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Abstract: 
The Standard model predicts a particle called the Higgs Boson. This particle is a force carrying particle and acts on most particles to give them mass. Currently, it is the last particle predicted by the Standard model that has not been observed. If observed it would be another triumph of the Standard Model and could then be studied to further our understanding of the quantum world. Experiments at large particle colliders gather data in hopes that the elusive Higgs Boson will be observed.  One such experiment is the DZero experiment at Fermi lab. This experiment has proven successful in the search for other particles predicted by the Standard Model but has not yet given evidence of the Higgs Boson. The experiment conducted there could be at the threshold of finding the Higgs boson. Improvement of the data gathered there could lead to the discovery of the Higgs Boson. Through statistical methods I attempt to improve the resolution of data received from the DZero experiment. 
I. Introduction
The Standard Model has been developed to explain the nature of the known forces and the particles they act on. This model states that force particles, called bosons, interact with fundamental particles of matter, called fermions. It has been successful in describing the strong force, which acts on fermions called quarks via bosons known as gluons. Quarks are always in bound state with gluons and are called hadrons. Three quark combinations, called baryons, make up most of the observed matter in the universe, such as protons and neutrons.

 
Its greatest success has been the unification of the electromagnetic force, carried by the photon, and the weak force, carried by the W+, W-, and Z bosons. This unified force is called the electroweak force. The Standard model does have one problem. It predicts that the particles carrying the electroweak force have zero mass. This has been found to be true for the photon but not for the weak force bosons. Experiments have found that W and Z bosons are massive, about 80 to 90 protons [1]. 
This problem gives rise to a new particle called the Higgs Boson. The Higgs boson is the gauge boson for the Higgs field. The Higgs field acts on most particles that move through it. As particles move through the Higgs field it causes a drag, this drag gives the particles mass. For example, the Higgs field acts on all Fermions giving mass to all quarks and leptons, such as the electrons.  The Higgs field has two charged and two neutral components. The two charged and one neutral component act on the W+, W- and Z boson [2]. The final component forms the Higgs Boson. It has not been observed and is the last remaining particle predicted by the Standard Model.
The search for the Higgs boson takes place in large particle colliders. Fermi lab, located in Illinois, is home to the Tevatron, currently the highest-energy particle accelerator. It is four miles in circumference and can race particles to 99.99999% the speed of light [3]. The particles used are protons and anti-protons and they are collided into each other at two locations in the Tevatron and the streams of particles that ensue are recorded and analyzed. The two detectors used, the CDF and Dzero, are 5,000 tons and four stories tall. Millions of collisions occur a second and are recorded and analyzed. This endeavor has led to the discovery of the bottom quark (1977), the top quark (1995) and the tau neutrino (2000) [4,5,6].
The Higgs Boson has a very short life and can decay into many different particles. The most predominant decay is into W boson pairs. W bosons are also short lived and decay into other particles. It is these particles that are found by the detectors and might be signs of Higgs boson decay. So far there has been no evidence for the Higgs boson found but limits for it have been placed due to the work at Dzero. The Higgs bosons current limits are between 115 [image: image2.png]GeV /C*



 and 160 [image: image4.png]GeV /C*



 with a confidence level of 95% [7].
To aid in the search for the Higgs Boson more data can be taken, which takes a few years and only provides a fractional improvement. A more efficient method is to improve on the data that has already been gathered. This is done by improving the resolution of the data to better understand what particles the detectors have observed. In the improvement of this data, statistical methods are implemented via a Root program. 
II. Apparatus 


The Tevatron is located at Fermi National Accelerator laboratory in Batavia, Illinois and currently is the highest energy particle accelerator in the world. It collides beams of protons and anti-protons in a 4 mile ring at energies of up to 1 TeV to produce fundamental particles that are then observed to better understand the fundamental make up of the universe. One of the areas where these collisions occur is in the DZero detector. The detector is comprised of a tracking chamber close to the where the collision occurs. Outside this chamber are the pre-shower detectors and the calorimeter. The last layers of detectors are for muons. This is encased with concrete as a radiation guard [8]. 

Data is extrapolated from the detectors by a looking at the various jets of particles caused at the time of the collision in all directions. The momentum of the particles in one direction must be met by that of particles in the opposite direction. If particles of known mass are observed then one can look for transverse energy in the system. If there is missing transverse energy it could be a new particle. The Higgs Boson is best observed through the decay of a W boson. W bosons decay to energetic lepton, like an electron, and a neutrino. The neutrino is undetectable by the experiment and will account for some missing energy. If electrons and the missing energy of the neutrinos are observed then the event could be Higgs decay. This has to be found in several events to disprove that it is in fact the Higgs Boson and not W boson decay along with background events. The production of top quarks can lead to similar events [9]. 
The data taken at DZero has set limits on the mass of the Higgs but has not been able to find the particle. To find the Higgs Boson we need to improve the resolution of previously recorded data.  The jets are broken into different energy regions. These energy regions are chosen based on the efficiency of that region. Different triggers record the energies of the particles in that region.  Two jets are produced in the collision and the subsequent decay, these are called dijets.  Due to initial transverse momentum kick-off, the two jets present in the final state are not balanced in transverse momentum [10]. Using a the dijet transverse momentum asymmetry [10], defined as 
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 , this is simplified to 
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We use this formula to correct for the jet [image: image31.png]pT
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III. Procedure: 

To improve the resolution of the data set, programs were written in C++ programming language on a unix system. It was run through Root v 5.18. First all jet pt, jet eta, and jet asymmetry were fitted into histograms according to the regions of pt that gave the best efficiency. Below is a chart of the regions used and the suffice used in the program to denote the region. 
	Eta Suffice
	Eta region

	00-100
	0-0.4

	100-199
	0.4-0.8

	200-299
	0.8-1.2

	300-399
	1.2-1.6

	400-499
	1.6-2.0

	500-599
	2.0-2.4

	600-699
	2.4-2.8

	700-799
	2.8-3.2


	Pt suffice
	Trigger used
	Pt region

	00
	Trigger[0]
	30-45

	10
	Trigger[0]
	45-65

	20
	Trigger[1]
	65-80

	30
	Trigger[2]
	80-100

	40
	Trigger[2]
	100-130

	50
	Trigger[3]
	130-160

	60
	Trigger[4]
	160-200

	70
	Trigger[5]
	200-250


For each of the Pt regions within each of the Pt regions a histogram was created, and each was filled with data. The data took into account the asymmetry. A correction value was found for each region and implemented in the next program. To not change the average energy of the jets while correcting for wider or narrower jets, a tag/probe method was used.  If one jet was in a certain region then the other jet was probed for in different regions. These were further broken into seven bins for each pt region. The new histograms are fitted and the corrected asymmetry is graphed. 

To further improve on resolution a curve fitting across pt and eta regions was attempted. To smooth the jumps between the regions, we fit the correction factor “a” as a function of jet pt. This is done using a third degree polynomial in each eta region.  Next a fit for the coefficients of the polynomial as a function of eta is compiled. With the values of the coefficients known we get new correction values. Further work on this procedure is needed. 

IV. Results:

After the asymmetry was fit and a correction was produced. The correction factor was fit into the jet pt and new sigmas were produce. Below is a chart of the first eta region with the corrections and the difference. Attached is the complete list.
	sigma for 0- 0.4
	
	
	

	before
	correction
	precent diff
	

	1.90994E-01
	1.80000E-01
	5.75620E-02
	5.75

	1.54458E-01
	1.340930E-01
	1.31848E-01
	13

	9.95325E-02
	1.150540E-01
	-1.55944E-01
	16

	1.07234E-01
	9.976630E-02
	6.96393E-02
	6.9

	8.49770E-02
	9.430270E-02
	-1.09744E-01
	11

	8.51169E-02
	7.614830E-02
	1.05368E-01
	10.5

	7.35005E-02
	7.405910E-02
	-7.59995E-03
	0.75

	7.04450E-02
	7.060890E-02
	-2.32664E-03
	0.23

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


V. Conclusion


Correction of the resolution based on the asymmetry has giving an improvement of around 10 percent.  Eta regions that were further away from the center provided a less consistent correct factor but this is because of a lower amount of events recorded in these regions. This method is a good improvement of data and has proven fruitful for the endeavor. Thou curve fitting across the pt and eta regions will give a smaller improvement it will be well worth the time. These improvements bring us closer to finding the Higgs through improvement of data already recorded. 
VI. Summary:
The Standard Model has had many triumphs and has withstood many experiments. It has predicted fundamental particles far before their discovery.  The Higgs is the last of the fundamental particles that has not been found but is predicted by this model.  Data from Fermi lab has brought us very close to finding it and has placed limits on its mass but has proved unsuccessful in finding it. Improvements on data already acquired are the best method to find the Higgs before a more powerful particle collider comes online.  Correcting resolution by using the asymmetry has giving us a good improvement and further work will prove us with work insight as to the physics in taking place in these particle colliders.
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Appendices: useful charts for continuation of project

Appendices: 

Results and program layout

	sigma for 0- 0.4
	
	

	before
	correction
	precent diff

	1.90994E-01
	1.80000E-01
	5.75620E-02

	1.54458E-01
	1.340930E-01
	1.31848E-01

	9.95325E-02
	1.150540E-01
	-1.55944E-01

	1.07234E-01
	9.976630E-02
	6.96393E-02

	8.49770E-02
	9.430270E-02
	-1.09744E-01

	8.51169E-02
	7.614830E-02
	1.05368E-01

	7.35005E-02
	7.405910E-02
	-7.59995E-03

	7.04450E-02
	7.060890E-02
	-2.32664E-03

	
	
	

	
	
	

	
	
	

	sigma for 0.4-0.8
	
	

	before
	correction
	precent diff

	1.89476E-01
	1.78202E-01
	5.95009E-02

	1.58245E-01
	1.43362E-01
	9.40504E-02

	1.28714E-01
	1.22815E-01
	4.58303E-02

	1.18975E-01
	1.07725E-01
	9.45577E-02

	1.03606E-01
	9.23886E-02
	1.08270E-01

	9.94001E-02
	8.65985E-02
	1.28789E-01

	9.29361E-02
	8.35511E-02
	1.00983E-01

	8.70850E-02
	7.82823E-02
	1.01082E-01

	
	
	9.16328E-02

	
	
	

	sigma for 0.8-1.2
	
	

	before
	correction
	percent diff

	2.25260E-01
	1.99E-01
	1.16483E-01

	1.87148E-01
	1.72E-01
	8.18229E-02

	1.61367E-01
	1.51E-01
	6.61536E-02

	1.59740E-01
	1.39E-01
	1.27889E-01

	1.49708E-01
	1.26E-01
	1.60192E-01

	1.38433E-01
	1.27E-01
	7.99304E-02

	1.21925E-01
	1.04E-01
	1.46319E-01

	1.15487E-01
	9.26E-02
	1.97965E-01

	
	
	1.22094E-01

	
	
	

	sigma for 1.2-1.6
	
	

	before
	correction
	percent diff

	2.24367E-01
	1.97509E-01
	1.19706E-01

	1.67330E-01
	5.89690E-01
	-2.52411E+00

	1.56904E-01
	3.49475E-01
	-1.22732E+00

	1.51415E-01
	1.30171E-01
	1.40303E-01

	1.40529E-01
	1.15846E-01
	1.75643E-01

	1.22733E-01
	1.12802E-01
	8.09155E-02

	1.21293E-01
	1.21773E-01
	-3.95736E-03

	1.03493E-01
	2.87110E-01
	-1.77420E+00

	
	
	

	sigma for 1.6-2.0
	
	

	before
	correction
	percent diff

	2.03641E-01
	1.70285E-01
	1.63798E-01

	1.68906E-01
	1.80723E-01
	-6.99620E-02

	1.37019E-01
	1.12682E-01
	1.77618E-01

	1.20488E-01
	1.04840E-01
	1.29872E-01

	1.07985E-01
	9.11105E-02
	1.56267E-01

	1.01931E-01
	1.27928E-01
	-2.55045E-01

	6.90013E-02
	2.36530E-01
	-2.42791E+00

	
	
	

	sigma for 2.0-2.4   500
	

	before
	correction
	percent diff

	1.97031E-01
	1.68E-01
	1.46525E-01

	1.39436E-01
	1.45E-01
	-4.31811E-02

	1.18307E-01
	2.41E-01
	-1.03946E+00

	1.14640E-01
	9.66E-02
	1.57397E-01

	
	
	

	1.54051E-01
	2.45E-01
	-5.92693E-01

	
	
	

	sigma for 2.4-2.8   600
	

	before
	correction
	percent diff

	2.01875E-01
	1.72E-01
	1.48255E-01

	5.02254E-01
	2.14E-01
	5.74450E-01

	1.28582E+00
	2.46E-01
	8.08987E-01

	
	
	

	sigma for 2.8-3.2   700
	

	before
	correction
	percent diff

	2.23408E-01
	1.68E-01
	2.47941E-01

	7.73937E-02
	4.10E-10
	1.00000E+00


Program layout is as follows:

Resolution.C     Fit for all eta and pt regions including each bin.

Par0.root        Histograms were written to this file

Asy_vs_width_.C   (suffice 0-7)    correction values for all pt regions. Broken into eta regions
Correction01.C              fit for all eta and pt regions with corrected asymmetry and original

Cor_asy_vs_width01.C     corrected fit of asymmetry vs width 

Suffices used in programs:

	Trigger
	Pt region
	suffice

	[0]
	30-45
	0

	[0]
	45-65
	10

	[1]
	65-80
	20

	[2]
	80-100
	30

	[2]
	100-130
	40

	[3]
	130-160
	50

	[4]
	160-200
	60

	[5]
	200-250
	70

	
	
	

	eta region
	suffice 
	

	0-0.4
	0
	

	0.4-0.8
	100
	

	0.8-1.2
	200
	

	1.2-1.6
	300
	

	1.6-2.0
	400
	

	2.0-2.4
	500
	

	2.4-2.8
	600
	

	2.8-3.2
	700
	


