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HERA UPGRADE AND PROSPECTS�Andrew MehtaThe University of Liverpool, Liverpool, L69 7ZE, UK(Re
eived September 16, 2002)The upgrade of HERA o�ers ex
iting possibilities to further study ele
-tron proton s
attering at high energy. The in
reased luminosity will allowpre
ision measurements of deep inelasti
 s
attering to be extended to thehighest Q2. Polarisation will open up many new physi
s areas, providingin
reases sensitivity to Standard Model and new physi
s alike. HERA willhave enhan
ed potential to dis
over physi
s beyond the Standard Model ina wide range of new physi
s s
enarios.PACS numbers: 13.60.�r, 13.88.+e1. Introdu
tionIn the years 1999�2000 the ep 
ollider HERA had it most su

essfulrunning period ever, delivering approximately 70 pb�1 to ea
h experimentat a 
entre of mass energy of 320GeV and bringing the total data deliveredsin
e 1992 to about 130 pb�1. Approximately 15 pb�1 of the data was takenin e�p mode, the rest in e+p mode. This large data sample has enableda wealth of physi
s results su
h as the observation of a rise in the partondensity of the proton at small x, s
aling violations of the proton stru
turefun
tions measured up to Q2 = 30000GeV and numerous sear
hes up tomasses of about 200GeV.It is 
lear that in order to build upon the physi
s results of HERA Ia new initiative was required to improve the luminosity of HERA to enablea signi�
ant in
rease in the data sample. A major redesign of HERA in-
luding fo
using magnets inside the H1 and ZEUS dete
tors is estimated toyield a luminosity in
rease by a fa
tor of 3.5, with 240 pb�1 of data per year.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3937)
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ant improvement in the physi
s potential of HERA is theintrodu
tion of further spin rotators1 to allow measurements with longitu-dinally polarised ele
trons or positrons to be made by H1 and ZEUS.The upgrade of HERA lasted from winter 2000 to summer 2001. InO
tober 2001 the �rst 
ollision were re
orded at HERA II. In November2001 the design spe
i�
 luminosity was rea
hed. Throughout 2002 routine ep
ollisions have been a
hieved, although there have been numerous problemswith the ele
tron and proton ma
hines. The most di�
ult problem to solve isthe large ba
kgrounds experien
ed in H1 and ZEUS when the ma
hine is runwith high 
urrents. Thus, although the ma
hine 
an deliver luminosity theexperiments are unable to turn on their most sensitive dete
tor 
omponents.A ba
kground task for
e has been set up to investigate the problems, noneof whi
h appear to be intra
table.To get the full bene�ts from HERA II the experiments H1 and ZEUShave made extensive modi�
ations. Notable upgrades in
lude: a new innersili
on dete
tor in ZEUS; extension of the inner sili
on dete
tors in H1; newforward tra
k dete
tors (H1 and ZEUS); new luminosity dete
tors (H1 andZEUS); and a new tra
k trigger (H1).2. Physi
s at HERA IIThe large in
rease in luminosity will parti
ularly bene�t measurementsmade at large photon virtuality Q2 and large transverse momentum wherethe event rates are small. Neutral Current (NC) stru
ture fun
tion measure-ments will yield a measurement of the u quark density of the proton with anerror of 2�10% up to Bjorken x = 0:65. In
lusive Charge Current (CC) willallow the d density of the proton to be measure with an a

ura
y of 10% upto x = 0:4. An example HERA II stru
ture fun
tion measurement is shownin Fig. 1, where running with e+ and e� beams will allow a measurement ofxF3 to be made whi
h will allow the valen
e quark density to be determinedwith an a

ura
y of 10% over the range 0:05 < x < 0:4.In
luded in the running s
hedule of HERA II is a period where theproton beam energy will be redu
ed to make 
ross se
tion measurements atlower 
entre of mass energies. These will allow enable a dire
t measurementof the longitudinal stru
ture fun
tion FL for the �rst time at HERA [1℄.Measurements of 15% pre
ision should be a
hievable.The advent of longitudinally polarised ele
trons will allow many newmeasurements to be made at HERA as well as improving the pre
ision ofexisting measurements. It is also interesting to note that running with right1 At HERA I spin rotators already enable the �xed target experiment HERMES tomake polarised stru
ture fun
tion measurements. HERA provided polarised beamsin routine operation, whilst delivering ep 
ollisions to H1 and ZEUS.
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xFig. 1. An estimation of what a measurement of the stru
ture fun
tion xF3 maylook like after 250 pb�1 ea
h of e+p and e�p data.handed e+p would redu
e the Standard Model NC and CC, thus enhan
ingsensitivity to new physi
s. Measurement of the NC 
ross se
tion as a fun
-tion of polarisation would allow the determination of the parity violatingstru
ture fun
tion G2. This would provide an impressive test of ele
troweaktheory and also allow a measurement of the d=u parton densities of the pro-ton. In the Standard Model the CC 
ross se
tion e+p (e�p) 
ross se
tionis dire
tly (inversely) proportional to the polarisation. Thus any measure-ment of the CC 
ross se
tion as a fun
tion of polarisation that deviatesfrom a straight line is eviden
e for new physi
s independent of any QCD orele
troweak parameters.An example of how polarisation 
an signi�
antly improve measurementsis demonstrated in Fig. 2. Here, example measurements of the ve
tor andaxial-ve
tor 
ouplings of the Z0 to the light quarks are show together withthe improvement of su
h measurements with polarisation [2℄. A fa
tor of 5improvement in the error on the ve
tor 
oupling of the u quark if polarisa-tions of 0.5 are a
hieved. It is interesting to note that although the limitsfrom LEP [3℄ are better than those estimated for HERA II the HERA datahave no heavy quark admixture.
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P = 0.7(b)Fig. 2. An estimation of what a measurement of the quark 
ouplings to the Z0may look like after 250 pb�1 of data. Also in
luded in the �gure is the impa
t ofpolarisation on the measurement.The large in
rease in luminosity at HERA II will make it an ex
itingpla
e to look for new physi
s. Despite strong 
ompetition from the Teva-tron p�p 
ollider HERA will still 
ontinue to have the best dis
overy potentialin several new physi
s s
enarios. One su
h example is shown in Fig. 3 wherefuture sensitivity to s
alar leptoquarks (parti
les that 
arry both leptonand baryon number) is shown. HERA will have sensitivity up to massesof 290 GeV for 
ouplings � = 0:05. Other potential dis
overy 
hannels areR parity violation supersymmetry where HERA will 
ontinue to be 
ompeti-tive parti
ularly at high � [4℄; ex
ited neutrinos where HERA has sensitivitybeyond the rea
h of LEP; and lepton �avour violation where the main 
om-petition to HERA 
omes from rare b meson de
ays.
Future Sensitivity on Scalar Leptoquarks
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Fig. 3. Examples of the dis
overy potentials of s
alar leptoquarks for in Run II ofthe Tevatron and HERA II.



HERA Upgrade and Prospe
ts 3941One issue that is sure to be resolved at HERA II is the observation of anex
ess of events with isolated leptons and missing transverse momentum byH1 [5℄. If the ex
ess persists at the rate observed in H1 and it is observedby both 
ollaborations, 250 pb�1 would be enough for a 5� dis
overy.REFERENCES[1℄ L. Bauerdi
k et al., pro
eedings of the workshop �Future physi
s at HERA�,p. 77, 1995.[2℄ R. Cashmore et al., pro
eedings of the workshop �Future physi
s at HERA�,p. 163, 1995.[3℄ ALEPH, DELPHI, L3, OPAL, �A Combination of Preliminary Ele
troweakMeasurements and Constraints on the Standard Model�, CERN-EP/2001-XXX, 2001.[4℄ E. Perez et al., pro
eedings of the workshop �Future physi
s at HERA�,p. 295, 1995.[5℄ N. Malden, A
ta Phys. Pol. B33, 3911 (2002), these pro
eedings.


