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Abstract

We wish to promote a new kind of interaction between particle physics experimentalists and theorists.  We believe that this will help to ensure that UK particle physicists play a strong and visible role in extracting and interpreting results from the LHC and in defining the future European programme in other areas such as neutrinos and dark matter. 
We plan to establish a virtual institute between RAL and Southampton called NExT. The RAL and Southampton groups have a well-established working relationship already. The aim of NExT is to evolve this to a new level, and create a whole that is greater than the sum of the parts by opening up new opportunities for collaboration. NExT will promote one-on-one relationships between Southampton theorists and individual RAL experiments.  These could be thought of as mentoring interactions and would involve the theorists in the actual process of discovery at the LHC and in other areas such as neutrinos, dark matter and a future linear collider. To facilitate these connections, we request three novel joint experiment-theory RA positions, funded for 5 years, called “NExT fellows”.  The initial assignment would be one for each of ATLAS, CMS and LHCb.   We also request support for visitors. 
NExT should be supported between RAL and Southampton, as outlined in this proposal, because it makes good scientific sense for our two institutions. After some experience has been gained with the kind of interactions that we are aiming for, it would be appropriate to start a broader discussion of whether a larger, perhaps national, programme along these lines should be undertaken.

Motivation
The next 10 – 15 years is likely to be a revolutionary period for our understanding of the fundamental constituents of the universe and their interactions. The commissioning of the Large Hadron Collider (LHC) at CERN will open a new energy frontier, which together with continuing and new experiments in neutrino and flavour physics and new observations in cosmology will provide the opportunity for major discoveries. Starting in 2007-8, the LHC will throw open the door to the TeV scale, an energy regime that we know contains new particles (and perhaps forces) related to electroweak symmetry breaking. There are strong indications that the LHC experiments will be able to discover the Higgs Boson, completing our understanding of the origin of mass, and to observe effects of new particles and forces beyond those we know of in the Standard Model, such as the presence of supersymmetric partners of particles like the photon, the electron and the quarks. This may well give us the first understanding of the nature of cosmic dark matter, and of the reason why the universe is composed of matter (rather than equal amounts of matter and antimatter).  

The new, complex experiments at LHC demand that experimentalists have a close understanding and ability to model the physics processes (e.g. backgrounds), have an open mind as to the possible signatures of new physics; and require that theorists have a good understanding of detector performance and rapid contact with results as they come in.  This closeness will exist naturally at CERN, where theorists and experimentalists will mingle in the corridors and cafeterias.  The challenge for us in the UK is to promote these kinds of interactions in our own institutions.  Without them, we risk missing the opportunity for the UK to take a visible, leading role in the extraction and interpretation of the physics that we have invested so much money, time and effort in pursuing.  
At the same time, we will need to feed and connect the results from direct searches for TeV scale new phenomena at ATLAS and CMS into the indirect precision experiments looking for CP violation (at LHCb), neutron electric dipole moment, dark matter; and to plan the follow-on experiments in EDM and DM with this knowledge in mind.

A new generation of neutrino experiments with the potential for new and unexpected phenomenology is also going to be coming on line towards the end of the decade, with significant UK involvement.  It is widely recognised that there is a need to build up a stronger UK neutrino community that brings together experiment and theory in order, again, to take a strong and visible role in analysis and in planning the future of the programme.   Similarly, UK involvement in the International Linear Collider (ILC) demands close collaboration between experimentalists and theorists, and this need will only increase as the time for an ILC construction decision approaches.
What is new?

The successful exploitation of the new facilities and the interpretation of the data in terms of fundamental physics in particular, will require a close collaboration between theoretical and experimental groups. There is a long and generally successful history of experiment-theory joint projects.  Workshops such as those organised by IPPP, CERN and Fermilab have all played important roles in planning future programmes.

In the case of our own institutions, the Southampton High Energy Physics Group (SHEP) has a very strong research programme in theoretical particle physics but there is no corresponding experimental group in Southampton; the Particle Physics Division (PPD) of the Rutherford Appleton Laboratory (RAL) part of the Council for the Central Laboratories of the Research Council (CCLRC) is the leading UK centre for experimental particle physics but has no theory group. It was therefore natural for SHEP and PPD to form a collaborative alliance and since 2001 we have been holding joint research seminars on topics of common interest at least once each term and Dr Moretti of SHEP is participating in the CMS collaboration at the LHC as an external member of the RAL group.  This current RAL-Southampton collaboration has proved successful in uncovering important areas of physics whose feasibility had not previously been considered by experimental groups (one example is the search for Higgs particles in theories with light supersymmetric particles).  In the appendix we list the joint seminars and meetings that have been held as part of this collaboration. 
It is now the time to evolve the collaboration for the era of data taking and analysis, to enable the rapid interpretation of new results and to allow theorists to point to consequences which can be tested without delay.

The traditional interactions between experimentalists and theorists have revolved around theorists picking up information on data based on experimental presentations in meetings and published papers. This is both slow and inefficient, and in the worst case has led to misinterpretations of data. Our understanding of physics is hindered or delayed by such a process.

The direction that we are taking in this proposal is novel and different from anything has been done before.  It is focused on:
· Creating one-on-one interactions between experimenters and theorists;
· Connecting theorists to analysis of ongoing experiments. 
We plan to establish a Virtual Institute called NExT (New connections between Experiment and Theory) involving RAL and Southampton. NExT will have the goal of promoting interactions. NExT will establish pairwise relationships between each participating theorist and a contact person or persons in an individual experiment.  These could be thought of as mentoring relationships. This would give the ability for frequent, unstructured interaction; to discuss and rapidly interpret new results and have the theorists point to other consequences of possible interpretations that can then be rapidly tested.  (We would of course respect collaboration rules concerning dissemination of data.  That is one reason to link each theorist with a specific single experiment. There are already theorists involved with all the experiments concerned).   On the experimental side, NExT offers an opportunity for physicists who have spent so much time on hardware and detector construction to re-engage with the physics output of the devices they have built.  

The theorists would be fully involved in the experimental physics discussions in general, and in planning which analyses to undertake in particular. This possibility for theorists to be direct participants in discoveries at the LHC, rather than simply observers of them after the fact, is new and exciting.  
The Open Symposium of the CERN Council Strategy Group for European Particle Physics in January 2006 devoted a session to theoretical physics.  There was a lively discussion for almost an hour, focussing almost entirely on just this issue of how to best connect theory to experiment for analysis of LHC experiments.  There is clear support for the idea that closer connections are needed, both from the management of experiments and from the theory community.  No concrete suggestions were made at the meeting, so we have a great opportunity to show some leadership by starting a new mode of working and demonstrating that it is successful.
The aim of NExT is to imaginatively connect existing resources.  We want to take the current building blocks in terms of our two experimental and theoretical groups and establish the connections that will allow the whole to be greater than the sum of the parts.  We have a modest request for additional support to provide the “glue” to establish these connections.
At this time we are requesting three postdoctoral research positions.  These would be joint experiment/theory positions, which is itself a novel and groundbreaking concept. To recognise that these are not typical RA posts, we propose to call these positions “NExT Fellows”.  (Giving the posts a distinctive name should also help the career prospects of the post holders, which is sometimes an issue in this area.) Each NExT fellowship position would be assigned to the connection between theory and each of the major experiments (CMS, ATLAS and LHCb).  Candidates could be experimentalists with a strong interest in theory, theorists with a strong interest in experiment, and/or experts in Monte Carlo simulation programs.  The NExT fellows would be jointly supervised by an experimental and a theoretical collaborator, and would be expected to facilitate and promote the interactions that we seek.  The research projects would be expected to have both a significant theoretical and experimental component and should lead to publication, which could take many forms – among others, a normal scientific paper from the experiment, a theoretical interpretation of experimental results, or as a paper proposing a novel analysis to be done. 
The table below outlines a first draft of assignments of the NExT fellowship positions.
	Project
	Southampton theorists
	RAL experimental contacts
	NExT fellows

	LHCb
	C. Sachrajda, J. Flynn
	S. Ricciardi

J. Morris
	NExT fellow 
2006

	CMS
	S. King, S. Moretti,
D. Ross
	R. Brown, C. Shepherd-Themistocleous
	NExT fellow 

2006

	ATLAS
	N. Evans, T. Morris,
B. de Carlos
	N. McCubbin,
W. J. Murray
	NExT fellow
2006 

	Neutrino experiments
	S. King,
B de Carlos
	G. Pearce, A. Weber, R. Edgecock
	NExT fellow 

2009

	ILC
	S. Moretti
	S. Worm
	NExT fellow 
2009


The main thrust of the ATLAS, CMS and LHCb work will be the analysis and interpretation of LHC data.  The initial round of support is requested for a period of five years, sufficient to carry us well into the period of LHC analysis.

In 2009, we plan to extend NExT to involve neutrino factory studies and to the ILC. Two additional NExt fellows to cover these areas will be subject to a future proposal.  The focus of the neutrino work will be in refining the future UK programme, elaborating the physics case for new facilities, working on the International Design Study for a neutrino factory, and on other new experimental initiatives. For the linear collider, we will work on incorporating realistic detector capabilities in the theoretical studies and in understanding how to use early LHC results to sharpen the case for ILC construction to go ahead.

For future projects like these, there are fewer shortcomings at the present time in the traditional mode by which theorists and experimentalists work together. For this reason, we are not requesting any new positions at this stage in these areas. However, we envisage that by 2009 interactions between theorists and experimentalists working on neutrino and ILC physics will require the kind of support that NExT fellows can offer, so that we are planning already now for two additional positions in these areas. For the time being, we believe being able to have frequent informal discussions would enable radically new ideas to get off the ground more easily that in the usual style of meeting at workshops and conferences, we plan to encourage regular interactions between theorists and experimentalists through our visitor programme.
NExT visitor programme

We request support for visiting scientists who wish to join in one of the NExT projects.   We will run this NExT visitor programme as a part of the CCLRC’s Centre for Fundamental Physics programme (http://hepwww.rl.ac.uk/CfFP) in order to benefit from the logistical support available.  

NExT visitors will naturally include experimental and theoretical physicists passing through the London area who can spend a few days interacting with NExT personnel to their mutual benefit.  Our proximity to the London universities and air hubs makes this relatively straightforward to arrange.

Organisation
NExT will be a Virtual Institute. The majority of its resources will come from existing programmes. NExT itself will own no buildings, have no budget and employ no staff directly.  Current infrastructure at the institutes will provide all the necessary administrative and HR support, financial reporting etc.

Nonetheless there needs to be oversight to ensure that the connections are working, there needs to be a procedure to select the fellows and visitors, and to report on progress. We propose that oversight be provided by a Director and a Deputy Director, one coming from each institution.  The Director and his/her Deputy will be responsible for supervising the day-to-day activities of NExT, receiving applications, organising and running visitor and fellow selection committees, and also for reporting on progress, publicising the activities of the institute, and seeking funding support. They will meet periodically with the Director of Particle Physics at RAL and with the head of the Southampton Particle Physics group to report on progress.  We do not want the management of NExT to consume significant resources and we believe that the roles of Director and Deputy should not require a large fraction of these individuals’ time.  
We propose that progress on NExT be reviewed after a period of three years. (We are nonetheless requesting support for five-year fellowships, since three-year positions starting now would not have sufficient overlap with the timescale for physics publications from LHC.)
Evolution beyond RAL and Southampton
NExT is an attempt to do something new. We will be feeling our way at the start, and we plan to begin relatively modestly. Phase I of NExT therefore starts from the existing and successful RAL–Southampton interaction.  RAL and Southampton have a special interest in seeing this succeed (since they respectively lack theory and experimental groups of their own). 
The physics questions that we seek to address, and the advantages to be gained from promoting this kind of new interaction between theory and experiment, are certainly not exclusive to RAL and Southampton.  We believe that it is appropriate to consider how they might be promoted on broader, perhaps national scale.  Such broadening might take the form of adding additional institutions to NExT, of initiating additional virtual institutes, or some other possibility.  At that time, a broad discussion involving the whole UK phenomenology community, including IPPP, would be appropriate. The best time to make this assessment would perhaps be after some experience has been gained with operating NExT between RAL and Southampton.
We therefore suggest

1. NExT should be supported between RAL and Southampton, as outlined in this proposal, because it makes good scientific sense for our two institutions.
2. After some experience has been gained with the kind of interactions that we are aiming for, a broader discussion of whether it makes sense to aim for a larger, perhaps a national, programme, should be undertaken.

Summary
· NExT is an interdisciplinary initiative in the context of particle physics.
· It is both timely and necessary given the challenges of the LHC, a fact that was recognised at the Orsay symposium by the world particle physics community.
· The UK can take a lead at the global level by showing the way ahead.  Conversely, if we do nothing we risk losing out to our competitors, not least because we have few full time research positions in particle physics compared with other nations. 
· Changing times and possible changes in funding structures should not prevent the discussion of new ideas – and may in fact require new initiatives.
Appendix: RAL-Southampton Joint Seminars and Meetings 2001-6
May 11th 2001, Soton 

B­Physics 

S. Xella­Hansen (RAL)

Recent Results from BaBar 
June 15 2001, RAL 

Flavour Dynamics 
C. Sachrajda (Soton) 

CP­Violation and the Extraction of CKM               

                                                            Parameters 

K Peach (RAL) 

Chair, General Discussion 

September 27th 2001, Soton 

Neutrino Physics 
G Ross (Oxford) 

The Fermion Mass Problem 

A de Santo (Oxford)

MINOS 

D Wark (RAL/Sussex) 

Results from SNO 

S King (Soton) 

Theoretical Questions in Neutrino Physics 

November 23rd 2001, RAL 

Higgs Searches at the LHC 
P Norton (RAL) 

SM Higgs Search in ATLAS 

W Murray (RAL)

Search for Non­SM Higgs in ATLAS 

B Kennedy (RAL)

Higgs Searches in CMS 

N Evans (Soton)

Theoretical Status of the Higgs 
February 8th 2002, Soton 

SUSY Particle Searches at the LHC 

Ian Tomalin (RAL) 

Search for R­Parity Conserving SUSY at LHC 

P Norton (RAL) 

Search for R­Parity Violating SUSY 
T Blazek (Soton) 

Theoretical Aspects of SUSY

D Ross (Soton) 

A Signal for Supersymmetry from a Light Higgs 
April 26th 2002, RAL 

B­Physics 

S Xella­Hansen (RAL) 

Report from the La Thuile Conference 
P Soler (RAL) 

B­Physics Reach of LHCb 

J Flynn (Soton) 

B­Physics from Lattice QCD 

N de Groot (RAL/Bristol) 

CKM Fit to B­Decay Rates using Factorization 
October 25th 2002, Soton 

Recent Developments in B­Physics 
S Descotes­Genon 

Recent Developments in QCD Factorization for
B­Decays 

N de Groot (RAL/Bristol) 

Recent measurements of CP­Violation in BaBar 

February 7th 2003, RAL 

Neutrino Physics 
S King (Soton) 

Neutrino Mass and the Flavour Problem 

W Scott (RAL) 

Matter Covariance 
A Weber (RAL) 

Long Baseline Experiments 

June 20th 2003, Soton 

Dark Matter & Cosmology 

V di Clemente (Soton) 

Recent Developments in Inflationary 
Cosmology 

D Wands (Portsmouth) 

The Primordial Density Perturbation 
N Smith (RAL) 

Experimental Dark­Matter Searches 
November 7th 2003, RAL 

Higgs and SUSY Connections 
S.Moretti (Soton) 

Higgs and SUSY connections: Theoretical 
Results 

B Murray (RAL) 

Experimental Aspects of Higgs and SUSY 

N de Groot (RAL/Bristol) 

Higgs and SUSY interplay between the LHC and ILC 

February 13th 2004, Soton 

Rare B­Decays 
C Sachrajda (Soton)

B( phi Ks in the standard Model 

T Blazek (Soton)

Precision Analysis and Rare B Decays in Constrained Minimal Supersymmetry 

F Wilson (Bristol)

Experimental Overview 

22nd October 2004, RAL

Neutrino phenomenology 

DP Roy (TIFR)

Overview of Solar Neutrino Oscillation 

S Antusch (Soton)

What can we learn about Particles, Forces and the Universe from the proposed Neutrino Experiments ? 

C Andreopoulos (RAL)

Neutrino Oscillations & Neutrino Interactions in the few-GeV energy range: a review of MINOS experiment issues 

N Smith (RAL)

Progress in neutrinoless double beta decay
experiments
4th February 2005, Soton

Neutrino Physics
D Wark (IC) 

Introduction to Neutrino physics and to T2K

A Ereditato (CERN) 

The liquid Argon TPC and application to the T2K long baseline neutrino experiment 

A Rubbia (ETH) 

A very large liquid Argon TPC for astroparticle physics, matter stability and neutrino physics

13th June 2005, RAL 

Precision Physics at the LHC 

P Hobson (Brunel) 

Precision physics in ATLAS and CMS

C Verzegnassi (Trieste) 

SUSY virtual effects in precision observables at the LHC

S Moretti (Soton) 

Standard Model EW effects at the LHC  

25th November 2005, Soton 

Phenomenology of the Z'

A-S Giolo-Nicollerat (CERN) 

Z' study at the LHC 

R Nevzorov (Soton)          

Z' and exotica phenomenology in the E6 SSM 

3rd March 2006, RAL       

Neutrino Physics 

C Andreopoulos (RAL)      

Neutrino interaction physics and the GENIE neutrino MC generator

W Scott (RAL) 

Extremisation of Flavour-Symmetric Jarlkog Invariants 

10

