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Section a. State-of-the-art and objectives

In my Extended Synopsis, given limited space, I attempted to appeal only to the innate virtue
of clarifying calculation in gauge and gravity theories. Here, with more room to motivate, I
will make an additional more subtle argument. Here I will put forth that the ground-breaking
supergravity calculations I propose to carry out are of tremendous theoretical import. Even
if, at the end of the day, point like supergravity theories turn out only to be but e↵ective field
theories for stringy quantum field theories, it is imperative to understand this precisely.

Additionally, I believe that our best hope of getting to quantum gravity empirically in the
near future is through understanding the implications of (potential) observation of cosmolog-
ical primordial gravitons, as has been claimed in the recently released BICEP II experiment.
This can only be understood in the context of an operational model of the early universe for
which we are desperately trying to gather as much data as possible. If we can harness the
three-dimensional modes available in Large Scale Structure surveys in the mildly non-linear
regime, then the ability to precisely constrain early universe parameters can grow by two orders
of magnitude. It behoves us to have as thorough an analytic understanding of this regime as
possible, motivating my establishing and subsequent calculations in the E↵ective Field Theory
of Large Scale Structure. It turns out that many of our recent ideas in organizing scattering
amplitude calculations carry over informatively to the calculation of multi-point correlation
functions in stochastic field theories. I will discuss this below.

As is well known, our best theory of gravity, Einstein’s general relativity, while incredibly
successful for everything we have observed (arguably only deep into the infra-red), is incom-
plete in the UV. What I propose in this ambitious project is to address possibly one of the
most vexing open questions facing physics: we do not know how to predict what happens
when the quanta carrying gravitational information interact at high energies.

For classical relativists the scattering of gravity waves is a subtle question, but I will take
a very pragmatic point of view. There are natural point-like quantum field theories that
reproduce the known classical IR results – tree-level calculations in Einstein gravity and su-
persymmetric generalizations. Asking about the UV quantum behavior (loop-level corrections)
is an invariant way of discussing the high-energy evolution of the spin-two field. It is an open
question as to whether or not all point like quantum field theories of gravity (massless spin 2)
must have a functional energy cuto↵ (be e↵ective theories), or whether they can be perturba-
tively finite like their closely related cousins Yang-Mills theories. It is a pleasant coincidence
that the most technically accessible theory (maximal supersymmetry) also holds the greatest
promise for a definitive answer.

My proposal is based o↵ of and extends my state-of-the art recent work. During the last few
years there has been revolutionary progress in the analytic study and calculation of scattering
amplitudes in gauge and gravity theories. Since 2009, there is even now a new annual inter-
national Amplitudes conference series, and where all talks can be found on the corresponding
web sites, see [1].

Many advances in disentangling scattering amplitudes have been developed recently by
myself with collaborators. Starting from 2007, due to our calculations in [2], it was clear that
there should be a good explanation for the “better than expected” 3-loop behavior of the
maximally supersymmetric supergravity amplitude. The previous negative expectation, from
much earlier work, was that already at the three-loop level the maximal N=8 supergravity
theory [3] may be divergent [4]. Yet we found finiteness in our calculations, and we continue
to do so.
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Below I explain my plan to develop a better understanding of the possibilities of a consistent
quantum supergravity. I believe the systematic path to non-perturbative completion will only
come at the end of thoroughly understanding the perturbative series (around non-perturbative
saddle-points as well!), and so this is what I will focus on. I will make some small comments
about non-perturbative completion.

Key Strategic Questions. Can pointlike theories of quantum gravity describe the firma-
ment of space-time or are they all fundamentally e↵ective?

• Are N � 5 supergravity theories perturbatively finite?
• If so, what is responsible? What constraints can we put on non-perturbative comple-
tions?

• If not, does the BCJ double-copy property (discussed below) point to a more funda-
mental gluonic description of high-energy gravitational interaction?

The way to move forward on gravity predictions, however, is to develop a definitive under-
standing of gauge theory predictions. As emphasized in my Extended Synopsis, understanding
quantum gauge theory is critical for the comprehension of quantum gravity theory. The ulti-
mate goal is to understand the language in which to write these our deepest field theories and
their non-perturbative completions.

Status of Supergravity and possible Explanations. Every multi-loop scattering am-
plitude in N = 8 supergravity explicitly calculated, four-points through four loops, and five-
points through three-loops, finds not only finiteness in 4D – but superfiniteness: explicitly
matching the UV behavior of N = 4 super-Yang-Mills – known to be finite to all loop-order.
This means that both theories diverge in exactly the same dimensions. Most of these recent
advanced computations are now based on the loop-level implementation of the “gravity as
double-copy of gauge theory” principle I pioneered [5] and discussed in the extended synopsis.
There have been several recent reviews of the current status of finiteness [6].

The phenomenally good UV behavior demonstrated in these calculations completely upends
long-held expectations. In the 1970’s the authors of ref. [7] constructed candidate counterterms
out of supersymmetric invariants for N=1 and N=2 supergravity theories. In the early
eighties, an N = 8 supersymmetric linearized local counterterm at three loops in D = 4
was proposed [4] and moreover, the geometric non-linear candidates for UV divergences of
N -extended supergravity in all loop order starting from L = N were constructed in [4, 8].
Any of these, with non-vanishing coe�cients, would spell disaster in the UV for the relevant
theory.

Our recent explicit computation of the 3-loop 4-graviton amplitude in the maximally su-
persymmetric theory first revealed that the counterterm has a vanishing coe�cient [2]. The
hunt for an explanation began with [9]. Ref. [10] conjectured that if amplitudes are completely
determined by their leading singularities, it would mean that the theory is UV finite. Ref. [11],
using light-cone superspace, suggested that the N=8 supergravity theory is free from UV di-
vergences at least till 7 loops. Using string theory and pure spinor formalism the analysis in
[12] was performed also suggesting the potential 7-loop divergence.

Ref. [13] suggested that the 3-loop counterterm is forbidden in D = 4 by the E7(7) duality
symmetry [14]. Other studies have extended the finiteness constraints from E7(7) and linearized
supersymmetry, such that the first potential divergence in D = 4 is now at 7 loops [15, 16, 17].
It has been argued that the theory may remain finite beyond seven loops [9, 18, 19]. This
candidate 7-loop divergence, would have its first echo in a slightly lower critical dimension
for N = 8 supergravity at 5-loops then N = 4 super-Yang-Mills, [12]. This makes the
5-loop calculation in N = 8 a critical, feasible, test for the presence of the potential 7-loop
counterterm.

In addition to these explanations, the careful consideration of the term-by-term scaling
properties of pure-gravity at one loop has suggested [20] that even pure-gravity may have
better than expected behavior in the UV. In fact, while there are many arguments about
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the protections of various symmetries running out, the only actual UV divergence yet been
calculated in 4D in any pure supergravity theory [34] is intimately tied to an anomaly [33]
that I have shown exists only for supergravity theories with N  4. What happens at N = 5
supergravity at 5-loops is therefore also of critical interest!

In N = 8 supergravity, the relation between E7(7) invariants and the conservation of the
duality current was raised in [19, 21, 22]. It had been suggested [23] that the same argument
applies to the N � 4 case with appropriate duality groups of type E7 – before the contamina-
tion of anomalous [33] loop-level amplitudes was recognized for N  4. Perhaps the argument
still holds for N � 5 where the anomaly is not present.

I will briefly summarize the argument. In order for a theory to preserve, at the quantum
level, the duality symmetry between quantum corrected equations of motion and Bianchi
identities, while admitting a duality-invariant counterterm, it is mandatory for the theory to
include ever higher-order deformations that maintain the action’s duality covariance. Bossard
and Nicolai suggested [21] that there exist algorithms to perturbatively deform all duality-
satisfying theories in a manner consistent with the classical duality transformations. If true,
besides o↵ering a possibility of constraining the finiteness of N = 8 supergravity [19, 21, 22],
it suggests the possibility of constructing non-trivial Born-Infeld-type supergravity theories
the first of which would be N = 2 supergravity, as we realized in [22].

It is currently an open question as to whether and in what sense classical duality symmetries
are preserved at the quantum level. It is not yet clear how duality symmetries are generically
visible in the behavior of scattering amplitudes, beyond soft-boson limits, such as studied in
[10, 13, 16]. I propose to eventually settle many of these questions and more, through explicit
strategic calculation.

Comment on non-perturbative completions. Although non-perturbative completion
is not a direct goal of this study, beyond exploratory double-copy solutions towards classical
situations of interest, it is obviously a desired end-state and deserves a few words. Even if the
individual S-matrix elements are well defined (finite) in supergravity theories with N� 5, the
Borel-sums of the perturbations around each saddle-point of the path-integral almost certainly
diverge. That said, it may well be that the systematic path to non-perturbative completion will
be found through current exciting work on resurgence/transseries [26] after the perturbative
sequences are realized.

From the Smallest to the Largest E↵ective Field Theory in the Universe. While
my drive is primarily formal theory especially in as much as it can say something about
quantum gravity, I find that it is important and clarifying to stay grounded to calculations
that at least have the potential to touch real data. Some of these can be shorter service
projects to assist phenomenological colleagues. Others can be ones where I have more of a
long-term vested interest like cosmological large scale structure [27].

Observed multi-point correlations from Large Scale Structure surveys will likely become the
leading experimental probe of the evolution of the structure of the early universe. Through un-
derstanding a su�cient volume of data it will be possible to make sub-percent measurements
of properties of “dark energy.” This same data should allow inference of properties of the
initial seeds of structure and constrain the physics of the early Universe – potentially di↵eren-
tiating between various models of inflation. It is therefore very important to develop analytical
techniques to make predictions in this context. In the advent of the recently released BICEP
II graviton observation results, understanding how to extract as much information from ob-
servation as possible on the early-unverse, to put this graviton data in context, has become
obviously critical.

In recent work with L. Senatore, and M. Hertzberg, we established an E↵ective Field Theory
(EFT) of Large Scale Structures (LSS) where the universe takes on at long distances (in the IR)
a generalized fluid-like description, characterized by time-dependent parameters encapsulating
the relevant microphysics. Such parameters must be matched to observations or N -body
simulations (integrating out the short-distance behavior). This is much as the viscosity or
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speed of sound of a fluid cannot be derived from the fluid-description itself, rather these
properties emerge from the microphysics relevant to that scale.

The EFT of LSS is organized in a manifestly convergent series in the ratio of a wavenum-
ber k versus the wavenumber of the non-linear scale kNL. Many of our familiar Quantum
Field Theory concepts like renormalizability, running, and so forth, are completely relevant to
this stochastically sourced classical field theory. In addition to working out the perturbative
calculations necessary to fit the fluid parameters against simulated power-spectra establish-
ing it’s predictive power, I verified the validity of the EFT by measuring parameters directly
within the simulation and finding quantitative agreement. This is directly analogous to ex-
tracting relevant parameters for Chiral E↵ective Lagrangian theory from lattice calculations
and comparing with perturbative calculation.

With D. Green, and graduate student S. Foreman, Senatore and I have now further devel-
oped the EFT to compute the power spectra of cold dark matter through 2-loops. We show
that only the parameter relevant to 1-loop must be measured, no additional microphysics in-
formation is required for the 2-loop calculation. We find that current-time EFT predictions
through this order match numerical simulations at percent level up to 6 times farther into
the UV than the linear scale – which is where standard analytic techniques break down. This
amounts to a gain in information equivalent to increasing the volume of a survey by ⇠ 200
times.

This research program is truly at its infancy and there are many directions it can go,
both formally towards gaining a deeper theoretical understanding of the dynamics of the
evolution of LSS, as well as providing real understanding and tools for experimentalists. I
should emphasize, while we are working with simulated data now, I strongly believe it will be
possible to develop these techniques to have a serious impact on real observational data.

Section b. Methodology.

Review of Color-kinematics. State of the art general techniques were recently reviewed in
refs. [28, 29], and in the extended synopsis I reviewed the color-kinematic approach [5] to
calculating gauge theory scattering amplitudes and the trivialization of associated graviton
scattering calculations. Here I will simply reiterate the setup and emphasize the computational
gain when the color-dual forms can be achieved.

Quite simply color-dual kinematic weights in gauge theory scattering amplitudes are kine-
matic weights associated with cubic-graphs, functions of momentum and external polariza-
tions, which obey very special properties. Namely they obey Jacobi identities and antisymme-
try around vertex signature, just as the color-factors, the summed product of fabc structure
constants do. This rigidly locks the combinatorially increasing number of graphs at higher-
loops to the correct expression of an incredibly small number of master graphs. When such
color-dual kinematic weights are found, then calculations in associated gravity theories are
given by replacing the color-factors with another copy of the kinematic weight. Schematically,

YM /
X

g2graphs

n(g)c(g)

p(g)
) GR /

X

g2graphs

n(g)ñ(g)

p(g)
,

where n(g) are the kinematic numerator weights, c(g) are the color weights, p(g) are the
propagators of the graphs given as for a scalar �3 theory, and ñ(g) is simply another copy of
the Yang-Mills kinematic factor.

The upshot is that after finding such a color-dual representation one only has to look at the
kinematic weights of a small number of graphs—a very compressed representation. Instead of
having to look at 83 graphs at four loops, one must only look at 1 non-planar graph.

What is the downside? To find these color-dual kinematic weights n(g) at loop-level requires
the satisfaction of functional equations. To date this has meant we need to be able to specify an
ansatz large enough to span the space of relevant functional forms given, e.g. power-counting
of the gauge theory, and then solve all the functional relations. If a non-local representation
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is needed than some other organizational principle must be applied to bound the potential
functional space. We are still learning the functional forms necessary for gauge and gravity
theories.

We believe we understand the universal pre-factors for four-points and five-points in generic
gauge theories — meaning the left-over functions need only be functions of momentum invari-
ants (no dependence on external polarization vectors). This greatly simplifies the ansatz. Yet
to approach higher-loops even at this low multiplicity still requires machines with access to
su�cient RAM to solve the higher-loop functional constraints on broad ansatze in a timely
fashion.

Software. I propose to do the majority of my formal calculation using Mathematica, as I
have done in the past, as it is almost entirely symbolic, analytic manipulation. While I have
some principled objections to the licensing barrier of Mathematica, the open source symbolic
alternatives are not su�ciently well developed to be competative. I execute mostly along
”stupidly parralizable” directions. I optimize to external languages only to make use of many
cores when license constrained and the computational tasks are su�ciently simple so as to not
require significant development e↵ort and maintenance. I use Perl as a glue, and will likely
setup to use Sun Grid Engine to control my cluster.

Phenomenological calculations often use state-of-the-art Monte-Carlo libraries, usually called
from C or C++ programs, although they too can be called from Mathematica when more for-
mal symbolic manipulation is required.

Hardware. I propose to invest in two multi-core Terrabyte Machines to be my dedicated
cluster. These will allow simultaneous progression on many small problems, but on occasion
when I need access to tremendous memory (e.g. to reduce particularly large ansatze) these
machines will have the power to try out incredibly memory intensive ideas. In the worst cases
this will also be su�cient power to hopefully push through a technical barrier, to generate
data that can later be analyzed to find the correct path my group should have taken.

There is a playful quality in this field of trying out many di↵erent ideas and seeing how
the calculations respond. Dedicated resources are critical for this – the model of petitioning
for cut and release rigid clock-time execution only works when there are obvious clear paths
forward, using tried and true code, where all one is changing perhaps are initial conditions, e.g.
when one is doing the same thing again and again, as in repeated more complex simulations.
We are by no means there yet. Of course we will submit jobs and use a grid engine to regulate
processes, but under careful watch and fairly dynamic iterative interaction.

Formal Projects. Cliched as it may be, it is crucially important to be able to follow
exciting directions as they present themselves. I list the following projects as on my near-term
”To-Do” list, either directly, or in supervision of postdocs and students. Some of the concrete
calculations stretch the limit of what is currently feasible, but in interesting ways. Dedicated
e↵ort should lead to publishable results in all cases I discuss. With some luck they should all
see progress, but realistically I expect deep progress in a few directions that gather momentum
and success.

(1) Loop-level recursion for non-planar theories. We know through generalized unitarity
methods that tree-level data encodes all necessary information (modulo counter terms)
for all-loop order quantization. We know how to access this data algorithmically using
cut-construction, the building of o↵-shell expressions for loop-level amplitudes at the
integrand level. Promoting this to analytic loop-level recursion would in principle allow
all-loop order consideration through analysis of tree-level data.

First one must establish the appropriately asymmetric multi-loop-level representa-
tion. (Trees have di↵erent symmetries then loops, to recurse downwards one must
line-up symmetries). This is by no means an e�cient representation, but I expect it
to be straightforward based upon some preliminary unpublished study.
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Using the L-particle cut of an m-point L-loop amplitude to the m+ 2L point tree-
amplitude, one has a natural labeling device for all the di↵erent routing of asym-
metrically labelled momentum. This should be verified for non-trivial cases involving
loop-momenta, such as 3-loops four-point in the maximally supersymmetric theory,
but even 5-point in N=1 super Yang-Mills would be fascinating. Verifying that such a
representation allows additional generalized gauge freedom up to the tree-level bound
would be a very profound result worthy of dissemination.

With such a representation, careful analytic consideration of ”all-line” shifts should
allow a systematic recursion, although such a study will be non-trivial, we already know
it can be executed in the planar (infinite-color) limit for the maximally supersymmetric
gauge theory. I expect that limit to be of tactical value in ironing out any confusion
that arises in the general case.

(2) The ultraviolet behavior of N = 8 supergravity in four-dimensions. It is an open
question as to how the classical and quantum symmetries of maximally supersymmetric
supergravity conspire so as to regulate the high-energy behavior and whether they are
strong enough to ensure all-order perturbative finiteness. There is mounting evidence
that the double-copy structure the gravity theory may be responsible, at least in part,
for some of the cancellations observed. A concrete calculation towards this end is the
D-dimensional full five-loop four-point amplitude. This confronts the first (surviving)
prediction of a deviation from the UV behavior of N = 4 super-Yang-Mills related to
a possible seven loop divergence in four dimensions.

Five loops is a case where the problem is big enough that e�cient solution in a
timely fashion requires the type of hardware I propose buying. The minimal ansatz
fails to satisfy color-kinematics. It is straightforward to solve the cuts individually
for the supergravity side using color-kinematic optimized KLT (restricting the gravity
problem to one of a gauge-theory ansatz), yet combining the tens of thousands of cuts
is prohibitive even on 64 - 90 gigabyte hardware. With the hardware I propose it
should be possible to execute an exhaustive local ansatz for color-kinematics as well
as to establish by brute-force, if necessary, the N= 8 SG behavior at five-loops.

Five-loops is special as it is the first time that the maximal cut of the worst behaved
supergravity graph will behave worse then the worse behavior of the gauge theory. Of
course this is under very particular kinematic constraints that targets one small piece
of the amplitude. When cut conditions are released there is evidence of cancellations
between graphs. Seeing how this cancellation plays out if five loops once the calculation
is completed should be very informative towards any all-order arguments of finiteness.

(3) Non-local representations for gauge and gravity theories. It is clear that if maximally
supersymmetric supergravity theory is to make manifest the same UV behavior of the
maximally supersymmetric gauge theory at five-loops it can only happen in a non-local
representation [32, 31], due to the behavior mentioned above.

A first step towards making this concrete would be to find a non-local integrand rep-
resentation at three-loops that makes manifest the relationship between the subleasing
color but leading UV gauge contribution and the leading UV gravity contribution
discussed in my extended synopsis of Part 1b.

This dovetails beautifully with the asymmetric representation discussed in the Loop-
level recursion project above. The asymmetric representation being the most targeted
labeling of every momentum and color routing allows for an unambiguous framework
to hang non-local representations. In fact I expect that once the tools are built to
systematically handle asymmetric representations procedurally, then the second project
will be to find the non-local 3-loop representation I suggest here.

(4) The ultraviolet behavior of N > 4 supergravity in four dimensions. The observed
UV cancellations in N = 8 supergravity have had many conjectured explanations.
There is clear evidence that the U(1) anomaly I clarified [33] with Kallosh, Roiban,
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and Tseytlin is responsible for the 4-loop divergence [34] in N = 4 supergravity. Such
anomalies are not present in the duality groups of higher supergravity theories.

Calculating four-dimensional UV behavior of N = 5 supergravity at five-loops is a
sharp probe, and should establish predictions for all higher supergravities. Of course
for this to be practical requires a 5-loop color-dual form to be identified for the maxi-
mally supersymmetric gauge theory: (N = 5 SG) = (N = 4 sYM) ⌦ (N = 1 sYM).
E↵ectively this means succeeding in the first stage of the N = 8 finiteness test above.
A color-kinematic satisfying 5-loop maximally supersymmetric gauge representation
would turn this N= 5 supergravity problem into simply one of finding any represen-
tation of the leading UV of the N = 1 sYM theory.

(5) The nature of the kinematic-structure constants underlying the color-dual satisfying
representations. We have complete understanding in the very limited case of self-
duality. Solution of these theories arguably rests on understanding this more generally.
Calculations of additional classical gauge solutions in the color-dual framework, solu-
tions that double-copy to classical solutions of gravity theories, would be an excellent
probe towards identifying the relevant gauge choices. Among the most exciting classi-
cal solutions would be to identify the gauge theory solutions that generate black-hole
solutions via double-copy. See e.g. [35] for a double-copied classical shockwave solution.

A completely feasible and obvious first problem is finding the color-dual gauge of
Yang-Mills that double-copies to Schwarzchild. In fact I may do this in fairly short
order. More work will involve finding what double-copies to the Kerr metric.

(6) The generalization of color-kinematics duality to the Standard-Model. The imposition
of color-kinematics is a fantastically e�cient tool for rewriting pure-glue calculations
and those theories related by supersymmetry to a minimum number of graphs. But for
non-supersymmetric fermions, even in the adjoint representation, with more than one
flavor, there are immediate problems related to generalizing the (n� 3)! BCJ relations
even at tree-level.

A natural first step would be the parameterization of the dependence on super-
symmetric coupling constants for flavors related by supersymmetry, and to break su-
persymmetry by varying the coupling constant, while generating a continuation of
the color-kinematic relations. This should generate persistent gauge ambiguity in the
double-copied expression – the key will be identifying the appropriate gauge-fixing
strategy through explicit calculation with predictions from the target gravity theory.

An intriguing alternative, but longer-range, is to understand the relationship of
arbitrary non-supersymmetric flavor amplitudes in unitarity state-sums as decomposed
into constituent SUSY flavor scattering amplitudes as described at tree-level in ref. [36].

Example projects relating to real-world data. I list here natural near-term E↵ective Field
Theory of Large Scale Structure (EFTofLSS) projects, although I am of course now growing
intrigued by various models of inflation, and how measurements from LSS can constrain in-
terpretations of primordial graviton signals. I will not spend so much space describing these
EFTofLSS projects as they involve largely straightforward calculations. This is an active re-
search program with many directions forward to touch data, but at the moment there are still
some (more) formal questions to be addressed, and so I emphasize these.

(1) How do the 2-point function microphysical parameters depend functionally on the
details of the cosmology? An easy first project would just be to do a survey over
Coyote (an interpolator between simulations), and explore various fits to functional
forms.

(2) What additional parameters are required for the Bi-spectrum (amusingly the name
for the 3-point correlation)? the Tri-spectrum (the 4-point correlation function, and
perhaps the most relevant for extracting gravitational wave information from LSS)?

(3) Are they as convergent through 2-loops as for the power spectrum?
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(4) At what loop-level does the non-linear scale actually exist for the EFT? (At which kNL

does the perturbation series simply fail to make progress?)
(5) How is the new (but purely theory-based) two-loop EFT parameter simply determined

just from analytic considerations? (It is independent of microphysics, yet the most
e�cient calculation so far involves fitting to a null-impact in a regime where two-loops
should be subdominant to 1-loop.)

(6) How are these results impacted by allowing for various observational biasing? (c.f.
ref. [37] and references therein.)

(7) Perhaps baryonic e↵ects in the evolution of large scale structure are too reactive for
a spatially local EFT (think of e.g. supernovae having a potentially large (outsized?)
influence for the evolution of scales larger then galactic), and perhaps this is significant
when going to high modes in extracting parameters from the LSS (already non-local
in time). Note – this is very much a discovery question for observation – can what we
observe be described by spatially local-e↵ective field theory, or not? What combination
of measurements are needed to verify this empirically vs di↵erentiate between honestly
surprising fundamental cosmological principles?

Why do I bundle these obviously phenomenological problems with such a formal research
proposal? It is because the perturbative methods towards relevant calculation are very similar,
if not downright identical at times, yet the complexity of real world data is complimentary to
the purity of idealized formal theories. Engaging with this complexity benefits me, benefits
my formal research, and forces me to confront certain assumptions that build up when playing
in an idealized realm. There is very much a rich interplay that benefit both fields.

I intend to dedicate 100% of my time to this grant, which while mainly formal, I want to
acknowledge that some fraction of my time I will spend on these types of phenomenological
problems where I can contribute positively with my skill-set, using the resources and methods
developed under this umbrella of making strategic predictions in field theories.
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Section c. Resources (including project costs) 
(Note: State and fully justify the amount of funding considered necessary to fulfil the objectives for the 
duration of the project. To facilitate the assessment of resources by the panels, the use of the following 
budget table is strongly suggested. All eligible costs requested, should be included in the budget. Please use 
whole Euro values only.) 

Cost Category Total in Euro  

PI3 374709 
Senior Staff   
Postdocs 588186 
Students   

Personnel 

Other    
i. Total Direct costs for Personnel (in Euro) 962895  
Travel  140400  
Equipment 138901  

Consumables 5170  
Publications (including Open Access fees), etc.  Other goods 

and services 
Other (please specify)   

Direct 
Costs2 

ii. Total Other Direct Costs (in Euro) 284471 
A – Total Direct Costs (i + ii) (in Euro) 1247366 
B – Indirect Costs (overheads) 25% of Direct Costs4 (in Euro) 311842 
C1 – Subcontracting Costs (no overheads) (in Euro)  
C2 – Other Direct Costs with no overheads5 (in Euro) 4136 
Total Estimated Eligible Costs (A + B + C) (in Euro)6 1563344 
Total Requested EU Contribution (in Euro)6 1563344 
 
The project cost estimation should be as accurate as possible. Significant mathematical mistakes may reflect 
poorly on the credibility of the budget table and the proposal overall. The evaluation panels assess the 
estimated costs carefully; unjustified budgets will be consequently reduced.  
 
The requested contribution should be in proportion to the actual needs to fulfil the objectives of the project.  
 

For the above cost table, please indicate the % of working time the PI dedicates to the 
project over the period of the grant: 

100% 

 
Specify briefly your commitment to the project and how much time you are willing to devote to the proposed 
project in the resources section. Please note that you are expected to devote at least 50% of your total 
working time to the ERC-funded project and spend at least 50% of your total working time in an EU 
Member State or Associated Country. 

                                                
2 An additional cost category 'Direct costing for Large Research Infrastructures' applicable to H2020 can be added to 
this table (below ‘Other Goods and services’) for PIs who are hosted by institutions with Large Research Infrastructures 
of a value of at least EUR 20 million and only after having received a positive ex-ante assessment from the 
Commission's services (see ‘Information for Applicants to the Starting and Consolidator Grant 2014 Calls’ for more 
details). 
3 When calculating the salary, please take into account the percentage of your dedicated working time to run the ERC 
funded project (i.e. minimum 50% of your total working time). 
4 Please note that the overheads are fixed to a flat rate of exactly 25%. 
5Such as the costs of resources made available by third parties which are not used on the premises of the beneficiary 
(see ‘Information for Applicants to the Starting and Consolidator Grant 2014 Calls’ for details). 
6 These figures MUST match those presented in the online proposal submission form, section 3 – Budget. 
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I will be fully committed to working on this project 100%. Any teaching/outreach I do will
be directly related to the stated project goals. I plan on averaging at least 75% of my time in
the EU over the five years.

Budget Narrative.

PI.
I have been o↵ered a permanent position at CEA if I can secure this ERC grant to pay my
salary for the first five years. This grant would bring me to Europe. To make it feasible I
need to be able to establish a satisfactory computational laboratory as well as environment
to attract and retain top research talent at the senior postdoc level, while maintaining a very
active and fruitful collaboration with US colleagues like Zvi Bern, Lance Dixon, and Radu
Roiban. My family (wife and three children), and I, all have EU citizenship through Ireland
(although we were all born in the United States). My wife works in High Technology, so Paris
would be a fine option for us. All of this to say, that we are willing and excited about realizing
this possibility.

Postdocs
I plan to build up to supporting three simultaneous postdocs on this grant at the advanced
level for CEA. One I would acquire towards the end of my first year, the second towards the
end of the second year and the third towards the end of the third year. I am budgeting for 9
postdoc years in total.

I plan on making these very strategic competitive hires. Towards this end I am looking to
o↵er world-class opportunities to join and contribute to my type of large scale analytic science
at CEA-Saclay with this grant – su�cient funds for hardware and software to let us move
forward rapidly, as well as ample travel/visitor funds for the postdocs and I to disseminate
our advances rapidly within the community.

Students
I plan to support graduate students only out of CEA funds, and only after establishing my
group. Probably one after my second year at Saclay. Graduate school in France is a very
rapid a↵air, and it would be unfair to introduce a grad student to a lab in flux.

Travel
I plan for a generous travel budget including a very active visitor program. For each year I
request 4k for me and 3k for all active postdocs (prorated for their availability that year). For
each year I request 7k in visitor funds. With the option to share in some of the visitor funds
and the generous travel-grant for postdocs, I plan on the postdocs to every one or two years
be able to throw a mini-specialized workshop if they so wish, as well as to have the freedom to
travel wherever they need to. I plan on a formal conference/school to be hosted the 3rd year,
requesting 35k euro funding for that. I budget this comparing to Amplitudes 2014 hosted at
CEA Saclay this year which will cost an estimated 40k.

Equipment including licensing.
I plan on pre-VAT 60k euro for a cluster consisting of two machines. Each would be a ter-
abyte RAM multi(⇠ 40)-core machine e.g. http://www.online.net/en/dedicated-server/
dedibox-extremesp. Each will take only 2u of rackspace so easily supported at Saclay, but
powerful and optimized to our needs. Mathematica licensing is unfortunately harsh at gov-
ernment rates which is what I will need to pay. I am budgeting pre-VAT 13k euro for all of my
postdocs and I to have personal licenses as well as a su�cient number of licenses for multiple
independent compute processes to run on my cluster.

I include in “Equipment” 4 laptops each at cost of 2k euro, and 1 prorated to be purchased
the 4th year. As I expect the cost to per laptop to be 2k euro I do not include it in consumables
– for CEA this would be only for line-items at cost 1.5k or less. I budget 2 laptops for the

http://www.online.net/en/dedicated-server/dedibox-extremesp
http://www.online.net/en/dedicated-server/dedibox-extremesp
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first year (one for me and postdoc). I budget an additional laptop for each of the following
two postdocs in consecutive years. The fourth year I look to replace my laptop but as we will
be amortizing it, I only request 2/3 its value in the grant.

Specifically, here are the buy dates, with the equipment expense along a 3-year depreciation
period.

• 7/15 for the cluster
• 1/15 for the 1st laptop
• 9/15 for the 2nd laptop
• 9/16 for the 3rd laptop
• 9/17 for the 4th laptop (reimbursed until 8/19)
• 1/18 for the 5th laptop (reimbursed until 12/19)

Consumables.
I budget 1k euro a year to cumulatively spend on books, minor software licensing (presentation
software, etc), inexpensive hardware to record relevant seminars/talks, and monitors/displays
for the group.

Other.
CEA requires 4136 for a financial controller in the last year.
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