The Albany Particle Tower:Online Access for High School StudentsKristen Melnyk-ElsnerKimball High School, School District of the City of Royal OakRoyal Oak, MI 48073AbstractAs part of the ATLAS education outreach program, the Albany Particle Tower (APT) hasbeen made available online to students who wish to obtain experience with the differenttypes of detectors used in particle physics. For high school students and undergraduates,the experiments provide exposure to current frontiers in physics. The online tutorial andexperiment of a Time of Flight detector provides students with thorough exposure to abasic particle physics experiment. The tutorial provides a detailed discussion of how theTime of Flight detector works, and the hardware associated with it. The online access tothe experiment allows students to run the detector and analyze real time data.IntroductionThe Albany Particle Tower is a Cosmic Ray Telescope containing several detectors includingTime of Flight, Arogel Counter, Muon Counters, Drift Chambers, and Silicon Detectors. TheTime of Flight and Muon Counter experiments have been made accessible to high school studentsonline. High school students who access the website are sent to a tutorial that discusses the detailsof a Time of Flight experiment along with a Muon Counter. This tutorial begins by discussingscintillation counters, including how scintillation occurs, the path the light takes to thephotomultiplier, what occurs in the photomultiplier, and how a discriminator verifies a legitimatesignal. The tutorial continues on to explain the fast-logic involved in analyzing an event, andbriefly touches on TDC modules. The tutorial ends with a description of how to run anexperiment and do online data analysis. Before students enter the experiment they can visualizesimulated particle paths through the Tower with a Java applet. This gives the students a tangiblemodel for the experiment.Once students have read through the tutorial, they then proceed on to the experiment. Herestudents are able to obtain time of flight data. They then can do analysis of the data with interactivehistograms. Here students can view histograms of all scintillation counters, or view specificcounters. They can also apply cuts to the data to obtain better time resolution. The data presentedis preliminary.Particle Identification Using aTOF SystemParticle identification using TOF is based on the fact that particles with the same momentumbut different masses will have different velocities. Classically, for velocities smaller than that oflight, the momentum of a particle is defined as: p=mv(1) where m is the mass and v is the particle velocity. Further, the mass is a constant of motion.However, in experimental high energy physics, particles are typically close to that of the speed oflight, so we have to use the relativistic definition of momentum presented below:p =

m

v

c v

1

2

2 -

(2)where m is the rest mass and a characteristic parameter of the particle. The speed of a chargedparticle can be measured in a TOF system using scintillation counters. If the momentum ismeasured in some kind of tracking system, the mass can then be calculated using the aboveequation. For stable, charged particles such as the e–, m–, p–, K–, and p /

p

, measuring theirmass is equivalent to identifying them.If we know the momentum of a particle of mass �m� the TOF is given as:

T

L

v

L

c m c

p c

= = +1

2 4

2 2

(3)T =

L m

p 0 2998

1

2

2

.

+

(4)The fourth equation is the time of flight in nanoseconds, where m and p are in units of MeV. Forp>>m, the time of flight can be approximated as:

T

L

=

0 2998 .

1

2

2

+

� ł

�

�

Ł

�

m pc

(5)Figure 1 shows the time of flight versus momentum for different particle hypothesis. Clearly, asmomentum increases, particle identification using TOF becomes more challenging as we approachthe technological limits of timing resolution.Time of Flight in the Albany Particle TowerThe Time of Flight experiment has three components, a basic time of flight system, a pathspecifier and a muon counter (Fig. 1). The basic Time of Flight system in the APT consists of twoscintillators. The first scintillator is shorter than the second and is centered with respect to furtherdetectors. Below the start scintillator is a longer scintillator, parallel to the first, withphotomultipliers on each end. This provides two readouts and greater timing resolution. Thissecond scintillator provides the stop signal for the time of flight system, where TOF is the timeddifference of (T3-T1) = T3 since T1 is the start signal.To create a specific flight path for the particle, or virtual beam channel, an additionalscintillator is placed perpendicular to and below the first two scintillators. This reduces the flightpath to a range of 4 in2 (5 cm x 5 cm). The constrained flight path is important for subsequentexperiments that require a specific flight path.An additional scintillator at the bottom of the APT serves as a Muon Counter. Thisscintillator is below several lead blocks, which stops all particles except muons. To look at theflight time of a muon, the muon must pass through the Time of Flight system and Muon Counterwithin the Virtual Beam Channel.

!/1CR!s%H‘ jT#?9"VCV4!!N0!!!B>’L&_2UrWFIGURE 1. TOF of different particle hypothesis as a function of momentum.SoftwareThe software used for the Albany Particle Tower is LabVIEW by National Instruments.LabVIEW is a general-purpose programming system, using graphical programming language tocreate programs in block form. It contains extensive libraries for a variety of programming tasksincluding; data acquisition, GPIB and serial instrument control, data analysis, data presentation,and data storage. LabVIEW is a �virtual instrument,� its appearance and operation imitate actualinstruments. With this component, users are faced with an interactive user interface called the frontpanel. The front panel simulates the panel of a physical instrument. It can contain knobs, buttons,graphs, and other controls and indicators. The program BridgeVIEW allows for online interactiveaccess to the Albany Particle Tower.Experimental ProcedureOnce a high school student completes the tutorial, he/she will then proceed to the experiment.At the experiment page, the student is able to login, create a data file, take data over a specifiedtime, and later analyze the data. While the data is acquired, the student can view tables keepingtallies of hits and a histogram that is continuously updated.Following data collection, students can manipulate the histograms by using switches andbuttons to require specific triggers and apply cuts. Buttons along the left side of each histogramallow you to view specific plots. To apply cuts, the top window is used. The range for cuts canbe set by specifying numbers in the top �Select� box and then clicking on the correspondingminimum or maximum range box. The maximum and minimum parameters can then be applied byclicking on the trigger�s slide bar in the appropriate area. The slide bar can perform threefunctions; it can �Require� or �Exclude� a specific range, or not apply any cuts.

FIGURE 2. The Albany Particle Tower. The time of flight system has scintillators onemeter apart. A virtual beam channel is created by placing an additional scintillatorperpendicular to the Time of Flight system. The Muon Counter completes the experiment.Note: Not drawn to scale. The counters are numbered in numerical order. TOF Online Analysis To analyze the flight time of a muon, from the front panel, the �TDC Values� histogram andthe �TDC Differences� histogram should be selected. The flight time of muons is found byrequiring only muon triggers, thereby excluding invalid events. This is done by, while in the�Cuts� of the TDC Values window (top third), moving the muon switch to �Require.� By doingthis, both histograms adjust accordingly. The �TDC Differences� histogram is then used to findthe time of flight. The blue histogram, (T1-T3), gives a Gaussian plot of the time difference as theparticle travels one meter between the two scintillators. This process has not yet been perfected.TOF Offline AnalysisBecause the online analysis process has yet to be perfected, time of flight data was analyzedoffline. The goal of initial offline analysis was to improve timing resolution due to the set up, andto then apply these calibrations to the software.l_ 2FIGURE 3. T3-T1 distribution.In the following analysis, we assume all photomultipliers are identical. Here we show thesystematic improvement study of our timing resolution with changed conditions and cuts. FromT3-T1 timing distribution (Figure 3), our upper limit on our timing resolution was obtained. Figure3 shows the measured resolution

s 3 1 - m

.

s 3 1

2

- ) ( m = + + s s s

1

2

3

2 2

pos

(6)Assume spos = 0, and s1 = s3 = spmt (identical photomultipliers), then the spmt = 870 ps.This resolution is further improved for straight tracks going through the center of the 2/3counter by requiring the fourth counter (Virtual Beam Channel). Figure 4 shows the measuredT3-T2 distribution, m32- s.

s 2 3 2 - ) ( m = + + s s s 2 2 3 2 4 2

(7) s= = 72 ps(8)(where n = 1.5, c = 30 cm/ns)

Assume s1 = s3 = spmt , then spmt = 242 ps, where 242 ps is the timing resolution on either end,improving the resolution by 70%.So far we have not accounted for pulse height correction and proper calibration. Part of thelong tail in Figure 4 can be reduced by applying pulse height cuts on the corresponding ADCs.Figure 5 shows pulse height distribution of counters 2, 3, and 4.�^�"Æ3¯fi{fJ�,�i"r.”rºæØ#z)�¢� 2§�7¢�¢�3o)ŒŒPFIGURE 4. Timing distribution of tracks going through the center of the counter 2/3.Figure 6 shows T3-T2 distribution after pulse height cut greater than 100, 130, and 100 ADCcounts for the 2, 3, and 4 counters, respectively. The background decreases and the timingresolution on either side of the counter improves by 7%.

3:�—"""Œ�JcM5>!<Y%C!.t9*!;c‘s"#,W5JcOd1!<Y$P!.t9l!!*0U_#T,gWW3&%0ZS]!07*"#0HLJcLH(o)Jdn0TlEi!8%8P"#-kXJcNOc!<Y$s!.t9I!!*0Uj8ai5LB%;V !&0$*JcP’9!<Y$H!.t9t!!*0UH%9_Z2an-0[g#U!1*Zd"#00DJcLH(qZ$X!0T#ja!8mhX"#-SPJcNgk!<Y$k!.t9Q!!*0Ug]3!-NrT1_0_PL#!.t:B!!*0UQ2lR<eGoUP0X(P2!4i.2"#.q!JcMJE!<Y%<!.t9+ !!!*$0STR]!9=+"#-GLJcNso!<Y$g!.t9U!!*0UfDpR)P5kUc0_,3t!.t:F!!*0UOoU.8f‘2$T0WY8.!58F6"#.drJcMVI!<Y%8!.t9/!!*0UrW%TOJcP-;!<Y$F!.t:!!!*0U[fD’]ZiC+/0[TlS!1<ff"#0*BJcLH(r;Zg" !&0$*JcP’9!<Y$H!.t9t!!*0UH%9_Z2an-0[g#U!1*Zd"#00DJcLH(qZ$X!0T#ja!8mhX"#-SPJcNgk!<Y$k!.t9Q!!*0Ug]3!-NrT1_0_PL#!.t:B!!*0UQ2lR<eGoUP0X(P2!4i.2"#.q!JcMJE!<Y%=!!!(S,+g%Z+Qi_) !rt%<!!!(m!7LoJ&@;E<+9:U*!<Y%=!!!)3!4W"/&Bt4=!!"/)!!*0Uk5YJ‘ec;3?!"eDqb5_Mbk5YMb0]rE9!q62D!<)ru&H2Y3!<<]Df)QQt!!!TB!!*Z3!!*Z3!"fbB!"fbB!>550!$LG)!<Y%G!;?Hp!>,p*!9=+[&H2Y4!<<Z2&_R.$!>#53!!*’#!"],A!"],A!<<-#!<<Z2&H educator. The text Techniques for Nuclear and Particle Physics Experiments, by W. R. Leo,along with lectures by Saj Alam, provided the information required to write the tutorials. Lastly, Iwould like to thank my husband, Merlin, for his love, encouragement, and tolerance through thesummer. This work was supported by the National Science Foundation REU grant PHY-9731882and research grant PHY-9809799.ReferencesAthar, B. and Elsner, K. (August 4, 1999). TOF Using Scintillation Counters. [Online] SUNY-Albany. [July 26, 1999].

http://charm.phy.albany.edu/apt/highschool/html

Athar, B. and Wappler, F. (August 1, 1999). Albany Particle Testing and Training Tower.[Online] SUNY-Albany, [August 1, 1999].

http://apt.phy.albany.edu/apt^3/flo.htm

Leo, W.R. Techniques for Nuclear and Particle Physics Experiments

. New York: Springer-Verlag, 1992.