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A new approach to determine the Large Hadron CollidddC) luminosity is investigated. Instead of
employing the proton-proton luminosity measurement, we suggest to measure directly the parton-parton lumi-
nosity. It is shown that the electron and muon pseudorapidity distributions, originating from the datay of
W™, andZ® bosons produced at 14 Ty collisions(CERN LHC), constrain thex distributions of sea and
valence quarks and antiquarks in the range frs®x 10 * to ~10™* at aQ? of about 18 GeV?. Further-
more, it is demonstrated that, once the quark and antiquark structure functions are constrained fm the
and z° production dynamics, othq?related scattering processes at the LHC sucqas»W*W’ can be
predicted accurately. Thus, the lepton pseudorapidity distributions provide the key to a precise parton lumi-
nosity monitor at the LHC, with accuracies ef =1% compared to the so far considered goalt05%.
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[. INTRODUCTION decrease considerable during the next years, cross section
uncertainties related to structure functions will remain im-
Interpretations of essentially all proposed measurementgortant. These uncertainties, combined with the unknown
at the Large Hadron CollidefLHC), CERN’s 14 TeV contributions from higher order QCD corrections, are usually
proton-proton collider project, require a good knowledge ofconsidered to limit the use of the reactipp— W=*(Z°) as
the parton distribution functions at the relevapt and the an absolute proton-proton luminosity monitor at very high
collected integrated luminosity. Both omnipurpose experi-center-of-mass energi¢s].
ments, ATLAS[1] and CMS[2], consider a luminosity ac- The above problems result in luminosity uncertainties,
curacy of 5% as their goal3]. which are larger than the considered goal of &% proton-
The traditional methods to determine the proton-protorProton luminosity accuracfB]. Consequently, current esti-
luminosity are size and intensity measurements of the beanigates for the achievable accuracies of some measyrgments at
at the interaction point, as well as event rates of processdi€ LHC appear to be somewhat depressing. This is espe-
with previously measured or calculable cross sections sucfially the case when these uncertainties are compared with

as elastic proton-proton scatterifig] and QED processes the possible small statistical errors for many LHC measure-
;o ments, the current knowledge of quark and lepton couplings
such aspp—ppe"e” [5]. Unfortunately, clean measure-

. . ~_to theW* andZ° boson or the already achieved accuracies
ments of the above processes, especially at the high luminos-

e et :
ity phase of LHC, are very difficult. Consequently it is not T high-energye “e  experiments.

byi that th ; ton luminosit b As a solution for the above problem, we propose a new
obvious that the proton-proton Iuminosity can be measu“:“(tjstpproach to measure the LHC luminosity. This approach is
with a £5% accuracy.

: o based on the following.

. Assuming th.at the proton-proton Iumlnosny. is measured, (1) Experiments at the LHC will study the interactions
different experimentally observed cross sections are competween fundamental constituents of the proton, the quarks,
pared with theoretical calculations, using parton distributiongng gluons at energies where these partons can be considered
functions, f,Q*), wherex is the fractional parton momen- a5 quasifree. Thus, the important quantity is the parton-
tum (X=Pparon/ Epear) Of the relevant types of valence and parton luminosity at different values @f0n[8] and not the
sea quarksor antiquarksand gluons at the consider€f of  traditionally considered proton-proton luminosity.
the reaction. These parton distributions are determined from (2) Assuming collisions of essentially free partons, the
_expenr_nental ot_)servables in Iepton-had_ron scattedegep production  of weak  bosons, Ud—W*—/"p,
inelastic scatteringDIS) processes from fixed targetand ex- " — " — — D .
periments at the DES¥p collider HERA] and Drell-yan dU—W~ —/"», anduu(dd)—Z"—/"/" are in lowest
lepton pair production processes at hadron collidh order undgrstood to at least a percent IeveI.ICross section
These results, obtained at differe@t, have then to be ex- uqcertalntles from hlgher.order 'QCD correctlons are cer-
trapolated to the relevar®? scale of the studied process. tainly larger, but are obV|o_us_Iy mc_:luded in the measured
While thex distributions of the valence quarks are now quiteWeak boson event rates. Similar higher order QCD correc-
well constrained, uncertainties for thedistributions of sea tions to otherqq scattering processes at differe@t, such
quarks and antiquarks and gluons remain important. As asqq—W W™, can be expected. Thus, assuming that the
result of these structure function uncertainties, total cros€? dependence can in principle be calculated, very accurate
section predictions oV*", W~, andZ° boson production at theoretical predictions for cross section ratios such as
14 TeV pp collisions (LHC), vary currently between 10— o(pp—W"W™)/a(pp— W™) should be possible.

20 %. Even though the experimental errors are expected to (3) It is a well known fact that th&v* andZ° production
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TABLE I. Examples of estimated weak boson production cross sections at the LHC for three different sets
of structure functions usingprLIB and PYTHIA programs[13,14]. In all cases the leptonic branching ratios
into electrons and muons are included. GRV HO denotes the Gluck-Reya-Vogt higher order set.

Weak boson cross sectiofisHC 14 TeV)

oXBR
Reaction MR®A) CTEQ 2L GRV 94 HO
Ud—W"—/"p 20.18 nb 17.32 nb 21.58 nb
du—W —=/"1v 14.24 nb 12.63 nb 15.40 nb
uu(dd)—z0—/*/* 3.246 nb 2.854 nb 3.456 nb
qq—(Z*,y*)—=/*/* (M,,=150- 200 Ge\j 9.71 pb 8.98 pb 10.26 pb
qq—W"W™ —/F v/ v 3.53 pb 3.30 pb 3.63 pb

rates at the LHC, including their leptonic branching ratioscross section predictions as well as the following simulation
into electrons and muons, are huge and provide relativelyesults are obtained using tleTHIA Monte Carlo program
clean and well measurable events with isolated leptons. Fufd4].

thermore, thaV* andZ°® masses are already well measured These cross section variations for singl&-, Z° produc-

[9] and further significant improvements are expected frontion are strongly correlated with the cross section predictions

the future running of the CERN"e" collider LEP and the  for other qq related processes. As an example, the corre-
upgra(()jed Fermilab Tevatrdd0]. With the well knownW™ o0 4ing cross sections for the reactign—W* W~ are
andZ" masses, possible values of quarks and antiquarks 454 given in Table I. Thus, even without looking at further

are constrained fromM . ,0=SXXg With s=4Ep..n. The  details, the uncertainties for multiboson production cross
product x,x, at the LHC (/s=14 TeV) is thus fixed to  sections at the LHC are reduced to about 5—10 % if event
~3X10°. Thus, the rapidity distributions of the weak rates are estimated relative to the production rates of single
bosons are directly related to the fractional momentdithe W=, Z° events. Furthermore such relative measurements re-
quarks and antiquarks. Consequently, the observable pseudduce also errors from branching ratios and detection effi-
rapidity distributions of the charged leptons from the decaysiency uncertainties.
of W* andz° bosons are also related to thelistributions of For the following studies, the Martin-Roberts-Stirling set
quarks and antiquarks. The shape and rate of the lepton psef-[MRS(A)] structure function sef13] is used as an ex-
dorapidity distributions provide therefore the key to preciselyample and reference system. Figufe) shows the expected
constrain the quark and antiquark structure functions andapidity distribution of W* and W~, which directly reflect
their corresponding luminosities. the difference between thedistributions of theu, d valence
The aim of this paper is to demonstrate the feasibility of
this approach and thus improve the luminosity measuremeni 30000
at the LHC for quark-antiquark related scattering processes,,, sso00 ;a)
It will be shown that the dynamics of the single weak boson & :
production at the LHC allow us to constrain theq struc- E :
ture functions, the corresponding parton luminosities, and§‘5°°°;
therefore also the cross sections of otlygy related pro- R 100001

cesses. Finally, we suggest that a similar approach to gluor soooi
related scattering processes might eventually also lead tc

LHC qq—-»W STy
PYTHIA no detector
100 pb™

0000 [ir s

oL

similar accuracies for thg distribution of gluons. 0 1 2 Iyl (“Wi)
30000 = P
Il. EVENT RATES AND THE SELECTION OF 25000 ib) 'l;lYigH‘:gixezlctvor
PP—W*, W™, AND Z° 2 o000]. 100 pb?
The production opp— W*, W™, andz® and their iden- < 8000 F T <1
tification using the leptonic decays have been discussed ex & E r AT ]
. . . . . @ 10000 [~
tensively in the literatur¢ll]. In particular, these reactions = :
provide clean sources of isolated highelectrons or muons, 5000 |-
and due to their high rate, are often considered as a clean an b ot s T
excellent calibration tool at the LH12]. However, previ- 0 ! |T1|3(li) 5 &

ous studies concluded that their use as a luminosity monitor

is limited to relative luminosity measurements ofR}. The FIG. 1. Expected rapiditypseudorapidity distribution of W=
reason for these pessimistic conclusions is based on the prey and/* (b) originating from the reactioq q— W*—/* v at the
dicted cross section variations using different sets of structHC [/s=14 TeV and the MR&) structure function§13]]. The
ture functiond 13]. The size of these cross section variationsassumed luminosity of 100 pt} corresponds to about one day of
is as large as 10-20 % as can be seen from Table |. Theata taking with a luminosity of 88 sec'* cm 2.



7286 M. DITTMAR, F. PAUSS, AND D. ZUIRCHER 56

quarks and the sea quark or antiquarks. For skvallrapidi- 45000F LHC qq > WS I CUT a)
ties, corresponding ta, , values of ~6x10 3, most W= 40000F- 190 py™!
originate from the annihilation of sea quark-antiquarks andg S0 Wty Accepted

. + _ 300001 A W~ events
only small differences betweeW™ and W™ are expected.  ~ p5000 - W TV
For larger rapidities th&V* originate from the annihilation & 20000
of quarks and antiquarks with very differertvalues. For 5 15000(- L cut

+ [T 100001 L
example, to produce 8= at a rapidity of about 2.5, one 50005 ‘1,
finds the corresponding; , values of the quark and anti- b L, T
quark to bex;~0.1 andx,~3X 10~ 4. As the proton is made ¢ 10 20 P (;:0) [Gg/] %0 *
of two valenceu quarks and one valenak quark theWw™ i _ :
production is much more likely than th&~ production at 800001 LHC fll‘l*Wi*'iV b)
large rapidities. ~ 25000 100pb
Figure Xb) shows the pseudorapidity distributions of the < 20000

charged leptons originating from th* decays. Because Of 8 ygopof ™ iim ?;fepte‘:s
the V-A interaction, the differences between the pseudora—g 10000l W= TV 1‘ e
pidity distributions of/* and/ "~ especially at large; val- Eet W Ty CcuUT
ues are larger than the ones for & andW~. The reason 000
is that the left handed lepton(") is emitted preferentially B T
in the direction of the incoming quark and the right handed ml @)

antilepton ¢'*) is emitted opposite to the quark direction.

Thus the observable charged lepton pseudorapidities reflect FIG. 2. The observabléa) charged leptorp; and (b) pseudora-

not only thex distributions of quarks and antiquarks but Pidity 7  distributions  originating  from  the  reaction

allow also to some extent a distinction between valence anddq—W*—/*v at the LHC(/s= 14 TeV and the MR&\) struc-

sea quarks at a given ture function[13]) including all selection criteria discussed in the
As discussed in the Introduction, we want to demonstratéeXt.

that the dynamics and event rates of weak boson production

at the LHC accurately constrain the quark and antiquarkverse to the beam has to be larger than 135°@6d°) <20

structure functions and their corresponding luminosity. ForGeV. As these dilepton events are usually considered to be

this purpose simple event selection criteria are used. Thedwckground freeZ® events with largep, can be used to

criteria closely follow the design characteristics of the pro-constrain thex distribution of gluons, as will be discussed

posed CMS experimenr]. In detail the following lepton later.

selection criteria are used. _ Events of the type q— (Z*,y*)—/ /"~ with dilepton
.E.Iectrons and muons are requured to haye-30 GeV  masses above 100 GeV have a much lower rate. However,
within a pseudorapidity ofz|<2.4: these events can be used to study @feevolution, up to

In order to select only isolated leptons, the transverse enmasses where the neutral current sector is well understood
ergy deposit from other particles with;>0.5 GeV and (e.g., up to masses of about 200 GeXt least up to these
|7|<3, found within a coneR around the lepton dilepton masses, a measurement of the lepton forward back-
(R= A ¢+ A 7?<0.6), should be smaller than 5 GeV. ward charge asymmetry, following the method of Ré5],

To reduce possible backgrounds from heavy quark decaysonstrains the ratio of valence and seaand d quarks at
and to reject highp; W= and Z° production due to initial differentx values.
state radiation, events with reconstructed jets vEtb»20 Using the above kinematical and geometrical event selec-
GeV are removed. The jet momentum vector is reconstructetion criteria, the efficiency to detect both leptons fratfh
in a coneR< 0.6 including all stable particles, with,>0.5  decays is about 16%, and increases to about 23% for dilepton
GeV and| 7| <3. masses in the range between 150—-200 GeV.

Using these charged lepton selection criteria,
pp— W~ — /v events are required to have exactly one iso- —
lated charged lepton with 30p,<50 GeV. The resulting, . SENSITIVITY TO THE g AND q STRUCTURE
spectra of /= and their pseudorapidity distributions are FUNCTIONS

shown in Figs. 2a) and 2b), respectively. The used kine- e now study the effects of different structure function

matic and geometric event selection criteria result in an eve'Barametrizations on the measuréd pseudorapidity distri-
detection efficiency of about 25% fa¥* — /" v, and about butions (qq_awiﬂ/’i »), and on the reconstructe? ra-

28% forW™— /" v. S
0 o+ _ pidity distribution Qq—2Z"—/"/").
To sfelect_ evfe_ntsl ?f (;hle ttymp_.’tﬁ =4 /t t:e pres At the LHC, in contrast with proton-antiproton colliders,
ence of a pair of isolated leptons with opposite charge( the antiquarks have to come from the sea. Thus, the pseudo-

g . - o

or pp7), With am,+,-=mzo>2 GeV. In addition, the rapidity distribution of the positive charged leptons

opening angle between the two leptons in the plane trans— " * .~ . . . —
ud—W"—/"v contains the information about the sda

quarks and the valence or seguarks. The negative charged

Ipespite the interest in the very forward region, lepton detectiofePtonsd u—W™— /" v carry consequently the information
up to much largef»| values appears to be very difficult. about the sea quarks and the valence or séa@uarks. The
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FIG. 3. (a) The detected charged lepton cross section ratio F|G. 4. The ratio of the accepted cross sections
o(/"v)lo(/" v) originating from the reactiom q—W*—/“v  ;(ydW"—/"») ando(du—W" — /" ») as a function of the

as a function of the lepton pseudorapidity for the MRBand  |epton pseudorapidity for four different structure functigas].
MRS(A) structure function parametrization(b) The relative

changes of the charged lepton ratios(af between the MR&1)  getectable with good accuracy.
and MRSA) parametrizations and also the cross section ratio of the We have shown that the weak boson rapidity distributions
Z” production using both parametrizations. are sensitive to small differences between xheistribution

rapidity distribution of charged lepton pairs, from of u andd sea quarks and antiq_uarks. We nOW_ go one step
Z°,(z* ,y*)—/*/~, provide the information about the furtherand study how welj andq structure function can be
— constrained from the observable weak boson rapidities. For

sum of seau and d quarks and the corresponding valence

and sea quarks. Consequently, the combination of the differI-_hiS purpose the different™ cross sections are studied rela-

ent observable lepton pseudorapidity distributions shouldive to a reference structure function, arbitrarily chosen to be

. L — — . the MRSA) set.
provide some sensitivity to the, d, u, andd parton dens- The fraction of weak bosons which are produced from the
ties over a largex range.

hi itvity is first i . db . h annihilation of valence quarks and low antiquarks in-
We;klsbssgr?t;)vrlct)ﬁulstic;rqStu;?r:/gsglgc?t?quiteys(i:rzl;[]a[)rarsltrlgc:ureecreases strongly with increasing rapidity. The valence quark

) o x distribution is already quite well constrained. The main
function sets, MR&\) and MR§H) [13]. The main differ- v a

< o difference between the various structure functions comes
ence between these two sets lies in xhgarametrization for f th da trizati ially at |
the light sea quarks. While the older MR8 set usesy, d rom the seeq and g parametrizations especially at low

flavor symmetric sea distributions, the MRS set includes T.hl.JS pr.eci.se rneasureme+nts of the charged Ieptqn p§eu'dora-
a fine-tuning of the sea quark parton densities with Somgldlty distributions fromW= decays and the rapidity distri-

isospin symmetry breaking, required to describe the observaution of thez° events constrain the low domain ofu and
tion of Drell-Yan asymmetries oRpy=(0pp— 0pn)/(0pp d.
—oppn) from the NA 51 experimenit16]. The sensitivity of the measurable lepton rapidity distribu-
Figure 3a) shows the ratio obr(W*)/o(W~) as a func- tion to the different sets of structure functions is shown in
tion of the charged lepton pseudorapidity for the twoFigs. 4 and 5. Figure 4 shows the observable ratio ofthe
structure function sets. The different parametrizations thuso /~ event rates for three different sets of structure func-
lead, depending on the lepton pseudorapidity, to a crostons and an integrated luminosity of 100 pb The differ-
section variation of up to about 10%. The doubleence between the various loxvsea quark parametrizations
ratio  MRSH)[a(W*')/a(W ) IIMRSA) o(W")/o(W~)] are thus reflected in the observable lepton pseudorapidities.
is shown in Fig. &). The differences of about 5-10 % be- Consequently, the shape of th& pseudorapidity distribu-
tween the two sets should be compared with the statisticalons provide a strong constraint on the underlyindistri-
precision, which is smaller than 1% per bin for an integratecoution of quarks and antiquarks withbetween~3x 104
luminosity of only 100 pb . Furthermore, both sets of and~10"1.
structure functions predict almost identi@l cross sections. Figures %a)—5(c) show the ratio of the predicted™
The ratio between th& cross sections from the two sets, cross sections from different structure functions relative to
MRSH)[ (2] MRS(A) o(Z°], is also shown in Fig. the reference MR@) set. The statistical fluctuations shown
3(b). Combining the obtainable information frol™, W™, in Figs. 5a) and 3b) correspond to the errors from roughly
and Z° production, the “fine-tuned” isospin splitting of one day of data taking at the initial LHC luminosity of
andd sea quarks between MRS) and MRSH) should be  10°3 sec *cm 2. The expecte@® event rates are roughly a
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FIG. 5. Rapidity dependence of th€" cross section predictions from different sets of structure functions relative to the one obtained
from the MRSA) parametrization(a) for /", (b) for /~, and(c) for the reconstructed®.

factor of 10 smaller and the errors shown in Fifc)<corre-  determined, accurate cross section predictions of affter
spond to about 10 days of data;[aklng. S related processes should be possible. This is studied for the
~ Having demonstrated that th€" pseudorapidity distribu-  reactiong q—W*W~. The correlation between cross section
tions, originating from weak boson decays, are very sensitivgredictions for single and pair production of weak bosons
to details of the quark and antiquaxkdistributions one can pas peen pointed out already in Sec.dee Table)l For

now relate the rate of = events in a selected pseudorapidity example, the total cross section predictions for the process
interval to the quark and antiquark luminosity at the gixen pp—W* between the CTEQ 2L and the MRS parametri-
Obviously, once the shape of the pseudorapidity distributioryations differ by about 15%. However, as we suggest to use
is accurately known, th&= event rates need to be measuredthe processr(qq—W™*) as a reference process, one has to

only for a small pseudorapidity interval. For example, count- , — i
ing of /* events from the process—W* —/* v could be relate the cross section of, for exampdqg—W™W™) to

restricted to the pseudorapidity range|gf<0.5. Including  the reference reaction(qq—W=). Comparing now the

all selection criteria one would observe roughly 150 oooprediction for the relative cross sections between CTEQ 2L

“clean” luminosity events, corresponding to a statistical er-and the MRA) one finds that the difference is reducedto

ror of 0.3%, per day at the initial LHC luminosity 7.5%. o

(=100 pb Y/day). As a next step, the parametrizations of the structure
Once the quark and antiquark luminosity @~10*  functions, especially at low, should be adjusted such that

GeV? and in thex range betweer=5x10 % and 10! are  the observed’™ pseudorapidity distributions are described.
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TABLE Il. PYTHIA cross section estimates for high final states of the typ&@°%(—/*/")q(g) and
¥4(9).

LHC 14 TeV for MRSA) andpPYTHIAS.7
Reaction o [pb] o [pb] o [ph]
50 Ge\<p,<100 GeV 100 Ge¥ p,<200 GeV p.>200 GeV

qg—2%—/*"/")q 150 34.8 4.08
ag—7y9 717 74.5 7.45
qg—vq 6590 615 49.3

As the final experimental accuracy for the lepton pseudoraas the a(Q?) uncertainties or still unknown higher order
pidity distributions will be limited by systematics, the limi- QCD corrections, contribute in very similar ways to the
tations of the structure function “fine-tuning” are difficult to single and pair production of weak bosons. Furthermore, the
estimate. It is nevertheless worth pointing out that neither th‘éxperimental possibility to measure thelistributions of sea
/* momentum and charge determination nor differences beand valence quarks and the corresponding luminosities to
tween/" and/"~ detection are expected to be problematic.yithin = 1% should encourage our theoretical colleagues to
Furthermore, backgrounds from different sources and effimatch this experimental accuracy.

ciency uncertainties can be controlled by the simultaneous Finally, we argue that the gluor distribution and the

. i O . .
anaIyS|ch\)/f thr?N fandg events with isolated gl(lectron; and ﬁorresponding gluon luminosity can also be constrained in a
muons. We therejore do not expect any principle problem og; ;. way from accurate measurements of the rapidity dis-

measuring the shape and the rate of the charged lepton PS&Hbution of gluon dominated scattering processes. In fact, as

dorapidity distribution with a=1% accuracy. Thus even T luminosit telv b qf th
small differences for the sea quark parametrization, such atg‘e g9 luminosity can accuralely be measured irom the

those between MR®) and MRSH), as shown in Figs. (3) weak boson rapidity distribution, the rapidity distribution of
and 3b), should be detectable. Or,1e could thus use the difgluon dom_inated scattering processes ha_s o_nly _to be mea-
ference'in cross section for the two sets as a pessimisti ured relative to the weak boson rapidity distributions. Once

limitation of the proposed method. Differences between relal'® 9luonx distribution is known relative to the distribu-

i i dicti for differemt scatteri tion of quarks, the weak boson rate also provides the lumi-
IVE Cross section predictions for di ereapq scattering pro- nosity monitor for gluon related signal and background pro-
cesses and the two parametrizations indicate therefore t

) o i SSes.
size of the remaining uncertainties. For example the cross The possible experimental accuracy thus depends mainly

section  ratios o(qq—W'W")/a(qq—W") are  on how accurate the rapidity ar@? distributions of gluon
4.74< 10 * for MRS(A) and 4.76< 10~ * for MRS(H). Other  rejated scattering processes can be measured. A very clean
qq scattering processes such agqq—W*Z%/a(qq signature with a well measurab@? is much more important
—W™) show similar stability with predicted ratios of than a huge cross section.

1.78<10 * for MRS(A) and 1.7% 10 * for MRS(H). Gluon related scattering processes agg— X and

Following the above procedure, i.e., constraining dhe gg(g)—X. As these processes involve jets, measurement
structure functions and the corresponding parton luminosiproblems should be minimized by using processes with small
ties, the event rate of weak boson pair production appears toackgrounds and well measuralge. Candidates for such
be predictable with an accuracy of at leas1%. processes are higp, events with one or more jets and an

isolatedy or az%(—/ "/ 7). As the energy and momentum
of isolated photons and leptons can be measured very accu-
IV. OUTLOOK AND CONCLUSIONS rately, thep, of the jets, assuming transverse momentum

A new approach to the LHC luminosity measurementconservation, can also be determin_ed. Thus, the observables
demonstrates that the distributions of valence and sea are well measured and should provide accuftemeasure-
quarks and their corresponding parton luminosities can b&€Nts. . o .
constrained very accurately, using th€ pseudorapidity The production of events with isolated highphotons or
distributions from the decay of weak bosons. It is also showrZ® are dominated byyg— v(Z%q, and qq— y(Z°%g. As
that this method leads to very accurate rate predictions athown in Table Il, the expected cross sections for these re-

otherqq scattering processes. For example, the strong cor@Ctions, including the branching rati@S—/* /", and rela-
relation between the weak boson pair production and th&vely high p; of v andZ® are still quite large. Furthermore,
single boson production leads to an estimated experiment#ie calculable background corrections from the proacegs
luminosity accuracy at thes 1% level. This should be com- are expected to be small as the cross sections are dominated
pared to the often considered optimistic goalz05% accu- by theqg scattering process.
racy. Previous studies of-jet final states have shown that jet
We have not investigated the achievable theoretical accuevents with isolatedr®’s provide a considerable background
racies, but believe that many theoretical uncertainties, sucHL7]. This large background will therefore limit the achiev-
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able accuracy of such a final state. However, the leptdfic rates are thus a measure of the corresponding parton lumi-

decays provide an excellent signature and should allow thaosities. We have shown that such an approach might even-

selection of essentially background fr&é8-jet events. We tually lead to perhaps 1% accurate cross section predictions

are not aware of any detailed LHC study which demonstrategt 4 q related scattering processes, suchgas—W*" W™ at

that this process can indeed be measured with accuracies ofig LHC. We suggest that the detailed measurement of the

few %, but see no obvious reason why the rapidity distribuapigity distribution of the procesgg— Zq might provide

tion of the clearZ’-jet events cannot be measured with ansimilar accuracies for the gluon structure function and the

accuracy close ta-1%. o _ corresponding gluon luminosity. Obviously, as our methods
Unfortunately, the accurat®? determination due to in- ayoid the experimental and theoretical uncertainties related

herent uncertainties of jet energy measurements especially & measurements of the proton luminosity, the precise parton

large rapidities will probably limit the interpretation of the |yminosities cannot constrain the absolute parton distribu-
observable rapidity distribution with respect to the gluon tjons of the proton.

distribution. Nevertheless, such direct measurements of the
gluon structure function will provide the highest possible

accuracy for thex distri_bution o_f g_luons _and might eventu- ACKNOWLEDGMENTS
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