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Transverse energy flow is studied by exploiting the near 47 calorimetric coverage of ex-
periment E877. A Fourier decomposition of the azimuthal transverse energy distributions
in different regions of pseudorapidity is performed as a function of the centrality in order
to describe the event shape. The extracted coefficients are compared to model predic-
tions. Using the E8T77 forward spectrometer, triple differential cross section for protons
and 7t are measured with respect to the reaction plane determined by calorimeters. The
variation of slope parameters at different orientations to the reaction plane is obtained by
fitting to thermal Boltzmann distributions.

1. INTRODUCTION

Flow phenomena were first observed in intermediate energy heavy ion collisions at the
Bevalac more than ten years ago [1]. According to theoretical calculations [2] flow studies
can provide information on the collision dynamics as well as on the equation of state and,
in particular, on a possible phase transition to soft quark matter [3]. Recently, the E877
collaboration reported the first observation of azimuthally anisotropic transverse energy
flow in Au on Au collisions at the AGS at 11 A GeV/c [4]. Here, we focus on two aspects in
our recent analysis of flow phenomena, comparison of the mentioned azimuthal anisotropy
with model calculations, and particle spectra with respect to the reaction plane.

2. ENERGY FLOW AND REACTION PLANE

Transverse energy Er is measured in the target (TCal, —0.5 < n < 0.8) and participant
(PCal, 0.83 < 5 < 4.7) calorimeters surrounding the target [5]. At a given centrality, char-
acterized by the total E7 in the PCal, azimuthal distributions in different pseudorapidity
intervals are analyzed by a Fourier expansion method {4,6]. The extracted anisotropy
parameters ¥, are obtained from the Fourier coefficients for a pseudorapidity bin after
averaging over events of a given centrality and unfolding fluctuations. They describe the
shape and amplitude of the azimuthal transverse energy anisotropy, and have the following
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physical meaning:

1)

where e7 is the transverse energy of a single
particle emitted into a given pseudorapidity
interval with an azimuthal emission angle ¢.
Relative to the reaction plane angle v, this
becomes ¢ = ¢ — ¥,. For every event with
a non-zero v; the reaction plane angle %, is
defined by %, and the dispersion of ¢ = ¢ —
1, can be determined (see eq.(16) in [6]).

Forn = 1, %; = (ez)/{er) is a measure for the
well known sideward flow signal, where (&)
is the mean transverse energy into the reac-
tion plane. Figure 1 shows &, for all central-

¥ = {er cos(np))/(er)

ity bins, selected by PCal E7 as shown in the

top plot, in middle and forward pseudorapid-
ity intervals. The lines are the results from
RQMD (version 1.08, cascade mode) calcula-
tions folded with the detector response using

the GEANT package. The most dramatic -

discrepancy between data and the model is
for #; in the forward pseudorapidity win-
dow. There the amplitude of sideward flow is
about a factor of two larger in the data com-
pared to the model. This striking difference
might be linked to the fact that the model
exhibits a large flow of pions in the opposite
direction to that of the nucleons thereby re-
ducing the size of ¥ for the azimuthal Er
distribution. As will be shown later, in the
analysis of particle spectra with respect to
the reaction plane, pions exhibit less side-
ward flow.

Other differences beyond bin to bin fluctua-
tion are seen for ¥y and ¥4 in the middle pseu-
dorapidity window. RQMD gives 94 consis-
tent with zero in contrast to the data. Con-
versely, the predicted non-zero 9, is not ob-
served. Concerning the quadrupole compo-
nent ¥, an azimuthal distribution with non-
zero ¥; will after integration over a fairly
large pseudorapidity interval result in a non-
zero ¥, Opposite motion of nucleons and
pions as seen in the model will also give rise
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Figure 1. Anisotropy parameters as a

function of centrality. Symbols are data,
and lines are filtered RQMD calculations.
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Figure 2. Reaction plane resolutions

for TCal and PCal (forward) windows.
Squares: data points for the correlation
between TCal and PCal (forward). Dash-
dotted line: random distribution. Reso-
lution calculated from o, using PCal (for-
ward) - dashed line; TCal - dotted line; the
correlation between the two - solid line.




to larger 0. Because of these competing effects, at this stage we do not assign any
significance to the agreement between the data and the calculation for &,.
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Figure 3. Triple differential cross section d*N/dydp,dp, at rapidity y = 2.8 4 0.05 for
protons (left) and y = 3.0 £ 0.05 for #+ (right).

As a measure for the resolution of the reaction plane angle in Figure 2 we show the RMS
difference Ay = ; — 1), between the measured and the true reaction plane angle for TCal
and PCal (forward interval) extracted from calculations using the anisotropy parameters.
Also plotted is the difference between the TCal (backward) and the PCal (forward) in-
terval, from data as well as from the calculation. The good agreement between the two
shows the internal consistency of the analysis, and also indicates that particles emitted
into different pseudorapidity intervals are independent, as is assumed in the calculation.
In the following we take the reaction plane angle from TCal alone, where at present the
systematics is better understood. Ultimately we will combine TCal and PCal to obtain
" the best determination of the reaction plane.

3. PROTON AND PION SPECTRA

Particles are identified, and momenta are measured with the E877 forward spectrom-
eter [5,7]. For each identified proton and 7%, rapidity y, p; and azimuthal angle ¢ are
evaluated. For different rapidity bins, two dimensional distributions d?N/dp,dp, are ob-
tained by decomposing p; into components with respect to the measured reaction plane:

Po =picos(¢’)  py = pisin(4) ()

Here ¢’ = ¢ — %1 is the azimuthal emission angle of the particle relative to the measured
reaction plane with v, pointing in z'-direction.

The left panel of Figure 3 shows contours of d?N/dp,sdp,. for protons at rapidity y =
2.8 £ 0.05. The azimuthal asymmetry is clearly visible. The yield is higher for momenta
in the reaction plane to the same-side (+2') as the sideward flow observed at forward




rapidity. Emission to the opposite-side (—z') is diminished. The right panel shows the
same representation for 7% at rapidity y = 3.0 & 0.05. If there is any anisotropy for n¥ it
is not perceivable at this level. See [7] for more details.

Figure 4. Relative variation of the
Boltzmann temperature parameter as a
function of azimuthal angles ¢’ for pro-
tons with y = 2.8 & 0.05.
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To quantify the strong azimuthal anisotropy for protons, ¢’ is divided evenly into bins
of 45° width. Then the p; distributions obtained in each azimuthal bin are fitted with a
Boltzmann spectrum yielding a temperature (Tg). The relative change of this temperature
parameter as a function of the emission angle with respect to the reaction plane is plotted
in Figure 4 for protons.

4. CONCLUSION

In conclusion, the sideward flow as determined by the anisotropy of Fr is larger than
~ predicted by RQMD calculations in cascade mode. This measured anisotropy is a signa-
ture for significant collective effects in Au on Au collisions at AGS energies. In a first
measurement of triple differential cross sections protons are identified as the main carriers
of the sideward flow. In the future, with improved reaction plane resolution and higher
statistics, it will be possible to study the flow effects of different particle species in a more
quantitative way as a function of centrality. This will allow for model comparisons in a
detailed and exclusive fashion.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
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