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1) Purpose of the visit
The purpose of this visit was to further two ongoing collaborations. The first is with Pr. Skenderis and Dr. Caldarelly at Southampton University, and Dr Joan Camps at DAMTP, University of Cambridge. It is the continuation of a previously completed project, linking asymptotically AdS spacetimes to Ricci-flat ones, with as horizon the perspective of setting up a holography dictionary in flat spacetimes. Pr. Skenderis was also visiting DAMTP during the period covered by the grant.

The second is with Pr. Kiritsis (U. of Crete) and Dr. Donos (DAMTP, U. of Cambridge). We are investigating how breaking translation invariance homogeneously in holographic setups can lead to phases which can either be insulators or incoherent metals in the IR. 

2) Description of the work carried out during the visit
During this visit, I discussed intensively with Pr. Skenderis and Dr. Camps, as we aimed at completing the second phase of our project. In particular, one remaining issue was to understand how boundary conditions are mapped between the AdS and Ricci-flat sides of the map we constructed in our previous work. This is a pre-requisite for setting up the holographic dictionary. We found that boundary conditions are not mixed through the map, which means that vevs should be obtained by differentiating the on-shell, renormalised Euclidean action, just as in asymptotically AdS spacetimes. We also discussed the issue of boundary conditions in asymptotically flat spacetimes with Pr. Marolf from UC Santa Barbara, who is currently visiting DAMTP for 3 months. Finally, we discussed many of the small details relating to the write-up of our results.

Regarding the second collaboration, we made progress in understanding and characterising the various phases we have obtained. We work in a five-dimensional setup containing Einstein's gravity, a scalar field and two gauge field, one carrying the electric flux and the other the magnetic flux. The metric Ansatz breaks translation invariance homogeneously by using the three-dimensional Bianchi VII 1-forms. This corresponds to having a lattice in the dual field theory. If the lattice is irrelevant, translation invariance is restored in the IR and we typically obtain a metal. If it is relevant, the optical conductivity, calculated using standard holographic methods, reveals if the phase is an incoherent metal or an insulator with a soft gap. By analysing the field equations, we have obtained many solutions which needed to be better understood and classified.
   
3) Description of the main results obtained

Regarding the first collaboration, the main result obtained is that our map, constructed previously, does not mix boundary conditions. This was the last missing piece in our results, prior to publication. 
Regarding the second collaboration, we have managed to organise the various solutions we had obtained in terms of a set of scaling exponents, drawing on previous experience in translation invariant setups. Some new exponents need to be introduced in order to parameterize correctly the breaking of translation invariance. There is a lot of freedom in this, and the challenge is to find a parameterization which relates to physical parameters. In particular, we obtained that a class of solutions can behave alternatively as insulators or incoherent metals depending on the parameter space, which we mapped out.

4) Future collaboration with host institution (if applicable)

I expect to continue both collaborations in the future. Regarding the first collaboration, we now plan to generalise our map to curved boundary metrics on the AdS side. This is necessary to construct the actual holographic dictionary, as the vev is obtained by differentiating the renormalised on-shell action wrt to an arbitrary source. For the metric, this means obtaining the stress-tensor, but for that the boundary metric must be arbitrary. It is not clear at this stage how the Fefferman-Graham expansion translates from AdS to Ricci-flat, and we plan to focus on this issue in the future.
Regarding the second collaboration, we have not yet fully completed our analysis. Indeed, the optical conductivity is hard to compute, as it is governed by a set of coupled ODEs which need to be decoupled. We plan to keep working on this aspect.

5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)
Both collaborations should result in publications in the short-term. We are currently finishing drafting up the results obtained in the first collaboration, which I hope will appear this month. Partial results of the second collaboration, regarding a class of solutions alternatively insulators or incoherent metals, should also appear soon in the next two months, I hope.
6) Other comments (if any)
I judge that this was a very fruitful visit, which will yield concrete outputs such as the publication of at least two articles in the near future.
