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ABSTRACT
Experiment E917 has two main goals: to understand and probe the detailed mech-

anism of hadronic rescattering in HI collisions and to systematically search for a small
volume of QGP. Correlated, discrete changes in sensitive QGP signatures as a function
of both centrality and beam energy could indicate the presence of new physics. A
precursor to the QGP is the possible change of hadronic properties in a dense medium.
We will measure the <j> and K* effective mass as a function of centrality to search for
any change in the width or mass of these particles.

1. Introduction

Before embarking on a new experiment, it is important to assess the status of heavy-ion
reactions at AGS. Over the last few years, two of the major experiments, E866 and E877,
have measured the yield of pions, protons and kaons in central Au + Au collisions over a
broad range of phase space. This is shown in Fig. 1. The data from these two experiments
are truly complimentary, with E866 covering particles at mid-rapidity, and E877 measuring
at forward rapidity. Where the acceptances of the two experiments meet, the agreement is
impressive.

Also shown on this figure as a solid line histogram is the yield predicted by RQMD version
2.2. The differences between the model and the data are small. The predicted shape and
magnitudes of the pion, kaon, and proton dn/dy agree with the data to better than 20%.

This agreement leads to two intellectual and experimental challenges. The first is to
understand and dissect the details of hadronic rescattering that in a large part drives particle
production in a hadronic model. How we plan to do this is described in Section 2. The
second challenge is to search for physics beyond hadronic scattering. We can search for a
small volume of QGP by measuring how QGP signatures change as a function of the violence
of the collision. The signatures under study include HBT, flow, anti-baryons, and in-medium
changes to hadronic masses.

Our experiment, E917, will run in the Fall of 1996 using the Henry Higgins spectrometer
of E802, E859, E866. We will focus our efforts on these two challenges: probing the dynamics
of HI collisons and a sensitive search for new physics. ' '____„. ^ ^ r HT^Akj*.««-»*# id
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Figure 1: Preliminary dN/dy for pions, protons and kaons for central Au+Au collisions from experiments
E877 and E866. These are compared to the the prediction of RQMD 2.2 (solid line)

2. Hadronic Rescattering

Because the yield of produced particles is strongly influenced by rescattering, we need to
understand and stringently test this critical aspect of hadronic cascades. We can confront
the models by comparing to a broad range of reactions that have a steady increase in the
role of rescattering from p + p collisions at 2.5 GeV/c [COSY], to p -f- A collisions at COSY
and AGS [COSY, 910], and finally to Au + Au collisions. E917 will contribute to these
systematics by reducing the beam energy at the AGS from 10, 8, and 6 GeV/nucleon to add
to the measuremnets made by E866 and E895 at 4 to 2 GeV/nucleon. At lower energies the
relative importance of rescattering of resonances should be amplified because we are closer
to kanon and pbar production thresholds. Taken together, a correct hadronic model should
be able to quantitatively reproduce such a wide set of p+p. p+A, A+A data.

There are two ways we can more directly test the rescattering details of particle pro-
duction. Collisions form resonances, essentially storing energy which is then available in
second collisions to increase the yield of particles such as kaons. To test this enhancement
mechanism we need experimental measurements of the yield of resonances at freezeout. The
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logic is straightforward: for rescattering to be quantitatively correct then a hadronic model
must simultaneously describe the yield of resonances and the yield of enhanced particles,
e.g. kaons.

The difficult measurement of resonance yield was attempted in Si collisions by E814
[E814] for A+ + . Performing a similar measurement in Au+Au collisions will be a key goal
of the E917 experiment. Shown in Fig. 2 are the results of a Monte Carlo study of our
expected A+ + peak. This is formed by measuring correlated 7r+p pairs and subtracting the
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Figure 2: Monte Carlo expected spectra of A + + for experiment E917. The solid line is the background
subtracted spectrum from 10 million central events. The dashed line is the mass spectrum of A + + into the
acceptance of the spectrometer.

combinatorial background. We estimate we will obtain two times the statistics of Fig. 2 for
each of five centrality bins. This could permit a measurement of the invariant yield of the
A+ + near mid-rapidity as a function of transverse momentum. Integrating to get dn/dy
provides a solid comparison to a hadronic cascade prediction. Note that particular models
include different ranges of resonances; ARC has the A and N*, while ART and RQMD have
all resonances up to 2 GeV. With fewer resonances, ARC may overpopulate the A. Hence,
a measurement of the A+ + yield may also be able to discriminate between models.

The second challenge we plan to mount against hadronic models is the balance between
particle production and subsequent absorption. For example, the measured yield of anti-
protons [Hank], has been qualitatively reproduced by hadronic models. However, the models
may not be very well constrained by the yield alone. The data can be reproduced by either
having strong primordial p-bar production and large absorption or by having lower primordial
production and weaker absorption.

To distinguish between weak and strong absorption, we plan to measure the directed
transverse momentum of anti-protons. This has been dubbed "anti-flow" in the literature.
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Anti-protons emitted with a momentum away from the asymmetrically placed spectators
are less likely to be absorbed. Shown in Fig. 3 is the prediction of "anti-flow" for ARC
and RQMD. The two hadronic models have different predictions because they differ in how
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Figure 3: Anti-flow predictions for p-bars from RQMD and ARC for Au+Au at 11.6 A.GeV/c. RQMD has
a stronger absorption for pbars than ARC and hence predicts a stronger anti-flow.

strongly anti-protons are absorbed in a dense heavy-ion collision. Experimentally measuring
the anti-flow will provide a complimentary measure of p-bar absorption.

Of particular interest is to compare the anti-flow of p-bar to lambda-bar at one value
of rapidity. E866 has an intriguing result [e866 lambda] that the dn/dy for lambda-bar is
larger than the dn/dy for p-bar emitted at frezeout. One suggestion is that the annihilation
cross-section is lower for lambda-bar thereby increasing the number that survive the dense
medium. We will test this by measuring the anti-flow for lambda-bar. If the absorption is
less, then the anti-flow will be smaller than that of p-bar.

To measure flow, E917 will use the forward hadoscope of E866 to find the azimuthal angle
of the deflected beam spectator (see K. Kurita, these proceedings). The major difficulty of
this technique is the uncertainty of the incoming beam angle. For E917 we are building a
beam vectoring detector upstream of the target to measure the beam angle event-by-event.
The vectoring detector consists of two sets of crossed scintillator fibers coupled to multi-anode
PMTs.
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3. Search for QGP

Even if a QGP is formed in Au + Au collisions, it is difficult to separate its decay products
from the background of normal hadronic collision debris. One way to search for the QGP is
to measure the systematics of sensitive QGP signatures as a function of impact parameter
and beam energy. The QGP, if formed, will be largest in the most central, most violent
collisions. For more peripheral collisions or lower beam energies, the volume of the possible
QGP will be reduced. Correlated, discrete changes in QGP signatures as a function of either
of these parameters could indicate the presence of new physics. In a nutshell, the idea is to
find a small QGP by reducing its volume and hence turning it off.

As an example, E917 will measure the 2TT HBT correlation in a grid of impact parameters
and beam energy. If the QGP is formed in the most central collisions, then the source
is predicted to expand and/or be longer-lived. Both effects would cause the HBT source
parameter (RR_T) to grow rapidly with centrality. The preliminary result from E866 is shown
in Fig. 4(Baker, these proceedings). No strong statement can be made as to the steepness of
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Figure 4: Extracted HBT source parameter Rr=T for pion pairs from Si+A and Au+Au reactions plotted
versus cube-root of number of projectile participants (see M. Baker these proceedings). In E917 we will
improve the statistics for the Au+Au points to study whether this source parameter indicates a sharp
increase in system size.

the increase in R. in the most central Au+Au collisions. We will collect significant statistics
to solidly establish the dependence of HBT on centrality at 11.6 A.GeV/c and 8, 6 A.GeV.

If one signature shows a discrete change, or rapid rise, then it is critical to check for cor-
related behavior in other signatures. We will be studying as a function of impact parameter
and beam energy, kaon production, lambda-bar/p-bar ratio, expansion velocity, and directed
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transverse flow. Taken together, this should provide a sensitive search for a small volume of
QGP.

4. Hadrons in a Nuclear Medium

There are many predictions that the properties of hadrons change inside dense nuclear
matter. Such changes are a precursor to the QGP. Several theoretical tools have been applied
to this topic. In simple terms, one can explicitly calculate all the soft interactions a hadron
experiences in a medium or one can implicitly bundle these interactions and imbue the hadron
with an effective mass. This mass may be lighter or heavier than the free mass depending
on whether the interaction with matter is repulsive or attractive.

Experimentally, it is a challenge to find probes that expose these medium properties. At
CERN there is an active program measuring the di-lepton decays of vector mesons; if the
meson decays while in the medium, the energy of the di-lepton pair will reveal the meson's
effective mass. At the AGS we do not have a di-lepton spectrometer. An alternative probe
is the decay <j>— > K+K~. This probe has several problems: 1) The free-space lifetime
is 50fm/c, hence only a small fraction of the produced <f>'s decay in the medium. 2) It is
possible that the lifetime of the <f> could change in medium; the K+ effective mass is predicted
to increase while the K~ effective mass decreases. If the sum is lower, then the lifetime of
the <j> could dramatically decrease and more <f> would decay while still in the medium. 3) For
those <f> that do decay in the medium, the daughter products, K+K~, still have to exit the
medium. As they do, they shift from their effective masses to their free masses by multiple
soft interactions. These deliver an independent momentum kick to each kaon, effectively
widening the reconstructed invariant mass of the kaon pair.

Given all these complications, the best experimental response is to try and accurately
measure the shape and position of the observed <f> mass as a function of centrality in Au +
Au. This work has been started by E859 (Si + Au) and E866 (Au + Au). In Fig. 5, we
show the preliminary result presented by at QM '95. Given the level of statistics it is hard
to claim that a shift in mass is observed. Clearly it is important to repeat this measurement
with substantially more ^s to decrease the statistical errors and permit further studies of
systematic biases. E917 aims to collect approximately 10-15 times more <̂ s than were used
in the Fig. 5.

Complementary to the <f>, we will also attempt to observe the decay of the K*— >K + TT".

As a probe of effective mass physics, this has the advantage of a shorter lifetime (r 4fm/c).
However again the decay products must scatter as they leave the medium. Experimentally,
it is also a difficult measurement for our spectrometer because of the large opening angle of
the decay products.

5. Summary

E917 will run in the Fall of 1996 using the Henry Higgins spectrometer of E802, E859,
E866. By measuring particle production at 10, 8, and 6GeV/nucleon we are contributing
to the broad systematics (p+p, P+A, A+A) that can be used to quantitatively confront a
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Figure 5: Mass peak of measured 4>s in Si+ Au versus percentage interaction cross-section from the event
multiplicity (Cole95QM)

hadronic model. We will also directly test the role played by resonances that rescatter to
enhance the production of particles such as kaons. Experomentally measuring the yield of the
A+ + at freezeout provides a critical cross-check on the internal consistency of the rescattering
mechanism. In addition, by measuring the directed transverse momentum, a.k.a flow, we
will obtain more information on the balance particle production and subsequent absorption,
especially for pbars and lambda-bars.

Our logic for searching for a small volume of QGP is to measure how each of several QGP
signatures (HBT, lambda-bar/pbar, directed and radial flow) change as a function of impact
parameter and beam energy. Correlated, discrete changes in QGP signatures as a function
of either of these parameters could indicate the presence of new physics. In a nutshell, the
idea is to find a small QGP by reducing its volume and hence turning it off. Similarly we
will search for changes in the effective mass of <j> and K* by measuring the shape and peak
of the reconstructed mass spectra as a function of the collision violence.

Taken together these measurements are focussed on two complementary goals. To under-
stand the details of hadronic rescattering and to mount a sensitive search for new physics,
either a small volume of QGP or a shift of the effective mass of hadrons in dense nuclear
matter.
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