Proc. Thirteenth Int. Conf. on Ultra-Relativistic
Nucleus-Nucleus Collisions (Quark Matter 97)

Tsukuba, Japan
December 1-5, 1997 ‘BNL-65384

_ ConF-97/33)--
DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED ¢ T !

VAST ER

Recent Developments on the Star Detector System at RHIC

H. Wieman®, and D.L. Adams®, N. Added*?, H. Agakishievj , S.A. Akimenko®, A. Aluyshin?,
M. Aluyshin?, N. Amelin’, B. Anderson®, G. Anderson®, A. Aprahamian®, Y.I. Arestov®, P.
Aslanyan’, V. Avdeichikov¥, G. Averichev’, A. Bacher™, R. Badalian’, A. Baldwin®, K.
Barish?, V. Batourine¥, N.I. Belikov®, R. Bellwied//, V. Belousov?, S. Bennett//, D. Best?, H.
Bichsel®®, J. Bielecki//, F. Bieser?, N.N. Biswas®, L. Bland™, C. Blyth?, B.E. Bonner?, R.
Bossingham?, F.P. Brady/, W. Braithwaite®, C. Brown”, R. L. Brown®, V. Budilov¥, H.
Caines?, J. Cameron™, N. Carlin®®, J. Carroll?, D. Cebraf, A. Chalyguine®, J. Chancef, W.
Chen¢, S. Chernenko?, M. Cherney*, A. Chikanian99, J. Chrin?, W. Christie, B. Chujko®, C.
Consiglio®, G. Cooper?, T.M. Cormier//, J. Cramer®®, H.J. Crawford®, A.M. Davidenko?®, A.
Das?, J. W. Dawson®, A.A. Dereschikov®, A. DeWeerd?, L. Didenko®, W. Dominik®, J.E.
Draper/, I. Duck?, W.R. Edwards?, V. Eckardt”, V. Emelianov’, J.M. Engelage®, G. Eppley?,
R. Eremeev*, V. Erin®, A. Etkin¢, P. Fachini®®, N Fadeev®, V. Faine®, O. Fateev’, A.
Feshchenko®, Y. Fisyak¢, K.J. Foley®, C.W. Ford Jr. ®, N. Gagunashvili¥, U. Garg®, O.
Gavrichtchouk®, M. Gazdzicki’, V. Ghazikhanian?, M. Gilkes¥, A. Grachov®, D. Greiner?, L.
Greiner®, V. Grigoriev?, V.J. Guarino®, E. Gushin’, W.N. Haberichter®, R.W. Hackenburg®, J.
Hall//, T.J. Hallman®, J. Harris?¢, S. Heppelmann®, D.A. Hill%, N. Hill*, A. Hirsch?, E.
HjortY, J. Hoffmann®®, H. Huang?, T. Humanic?, G.J. Igo?, A. Ioukaev*, P. Jacobs?, W.
Jacobs™, R. Jared®, P. Jensen®®, P. Jones?, E. Judd®, K. Kadija", M. Kaplan®, V. Kaplin?, A.
Karakash?, A. Karev®, P.J. Karol®, T. Kasprzyk®, D. Keane®, K. Kinder-Geiger¢, S. Klein?, L.
Kolobashkina?, A. Kolomyichenko*, K. Komisarcik™, A. Konstantinov®, I. Kossarev*, L.
Kotchenda?, I. Kotov?, N. Kouzmine®, A. Kovalenko’, M. Kramer¢, P. Kravtsov?, V.
Krivokhizhin*, G. Kunde%9, R. Kutuev®, A. Kuznetsov’/, K. Kwiatkowski™, V. Ladygin’, B.
Lasiuk%, A. Lebedev?, T. LeCompte®, M.J. LeVine®, Q. Li//, M. Lisa?, A. Ljubicic®, W.
Llope?, R.S. Longacre®, W. A. Love®, D. Lynn®, L. Madansky”, R. Majka%9, S. Margetis®, J.
Marx?, R. Matheus®®, H.S. Matis?, Y. Matulenko®; E. Matushevsky?, T.S. McShane’, K.
Medved*, R. Mekhdiev¥, A. Meschanin®, P. Middlekamp®, B. Miller®, Z. Milosevich”, N.
Minaev®, J. Mitchell®, V. Mitsyn*, F. Moore®, L. Muresan’, R. Muresan?, J.
Musulmanbekov?, G.S. Mutchler?, A. Mysnick®, H. Nann™, J. Nelson?, P. Nevski¢, V. Nikitin*,
E. Nikonov?, P. Nomokonov?, S.B. Nurushev®, J. Nystrand?, V. Odintsov*, G. Odyniec?, A.
Ogawa, C. Ogilivie?, D. Olson®, A. Oltchak?, G. Ososkov/, G. Ott*®, G. Paic**, S. Pandey//,
Y. Panebratsev?, S. Panitkin®, A. Pavlinov®, A. Pavluk®, T. Pawlak?, M. Pentia/, W. Peryt%,
D. Peshekhonov*, V. Peshekhonov*, D. Pilipenko®, N. Piskunov’, E. Platner?, J. Pluta¢, N.
Porile¥, A.M. Poskanzer?, L. Price?, D. Prindle®, E. Protrebenikova’, C. Pruneau//, G. Rai?,
L. Ray®, S. Razin’, R.E. Renfordt’, A. Ridiger?, P. Riley®®, T. Rinckel™, J. Riso//, H.-G.
Ritter?, J.B. Roberts?, D. Rhrich!, A. Rollefson®, J.L. Romero/, I. Roufanov®, M. Runco?, V.
Rykov//, 1. Sakrejda?, J. Sandweiss??, A.C. Saulys®, 1. Savin®, E. Schafer”, J. Schambach?®,
R.P. Scharenberg¥, N. Schmitz", L.S. Schroeder?, M. Schulz®, J. Sedlmeir®, J. Segert, D.
Seliverstov?, P. Seyboth”, A. Shabunov’, M. Shafranov®, M. Shafranova®, A. Shalnov?, K.
Shestermanov®, S. Shimanskiy?, G. Skoro?, J. Slaughters?, N. Slavin/, N. Smirnoff?9, G.
Smirnov¥, L Smykov’, L. Soloviev®, S. Somov?, J. Sowinski™, H.M. Spinka?®, B. Srivastava?, E.
Stephenson™, R. Stock’, N. Stone¢, M. Strikhanov?, B. Stringfellow?, H. Strbele, E.

19980529 (49




Strokovsky’, E. Sugarbaker?, A. Sustich?, T.J. Symons?, E. Szanto®?, A. Szanto de Toledo®?,
J. Thomas?, V. Tikhonov®, T. Trainor®, S. Trentalange?, M. Tokarev’, V. Trofimov?, O.
Tsay®, C. Tull?, K. Turner®, T. Tustonic*®, T. Ullrich9?, D.G. Underwood?, Z. Usubov* , S.
VanderMolen®, A. Vanyashin®, V. Vasendina*, A.N. Vasiliev®, V. Vasiliev?, S. Vigdor™, V.
Viola™, S. Vorozhtsov¥, D. Vranic*?, F. Wang?, H. Ward®, J. Watson®, D. Weerasundara®,
R. Wells?, T. Wenaus®, G. Westfall®, C. Whitten Jr. 9, K. Wilson//, S. Wissink™, D. Wold®,
L. Wood/, N. Xu?, P. Yepes?, A. Yokosawa?, V. Yurevich?, Y. Zanevsky’, W. Zhang?, N.
Zhidkov®, V. Zhiltsov¥, R. Zoulkarneev* ®Argonne National Laboratory ®University of
Arkansas, Little Rock °Brookhaven National Laboratory ¢University of Birmingham
University of California, Berkeley /University of California, Davis 9 University of California,
Los Angeles "Carnegie Mellon University ‘Creighton University 7 Laboratory for High Energy
(JINR), Dubna *Particle Physics Laboratory (JINR), Dubna !University of Frankfurt ™Indiana
University "The Johns Hopkins University °Kent State University ?Lawrence Berkeley
Laboratory ?Massachusetts Institute of Technology "Max-Planck-Institut fuer Physik, Munich
*Michigan State University “Moscow Engineering Physics Institute “University of Notre Dame
“Ohio State University “Pennsylvania State University “Institute of High Energy Physics,
Protvino YPurdue University *Rice University **Universidade de Sao Paulo *®University of
Texas, Austin ®“Warsaw University 9 Warsaw University of Technology ¢*University of
Washington {/Wayne State University 99Yale University **Rudjer Boskovic Institute, Zagreb

A progress report is given for the various components of the STAR detector system. We
report on the recent developments in the detector proto-typing and construction, with an
emphasis on the main TPC, recent TPC cosmic ray testing and shipping to Brookhaven
National Laboratory

1. INTRODUCTION

The STAR detector system [1,2] is designed to provide tracking, momentum analysis
and particle identification for many of the mid-rapidity charged particles produced in
collisions at the RHIC collider. A silicon vertex detector (SVT) provides three layers of
tracking near the interaction point. This is followed by the main time projection chamber
(TPC), which continues tracking out to 200 cm radial distance from the interaction region.
The detector design also includes an electromagnetic calorimeter, various trigger detectors,
and radial TPCs in the forward region. The entire system is enclosed in a 0.5 T solenoid
magnet.

The SVT will be constructed using silicon drift chamber technology to handle the high
particle density near the interaction point while avoiding an excessive channel count[4].
Proto-type elements of the SVT have recently been tested successfully with interactions.

The TPC design [3] has been optimized to provide tracking and dE/dx values for the
high density of particles in the pseudo-rapidity range |n| = 0 - 1.8. The active volume
of the TPC is a cylinder 4.2 meters long by 4 meters in diameter. Electrons left by the
ionizing particles drift to either end of the TPC cylinder where they are detected with
multi-wire proportional chambers equipped with continuous array pad-readout. There
are a total of 140,000 pads, each equipped with low noise electronics [5,6] which take 512
time sample measurements, thereby providing a full 3D, 70 million pixel representation
of the tracks through the gas volume. Both tracking and dE/dx are obtained from the
pad signals. The basic hardware of the STAR TPC, including gas system, laser system,
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field cage and readout sectors is complete. With partial implementation of the readout
electronics, detailed testing with cosmic rays was undertaken at LBL prior to shipping to
Brookhaven. _

Development work is also progressing on the forward TPCs, which will extend the
tracking coverage to n = 4.5. These TPCs use a radial field design to magnify the high
density track images near the beam pipe, making them accessible to normal wire chamber
density readout. The radial design requires curved wire chamber geometry.

2. STAR TPC

The main mechanical parts of the TPC described in more detail in Reference [3], were
constructed and assembled for testing at LBNL in the summer of 97. The TPC was
tested for one month with cosmic rays and laser beams to verify tracking precision and
to test for the first time the entire system. The main goal of this exercise was to look for
drift distortions caused by errors in the field cage structure that would require rework at
LBNL. This was the last required check before shipping the TPC to BNL to be assembled
into the STAR detector system at RHIC.

2.1. Testing Setup

The TPC was operated in the test much as it will be run in the final installation. The
gas system provided a drift gas mixture of (Ar 90% + CH,4 10%). Nitrogen gas was
used in the gas insulator surrounding the outer field cage. The main differences from the
final configuration were having no magnetic field and having only one of the 24 sectors
instrumented with pad readout electronics. The laser system was operated with 2 lasers
and 2 primary beams out of 12. One beam provided a 42 beam track array from beams in
the gas and the other illuminated the aluminum fiducial pattern on the central membrane.
The beams were selected to provide patterns visible with the one instrumented sector. A
trigger for recording cosmic ray tracks was generated by coincidences between scintillators
above and below the TPC. These scintillators were the central trigger barrel scintillators
which will be used in the normal TPC installation. Two inch thick lead bricks covered
the bottom set of scintillators to limit triggers to high energy cosmic rays which would
have little multiple scattering distortion. This trigger setup provided a tracking window
that covered much of the active sector for the full drift length from the sector to the
central membrane. Triggers for the laser tracks were taken from the laser Q switch driver
circuit. The gating grid was operated in DC mode, always open, and set at the potential
calculated to match the field cage termination potential as required to minimize the drift
field distortions. A special data acquisition system developed to read out and test a single
sector was used for these cosmic ray tests. The data acquisition system provided a data
channel to Exabyte tape and two channels for monitoring and online analysis. The online
analysis consisted of hit finding (point reconstruction) code and track fitting code with
histogramming of track residuals to study deviations of measured tracks from straight
lines. In addition to this measurement of tracking precision and distortion, a pad monitor
program provided point and click access to all of the raw pad signals (amplitude versus
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2.2. Measurement of Position Resolution

The position resolution was measured by accumulating statistics on the point by point
fluctuations from a straight line track fit where hit points were generated for each pad
row using either a three point gaussian fit determination of the track crossing position or
a weighted mean determination. A representation of the raw data for a cosmic ray track
is shown with the pad monitor in Figure 1. The signal amplitude for one selected pad is
shown as a function of time in the lower insert of Figure 1 and the upper insert shows a
straight line fit through the reconstructed points. The position resolution was measured
as a function of track crossing angle and as a function of drift distance. Although further
tuning of algorithms is required the position resolution is close to predicted values[7].

Similar measurements were made with laser tracks. Figure 2 shows the hit centroids
and the track fit for tracks radiating from a single mirror bundle. The measured position
resolution as expected is better for the laser tracks because of greater signal to noise and
the absence of Landau fluctuations.
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Figure 1. Pad monitor display showing pads Figure 2.  Reconstructed points and
above threshold for a cosmic ray event plus straight line fits for laser beams radiating
the amplitude signal for a selected pad. The from one mirror bundle in the TPC.
upper insert shows the reconstructed crossing

points plus the straight line fit through the

points.

. 2.3. Measurement Drift Distortion
Drift distortions were measured with the cosmic ray tracks by looking for deviations
from a straight line. The cosmic ray angles were chosen at about 25 degrees off radial




to enhance sensitivity to possible distortions. Calculation of distortions for a variety of
possible mechanical errors in the construction of the field cage show that errors tend to
show up as radial components in the field close to the field cage, so angled tracks were
chosen that will curve off the line near the field cage if radial field components are present.
A local distortion near some of the field defining mirror covers was discovered which is
due to a small construction flaw in some of these structures. This will require some minor
rework to correct. The field cage structure as a whole, however, appears quite good and
it was decided to ship the TPC to RHIC.

3. Conclusion

The TPC was flown aboard an airforce C5C cargo plane from the Travis Air Force
Base near Sacramento, California, to Long Island and it was then trucked to RHIC where
it is currently being installed. The main effort will be installing the remainder of the
electronics. The analysis codes will be refined and tuned using both the data already
taken during the test period and future cosmic ray data taken at BNL before beams are
available from RHIC. First operation of the TPC in the beam is planned for June 1999.
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