Glasgow Experimental Particle Physics Group - reinstatement of posts on experimental rolling grants

Introduction
In January 1998, we submitted a full rolling grant application. The PPGC overall assessment of our performance was ‘alpha 5’, and the use of resources mark was ‘excellent’. In that application, whilst accepting reductions in technical.and workshop support, we put in a bid for a new RA1A post. At present, we have three PPARC-funded RA1A post-doc posts, and yet need to manage an effective contribution to six projects. The pressure arises particularly because this is a time of transition. We BID for an additional RA1A post for three years from October 1999 to build on and gain maximum scientific output from our ZEUS activity.

We need to consolidate and strengthen our commitment to LHC (via ATLAS and LHCb), and maintain momentum on detector R&D (with RAs funded by non-PPARC means), whilst (a) completing our commitment to ALEPH LEP200 physics, (b) setting up a dynamic CDF activity, and keying the expertise gained from it in hardware and analysis into ATLAS, and (c) reinvesting in ZEUS to maintain strength beyond the accelerator upgrade. Up to now, we have been able to address each of these topics except for ZEUS, and this bid is therefore focussed on our urgent manpower needs in ZEUS, as described in the following sections.

In recent months Dr R L Bates has joined the Glasgow group as a hardware physicist, following the untimely death of Dr C Raine. Dr S D’Auria has joined for CDF and ATLAS, into the indefinite post held by Dr N H Brook before he gained a PPARC Advanced Fellowship. Dr Brook has since accepted a tenure-track post at Bristol.

Recent Highlights

We review quickly highlights of the period since the grant application, across the range of activity.

1.
Dr A T Doyle (Reader) won a Humboldt Fellowship and served for a year as Physics Chairman for the ZEUS collaboration. He made this into an outstandingly productive period for ZEUS scientific output, improving the scientific management and clearing a major backlog of unanalysed work. It was natural that he should be invited to give the Plenary Rapporteur talk on structure functions at the XXIX International Conference on High Energy Physics (Vancouver, 1998). This is a rare honour for a UK experimenter. It was another mark of distinction that, as a DESY-based physicist, he was invited to lecture in the CERN academic training programme.

The ZEUS work is discussed in more detail in the following sections.

2.
Dr A W Halley (Lecturer) won a CERN fellowship, which has enabled him to go to CERN for two years to pursue ALEPH and LHCb developments full time.  He is in charge of the ALEPH search for Bs mixing in the fully inclusive and lepton channels. He is analysis co-ordinator for the RICH test-beam efforts for LHCb, and is a member of  the speakers bureau of both ALEPH and LHCb.  For the duration of his time at CERN, we have moved the Glasgow LHCb base of activities there, where Dr S Easo works with him as an RA1A exclusively on LHCb.  Dr Easo has made incisive hardware and analysis contributions to the photon-detector choice for the LHCb RICH.  He was invited to present the LHCb RICH results at Ein-Gedi, Israel during November ’98.  Dr Halley is lead applicant on the JIF bid for UK-LHCb.  

3.
Dr R St Denis (Lecturer) joined us as a lecturer just before the grant application was submitted. Under his leadership we have set up a new CDF activity aimed at both profiting from the physics potential of the Tevatron and gaining direct hardware experience in building and operating a silicon tracker in a complex and harsh radiation environment. The programme enriches our scientific activity, putting us in a prime position for the construction of the ATLAS forward silicon tracker and for LHC physics. He has won external funding from a US Laboratory for a graduate studentship on CDF, gained a PPARC PUS award for an ‘internet game’ and is a co-applicant on a JIF bid and a JREI bid.

4.
Prof. K M Smith has won a PPARC ROPA award for detector development (including an RA position) with Dr M Rahman (Lecturer), who has joined us to link to solid state physics and electronic engineering on sensor development. Prof. Smith has given invited talks at five recent international conferences. Dr Rahman is currently developing pixel detector technology spin-off from our particle physics activities for applications in ion implanter beam profile measurements and in investigations of imaging in neurophysiological studies of the retina.

5.
The ALEPH group, led by Dr J G Lynch (Senior Lecturer), maintains a leading position in Higgs searches and W-physics. Our post-docs, (Dr P Teixeira-Dias and Dr J Ward) are both giving invited conference talks in 1999.  In recognition of his longstanding contributions to the Higgs search, Dr P Teixeira-Dias has also been selected as ALEPH co-convenor to the LEP Higgs Group to provide the definitive search results for the accelerator as it reaches the highest energies.

We consider this programme to be both fruitful and ambitious. It is performing well under stress. We now turn to the need to re-invest in human capital for ZEUS, if we are not to fall back.

Present activities of Glasgow on ZEUS.

P J Bussey (leader), A T Doyle, D H Saxon (academics), N H Brook (adv fellow), I O Skillicorn (hon sen res fellow), L E Sinclair, R Waugh (RAs), S W Lee, G McCance, N Macdonald (Ph D students).

The Glasgow group has maintained an active and productive part in the activities of the ZEUS Collaboration as a whole, and has taken a leading role in the Collaboration's scientific output.  In conjunction with the other ZEUS-UK groups, we have assisted with the data quality monitoring from the central tracking detector (CTD), together with the development of its slow control system.  Recently we have also helped to implement the Beam Pipe Calorimeter (BPC, a small angle tagging device) and the Barrel Presampler.  In the general running of the experiment we have provided two run coordinators in recent years (N Brook and L Sinclair), a Finance Officer (P Bussey) and a Collaboration Physics Chairman (A Doyle) as well as a Physics Coordinator (L Sinclair).

There are two main analysis groups within Glasgow-ZEUS, active in the study of photoproduction and photon structure (Bussey, Lee, Macdonald, Saxon, Sinclair) and in the area of DIS (Brook, Doyle, McCance, Waugh).  These numbers include three permanent academics (Bussey, Doyle, Saxon), a retired academic (Skillicorn) and two RA's (Sinclair, Waugh).  Both the latter positions terminate in the next few months, but only one at present can be replaced.  In addition Brook holds a PPARC fellowship but is moving to Bristol University during the course of 1999 after nine years of outstanding contributions with Glasgow. Our numbers will therefore become depleted and it is urgent, if our work is to be maintained, that replacement should be found, if not for both of the positions being lost then at least for one of them.

In recent years we have been responsible for the production of a substantial number of ZEUS papers.  In 1997, we pioneered the first published measurement on HERA of prompt photon production in photoproduction, showing that high energy photons are able to scatter quasi-elastically off quarks.  This work is being developed into an investigation of the photon structure and further results are now being finalised.  Another first development was a study of three-jet events in photoproduction, demonstrating the presence of several important QCD mechanisms and leading to a much more confident understanding of hard photon processes.  We have also led a study of charged particles and K0's in the fragmentation of photoproduced jets, in which universality of fragmentation was demonstrated, and are at present involved in a measurement of jet production over a range of small photon virtualities (using the BPC) to demonstrate the interplay between VMD and QCD effects.  In the area of DIS we were first to show the presence of scaling violations in momentum distributions in the Breit frame at HERA (comparable to a single hemisphere in e+e-annihilation).  A Glasgow-led paper was recently submitted on further properties of momentum and multiplicity spectra in the Breit frame, with detailed comparisons to theoretical models; work is also advanced on an evaluation of s from event shape properties in DIS final states.  It is the DIS programme of work which is particularly threatened by the imminent departure of Drs Brook and Waugh.

Glasgow is well placed to continue and extend its work in these areas, in a number of which we are the only ZEUS-UK group which is strongly active. We have developed a range of analysis techniques as well as good contact with theoreticians at Cambridge, DESY, Durham, RAL and Warsaw. We intend to continue strongly in ZEUS physics in the period after the HERA luminosity upgrade. 

Our activity has been recognised by many conference and workshop talks.  Since 1996 we have made presentations at the DIS workshops at Rome (2 talks), Chicago (2 talks: one plenary) and Brussels (2 talks: one plenary), the Photon 97 workshop (Egmond), Durham HERA workshops (3 talks), Diffractive Physics (Eilat), Fragmentation Symposium (Vancouver), Lake Louise Winter Institute, ICHEP XXIX, Vancouver (2 talks: one plenary), Photon interactions and structure (Lund), as well as at IOP conferences.

The ZEUS detector at HERA
In the next two years, several important improvements will be made to the ZEUS experiment at HERA, and we wish to employ a new RA to help to exploit these.  The first, of course, is the planned HERA machine upgrade which should quadruple the luminosity available from 2001 and provide electron polarisation.  Within ZEUS, a new microvertex detector system (MVD) is to be installed.  This is an extensive array of silicon detectors covering a wide range of polar angles which will substantially improve the quality of track measurements and in particular enable secondary vertices to be identified much more precisely.  In addition, tracking at small (i.e. forward angles) will be significantly improved by the new Straw Tube Tracker (STT), replacing the present system.  The Glasgow group worked with the Bonn group in implementing the latter, and has a natural interest in physics from its successor.

Physics case for a new RA

Following HERA's highly successful series of F2 measurements, it is important to study details of the hadronic final state in ep collisions in order to gain a deeper understanding of the QCD processes that are taking place.  One of the best ways forward is to study the roles of the different QCD scales in processes where more than one such scale is operative.  This provides an effective means of probing this area and allows detailed comparisons between higher order theoretical calculations and experiment.

The obvious technique is to vary the virtuality of the photon, Q2, across a wide range of scales.  Likewise, the jet resolution parameter, KT, can be investigated in DIS events and can be varied independently. With the forthcoming upgrade, it will be possible to measure jet rates as a function of both scales.  In this way one can investigate the role of potentially large logarithms of Q/KT in the perturbative QCD analysis, which appear only when more than one scale is operating. It is important to extend such measurements over as large a kinematic range as possible. The HERA upgrade will enable a large sample of DIS events at high Q2 to be collected.  The addition of the STT will enable the properties of high-x forward jets to be analysed in greater detail than has so far been possible, this being an important kinematic extension to the currently studied regions.

Similarly, charm and beauty provide an alternative fixed large scale (Mc or Mb) with which to test the role of such effects. The MVD will significantly improve the tagging efficiency for such  events.  The analysis of such events in the intermediate x range   (x ~10-2) enables the threshold behaviour for charm production to be experimentally determined and compared to existing calculations. The precision of the charm cross sections at lower (x,Q2) will also be significantly improved and precise charm fragmentation functions could be measured at low Q2 scales, independently from LEP e+e- analyses.  A final aim would be to integrate these analyses and investigate the properties of charm jets in DIS events in order to determine the relative role of each scale.

In recent years a reported excess of high Q2 events at HERA generated strong interest. The interpretation of these events is not now clear, but the lesson is evident that a discovery of new particles such as squarks of leptoquarks at HERA requires both the highest possible Q2 and luminosity, and the best possible understanding of the underlying QCD processes.  Also, the production of new particles such as these would produce changes in colour flow, which could affect jet rates and other hadronic observables (Heyssler and Stirling, Phys Lett B407 (1997) 259). We are in a position to contribute in an important way to these investigations.

These analyses build on the Glasgow group's existing strengths in DIS studies, and in particular its experience in analysing the properties of hadronic final states and jets.  We provided one of the ZEUS jet-finding algorithms and have developed one of the track-calorimeter matching procedures.  The physics understandings that we have developed so far can only be exploited further by strengthening the group to compensate for the imminent loss of manpower.

To gain the full benefit of our intellectual investment in ZEUS, and to maintain vigour throughout the future HERA running, we seek to employ a new RA who will play a leading role in ZEUS in studying these areas, working in the Glasgow DIS team.  The QCD studies can be started now using the high statistic runs from 1996-2000, and will be extended using the improved tracking capabilities and higher luminosity after the shut-down.  The heavy flavour studies, for their full development, require the full use of the MVD.  Within two years we would also expect to make significant progress on the integration of the STT with the rest of the ZEUS apparatus. 

It should finally be mentioned that a good understanding of QCD is essential to place limits on the QCD backgrounds to potential new physics in the LHC.  Again, this requires investigations over as large a range of scales as possible.  Two of the present ZEUS academics (Doyle, Saxon) will use this expertise on ATLAS. This aspect of future physics work will gain a preview from the coming run on the Tevatron.  Since Glasgow is a member of CDF, we expect fruitful interactions to occur, provided that we can continue to work in the forefront of QCD studies at HERA. 

We BID for an additional RA1A post for three years from October 1999 to build on and gain maximum scientific output from our ZEUS activity.

