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Abstract

The SAXS instrument on the high brilliance undulator beam line (ID-12, BESSRC-CAT) ,

at APS has been designed to produce high-resolution scattering patterns in the

millisecond time domain. This instrument is equipped with a 20 cm x 20 cm position

sensitive gas detector and a 15 cm x 15 cm high-resolution position sensitive CCD

mosaic detector. A photodiode detector mounted on a 3 mm diameter beam stop permits

quick alignment of the instrument as well as precise me&urement of the transmitted

beam intensity. The ease of changing the sample to detector distance and tuning of x-ray”

energy enables easy access to different Q ranges. Wi@ this instrument we routinely

measure data in a Q range of 0.001 to 1 ~-1. The exposure time with the CCD detector

varies fiorn 0.1 second to 10 sec depending on the scattering cross-section of the samples.

Techniques to intefiace ancilku-y.equipment for time-resolved studies and software for

faster online analysis of the data have also been developed. We have obtained excellent

data on the unfolding of proteins in the millisecond time domain, ASAXS of metallic

alloys by using this instrument.
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be factorized into a fragmentation function, the
collinear emission of a virtual photon gives a fi-
nite logarithmic contribution since it is regulated
naturally by the photon virtuality Q. In the limit
Q2 + O the NLO virtual photon cross section re-
duces to the real photon cross section if this loga-
rithm is replaced by a l/e pole. A more detailed
discussion can be found in [4].

The situation is completely analogous to hmd
photoproduction where the photon participates
in the scattering in the initial state instead of the
final state. For real photons, one encounters an
initial-state singularity that is factorized into a
photon structure function. For virtual photons,
this singularity is replaced by a logarithmic de-
pendence on the photon virtuality Q [5].

3. NUMERICAL RESULTS

In this section we present numerical results
for the production of lepton pairs in pp colli-
sions at the Tevatron with center-of mass energy
fi = 1.8 and 2.0 TeV and in pi72 collisions at
fixed target experiments with @ = 38.8 GeV.
We analyze the invariant cross section Ed3cr/dp3
averaged over the rapidity interval -1.0< y <1.0
at the Tevatron and averaged over the scaled lon-
gitudkal momentum interval 0.1< z~ <0.3 at
fixed target experiments. We integrate the cross
section over various intervals of Q and plot it as
a function of the transverse momentum QT. Our
predictions are based on a NLO QCD calcula-
tion [9] and are evaluated in the ~ renormaliza-
tion scheme. The renormalization and factoriza-
tion scales are set to p = pf = ~m. If
not stated otherwise, we use the CTEQ4M par-
ton distributions [10] and the corresponding value
of A in the two-loop expression of as with four
flavors (five if p > m~). The Drell-Yan factor
a/ (37rQ2) for the decay of the virtual photon into
a lepton pair is included in all numerical results.

In Fig. 1 we display the NLO QCD cross sec-
tion for lepton pair production at the Tevatron
at @ = 1.8 TeV as a function of QT for four
regions of Q. The regions .of Q have been cho-
sen carefully to avoid resonances, i.e. between
the p and the J/I/Jresonances, between the J/$
and the T resonances, above the T’s, and a high
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Figure 1. Invariant cross section Ed3u/dp3 as a
function of QT for W- + 7*X at & = 1.8 TeV
in non-resonance regions of Q. The cross section
falls with the mass of the lepton pair Q and, more
steeply, with its transverse momentum QT.

mass region. The cross section falls both with the
mass of the Iepton pair Q and, more steeply, with
its transverse momentum QT. Unfortunately, no
data are available yet from the CDF and DO ex-
periments. However, data exist for prompt pho-
ton production out to QT ~ 100 GeV, where the
cross section is about 10–3 pb/GeV2. It should
therefore be possible to analyze Run I data for
lepton pair production up to at least QT = 30
GeV where one can probe the parton densities in
the proton up to XT = 2QT/~ z 0.03. The
UA1 collaboration measured the transverse mo-
mentum distribution of lepton pairs at fi = 630
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GeV up to XT = 0.13 [11], and their data agree
well with our theoretical results [4].

The fractional contributions from the qg and
qtj subprocesses up through NLO are shown in
Fig. 2. It is evident from Fig. 2 that the qg sub-
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Figure 2. Contributions from the partonic sub-
processes qg and q~ to the invariant cross section
Ec&u/dp3 as a function of QT for pp -) T*X at
& = 1.8 TeV.The qg channeldearly dominates
in the region QT > Q/2.

process is the most important subprocess as long
as QT > Q/2. The dominance of the qg subpro-
cess diminishes somewhat with Q, dropping from
over 8070 for the lowest values of Q to about 70
% at its maximum for Q z 30 GeV. In addition,
for very large QT, the significant luminosity asso-
ciated with the valence dominated ~ density in ~-
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reactions begins to raise the fraction of the cross
section attributed to the q~ subprocesses.

Data obtained by the Fermilab E772 collabo-
ration [12] from an 800 GeV proton beam inci-
dent on a deuterium target are shown in Fig. 3
along with theoretical calculations. For our anal-
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Figure 3. Invariant cross section Ed3a/dp3 as a
function of QT for pN -) -y*X at ~~b = 800 GeV
in the region between the J/@ and T resonances.
The NLO perturbative cross section (solid) is
shown along with the all-orders resummed expec-
tation (dashed), the asymptotic result (dotted),
and a matched expression (dot-dashed). The data
are from the Fermilab E772 collaboration.

ysis we have chosen a lepton pair mass region
between the J/IJ and T resonances. The solid
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line shows the purely perturbative NLO expecta-
tion. The transition to low QT can be described
by the soft-gluon resummation formalism and is
shown in the dashed curve in Fig. 3 [7,8]. The re-
summed result can be expanded in a power series
in CY3asymptotically around QT = O. Its NLO
component (dotted curve) can then be matched
to the perturbative result (dot-dashed curve) [9].
From Fig. 3 it becomes clear that resummation
is not needed and fixed order perturbation the-
ory can be trusted when QT > Q/2. Unfortu-
nately, the data from E772 do not extend into
this region. However, the cross section should be
measurable in forthcoming experiments down to
10-3 pb/GeV2, i.e. out to at least QT = 6 GeV
or ~T = 0.31 where the gluon density is poorly
constrained now.

In Fig. 4 we demonstrate that in fixed target
experiments also the Iepton pair cross section is
dominated by quark-gluon scattering at the level
of 80 YO once QT = Q. The results in Fig. 4 also
prove that subprocesses other than those initiated
by the qtj and qg initial channels are of negligible
import.

We will now turn to a previously unpublished
study of the sensitivity of collider and fixed target
experiments to the gluon density in the proton.
The full uncertainty in the gluon density is not
known. Here we estimate this uncertainty from
the variation of different recent parametrizations.
We choose the latest global fit by the CTEQ col-
laboration (5M) as our point of reference [3] and
compare it to their preceding analysis (4M [10])
and to a fit with a higher gluon density (5HJ) in-
tended to describe the CDF (and DO) jet data
at large transverse momentum. We also com-
pare to global fits by MRST [2], who provide
three different sets with a central, higher, and
lower gluon density, and to GRV98 [13]2. For this
study we update the Tevatron center-of-mass en-
ergy to Run II conditions (~ = 2.0 TeV) which
increases the invariant cross section for the pro-
duction of lepton pairs with mass 5 GeV < Q <

6GeVby5% atlow QT?l GeV and 20%at
high QT = 100 GeV.

In Fig. 5 we plot the cross section for lepton
pairs between the J/1) and T resonances at Run
II of the Tevatron which should be measurable up
to at least QT = 30 GeV (ZT = 0.03). For the
CTEQ parametrizations we find that the cross
section increases from 4M to 5M by 2.5 % (QT =
30 GeV) to 5 % (QT = 10 GeV) and from 5M to
5HJ by 1 % in the whole QT-range. The largest
differences to CTEQ5M are obtained with GRV98
at low QT (minus 10 %) and with MRST(~) at
large QT (minus 7%).

A similar analysis for conditions as in Fermi-
lab’s E772 experiment is shown in Fig. 6. In
fixed target experiments one probes substantially
larger regions of ST than in collider experiments.
Therefore one expects a much larger sensitivity to
the gluon distribution in the proton. Indeed we
find that CTEQ5HJ increases the cross section
by 7 % (26 %) w.r.t. CTEQ5M at QT = 3 GeV

(QT = 6 GeV) and even by 134 % at QT = 10
GeV. For MRST(g4) the CTEQ5M cross section
drops by 17 %, 40
values of QT.

4. SUMMARY

In summary, we

“%, and 59 % at these three

have demonstrated that the
production of” Drell-Yan pairs with low mass
and large transverse momentum is dominated
by gluon initiated subprocesses. In contrast to
prompt photon production, uncertainties coming
from fragmentation, isolation, and intrinsic trans-
verse momentum are absent. The hadroproduc-
tion of low mass lepton pairs is therefore an ad-
vantageous source of information on the gluon
density in the proton at large z in collider experi-
ments and even more in fixed target experiments.
Massive Iepton pair production data could pro-
vide new insights into the parametrization and
size of the gluon density.

21n thj~ set a purely perturbative generation of heavy

flavors (charm and bottom) is assumed. Since we are
working in a maasless approach, we resort to the GRV92
parametrization for the charm contribution [14] and as-
sume the bottom contribution to be negligible.
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Figure 4. Contributions from the NLO QCD par-
tonic subprocesses to the invariant cross section
Ed3cr/dp3 as a function of QT for pN -) -Y*X
at ~ab = 800 GeV. qg (solid) dominates over qij
(dashed) at the level of 80 % once QT = Q, and
the pure NLO QCD processes gg (dotted), q(j2
non-factorizable parts (dot-dashed), and qq (wide
dots) are negligible.
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Figure 5. Invariant cross section Ed3a/dp3 as
a function of QT for @ + 7*X at @ = 2.0
TeV in the region between the J/1# and T res-
onances. The largest differences from CTEQ5M
are obtained with GRV98 at low QT (minus 10 70)

and with MRST(~) at large QT (minus 7 ~o).
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Figure 6. Invariant cross section Ed3u/dp3 as a
function of QT for pN + y*X at p[.b = 800 GeV.
The cross section is highly sensitive to the gluon
distribution in the proton in regions of xT where
it is poorly constrained.


