- 1 -I. IntroductionPHOBOS [1] is an approved experiment, one of four to be ready to run at the turn-on of theRelativistic Heavy-Ion Collider (RHIC) at Brookhaven National Laboratory. The goal of thisexperiment is to search for manifestations of new physics, such as the formation of a Quark-Gluon Plasma (QGP), under conditions of extreme energy density - the highest ever seen in alaboratory.Although there have been extensive speculations about how the QGP may manifest itself, noone knows for sure what the unambiguous signature is of its formation. The PHOBOS experimentis designed to study as many collisions as possible, in an unbiased way, and to search forsignificant differences between p-p, p-A, and A-A collisions. A number of different physicalparameters might provide information about the formation of the QGP. PHOBOS was optimizedto study the following phase space regions and signals:1.Temperature scale. If the system attains even approximate equilibrium, the temperature andenergy density will be reflected in the Pt distribution. This will be crucial for determining theorder of any phase transition. Even without equilibrium, large-scale collective effects shouldbe reflected as a low Pt enhancement.2.Time and distance scales. High precision Hanbury-Brown Twiss (HBT) correlations at lowPt will allow us to determine the relevant time and distance scales as well as dynamicaleffects such as expansion. These details of the reaction dynamics can provide information onthe nature of the phase transition.3.Flavor composition. The ratio of strange to non-strange quarks is expected to be higher inthe QGP than in purely hadronic matter due to shorter equilibration times in the plasma. Thisshould be reflected in variables such as the K/p ratio.4.Medium effects. The short lifetime of the f meson and the small Q value of its decay intocharged kaons makes it an ideal probe for the properties of the hadronic medium in which itforms. The important variable is the Pt dependence of the f width.5.Global variables. Events with an unusually large number of particles or unusually largefluctuations in dN/dh df are likely to be characteristic of a phase transition. Furthermore, wecan examine other signatures as a function of the global variables to search for correlatedsignatures.The baseline design of PHOBOS relies solely on energy loss measurements to achieve particleidentification. This technique allows K/p separation up to a momentum of about 600 MeV/c andp/K separation up to about 1.2 GeV/c. This proposal requests funds for the addition of a time-of-flight wall, which will more than double the identified single-particle phase space of PHOBOS.This will, for example, double the phase space for reconstructable f mesons and increase theHBT phase space by a factor of 16 (24).The author and the PHOBOS collaboration [1] are convinced of the importance of the additionof a time-of-flight system. This view was also strongly endorsed by the RHIC TechnicalAdvisory Committee Subpanel. We quote:

- 2 -" The committee concurs with the collaboration that a time-of-flight system wouldsignificantly enhance the physics capabilities of PHOBOS and strongly encourages thecontinued search for additional collaborators who could provide such a system [2]. "The time-of-flight system would have the following beneficial effects on PHOBOS physics:1.Temperature scale. The time-of-flight system will more than double the Pt range overwhich we can uniquely identify pions and kaons. This will improve our lever arm for fits tothe Pt distribution, allowing us to understand the functional form and look for anyenhancements at low Pt.2.Time and distance scales. The phase space for HBT will be doubled in EACH of the 4different directions that we are interested in: QL, QTside, QTout, and MTpair. This isparticularly important in the key variable QTside, where the baseline detector has limitedacceptance and in the variable MTpair where lever-arm in phase space allows us to measurethe dynamics of the source, such as expansion. Extending the phase space is particularlyimportant for studying the p-p and p-A collisions where the source size is likely to be smallerand the required phase space in Q to be larger.3.Flavor composition. The baseline particle identification relies on energy loss, and a time-of-flight measurement will allow us to cross-check the calibration of the particle identificationeven at low momentum, improving the systematics for all physics measurements which usethe spectrometer as well as increasing the phase space over which we make themeasurements.4.Medium effects. The phase space for the f meson in Pt is also doubled (or more) by thetime-of-flight system while the statistics are tripled. The baseline detector measures aninteresting corner of the f-meson phase space, but has no lever-arm in Pt to see anyinteresting effects turn off with increasing Pt as the f meson spends less time in the mediumin its own rest frame.5.Global variables. The PHOBOS multiplicity detector measurements are also based on energydeposition and therefore rely on knowledge of the underlying momentum distribution forcalibration. The time-of-flight system will allow a better measurement of this momentumdistribution, significantly improving the systematics near mid-rapidity.These improvements would represent qualitative jumps in the physics capabilities rather thanincremental ones at a cost which is only 25 % of the baseline detector. By funding this extensionthe NSF can make a significant improvement to the physics program of RHIC.This proposal is organized as follows. In Section II the PHOBOS detector is briefly described.The limitations of particle identification on the basis of energy loss measurements is discussed inSection III. This Section also contains a discussion of the use of time-of-flight to extend therange of incident momenta for which particle identification can be achieved. In Section IV theimpact of the addition of a time-of-flight wall on the physics program that can be carried out withPHOBOS is summarized. The design of the PHOBOS time-of-flight wall is discussed in Section

- 3 -

Ring muliplicitydetectorMagnet yokePole pieceand coilVertex detectorsTrigger counters Time of flight triggercountersFigure 1: Schematic view of the PHOBOS detector.V, and the calculated acceptance of the time-of-flight wall will be described in Section VI. InSection VII the electronics required to process the signals from the time-of-flight wall will besummarized. The proposed construction schedule is presented in Section VIII, and the cost ofthe project is summarized in Section IX. The proposal is summarized in Section X.II. Overview of the PHOBOS detector.The PHOBOS detector is schematically shown in Figure 1. The major components of thesystem are the multiplicity and vertex detectors and the two-arm multi-particle spectrometer.The multiplicity barrel covers 85% of the total solid angle around the interaction point andcovers a pseudo rapidity range of -2.5 < h < + 3.4. The multiplicity ring counters, mountedalong the beam pipe on either side of the interaction region, extend the range of pseudo rapidityup to h = – 5.4. The pseudo rapidity range between 5.4 and 5.7 is covered by a ring of Cerenkovcounters. The two-arm multi-particle spectrometer covers 1% of the total solid angle and hasbeen optimized for good acceptance of particles with + 0.5 < h < + 1.5. Each arm of thespectrometer is situated in the gap of a high-field room-temperature magnet.The PHOBOS experiment has been designed conservatively for simplicity and flexibility andis based on proven technology [1]. All elements of the multiplicity and vertex detectors and themulti-particle spectrometer are made of silicon. This greatly simplifies the high-density front-end electronics and the data acquisition scheme.The issue of flexibility is important in the exploration of new physics at RHIC. Since thesignal of the interesting physics is speculative, the PHOBOS spectrometer was designed toprovide maximum flexibility in its acceptance. For example, if the average multiplicity isdramatically greater than expectations, the distance of the spectrometer to the interaction regioncan be increased, thereby decreasing the occupancy to an acceptable level, at the cost of areduction in the azimuthal acceptance.

- 4 -Fig.2. Energy loss in the six out of ten silicon planesas a function of the incident momentum for pions,kaons and protons.

Momentum (GeV/c)

Time of Flight (ns) π K p

0 5 10 15 20 25

0 1 2Fig.3 Time of flight as function of incidentmomentum for a time-of-flight detector located 1.70m from the interaction point.III. Particle Identification.

Particle identification in the PHOBOS spectrometer relies on various energy-loss andmomentum measurements [1]. The limitations of the various particle identification techniqueshas been studied in detail with Monte-Carlo simulations of the PHOBOS spectrometer based onthe code GEANT.In the low momentum region (pp < 55 MeV/c, pK < 135 MeV/c, pp < 225 MeV/c) the energyloss depends strongly on velocity of the ions, and the particles stop in the first seven silicondetector planes. The ions can be identified using their measured energy loss in the first detectorplane(s) and their total energy (obtained by summing all the energy losses).For larger momenta the particles enter the magnet gap and their momenta can be measured.A measurement of the energy loss combined with the results of a momentum analysis can beused for particle identification. Figure 2 shows the energy loss in six out of ten detector planesas a function of the incident momentum for pions, kaons, and protons (the four planes with thehighest measured energy loss are not included). This technique allows K/p separation up toabout 600 MeV/c and p/K separation up to about 1.2 GeV/c.102103

D

TOF (ps)543210Momentum (GeV/c)d = 3.4 m

/ KK / pe / Ke /

10

10

TOF (ps)d = 1.7 m

/ KK / pe / Ke /

Fig. 4. Time-of-flight difference between variousparticles as function of their momenta for a time-of-flight wall at a distance of 1.7 m and 3.4 m from theinteraction point. The dot-dashed horizontal linescorrespond to a 4s time-of-flight difference,assuming a 100 ps time-of-flight resolution.The particle-identification capability ofPHOBOS can be extended significantly by theaddition of a time-of-flight wall. This isillustrated in Figure 3 where the time of flight isshown as a function of the incident momentum for

- 5 -1.41.21.00.80.60.40.20.0

(GeV/c)1.51.00.50.0

Time-of-Flight IdentificationdE/dx Identification

,

Fig. 5. Acceptance regions in rapidity and transversemomentum for pions. The various regions in thisFigure are labeled according to the technique that willbe used to achieve particle identification. The "saw-tooth" structure of the dotted curve is a results of thesegmentation of the time-of-flight wall.pions, kaons, and protons, for a time-of-flight wall located 1.7 m from the interaction point.Figure 4 shows the difference in the time of flight for various particles as a function of theirmomenta for a flight path of 1.7 m and 3.4 m. The dashed-dotted horizontal lines in Figure 4correspond to a 4

time-of-flight difference, assuming a 100 ps time-of-flight resolution. Usingthe time-of-flight information, the range of

/K separation is extended from about 600 MeV/c toabout 1.2 GeV/c (d = 1.7 m) and 1.8 GeV/c (d = 3.4 m), and the range of K/p separation isextended from about 1.2 GeV/c to about 2.0 GeV/c (d = 1.7 m) and 2.9 GeV/c (d = 3.4 m). Inaddition, electrons can be separated from pions up to about 350 MeV/c (d = 1.7 m) and 500MeV/c (d = 3.4 m), and from kaons up to about 1.3 GeV/c (d = 1.7 m) and 1.8 GeV/c (d = 3.4m).IV. Physics ImpactExtending the momentum range within which particles can be uniquely identified extends themeasurable phase space in two ways. For particles with a large angle relative to the beam - orsmall rapidity - we extend the P

coverage. For small angles, we extend the rapidity coverage fora fixed vertex position. This is illustrated in Figure 5 which shows acceptance regions in rapidityand transverse momentum for pions. The extension of phase space provided by the time-of

flight system is apparent.For single particle spectra, this extension to a higher transverse momentum will allow us tostudy the spectral behavior at low P

in detail. Comparing the low P yield to extrapolations fromhigher P

provides considerably more information than the model-dependent procedure of justcomparing shapes and yields of low P

particles to predictions of dynamical calculations. Figure6 illustrates the fact that the addition of a time-of-flight system will allow a more comprehensivecharacterization of the overall shape of the momentum distributions, resulting in moreconvincing evidence for any interesting effects seen at low P

The effect of the time-of-flight system is evenmore dramatic on multi-particle measurementssuch as reconstructing the meson and measuringHBT source size/lifetime parameters. The P

reach of the f measurement is also doubled andthe statistics are tripled. This is particularlyimportant for the f because the amount of timethat it spends in the hot hadronic medium (in itsown rest frame) is a function of P

. For the HBTsource size/lifetime measurement, extending themomentum coverage by a factor of 2 - 3 alsoextends the coverage in the variables QL, QTside

Tout, and MTpair by the same amount.The QL and QTout ranges are 0 - 0.5 GeV/cwithout the time-of-flight system and areextended to 0 - 1.1 GeV/c when the time-of-flightsystem is included. This improves thenormalization on all of our multi-dimensional fitsfor A-A and especially for p-p where the source issmaller and the Q-extension of the correlationfunction larger. Even more critically, the QTside

- 6 -_{Ptransverse (GeV/c)}

Yield (arb. units)

1 10 10^2

10^3

0 1 2Fig.6. Measured P

distributions for 100 typicalhigh-occupancy events for those particles whoselinear momentum can be measured with thespectrometer (open histogram), for those thatalso interact with the time-of-flight wall (cross hatched and solid histograms), and for those thatcan not identified on the basis of energy-lossinformation in the spectrometer but can beidentified on the basis of a time-of-flightmeasurement (solid histogram).E802E813/E836E866BRAHMSPHENIXSTAR

ScintillatorBC 404BC 408BC 404BC 404BC 404BC 404BC 408BC 420

Size (cm3

1.5x2.5x25 (404)1.5x1.5x42 (408)1.5x1.5x42 (420)

PM TubesR2083H1949R3478S

R3478SR3432

Resolution75 ps110 ps77 ps62 ps75 ps94 ps (404)69 ps (408)56 ps (420)

Reference[3][4][5][6][7-9][10]

Table 1. Summary of properties of various time-of-flight detector systems that are currently in use at for examplethe AGS or are evaluated for use at RHIC. All scintillators listed in this table are produced by the BicronCorporation. All photomultiplier tubes listed in this table are produced by Hamamatsu.range is improved from 0 - 100 MeV/c to 0 - 200MeV/c. This is essential for finding the geometricsize of the source uncontaminated by effects of theduration of particle emission. Finally, the MTpairdistribution is extended (for pions) from 0.14 - 0.55GeV/c2 to 0.14 - 1.1 GeV/c2 which allows us to sortout the dynamical correlations and see the effect ofexpanding sources. The MTpair coverage of the kaonsis extended from 0.50 - 0.73 GeV/c2 to 0.50 - 1.2GeV/c2. The key point here is that the MTpaircoverage of the pions and the kaons will overlap if weuse the time-of-flight system. This will allow us tocheck species-independence at fixed MTpair beforetrying to use both species together to draw aconclusion as well as providing a good MTpair

arm for each species alone.Clearly the addition of a time-of-flight system tothe PHOBOS experiment will significantly improvethe phase space acceptance of the detector foridentified particles. This, in turn, will significantlyimprove its physics capabilities.V. DesignIn order to achieve the design goals outlined in Section III the time-of-flight resolution of thetime-of-flight wall must be better than 100 ps. This resolution has been achieved by varioustime-of-flight detector systems that are currently being used at for example the AGS or areevaluated for use at RHIC. Table 1 summarizes important properties of these time-of-flightdetector systems and their demonstrated time-of-flight resolution.BC404, made by the BICRON Corporation, will be used as the scintillating material for theproposed time-of-flight wall. It has good timing characteristics (a 1.8 ns decay constant) and amoderate attenuation length (1.6 m). Its wavelength of maximum emission (408 nm) is close to

- 7 -20� - 30�30� - 50�50� - 90�

Number of Segments

Distance from Interaction Point (m)5.502.751.70

Segment size (cm

Opening Angle (mrad)1.52.95.8

Table 2. Dimensions of the various scintillator segments to be used for thePHOBOS time-of-flight wall. The angles indicated in the top row are measuredwith respect to the beam. Note that currently no funding is requested toprovide coverage in the angular range between 20� and 30�.R1635R4124R3478S

Diameter (mm)

Response Range (nm)300 - 650300 - 650300 - 650

Peak Wavelength (nm)

Supply Voltage (Vdc)

Current Amplification1.1 x 10

1.1 x 10

1.7 x 10 Rise Time (ns)0.81.11.3

Transit Time (ns)7.8

Table 3. Summary of the photomultiplier tubes that areconsidered to be used for the PHOBOS time-of-flight wall.the wavelength at whichthe response of most fastphotomultiplier tubespeak (420 nm). Thescintillator segments willbe 20 cm high and have across sectional areas of1.0 x 1.0 cm2 and 0.8 x0.8 cm2. Table 2summarizes the relevantdimension of the scintillator segments to be used for the proposed time-of-flight wall.The photomultiplier tubes to be used must have a fast rise time (£ 1.8 ns), high gain (‡ 1 x106), and have a diameter similar to the cross sectional area of the scintillator (to facility closepacking). Table 3 lists the photomultiplier tubes that are considered for the time-of-flight wall.It is noteworthy that the BRAHMS collaboration has evaluated time-of-flight segments withdimensions very similar to the PHOBOS segments and a time resolution of 62 ps has beenachieved with 10 mm diameter (R1635) and 19 mm diameter (R3478S) photomultiplier tubes.Two photomultiplier tubes will be coupled, via light guides, to the end of each scintillatorsegment. A simultaneous measurement of the time and pulse height allows slewing correctionsto be made, which was found necessary in various other studies in order to achieve time-of-flightresolutions better than 100 ps. The time-of-flight information used for particle identification willbe the average of the time-of-flight information provided by the individual photomultiplier tubes.The time-of-flight information provided by the individual photomultiplier tubes will also be usedto determine the vertical position of the incident particles. Based on a timing resolution of 100ps for each photomultiplier tube it is estimated that the vertical position resolution is about 2 cm.The vertical position is a very important parameter since it will greatly enhance our capabilitiesto match the particle tracks measured in the spectrometer with the hits recorded in the time-of

flight wall. If more than two particles hit one scintillator segment, then the timing information islost. However, in many cases, this type of events can be recognized and identified by checkingthe consistency of the time difference between the two photomultiplier tube signals and the ratioof their pulse heights. Needless to say, the current design of the time-of-flight wall aims atkeeping the double-hit probability as low as possible.The segmentation of the time-of-flight wall is determined by the requirement that the averageoccupancy is less than 15% for a "standard event" which is an event for which the chargedparticle rapidity density dN/dy = 1000 at y = 0, which corresponds to a typical high-occupancyevent. Figure 7 shows the results ofGEANT simulations of the proposedPHOBOS time-of-flight wall obtained for100 "standard" events. Figure 7a showsthe average measured yield per event per5� of primary particles, particles producedat the interaction point, as a function of theangle with respect to the beam. Figure 7bshows the same thing as Figure 7a, exceptfor secondary particles, particles notproduced at the interaction point. The

- 8 -0.30.20.10.0

Occupancy-50

50 (degrees)_{(c)}

Yield / 5�(b)Secondaries

Yield / 5�(a)PrimariesFig. 7. (a) Average yield of primary fragmentsdetected in the time-of-flight wall as a function of theangle with respect to the beam for a central standardevent. (b) As (a) but for secondary fragments. (c)Calculated occupancy for the proposed time-of-flightwall as a function of the angle with respect to thebeam. The error bars shown in this Figure arestatistical errors.segmentation of the proposed time-of-flight wall,summarized in Table 2, was chosen such that theaverage occupancy is about 15%. Figure 7cshows the calculated occupancy obtained fromthese simulations as a function of the angle withrespect to the beam. The jumps in the occupancyat – 50� and at – 30� are associated with thechange in the segmentation that occurs at theseangles. Figure 8 shows a schematic layout of thePHOBOS detector with the proposed time-of-flightwall.Note that the current proposal does not requestfunds for the segments of the time-of-flight wallcovering the angles between 20� and 30� withrespect to the beam. However, in the currentdesign and in the simulations discussed here, thesegments between 20� and 30� are identical to thesegments covering the angles between 30� and50�. Therefore, for part or all of the running timewe can choose to move one of the segments of thetime-of-flight wall, covering the angles between30� and 50�, into a position that covers the anglesbetween 20� and 30�. Thus, the time-of-flightwall, like the rest of the PHOBOS detector, isflexible enough to be adjusted to whateverconditions we find at RHIC or whatever newphysics priorities we come up with after seeingthe actual data.The 480 scintillator segments of the time-of

flight wall have each a height of 20 cm, and across sectional area of 1 x 1 cm2 for those locatedbetween 50� and 90� and 0.8 x 0.8 cm2 for those

Fig. 8. Schematic layout of the PHOBOS detectorwith the proposed time-of-flight wall. Note that the50� - 90� segments of the time-of-flight wall arelocated inside the magnet support structure.located between 30� and 50�. The scintillatorsegments are optically isolated by wrapping themin aluminum foil and 16 segments are combinedto form a "standard" building block of the time-of

flight wall. Photomultiplier tubes are connectedto the scintillator segments via BC 800 lightguides (see Figure 9). The light guides are alsoused to slightly offset the location of neighboringphotomultiplier tubes which is necessary since thewidth of the scintillator segments is smaller thanthe diameter of the photomultiplier tubes. Theshape of the light guides is chosen such that thesymmetry axis of the photomultiplier tubes islocated along the vertical direction.

- 9 -^{80mm}

95mm

12mm

50mm

200mm

10mm

Light guides

R1635/

H3164-01

BC 404Fig. 9. Schematic drawing of a building block of thetime-of-flight wall. This building block will be partof the section that is located between 50 and 90

and 50

have a cross sectional area of

ΔΘ (degrees)

Counts / 1 degree

20^o - 25^o Primaries

ΔΘ (degrees)

Counts / 1 degree

20^o - 25^o Secondaries

ΔΘ (degrees)

Counts / 1 degree

40^o - 45^o Primaries

ΔΘ (degrees)

Counts / 1 degree

40^o - 45^o Secondaries

ΔΘ (degrees)

Counts / 1 degree

60^o - 70^o Primaries

ΔΘ (degrees)

Counts / 1 degree

60^o - 70^o Secondaries

0

50

100

0 25 50 0

50

0 25 50

0

20

0 25 50 0

10

0 25 50

0

10

20

0 25 50 0

10

20

0 25 50

Fig.10. Angle difference between trajectory of theincident fragment and the normal to the scintillatorsurface. The left and right histograms show thisdifference for primary and secondary fragments,respectively, at several sections of the time-of-flight_{Detectorin - Detectorout}

Counts

20^o - 25^o Primaries

Detector_{in} - Detector_{out}

Counts

20^o - 25^o Secondaries

Detector_{in} - Detector_{out}

Counts

40^o - 45^o Primaries

Detector_{in} - Detector_{out}

Counts

40^o - 45^o Secondaries

Detector_{in} - Detector_{out}

Counts

60^o - 70^o Primaries

Detector_{in} - Detector_{out}

Counts

60^o - 70^o Secondaries

1 10 10^2

0 10 1 10 10^2

0 10

1 10 10^2

0 10 1 10 10^2

0 10

1 10 10^2

0 10 1 10 10^2

0 10

Fig.11. Difference between the detector number of thescintillator where the fragment entered the time-of-flight wall and the detector number of the scintillatorwhere the fragment exited the time-of-flight wall forprimary and secondary fragments at several sections ofThe actual count rate in each detector elementis slightly higher than the rate predicted on thebasis of the occupancy shown in Figure 7. This isdue to the fact that the angle of incidence of theparticles onto the surface of the scintillator is lessthan 90, and consequently some tracks willproduce a signal in more than one scintillatorsegment. Figure 10 shows the difference betweenthe angle of incidence and the normal of thescintillator surface for three different segments ofthe time-of-flight wall. This angle difference islimited to a specific range of angles for primaryfragments, while the distributions for secondaryfragments are significantly wider. Figure 11shows the difference between the detector numberof the scintillator where the fragment entered thetime-of-flight wall and the detector number of thescintillator where the fragment exited the time-of

flight wall. A number different from zero

Vertical Position (cm)

Counts / cm

(a)

Vertical Position (cm)

Counts / cm

(b)

Vertical Position (cm)

Counts / cm

(c)

0

200

400

-40 -20 0 20 40

0

100

200

-40 -20 0 20 40

0

25

50

-40 -20 0 20 40

of the time-of-flight wall of thoseprimary fragments that pass through allthe silicon detector planes for (a) the50 - 90 section, (b) the 30 - 50�section, and (c) the 20 - 30 section.The dashed lines indicate the verticalpositions that are covered by thea signal in more than one scintillator segment. Figure 11 shows that this happens much morefrequently for secondary fragment compared to primary fragments. The probability of hittingmore than one scintillator segment is largest for those segments that are mounted at large angleswith respect to the beam direction. The probability that more than one segment is hit can bereduced by changing the orientation of the scintillator segments such that the angle of incidenceis closer to normal. Such a reorientation has the biggest effect for the segments located at largeangles, where a rotation by 15 - 20 is envisioned. Thisrotation will primarily reduce the multiple-triggeringprobability for primary fragments, and have less of an effecton the secondary fragments. Further studies are needed todetermine the optimum orientation of the scintillatorextensively. To achieve the desired occupancy withoutincreasing the number of scintillators beyond 500 it wasnecessary to reduce the vertical acceptance of the time-of

flight wall. Figure 12 shows the vertical position of primaryfragments that pass through all the silicon planes of thespectrometer at the position where the time-of-flight wall isbe detected with the 50 - 90 section of the time-of-flightwall have a vertical position that coincides with the sensitivearea of the scintillator (-10 cm +10 cm). The particlesthat can be detected with the 30 - 50 section of the time-of-flight wall are distributed uniformly in the vertical direction

detect these particles is close to 70% since the height of thescintillator is less than the height required to detect theheight of the scintillator from 20 cm to 30 cm after it hasbeen demonstrated that a 50% higher occupancy can betolerated. The estimated cost of this improvement is about$˚30,000, which is essentially the cost of new scintillatorsegments. In the design of the support structure, thepossibility of this future upgrade will be taken into account.The particles that can be detected with the 20 - 30 sectionof the time-of-flight wall are distributed uniformly in thevertical direction with -30 cm

+30 cm (see Figure 12c).The efficiency to detect these particles is close to 40% sincethe height of the sensitive area is significantly less than theThe momentum acceptance of the time-of-flight wall hasbeen studied using GEANT simulations in which particleswith a momentum uniformly distributed between 0 GeV/c

Momentum (GeV/c)

TOF Angle (degrees) π/K K/p 0 20 40 60 80

0 1 2Fig.13. Results of GEANT simulations showing thedetection angle of particles on the time-of-flight wallas a function of their momentum. The solid anddashed lines indicate the momenta beyond which K/

and p/K separation, respectively, requires the use of

Spectrometer + TOF

Momentum (GeV/c)

No TOFFig. 14. Results of GEANT simulations in whichparticles with a momentum distributed randomlybetween 0 GeV/c and 2.5 GeV/c are emittedisotropically from the interaction point. The numberof particles that pass through all the silicon planesand through the time-of-flight wall is shown in (a) asparticles that pass through all the silicon planes butdo not pass through the time-of-flight wall is shownand 2.5 GeV/c are isotropically emitted from theinteraction point into the acceptance of thespectrometer. Figure 13 shows the detectionangle on the time-of-flight wall, relative to thebeam direction, as a function of the momentumfor those particles that travel through all thesilicon planes of the spectrometer. The solid anddashed vertical lines in Figure 13 indicate themomentum above which

/K and K/p separationcan no longer be achieved on the basis of onlyenergy loss measurements. Most of theacceptance of the time-of-flight wall covers arange of momenta where a time-of-flightmeasurement is the only feasible method ofparticle identification. Figure 14a shows aprojection of the acceptance shown in Figure 13on the momentum axis. The solid and dashedvertical lines in Figure 14 indicate the momentumabove which

/K and K/p separation requires theuse of the time-of-flight wall. The acceptance ofthe time-of-flight wall increases with increasingmomentum below about 1 GeV/c. For largermomenta the acceptance increases significantlyslower with increasing momentum. The smallacceptance of the time-of-flight wall below 0.5GeV/c is associated with the large deflections oflow-momentum ions in the magnetic field of thespectrometer, which results in them beingdeflected towards angles larger than 90 (andtherefore outside the acceptance of the time-of

flight wall). On the other hand, since thesimultaneous measurement of the energy loss andmomentum can be used for particle identificationin the low-momentum regime, this reduction inacceptance does not lead to a reduction in particleidentification efficiency for low-momentum ions.Figure 14b shows the number of particles in thesimulations that travel through all the siliconplanes of the spectrometer but do not make it tothe time-of-flight wall as a function of theirmomentum. The yield decreases with increasingmomentum. Most particles in the low-momentumregion can be identified on the basis of asimultaneous energy loss and momentum

Fig.15. Schematic of the electronics associated with

Fig. 16. Time line of the A schematic of the electronics associated witha single scintillator segment is shown in Figureand the timing information is recorded. The pulseheight information is required to be able to makeachieve time-of-flight resolutions of 100 ps orbetter. All electronics, except the passive splitter,are commercially available, and thus require noThe high voltage (HV) for the photomultiplier tube is supplied by a LeCroy 1458 HVMainframe. Each channel of this supply can provide a maximum current of 3.1 mA. Since thebleeder current of the photomultiplier tubes is around 0.5 mA we plan to connect fourThe signal from each photomultiplier tube is split with a home-built passive two-way splitter.One signal is send to a LeCroy 1881M 13-bit FASTBUS Analog-to-Digital Converter (ADC).The other signal is send to a LeCroy 3412 CAMAC discriminator. The ECL output of thisdiscriminator is converted with a LeCroy 1875A 15-Bit FASTBUS Time-to-Digital Converter(TDC). FASTBUS was chosen for signal processing on a purely economical basis. BothCAMAC and VME were considered, but the lower channel densities led to a significant increasein the electronics cost. In addition, in order to achieve a time resolution better than 100 ps ahigh-resolution TDC is required, and very few commercially available TDCs have the requiredBoth the energy and the timing signals are delayed by about 150 ns with 100 ft of cable delayin order to process the information from the trigger counters and generate the gate and start forThe overall schedule of the construction of the time-of-flight wall is shown inFigure 16. In order to complete the construction of the time-of-flight wall before the first beamwill be available at RHIC, which currently is scheduled to occur in April 1999, funding muststart in October 1996. Before October 1996, a series of prototype counters will be build andtested and the final design of the wall will be agreed upon. The major items to be purchased arethe photomultiplier tubes, the scintillators, and theelectronics. It is estimated that Hamamatsu candeliver at least 100 photomultiplier tubes per1 year after the start of funding. The scintillatorsegments can be produced at a rate of about 100segments per man-month. This order thereforewill also be completed roughly one year after thestart of funding. The electronics will be orderedin the beginning of 1998. Delivery time for all

The major costs of the time-of-flight wall are the photomultiplier tubes and the variouselectronics components. The cost of the time-of-flight hardware, excluding the electronics, islisted in Table 4. This table lists 3 different scenarios, that differ on the basis of the type ofphotomultiplier tube that is being used. The BRAHMS collaboration has shown that a time-of

flight resolution of better than 100 ps can be achieved using either the R3478S or the R1635(H3164-01 assembly) photomultiplier tubes. We are not aware of any group that has attemptedthe other hand, as indicated in Table 3, the properties of this photomultiplier tube are similar tothose of the R3478S and R1635 photomultiplier tubes, suggesting that a time-of-flight resolutionof better than 100 ps can be achieved with the R4124 photomultiplier tube. Due to the costimplications we plan to study the response of the R4124 in detail before a final decision is madeThe cost of the electronics for the time-of-flight wall is summarized in Table 5. Theelectronics is, where possible, based on FASTBUS, mainly because of cost implications. Thebeam-left and beam-right segments of the time-of-flight wall share the HV mainframe. Thediscriminators, ADCs and TDCs for the beam-left and beam-right segments resides in separatecrates, mounted as close as possible to the time-of-flight wall. The BRAHMS collaboration hasdemonstrated that the time resolutions of 62 ps can be obtained with the R1635 photomultipliertubes when the distance between the tube and the discriminator is 50 ft. In our configuration, thelongest distance between photomultiplier tube and discriminator will be around 10 - 15 ft, andThe cost of the design and fabrication of the support structures is estimated to be $ 80,000.The cost of labor associated with polishing and assembling the individual scintillator segments is

flight wall. It is here assumed that undergraduate students from the University of Rochester areThe cost of the proposed time-of-flight wall is $ 1,484,536.90. Including a 15% contingencythe final cost is estimated to be $ 1,707,217.44. These funds are requested over a two yearperiod. During the first year funds are requested for the purchase of the photomultiplier tubes,the scintillators, and the light guides. The associated cost is estimated to be $ 739,739 whichbecomes $ 850,699.85 when the 15% contingency is included. During the second year the

electronics will be purchased and the support structure will be build. The associated cost is is one of four detectors that will have the first look at the extreme energy densitiesthat will be created when gold nuclei collide at RHIC. It has the potential of a major scientificThe addition of a time-of-flight system will significantly increase the capability of the detector and thus its potential for discovery. This system will more than double theregion in phase space where particles can be identified. The addition of a time-of-flight systemnot only has strong support from the collaboration but also has been enthusiasticallyThere are no unresolved technical issues involved in building the proposed time-of-flightBy funding this proposal the NSF can have a significant impact on the RHIC researchRHIC Technical Advisory Subpanel, Report of the Technical Advisory Committee

T. Abbott, M. Abreu, Y. Akiba, D. Alburger, D. Beavis, R.R. Betts, L. Birstein, M.A.Bloomer, P.D. Bond, C. Chasman, Y.Y. Chu, B.A. Cole, J.B. Costales, H.J. Crowford, J.B.Cumming, R. Debbe, E. Duek, H. Enge, J. Engelage, S.Y. Fung, L. Grodzins, S. Gushue,H. Hamagaki, O. Hansen, P. Haustein, S. Hayashi, S. Homma, H.Z. Hunag, Y. Ikeda, I.Juricic, S. Katcoff, S. Kaufman, K. Kimura, K. Kurita, R. Lanza, R.J. Ledoux, M.J. Levine,M. Mariscotti, Y. Miake, R.J. Morse, S. Nagamiya, J. Olness, C.G. Parsons, L.P.Remsberg, M. Sarabura, A. Shor, P. Stankus, S.G. Steadman, G.S.F. Stephans, T. Sugitate,M. Tanaka, M.J. Tannanbaum, M. Torikoshi, J.H. van Dijk, Videbaek F, P. Vincent, E.Vulgaris, V.Vutsadakis, B. Wadsworth, W.A. Watson III, H.E. Wegner, D.S. Woodruff,Y.D. Wu, and W.A. Zajc, A Single Arm Spectrometer Detector System for High-Energy

V. Sum, A.R. Berdoz, C.A. Davis, S.A. Page, W.D. Ramsay, W.T.H. van Oers, R.A.Schumacher, V.J. Zeps, D.R. Gill, T. Iijima, K. Okada, and F. Takeutchi, A Time-of-flight

K. Shigaki, Study of Hadron production in Au + Au Collisions at 10.9 A GeV/c with a newThe BRAHMS Collaboration, The BRAHMS Conceptual Design Report, 1994X . H . Y a n g , T . K . N a y a k , C . Y . C h i , B . A . C o l e , S . N a g a m i y a , W . A . Z a j c , a n d Y . M i a k e , Monte-Carlo Studies of the Performance of Scintillator Detectors for Time-of-flight

M. Kurata, S. Kato, A. Kumagai, K. Kurita, Y. Miake, S. Sato, K. Tomizawa, S. Ueno-Hayashi, K. Yagi, S. Nagamiya, T.K. Nayak, O. Vossnack, X. Yang, and W. Zhan, of Timing Degradation and Light Attenuation in Long Plastic Scintillation Rods for Time-of-flight Counters in Relativistic Heavy-Ion Experiments, Nucl. Instr. and Meth.

S. Ahmad, B.E. Bonner, W. Gere, G.S. Mutchler, P. Rambo, S. Toshkov, E. Platner, H.J.Crawford, and J.M. Engelage, In-beam Tests of Proximity Mesh Dynode Tubes for the