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Abstract 
 

A Pythia generated MC_Analyze file of a b, bbar decay was traced through the 
D0star, D0sim, Reco and TrigSim processes. The distributions of the transverse 
momentum, pT , the psuedo-rapidity, ?, and the angle, f , of the key particles involved in 
this decay were plotted using the generator level information and traced through to the 
Reco and TrigSim files. Using the TrigSim data, total trigger efficiencies of the b, bbar 
decay were calculated. The trigger efficiencies were also examined as a function of muon 
pT. Both single and di-muon triggers were studied. These studies were undertaken to 
learn about the triggering of B meson decay and to check the performance of the trigger 
simulation software. 

 
I. The Standard Model, B-B mixing, and CP violation: Why study B Meson decay? 
 

According to the Standard Model, proton and antiprotons consist of three quarks 
bound together by the strong force carrier, the gluon. Quarks come in six different 
flavors: up, down, charm, strange, top and bottom or truth and beauty (u, d, c, s, t, b). 
Quarks each also have an antiparticle (ubar, dbar, cbar, sbar, tbar, bbar). Although quarks 
are distinct particles they have only been observed together in groups. These bound 
quarks are called mesons (quark, anti-quark pairs) and baryons (three quarks or three 
anti-quarks). The focus of the trigger studies that will be described in this paper is on the 
decay of bbar and Bs mesons, which are made of b, bbar and b, sbar pairs respectively. In 
the decay of a bbar meson the b and bbar quarks stretch far apart, so that the gluon 
binding them together, which one can think of as a rubber band stretching, breaks, and 
binds one of the quarks to another quark. For instance, the b quark can become bound to 
an s quark. A similar rebinding can then occur for the bbar quark. As a result, the B 
meson in this example can ‘decay’ into two Bs mesons.  

 One of the reasons that physicists are interested in the study of B meson decays is 
because it may help them to understand the phenomenon of CP violation and perhaps 
explain why there is an asymmetry in the amount of matter and antimatter in the universe. 
CP refers to charge and parity. Charge refers to whether or not the particle is matter or 
antimatter. Parity refers to the direction of a particle’s rotation. A particle can have right-
handed parity, which means that it is rotating in a counterclockwise manner, or it can 
have left-handed parity, which means that it is rotating in a clockwise manner. CP 
conservation says that symmetry exists between these two opposites. This means that 
what a particle’s CP properties are it should not make a difference. As such, antimatter 
and matter should have been created at an equal rate at the beginning of the universe. 
When antimatter and matter come together they annihilate, so antimatter and matter 
should destroy themselves at the same rate as well. However, the universe is 
predominately full of matter, so some asymmetry between the two types of matter must 
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have come into being after they were created. (See CP Violation – A New Era for an 
more in depth explanation of this)  

CP violation provides an explanation for this asymmetry. It has been discovered 
that CP violation occurs in the weak interaction. The weak interaction is responsible for 
something called B Mixing. In B Mixing, a B meson (a b and anti-d or anti-s) can 
spontaneously change into an anti-B meson (a bbar and d or s) and vice versa through the 
exchange of W ± bosons and t quarks. As a result, the B meson ‘oscillates’ back in forth 
between two different states. This oscillation is understandable because in quantum 
mechanics particle states are given by probabilities and for the B meson there is a finite 
probability that it will change into an anti-B meson. The frequency of this oscillation 
depends upon the mass difference between these two states. By measuring this mass 
difference one is able to put constraints on something called the CKM matrix, which in 
turn gives one information about something called the ‘CP violating phase’. This CP 
violating phase will tell one how much CP violation takes place in the weak interaction. 
The constraining of the CKM matrix will also constrain the Standard Model. These 
studies could confirm the Standard Models applicability or they could possibly show that 
there are irresolvable problems with the theory. (See Testing the CKM picture of Bs – Bs 
mixing for more detailed and mathematical explanation of why B mixing is interesting). 

The purpose of the project that will be described in this paper was to study the 
trigger efficiencies for a particular b, bbar meson decay. This decay begins with a b and a 
bbar, eventually ending with a K+ and K- meson. This B meson decay will be studied in 
the future at D0 to try to address some of the issues brought up in the previous paragraph. 
Before the data is collected and such studies are done however, it is useful to learn about  
how the decay might interact with the D0 detectors, and how one might be able to make 
trigger cuts to maximize the study sample. This was one of the things that the triggering 
study described in this paper attempted to do. The study was completed using simulated 
data that described how the Bs -> K+K- decay might be detected and triggered at D0. 
These trigger efficiency studies also served as a check for the trigger simulation program, 
to make sure that it was adequately simulating the trigger system at D0.  Before moving 
on to the details of this study however, the following section gives a brief overview of 
what the D0 experiment is and how its triggering system works. After this, the simulation 
process that was used to create the data for this study will be explained, and finally, the 
trigger efficiency results will be shown. 

 
II. D0: A Brief Overview 
 

The D0 experiment is a detector on the Tevatron proton and antiproton collider at 
Fermilab in Batavia, IL. The Tevatron collider consists of a beam of protons and another 
beam of antiprotons, which are accelerated in opposite directions around a 4 mile beam 
pipe, and which come together at the D0 detector with an energy of 2 TeV (presently the 
highest energy of any collider in the world). When this crossing occurs, the quarks within 
the protons collide with the quarks within the antiprotons, and a shower of particles 
comes out. Often these particles are b, bbar and c, cbar pairs (see Common Experimental 
Issues for more about particle production). These particles themselves decay into other 
particles. For example, an event that begins with the decay of a single b, bbar pair can 
end in the creation and subsequent decay of hundreds of particles.  
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These particles’ positions, tracks, and momentum are recreated and measured by 
three types of detectors at D0 (see Fig. 1 for a diagram of this basic layout). The first of 
these three detectors is a main tracking system, which is responsible for tracking the 
particles and reconstructing their momentum and position. On the other side of the main 
tracking system is the calorimeter, which measures the energy of the particles and also 
looks for missing energy, which might be a sign of neutrinos. Finally, there is the muon 
detector, which detects muons that are able to pass through the calorimeter. (see The D0 
detector for more detail and pictures). Three properties of particles that one commonly 
uses in analysis of an event are the particle’s transverse momentum, pT, its psuedo-
rapidity, ?, and the angle, f . The pT of a particle is simply the radial component of its 
momentum as it is bent by the magnetic fields of the detector. The psuedo-rapidity, ?, 
and the angle, f . variables are illustrated in Fig. 2, where ‘z’ is the direction of the pp- 

beam. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
         Fig. 1: The basic layout of the D0 detector: tracking, calorimeters and   
                    muon detector. 

 
 
 
 
 
 
 
 
 
 
 
 

               
          Fig. 2: The pseudo-rapidity, ? and the angle f . 
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When D0 is running events are occurring all of the time. Most of these events are 
not the ‘interesting’ ones, which physicist would like to study. For this reason, and 
because of the sheer volume of data being created, a triggering system is necessary to 
pick out interesting events from those that are less interesting. This triggering system has 
three levels. The level 1 trigger is the most basic of the three triggers and makes a 
decision as to whether or not to accept an event within 4.2 µs. The level 1 trigger bases 
its decision on the signals from the Central Fiber Tracker, preshower detectors, and muon 
detectors (see The D0 detector again). If the event passes the level 1 trigger it is then 
handed over to the level 2 and level 3 triggers which make further cuts. The trigger 
efficiency studies that will be described in this paper dealt with the level 1 trigger, 
specifically the level 1 sub-triggers that depend upon muon detection. A muon triggering 
system is needed because non-muon background sources can be misinterpreted as actual 
muons by the muon detector. In order to weed out these background sources the muon 
triggering system looks at the way that the supposed muon has been detected and triggers 
only when it thinks that the tracking and timing data fit that of a muon that comes from 
the collision. For example, cosmic rays are one source of background, but they appear as 
random hits on the detector, and should not register at the same time as the collision. 
Other sources of background can be jets coming from the original pp- collision that 
somehow make it through to the muon detector or noise from the electronics of the 
detector itself. The Level 1 Muon trigger attempts to apply trigger conditions that 
distinguish actual muons from background sources, so to cut out the non-interesting 
events and leave the more interesting ones to be recorded. The study that is described in 
this paper was completed in order to see how well the trigger simulation accounts for 
how the trigger system at D0 does this. 
  
III. The Pythia to TrigSim process 

 
In order to learn how actual events occur at D0 and in order to complete 

triggering studies of b, bbar events, one first generates simulated data that will mimic 
what such actual events will look like. From this data one can examine the characteristics 
of the decay and how it will interact with the detectors and triggers of D0. To create 
simulated data there are five software programs that the simulated data must go through. 
The sample that was used in this study was created by the program Pythia, and 
subsequently was processed by the programs D0star, D0sim, D0Reco, and D0TrigSim. 
These programs are all part of the Monte Carlo simulation software. 

The Monte Carlo software creates samples of simulated events based upon 
theoretical predictions and experimental observations of what might/has occur(ed) at D0. 
The sample which was used in this study consisted of 10250 events and was confined 
such that each event began with a b, bbar pair and such that each bbar was forced to 
decay to a Bs and eventually to a K+K- as is shown in Fig. 3. The b quark was allowed to 
decay in any generic manner. The Monte Carlo program Pythia produced this ‘generator’ 
level information, which included information about the particles’ ID, parentage, pT, ?, 
and f . This ‘generator’ level data takes the place of what would be an actual event 
occurring at D0. Once this data is generated it is put through another program, 
MC_Analyze, which forms the data into an ‘n-tuple’, which can be analyzed by the data 
analysis interface ROOT. From this ROOT n-tuple the pT, ? and f  distributions were 
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plotted for each of the particles involved in the bbar decay. The pT distribution the muons 
from this decay can be seen in Fig. 4. The pT of the muons in this decay is relatively low 
as most of the muons have pT less than 2-3 GeV.  

 
  

 
 
 

 
 
 
 
 

 
 

              
 
 

 
             Fig. 3: b, bbar decay to KK used in triggering study. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
              Fig. 4: PT distribution for generator level muons. 

 
After the data went through the Pythia program, it was put through the D0star and 

D0sim programs. D0star and D0sim add information to the file about how the particles 
will interact with the actual detectors of D0. These programs add in background noise 
and also take into account the possibility that all the particles that were produced in the 
event do not register on the detector. They make the simulated data look like the data that 
one would receive if the particles had actually been detected by the D0 apparatus. The 
results of the D0star and D0sim processes then were put through to the D0Reco program. 
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This program looks at the ‘raw data’ that has been collected by the apparatus or simulated 
by D0star and D0sim and reconstructs what it believes actually happened in the events. It 
reconstructs a particle’s tracks, pT, and other information about the event so that it may be 
analyzed. The program RecoAnalyze then takes this data file and creates an n-tuple that 
can be analyzed by ROOT.  

The output Reco file then went through the D0TrigSim program. This program 
simulates the triggering response for all trigger levels. An output file from this program 
contains information about all of the sub-triggers for all trigger levels. This information is 
found in the sub-trigger terms in the TrigSim output n-tuple.  For the level 1 muon 
trigger, there are many sub-trigger terms, which are initially set to 0 and are set to 1 when 
the event fires that trigger. Each sub-trigger bases its triggering decision by taking into 
account six different ‘options’. These triggering terms come in the form of MU(Mult, Pt, 
Eta, Scint, Wire, Option). Here Mult specifies the number of muons that need to be 
detected in order for the trigger to fire. Pt specifies the minimum pT that a muon must 
have to trigger and Eta specifies the ? region that the muon must reside in. The Scint 
option specifies the CFT tracking and scintillator quality. This means that the trigger 
takes into account the information from the scintillator and the tracks in the main D0 
detector and applies either a “loose” or “tight” condition to this information. If a “loose” 
quality is chosen for this option, then the trigger applies a less stringent set of criteria for 
what constitutes a muon detection. If a “tight” quality is chosen then the trigger applies 
more conservative criteria, demanding that the tracks and scintillator data imply more 
definitely that a muon from the decay was detected. Similarly, the Wire option specifies 
the wire tracking and the scintillator quality. For this option the trigger takes into 
consideration the hits on the wire tracking within the muon detector and the scintillator. 
As before, a “tight” quality for this option means that a stricter condition has been applied 
to the trigger, whereas a “loose” quality means that the conditions are less harsh.  

For an example of how all these option are taken in account, here is a sample of a 
sub-trigger term: mu2ptxattx. The “2” in this term stands for the Mult option, the “x” for 
the pT option, the “a” for the Eta option, the “l” for the Scint option, the following “l” for 
the Wire option and the “x” for the additional option. One interprets this string of letters 
and numbers as meaning that the sub-trigger needs two muons to fire (it is a “di-muon 
trigger”), has no minimum pT, detects muons only within an ? region between 0.0 and +-
2.0, and applies a “tight” CFT scintillator and wire option. For more information on the 
trigger terms and options one can refer to the Level 1 Muon Trigger Terms Description.   
 
IV. Trigger Efficiencies 

 
Using the TrigSim output file, trigger efficiencies were calculated for both single 

and di-muon triggers for the Bs->K+K- decay. These trigger efficiencies were calculated 
in a few different ways. One way to measure efficiency is to examine the “total” trigger 
efficiency for all the events. This number is calculated by looking at how many events 
within the specific ? region covered by a particular trigger actually do trigger, and 
dividing this number by the total number of events within this ? region. This number tells 
one less about the trigger efficiency of a particular trigger and more about how likely it is 
that this particular decay will trigger. The total trigger efficiencies for both single and di-
muon triggers for the Bs->K+K- decay are listed in Tables 1 and 2. One can see that the 
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total efficiencies are rather low, as was expected, since the majority of muons in the 
decay had pT less than 2-3 GeV. In order to make it past the calorimeter and into the 
muon detector a muon must have a pT of at least 1.5 GeV, and to make it all the way 
through it must have a pT of 3.5 GeV. This means that most of the muons in this decay 
are not going to trigger. One also notices that the total trigger efficiencies are relatively 
high for the “l” and “ll” options and much lower for the “t” and “tt” options. This also 
makes sense since as was discussed previously, the “t” options have stricter requirements 
on triggering. 

 
 
 
 
 
 
 
 

       Table 1: Total Trigger efficiency for b, bbar->K+K- decay for the Level 1 single 
                       muon triggers. 

 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
        Table 2: Total trigger efficiency for b, bbar->K+K- decay for b, bbar->K+K-     

           decay for the Level 1 di-muon triggers. 
 
 Another way to examine trigger efficiency is to look at a muon pT turn on curve 
for a particular trigger. For the single muon triggers this means plotting the trigger 
efficiency (number of events within the ? region that trigger / number of events within 
the ? region) as a function of the pT of the muon within the event. Below in Fig. 5, is a 
plot of the trigger efficiency turn on curves for the single muon triggers mu1ptxatxx, 
mu1ptxwtxx, and mu1ptxctxx. One can see that these triggers have an extremely low 
efficiency until they turn on around 3.5 GeV and level off around 4.5 – 5 GeV at around 
60 %. This turn on point seems to be reasonable since a muon needs an energy of about 
3.5 GeV to make it all the way through the muon detector. The plot seems to confirm that 
the trigger simulator is doing a good job accounting for this fact. 

5.23236 ± 0.413148 % mu1ptxctxx 

5.91436 ± 0.362827 % mu1ptxwtxx 

8.68755 ± 0.384564 % mu1ptxatxx 

Total Efficiency  Trigger term  

25.7028 ± 2.76934 % mu2ptxcxlx 

9.63855 ± 1.87024 % mu2ptxcxtx 

1.20482 ± 0.6914 % mu2ptxcttx 

1.20482 ± 0.6914 % mu2ptxctxx 

42.1687 ± 3.12951 % mu2ptxclxx 

9.46451 ± 1.033 % mu2ptxallx 

11.8217 ± 1.42133 % mu2ptxwllx 

18.0723  ± 2.4385 % mu2ptxcllx 

Total Efficiency Trigger term  
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        Fig. 5: Mu1ptxatxx, mu1ptwtxx, and mu1ptxctxx trigger efficiency as a   
                    function of muon pT. 
 
 In order to look at di-muon trigger efficiency turn on curves a slightly different 
process had to be used in plotting the trigger efficiency. Here two muons must have a 
sufficient pT to fire the trigger and so only di-muon events were examined. The trigger 
efficiency for the di-muon triggers was plotted as a function of the pT of the lower pT  

muon, and was done only for events in which the higher  pT muon had a pT greater than 
or equal to 2.0 GeV. The Bs->K+K- file unfortunately did not have enough events to make 
such plots statistically meaningful. In order to do these studies another TrigSim file was 
used. This file contained 96355 events and did not carry any constraints on the decay 
other than that the event must decay from a b and bbar into at least one muon.  

Two trigger efficiency curves for this ‘generic file’ with “ll’ options are shown 
below in Fig. 6. One notices in these plots that the efficiency for the low pT muons is 
unexpectedly high: around 20 - 30 %. This is unexpected because a muon must have a pT 
of 1.5 GeV just to travel past the calorimeter and make it to the muon detector. The two 
‘loose’ plots turn on around 1.7 – 2.0 GeV, and plateau around 2.5 GeV agreeing with 
this requirement. For this reason the 20 – 30 % efficiency at this point must be some 
rough measurement of background noise in the detector, which the trigger is firing from. 
Since these triggers are ‘loose’ options this means that the trigger condition is more 
lenient, which might explain why the background is triggering.  
 Di-muon trigger efficiency turn on curves were also plotted for muon triggers 
with “tight” options. These curves can be seen in Fig. 7. In a noticeable change from the 
“loose” plots the low pT muons have more realistic efficiencies of 1 - 3 %. The “tight” 
option curves turn on around 3.5 GeV and plateau around 4.0 – 4.5 GeV. These trends 
make sense since the “tight” detector is applying a much stricter criteria of acceptance. 
As such, it will not be as likely to trigger on the background muons. The turn on curve is 
also reasonable, since as was discussed before, to make it all the way through the muon 
detector the muon must have pT of 3.5 GeV, and the trigger seems not to be accepting 
many muons with pT lower than this. 
 

GeV 
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Fig. 6: Mu2ptcllx and mu2ptxwllx trigger efficiency as a function of lower pT muon  
            pT and with higher pT muon pT cut of 2.0 GeV. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Mu2ptatxx and mu2ptcttx trigger efficiency as a function of lower pT muon  
            pT and with higher pT muon pT cut of 2.0 GeV. 
 
 
V. Conclusions 
 
 The b, bbar ->K+K- decay seems to have an unfortunately low total efficiency for 
the level one muon trigger as a result of the low pT distribution of the muons that come 
out of this decay, for the single muon triggers this efficiency was about 6%. For some of 
the di-muon triggers this efficiency is a bit higher, even up to around 40% for one “l” 
trigger option trigger. But overall, one is going to only trigger a small sample of the 
events, which have this type of b, bbar decay data. 

GeV GeV 

GeV GeV 
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 The efficiency studies of the Level 1 muon trigger seem to show that it is 
adequately simulating the response of the D0 detector to event. One sees the ‘tight’ and 
‘loose’ triggers turning on at around 3.5 GeV and 1.5 GeV, which is what is expected of 
both respectively. The ‘loose’ trigger option for the di-muon triggers does however, seem 
to be allowing a high level of background noise from the electronics to fire the trigger. 
Events that have muons that should not be being detected to the trigger are being detected 
about 20% of the time. Someone may want to examine this trigger noise more closely, 
since ideally the job of the muon trigger is to eliminate most of this background.  
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