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Hanbury-Brown and Twiss (HBT) or intensity interferometry is now an important
tool in studying the systems formed in Relativistic Heavy lon collisions. The
advances in theoretical understanding of the properties of the correlation function
as well as the overwhelming statistical accuracy that large acceptance detectors
are now able to provide, give a precise characterization of the source created.
The limitations now, instead of being statistical, are in the understanding how
the various corrections, and selection criteria affect the results. Some current
experimental considerations are detailed.

1. Introduction

The application of Hanbury-Brown and Twiss (HBT) interferometry to subatomic
collisions has allowed measurements of the spatial and temporal extension of reaction
volumes in a wide variety of collisions from e*e™ and pp, to those between heavy
ions.[1] These measurements are believed to be very important, not only because they
are able to characterize the geometric properties of the source, but also because they
may be sensitive to some of the critical conditions that would occur at the onset of
the deconfinement of quarks and gluons from their parent hadrons—for example an
anomalously long life-time associated with a latent heat. Furthermore, the evolution of
the HBT parameters with the pair’s transverse momentum have shown to be sensitive
to the dynamics and ordered expansion of the source.[2]

The theoretical foundations of the correlation function is best illustrated from the
formalism of Pratt [3] in terms of an emission function, or Wigner phase space density—
Si(x,k). It is the probability of emission of a particle of type i at a space-time position
x, with a momentum k. This function, in principle, completely characterizes the source
in terms of its particle composition, density, degree of thermalization, dynamics, etc.
Unfortunately such a function is not an observable and it must be reconstructed or
modelled from experimental observables.
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Fig. 1. The experimental set-up of NA49.

2. The Coulomb Correction

Quark Matter ’96 saw a general consensus among the experiments that the Gamov
correction used for the Coulomb corrections was not appropriate for the sources created
in the 10.6 GeV/A Au-Au collisions at BNL AGS nor the 158 GeV /A Pb-Pb collisions
at the CERN-SPS. The most important reason 1is simply that the Gamov factor assumes
a point-like source. While perhaps adequate for those sources observed in ete™ or pp
collisions, relativistic heavy ion collisions give source sizes with dimensions the order of
10 fm. This is definitely not justification for a point source.

However, with the demise of the Gamov correction, there has been a void created
in that there is no longer a standard Coulomb correction that all experiments utilize,
and a wide variety of techniques and methods are used. This has complicated the
interpretations of comparisons between experiments, as no quantitative work is really
available on the possible differences between the effects due to the various Coulomb
corrections.

One of the more popular “post-Gamov” corrections is that of Pratt.[8] It essentially
calculates two body Coulomb wave- functions and assigns weights to pairs based on
their relative momentum difference AO&:ev.m There are two main concerns with this
approach. First, there is no account of multi-body Coulomb effects; and second, no
allowance for the possibility of source dependent effects is possible.

These are not really oversights of the model. It is simply intractable to carry out an
exact many body Coulomb calculation. It is also equally difficult to evaluate source de-
pendent effects since if one had enough source information to carry out such a calculation
(essentially the emission function), there would be no need to make the measurement.
The non-existence of suitable calculational tools to adequately address these questions
speaks to the need to find some sort of phenomenological or effective correction.

Zall Coulomb corrections (that the author is aware of } are parameterized in terms of Qjy,, .
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NA35 began with a nro:oimso_ommn& Coulomb correction based on the measured
+— correlation (i.c. C*7). Opposite sign pions will not, exhibit the Bose-Einstein cor-
relation, and thus any signal obtained in the construction of a +~ correlation function
can be uniquely attributed to the Coulomb force. Thus if it is postulated:

CH ~-Cz ®3)

an effective ezperimentally deduced Coulomb correction can be used. Owing to its
large acceptance coverage, NA49, like NA35, isin a unique position to simultaneously
measure the positive and negative spectra, and thus to deduce a Coulomb correction
from these data. Like all corrections, this procedure does have its pitfalls, and it is
important to illustrate and document these problems.

The weak interaction js unlikely to produce any asymmetry in the signal as it is
several orders of magnitude weaker than the electro-magnetic interaction. The strength
of the Coulomb interaction does not depend on sign of the charge

(i.e. protons and kaons). Any further asymmetry must have itg origins in the strong
Interaction—and this basically reduces to a question of charge symmetry. It is known
that charge symmetry holds at the several per cent level in nuclear physics
broken only by the presence of the Coulomb interaction. In fact even the mu
assumption of charge independence is not a bad one.

The strong interaction js the only other force that can introduce an asymmetry. Let
us look in detail at the processes involved near freeze-out. Pion systems are weakly
interacting systems, at least when compared to NN systems. This was one of the
reason m correlation studies were favored over that of nucleons. 7tp and 7~n are
sospin symmetric systems and interact with the same strength. Likewise so are 7+

126 neutrons
nd 82 protons. Thus the excess of neutrons will add to asymmetric behavior in the

inal state interaction because of the predominance of the 7~ isovector delta excitation.
Vhile this may alter the Coulomb effects in the different channels, the effect should be
uantifiable, at some level, in differing radii reported by the ntz+ and 7= n- channels.

Still, all the above should not be a large effect. Thus the NA49 strategy is to deter-
line a correction based on the correlation function of the +— spectra in the variable
iny, Subject to the same cuts as the identical particle spectra. Trm:o:ﬁ:o_ommnw:z the
orrection is in the spirit of the Yukawa potential, an exponentially damped Coulomb
dtential, with a finite range. Likewise in analogy the phenomenological Coulomb cor-
ction is taken as an exponentially damped Gamov factor, given in Eqn.4
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Fig. 2. The experimentally determined Coulomb correction (data) wmrnognmwmw to nrm.n of nrw
mos i i imi indications are that the correction varies ove
correction (dashed line). Preliminary in
MNMM%M interval smEnr is not predicted by the Gamov mmnno_m roa.< ever vmmo:w any strong
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where G(7) is the Gamov factor, and Q. is the free fit parameter. MWM nOMHMMM“MM
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However, with its strengths and Smww:mm.mmm, the overwhelming mwmcmﬁwsp in mw\om%
the +-— spectra as a correction is that it provides a means to present :5,. mwm OMBW e e y
on its own, with no bias of a calculation or theoretical model for the Coulomb effect!
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3. Results

Although most experiments concentrate on mid-rapidity, it is important to map the
source over all rapidity. NA49 is capable of mapping the source in the rapidity region
of 1.8<Y,5<5.5. The low rapidity region is covered in VIPC1 while higher regions
are covered by VTPC2. In the following, results from measurements in the VTPCs are
shown in three rapidity bins. The results are from multi-dimensional fits with the BP
parameterization, using 10k events of 1995 data. (This is one-fifth of the data set that
will be used in the final analysis.) The BP formalism is used as it is a more robust fit
procedure and is fine for looking at systematics in behavior of the correlation functions,
even though the YKP formalism may be preferable from a physics point of view.

The A parameter is illustrated in Fig. 3. It is the most ambiguous parameter to

Interpret as many effects are convoluted in this variable. In some manner it contains
information regarding the particle composition (purity) of the sample, coherence of the
source, and also an indication of the stability of the fits. All these have been grouped
together and given the name “correlation strength”[9]). What is immediately obvious is
a large systematic offset, by a factor of two, between the two different detectors. This
is also evident in the radii parameters as seen in Fig. 4. This can be interpreted as a
higher contamination of non-pions (read electrons) in the VIPCI data sample, which
will dilute the correlation function . This is directly seen in A4 In fact the electron
population is expected to be much

higher in VTPC1 than VTPC2 Jjust from considerations of target proximity. Elec-
trons produced in the target through conversion will enter VTPC1. Owing to their
relatively low momentum and the large bending power of the magnets, (7.8 T-m) their
numbers will be greatly reduced in the chambers at a larger distance from the target.
Of course there are also electrons produced in conversion processes® in material down-

stream of the target i.e. detector walls, gas etc., but these will not reconstruct to the
primary vertex, and are easy to discriminate against.

A cut in the minimum Qiny of the pairs is aimed at removing some of the electrons.
In effect, most electron pairs reconstruct with a peak in Qiny at zero. Experience with
the NA35 experiment showed that a cut of Qiny > 5 MeV/c was particularly effective
In rejecting questionable pairs. Also since it is below the momentum resolution of
the detector, it does not seriously degrade data quality. However, in order to get an
indication of the effect of particle contamination, this cut may be tightened to Q;,,>
35 MeV/c. As the correlation signal is of the order of 70 MeV /c wide, it appears that
this cut would remove nearly half ‘the correlation signal, and should suppress A even
more. However, with this cut a small, but systematic increase in } is present. This is
an indication that the cut is actually removing more “junk” than signal. we see the
same trend. They are smaller (systematically) for VTPCI, yet increase slightly when
he large Qin, cut is made,

Perliaps more convincing evidence for the contamination of the “pion” sample in
/'TPC1, is the behavior of the cross term in the fit. This cross-term characterizes the
-

4Non-identical particles will not correlate.
Sthere are a lot of vs from »? decay.
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Fig. 3. The A parameter from multi-dimensional wnwam-wmgm.nr fit. The &mnounm:&@ Umniwmb
the two chambers is the most striking feature. The circles Ecm‘n..wnm &.E correlation mgnnwou
deduced requiring a minimum Qiny, of 5 MeV/c, whi ._m. the triangles illustrate a noﬂ,&wem.b
function, constructed from the same events with a minimum Qiny of 35 Zm/\.\n. After n:ﬁ
cut, the correlation strength actually increases, suggesting that the low Qi pairs are actually

contaminants.

asymmetry of the source in the transverse and longitudinal %2&.30:.?2 It &mmvcwwam
exactly at mid-rapidity and is expected to &mﬁ%mﬁ m<mQ€~53 if the source is _oumm cm
dinally boost invariant. Strictly speaking a finite source is never ma.:m:c _uon.umn invarian

as is evident by the finite value for this term in SSA forward rapidity region. It QOmM
approach zero at mid-rapidity, but should change sign as one goes to errm .anwwzww

region (i.e. the cross term is odd in z). moiw,\mr as shown in Fig. 5., this is no r.m
case until the Q;ny > 35 MeV/c cut is made in the awﬁ.m mWEEo, Taken a.ommnrmﬁ this
is strong evidence that “pon-correlating” particles are @::S:m the nn.v:m_@:o: ?:n_:o:,
and this dilution can have a large consequences modifying any physics conclusion!
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18. 4. The radii parameters from multi-dimensional Pratt-Bertsch fit. The discrepancy

between the two chambers i i i i
i TS is at S.Ww 20% level and improves slightly with the strong requirement

A Q.; in Qiny is not something that anyone would advocate for reducing particle
MM“W%H&%MOZ>A@ was nozms.wnama with the goal of utilizing the ionization informa-
oo e s to Eo.:.:@ particles. As presented in Fig. 6., particle identification in

€ low momentum region, as measured by VTPC1, is feasible using the dE/dx infor-
mation in @w HWOM but also that the electron contamination is as high as 20%. With
these capabilities electrons will be removed quite effectively, such that ::nonglmsmﬁma
Spectra may be utilized. It is also feasible to do identified 7+ 7+ correlations, previous}
untouched because of the fear of proton contamination. previonsy

4. Event-by-Event Possibilities

, Mmﬁu 1s perhaps Eﬁmw@m:sm to look at the first indications of correlation analyses at
¢ bEvent-by-Event level, since such analyses, was the primary design goal of NA49.[11]
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Fig. 5. The cross term for the above fits. The cross term as seen in VTPC1 is of the right
magnitude but the sign is not correct until the large cut in Q;ny is made.

Up until now, Event-by-Event studies have been restricted to simulated data. Fig. 7.
presents, a first attempt at constructing a correlation function with real data.

The most pressing question regarding correlation functions on an Event-by-Event
level is how to construct the background. There is always the possibility of constructing
a generic background from an ensemble of mixed events, but this seems to violate the
spirit of such physics. In Fig. 7., the correlation function is constructed as the total
yield of all negative pairs, over the total yield of opposite sign pairs in the NA49
Vertex TPCs® as a function of Q;,,. Thus the background and Coulomb correction are
deduced from the same event. Although the “ensemble background” may reduce the
statistical uncertainty in the denominator, one cannot discount the possibility that this
method may be more sensitive to smaller effects because either the signal (numerator),

SThis is a precaution to avoid double counting of tracks that overlap between VTPC2 and MTPCs.
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w<w_. Electrons account for nearly 10% of the total number of tracks in the low momentum
gions.

M wawmno::m (denominator) may exhibit fluctuations. To keep a the maximum number
- pairs, no other restrictions are imposed.

H:m n@:&:mmo:m one can draw from the above is that CERN SPS energies do not
.oSQm.Fmr m:oAcm: multiplicities to facilitate the construction of a multi-dimensional
rrelation function. This is a concern because it is an issue whether or not, meaningful
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Fig. 7. Correlation function constructed from the tracks within the VTPCs of a single NA49
event. The multiplicity is of the order of~ 700 tracks (~ 450k pairs). Although the statistics
are very marginal, the correct shape and somewhat re asonable radius, Riny, 1s extracted.

information can be extracted from a Q;,, spectrum. This is a question that will have
to be considered in future theoretical studies.

5. Conclusion

It is evident that the correlation function is an observable that is very sensitive
to small details of the source. It is also clear that this sensitivity can be reduced by
the cuts or corrections that are not well understood. Measurements of +— spectra
allow use of experimental data to parameterize the Coulomb correction which reduces
the model dependence in the construction of the correlation function. Furthermore, it
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