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Abstract. Over the past few years, the PHENIX detector has undergone several upgrades in the forward region (1<||<4), initially covered only by the muon arms.  The focus of these upgrades is toward a better understanding of the Color-Glass Condensate and the interplay between the different components of the proton's spin valence/sea quark and gluon contributions.  This paper highlights the newly proposed forward calorimeter detector, FOCAL.  FOCAL is a tungsten-silicon sampling calorimeter with high position and energy resolution, covering a pseudorapidity of 1.6<<2.5.  This future detector aims to constrain the current view of gluon saturation at small x in the Color-Glass Condensate framework, through isolation of direct photons at high-pT over a broad range of pseudorapidity. 
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Article I. Introduction
In collisions of high energy nuclei, for example Au+Au, a hot, dense, and opaque medium is created with remarkably complex properties
.  This state, theorized to be a state of matter known as the strongly interacting Quark-Gluon Plasma (sQGP), is characterized by the energy loss of highly energetic partons traversing it.  The colliding system is a complex state of matter as it comprises both initial (cold-nuclear matter) and final (due to the sQGP) state effects.  To fully understand the sQGP, we must be able to decouple these broad classification (initial or final), thus it is imperative that we study the underlying initial state effects.  Therefore we have to turn off the final state effect and examine the initial state effects alone; one way to accomplish this is to collide protons (or deuterons) with gold nuclei.  Any initial state effects due to the size of the gold nucleus (such as the Cronin Effect – which has been observed) are manifest, although energy loss effects associated with gold-gold collisions are absent.  The energy loss of high energy particles has already been found to be absent in the initial state this reinforces the sQGP picture in gold-gold collisions.  Moreover, the initial-state results in the forward region can be interpreted as being consistent with another state of matter, known as the Color-Glass Condensate (CGC) (for a review see
).  In this model, the wave functions from low-x gluons overlap and the number of gluons become saturated in the heavy nucleus.  However, the current measurements with charged particles do not provide evidence for detailed modification of the parton distribution functions (pdfs), particularly those of the gluon, within the nucleus in these extreme conditions.  The FOCAL will shed some light on this important physics area by measuring the energy and angular dependence of direct photons from d+Au collisions.  In the CGC framework, the pdfs are modified in the nucleus, leading to a modification of the production cross-section of direct photons.  Once created, the direct photons are not further modified, unlike partons (as measured by hadrons) which have associated fragmentation functions, thus such measurements can be directly linked to the modification of the pdfs.

Article II. The physics challenge

As explained, it is important to measure direct photons as these give us a handle on the gluon pdfs.  As the region of interest lies firmly at low-x it is important that this measurement be performed at as low an x as possible.  At RHIC low-x can be reached over a wide range of pseudorapidity, from the central region to the forward region.  However, in the central region (~0), the only measurements possible at low-x are at very low momentum, which ultimately excludes a direct photon measurement due to kinematic constraints.  In the forward region (~2 or higher), these constraints are less important as forward jets must have originated from the interaction of a low-x and a higher-x parton.  In such interactions, which create direct photons, the low-x parton is readily assigned to the gluon which is associated to the photon.  The gluon nuclear pdfs in the low-x region are relatively unknown and have large uncertainties such that new measurements in the region of x~10-2-10-3 will undoubtedly restrict models trying to describe the data
.
These direct- events are extremely rare (pp~0.0027 mb) and their detection is additionally hindered by the fact that, in the kinematic region we are investigating, decayed 0 and  mesons mostly appear as single photons.  The primary objective of this detector is to isolate the direct photons from background sources such as 0 and .
Article III. The FOCAL DETECTOR

The FOCAL detector (see Fig. 1) will sit in the region fiducially covering 1.6<<2.5, i.e. on the deuteron-going side.  It consists of 21 tungsten layers, interspaced with silicon pads used for read-out, with an active transverse area of 1.6cm(1.6cm).  After layers 2, 3, 4, and 5 additional layers of silicon strips are added for high-resolution position readout (two orthogonal layers of 6.2cm(0.05cm each).  The read-out consists of a summed signal from the pads in three segments of towers (7 layers each); all strips are individually read-out.  This sampling calorimeter is a novel device as it couples an energy measurement (from a sum of energy in the pads) to a tracking device (through the spatial measurements of the silicon pads and strips).  Although FOCAL is not projective by design, the fine tracking elements allow for projective-like tracking across the whole calorimeter.  The strips included in the design were carefully positioned to allow for the measurement of the electromagnetic shower in its infancy.  This early development, with a smaller average dispersion, helps with the identification of close photon showers, characteristic of 0→ decays.  Using the strips, we find that it is possible to reconstruct the invariant mass of two tracks, even when that is not possible with the silicon pads.
Article IV. PERFORMANCE

Track reconstruction with FOCAL comprises of two independent procedures.  First, a clustering algorithm finds regions of the detector through which an electromagnetic track passes.  Here, neighboring towers are added to seed towers in each segment as long as the additional energy is smaller than the seed (otherwise this indicates the presence of two tracks).  The typical cluster size in each segment is 3(3 or 5(5 towers.  Once the clusters are found the energy of the track is estimated using the measured energy and energy profile.  Note that no energy information can be obtained from the tungsten; the total energy deposited in the silicon represents just 2.5% of the total energy of the impinging track, and the rest is lost to the tungsten.  The information from this procedure also includes the angular direction of the track and a measure of the likelihood that the shower is electromagnetic or hadronic in nature.
To determine whether the track is consistent with a 0 decay or a single photon, the strips are used to measure two photon tracks.  In order to simplify the tracking algorithm, a Hough transformation is made to convert the spatial positions into parameter space.  Here, the parameters (intercept and slope) are the same for the same track; in real space the x- (and/or y-) position gradually increase with z.  All hits in Hough-space are placed into a histogram, where the most frequently observed slope is considered the primary track (see Fig. 2 left).  Once this is found, a searching algorithm is applied to test whether a second peak is evident within a small region of interest in the region of the track.  Fig. 2 right shows the results of the algorithm for many events.
Dependent on energy and pseudorapidity, the tagging efficiency from this procedure is about 75%-95% for  (for invariant mass less than 0.1) and 55%-65% for 0 (for invariant mass between 0.1 and 0.2).  Further quality control constraints applied lead to a ratio of /0~5, even if the mass is not precisely constructed.  Within the environment of p+p or d+Au collisions, additional background from charged particles and merging tracks contaminates the track candidates.  The electromagnetic shower development can be predicted based on the reconstructed energy, with the prediction compared to each single event.  The likelihood that this is an e-m shower (rather than a hadronic shower) is quantified via a 2 distribution, which removes almost all of the charged background.
Article V. Summary

The FOCAL detector (within PHENIX) has been proposed to examine the theorized Color-Glass Condensate in d+Au collisions at RHIC.  Currently at the proposal stage, the FOCAL is a novel detector, which has the ability to separate single photon showers and double photon showers associated with 0, up to energies of ~50GeV.
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Figure � SEQ Figures \* MERGEFORMAT �1�.  Schematic layout of FOCAL.  The left shows the transverse view of the detector, the grey region highlights the region instrumented with silicon.  The right shows the side view.  Dark bands are the tungsten activator layers, behind which are silicon pads.  Larger gaps behind the 2nd, 3rd, 4th, and 5th layers house the strip readout.
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Figure 2.  In the left multi-panels: reconstruction of single  (top) and single 0 (bottom) in FOCAL.  The leftmost (rightmost) of the smaller figures shows the Hough parameter frequency in the x- (y-) direction.  The line represents the center of gravity of the track as found by the pad layers.  The grey bands show the start of the excluded region from the region of interest.  For the 0 distributions, in this case, two peaks are clearly observed.  In the right panel, the resultant invariant mass distribution for 10 GeV single  and 0 into the FOCAL acceptance is shown.  Negative values in the invariant mass distribution represents the times when only a single track is found.
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