Conclusions:

Now have windows towards manyfield inflation.

The inflationary paradigm holds strong.

Future directions:
Towards manyfield inflation in string theory.
Include curved field spaces; derivative interactions.

[Linde]

Apply to reheating.
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Methods:

Dyson Brownian Motion Gaussian Random Fields

Results:

1.  Manyfield inflation can be consistent with observations,
but future experiments may rule it out.

2. Despite tachyons, isocurvature can decay.

3. Large non-Gaussianity is very rare in manyfield inflation.
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DBM potentials for inflation:

At po: Choose IC suitable for inflation.

1 S
— Ail/\/ Ny (vO‘po —|_Ua‘po¢ + §Uab’p0¢ ¢b> )

v

Po

Here:slow-roll close to an approximate saddle-point.

Sustained inflation possible if gradient and smallest

eigenvalue of Hessian both are small.

¢a — _8av/(3H) .
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DBM step-by-step:

1. Set approximate saddle-point as initial condition.
Define potential locally to quadratic order.

2. Evolveuntil field is displaced a (sufficiently) small
distance in field space.

3. Updatepotential, gradient to linear order. Update
Hessian with Dyson Brownian Motion.

4. Repea and 3. This maps out potential locally along
inflationary path.

5. Stopevolving at end of inflation.

—
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Application of the transport formalism

e For sum-separable potentials, I'.» can be found explicitly.

e DBM potentials are nothing but a string of sum-separable potentials:

5(;’” = (OprF(pf,pf_l)Opf) ...(Oglf(pl,po)Opl) 5§5|p0 = F(pf,po)&g’po

\ orthogonal
transformation tc

diagonalise »

(L (Blaw s — (V)
(Vb)pi! 1 o (VO)IOi

13, piy 1) =

Propagator analytically solved for N no need to solve any O

cf. Vernizzi, Wands,
Dias, Frazer, D.M.
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Lots of superhorizon evolution:
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Dependence on Nks:
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Eigenvalue repulsion:
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Predictivity & smoothness: The main contribution to the varianceof the spectral index
comes from variance of first few eigenvalues of Vapat horizon crossing.
Decreases with number of Pelds due to eigenvalue repulsion.

—
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Caveats of the DBM method:

Not all questions meaningfully addressed in this framework.

* Dyson Brownian Motion is a type of Brownian Motion: spectrum of Hessian evolves
continuously but is not differentiable

Higher-order correlationgequire going beyond Markov processes.
Here:focus on 2-point function.

e Will not by defaulievolve to dS vacuum (but possible to achieve from modifications).
Here:evolve until the end of inflation.

e Magnitude of potential generically growwith ¢/ An.
Here:use only for local questions.

—
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