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Abstra
t
The 
ollider Tevatron, whi
h is lo
ated at the Fermi National A

elerator Labora-tory in Batavia, Illinois(USA), 
eased operations on 30 September, 2011. The Tevatronis the se
ond highest energy parti
le 
ollider in the world after the Large Hadron Col-lider(LHC). CDF is the experiment with the primary obje
tive of the dis
overy of physi
sbeyond the standard model.In elementary parti
le physi
s, the standard model is the most popular theory whi
hdes
ribes the phenomena of the elementary parti
les. But, the standard model haveseveral unsolved theoreti
al problems. Supersymmetry is one of the 
andidates for thepossible solutions to the problems. If we a

ept the supersymmetry, the superpartners,whi
h are new parti
les introdu
ed by the theory, are thought to exist. Furthermore,there are some supersymmetry models as to assumption of way to supersymmetry break-ing. The superpartner produ
tions have strong the model and parameter dependen
e.Therefore, the superpartner mass, bran
hing ratio, et
. 
hange due to the variety of theway to employ models, or set parameters.This thesis is des
ribed sear
h for the superpartner Chargino and Neutralino pairprodu
tion using high-pT isolated like-sign(LS) dilepton events as the bellow pro
ess,qq0 ! ~��1 ~�02 ! `�`` +X:The sear
h is performed on a data 
olle
ted by the CDF 
orresponding to an integratedluminosity of 8.5 fb�1. For the minimal supergravity(mSUGRA) model, we estimatedthe sensitivities of variety parameter settings using Monte Carlo(MC) simulations.The Boosted De
ision Tree(BDT) are employed to get more sear
h sensitivity in thisanalysis. The BDT is based on a multivariate analysis te
hnique and used to separatethe signal and ba
kground events in the �nal sample passing LS dilepton requirement.There are no signi�
ant disagreement between data and ba
kground estimations in theBDT results. Then, the upper limits on the produ
tion 
ross-se
tion for the 
hargino-neutralino 
an be set. As the result, we 
an ex
lude the region of M~��1 < 120GeV/
2 forthe setting of mSUGRA parameters (M0; A0; tan�; sign(�)) = (60GeV=
2; 0; 5:0; +).
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Chapter1The Standard ModelThe standard model(SM) is the most widely a

epted parti
le physi
s theory, whi
hdes
ribes the phenomena and proparties of the elementary parti
les, and was also testedby various experiments. The SM is based on the gauge �eld theory whi
h is invarian
eunder the gauge transformation. The SM 
an form three gauge �eld theories in theframework. The three gauge theories are "Quantum Ele
trodynami
s(QED)", "Quan-tum Chromodynami
s(QCD)" and "Weak theory". The QED des
ribes the ele
tromag-neti
 intera
tion between 
harged parti
les based on the U(1) gauge group. The QCDdes
ribes the strong intera
tion between quarks and gluons based on the SU(3)C gaugegroup. And the Weak theory des
ribes weak intera
tion where in the nu
lei based onthe SU(2) gauge group. In parti
ular, the QED and Weak theory are uni�ed in theSM framework as SU(2)L 
 U(1)Y gauge theory. In addition, the "Higgs Me
hanism"plays to give "Mass" to a parti
le with keeping the gauge invarian
e in the theory. This
hapter des
ribes the SM in detail.1.1 Elementary Parti
lesThe elementary parti
les in the SM are 
lassi�ed into two main 
ategories: "Fermion"and "Boson". The Fermions 
onstru
t matters in the universe, while the Bosons mediatefor
es between the elementary parti
les. The visible 
omplex matters in this world aremade up of them. This se
tion goes into details of the elementary parti
les in the SM.1.1.1 FermionThe fermions are elementary parti
les with half-integral spin whi
h obeys the "PauliEx
lusion Prin
iple". The fermions are 
lassi�ed a

ording to how they intera
t orequivalently, by what 
harges they 
arry. There are six quarks(up, down, 
harm, strange,top, bottom), and six leptons(ele
tron, ele
tron neutrino, muon, muon neutrino, tau, tauneutrino). Pairs from ea
h 
lassi�
ation are grouped together to form a generation, with
orresponding parti
les exhibiting similar physi
al behavior. Table1.1 shows the list ofthe quarks and the leptons.
1



Fermion Generation Charge IsospinI II III (Q=jej)Lepton  �ee� !LeR  ���� !L�R  ���� !L�R  0�1 !�1  +12�12 !0Quark  ud !LuRdR  
s !L
RsR  tb !LtRbR  +23�13 !+23�13  +12�12 !00Table 1.1: List of the fermions(quarks and leptons) in the SM.Intera
tion Gauge Boson Spin Charge Mass E�e
tive(symbol) (Q=jej) (GeV/
2) 
ouplingEle
tromagneti
 
 1 0 0 1/137Weak Z0 1 0 91.2 10�5Weak W� 1 �1 80.4 10�5Strong g 1 0 0 � 1Table 1.2: Summary of the for
es and gauge boson in the SM.1.1.2 BosonThe bosons play a role in mediating for
e between the elementary parti
les 
orre-sponding to type of for
es. Su
h bosons are espe
ially 
alled "gauge boson". In thepresent, it is believed that there are at least 4 kind of for
e, "Ele
tromagneti
", "Weak","Strong" and "Gravity". The Gravity for
e is ex
luded in the SM due to normalizationproblem, and its extremely small a�e
t in the partial world. The ele
tromagneti
 for
esare propageted via "photon" by feeling ele
tri
 
harge whi
h is gauge boson in the ele
-tromagneti
 �eld. The weak for
e in tera
tions are mediated by W� and Z0 bosons,unlike ele
tromagneti
 for
e, it 
an e�e
t within short range(� 10�16
m). The strongfor
e intera
tions are o

ured by ex
hangeing gauge boson so-
alled "gluon" via 
olor
harge. The for
e mediating parti
les, i.e. gauge bosons, are shown in Table1.2.1.2 The U(1) Theory : Quantum Ele
trodynami
sQuantum Ele
trodynami
s(QED) is an abelian gauge theory with the group U(1).The gauge �eld, whi
h mediates the intera
tion between the 
harged 1/2 spin�elds, isthe ele
tromagneti
 �eld. The Lagrangian for a free �eld is given byL = � (i
��� �m) (1.1)2



The Lagrangian is invariant under the phase transformation, ! ei� (1.2)where � is a real 
onstant. Using Neother's theorem, this invariant implies the existan
eof a 
onserved 
urrent and 
harge.��j� = 0; j� = �e � 
� ; Q = Z d3xj0 (1.3)In addition, the lo
al gauge transformation is generalized as ! ei�(x) ; (1.4)where �(x) depends on spa
e and time in a 
ompletely arbitrary way. Now, the La-grangian(1.1) is not invariant under su
h phase transformation. Using(1.4),� ! ei�(x) � ; (1.5)the last term of the Lagrangian is invariant, however the term of derivative  is not asfollows, �� ! ei�(x)�� + iei�(x) ���; (1.6)and the ��� term breaks the invariant of the Lagrangian. To impose invarian
e of theLaglangian under lo
al gauge transformation, the derivative �� is modi�ed as D�, thetreatment 
overiantly transforms the Lagrangian under the phase transformation,D� ! ei�(x)D� ; (1.7)D� � �� � ieA�; (1.8)where a ve
tor �eld A� is introdu
ed to 
an
el the unwanted term in (1.6), and theve
tor �eld transforms as, A� ! A� + 1e���: (1.9)Invarian
e of the Lagrangian(1.1) under the lo
al gauge transformation(1.4) is a
hievedby repla
ing �� by D�, L = i � 
�D� �m � = � (i
��� �m) + e � 
� A�: (1.10)By demanding lo
al phase invarian
e, it for
es to introdu
e a ve
tor �eld A�, i.e. gauge�eld QED. If the additional �eld is regarded as the physi
al photon �eld, the Lagrangianis added a term 
orresponding to its kineti
 energy. Sin
e the kineti
 term must beinvariant under(1.9), it 
an only involve the gauge invariant �eld strength tensorF�� = ��A� � ��A�: (1.11)Finally, the Lagrangian of QED is expressed as follows,L = � (i
��� �m) + e � 
� A� � 14F��F �� : (1.12)The addition of mass term (1/2)m2A�A� is prohibited by gauge invarian
e. The gaugeparti
le must be massless and the gauge �eld 
an propagate to an in�nite range.3



1.3 The SU(3)C Theory : Quantum Chromodynami
sQuantum Chromodynami
s(QCD) is the gauge theory for strong intera
tions. QCD isbased on the extension of the QED idea, however it has a gauge transformation invariantunder SU(3) group on quark 
olor �elds. The Lagrangian is written in the following,L = �qj(i
��� �m)qj; (1.13)where qj(j = 1; 2; 3) denotes the three 
olor �elds. The Lagrangian(1.13) is to beinvariant under lo
al phase transformations as follows,q(x)! Uq(x) � ei�a(x)Taq(x); (1.14)where U is an arbitrary 3 � 3 unitary matrix, it has the summation over the repeatedsuÆx a. Ta(a = 1; � � � ; 8) is a set of linearly independent tra
eless 3 � 3 matri
es, and�a are the group parameters. The group is non-Abelian sin
e the generators Ta do not
ommute with ea
h other, [Ta; Tb℄ = ifab
T
; (1.15)where fab
 are real 
onstants 
alled the stru
ture 
onstants of the group. To imposeSU(3) lo
al gauge invarian
e on the Lagrangian(1.13), the in�nitesimal phase transfor-mation is introdu
ed, q(x) ! [1 + i�a(x)Ta℄q(x); (1.16)��q ! (1 + i�aTa)��q + iTaq���a: (1.17)The last term spoils the invarian
e of Lagrangian. The 8 gauge �elds Ga� are 
onstru
tedby requiring the invarian
e of the Lagrangian under the lo
al gauge transformation,Ga� ! Ga� � 1g ���a � fab
�bG
�; (1.18)and form a 
ovariant derivative, D� = �� + igTaGa�: (1.19)The gauge invariant QCD Lagrangian is formed by the repla
ement �� ! D� in theLagrangian(1.13), and adding a gauge invariant kineti
 energy term for ea
h of the Ga��elds, L = �q(i
��� �m)q � g(�q
�Taq)Ga� � 14Ga��G��a ; (1.20)Ga�� = ��Ga� � ��Ga� � gfab
Gb�G
� ; (1.21)(1.20) is the Lagrangian for intera
ting 
olored quarks q and ve
tor gluons G�, with
oupling spe
i�ed by g. The lo
al gauge invarian
e requires the gluons to be massless.The �eld strength Ga�� has a remarkable new property as shown in the last term in (1.21).Imposing the gauge symmetry has required that the kineti
 energy term in Lagrangianis not purely kineti
 but in
ludes an indu
ed self-intera
tion between the gauge bosonsand re
e
ts the fa
t that gluons themselves 
arry 
olor 
harge.4



1.4 The SU(2)Y 
 U(1)Y Theory : Ele
troweak TheoryThe ele
troweak theory is a gauge theory uni�ed the ele
tromagneti
 U(1) and weakintera
tions SU(2). The weak intera
tion typi
ally o

urs in � de
ay in nu
lei(n !p + ` + �`) via a W boson whi
h is weak gauge boson. The weak intera
tion a
ts onlyleft-handed fermions, so-
alled V �A stru
ture, and based on SU(U) isospin group withthree ve
tor bosons. The ele
troweak theory is suggested by Glashow, Weinberg, andSalam.By demanding weak intera
tion, the quark �elds are expressed as follows, L =  quqd !L ;  R = qR: (1.22)The left-handed quark �elds 
an be expressed in doublets, while the right-handed quark�elds in singlets, where qu is up-type quarks(u; 
; t), qd is down-typ quarks(d; s; b), andqR is six quark 
avours(u; d; 
; s; t; b). The lepton �elds are also expressed by, L =  �``� !L ;  R = lR: (1.23)where ` means three lepton 
avours i.e. �, and � . Note that there are no right-handedneutrino �elds due to satisfying V �A stru
ture in the weak intera
tion. Here, the freeLagrangian for the lepton and quark �elds is written in,L = Xj=L;R i � j
��� j : (1.24)The Lagrangian(1.24) is invariant under global transformation, L ! ei�aTa+i�Y  L; (1.25) R ! ei�Y  R; (1.26)where the parameter Y is hyper
harge for U(1)Y phase transformation, the T 0 is de�nedby using Paunli matri
es as follows,T 0 = �02 ; �1 =  0 11 0 ! ; �2 =  0 �ii 0 ! ; �3 =  1 00 �1 ! ; (1.27)and it is under SU(2)L transformation. The Lagrangian should be invariant under lo
alSU(2)L 
 U(1)Y gauge transformation, L ! ei�a(x)Ta+i�(x)Y  L; (1.28) R ! ei�(x)Y  R: (1.29)To a
hieve the lo
al gauge invarian
e in the Laglangian, the derivative is repla
ed by
ovariant derivatives, D�L � �� + igTaW a� + ig02 B�Y; (1.30)D�R � �� + ig02 B�Y; (1.31)5



D�L(D�R) is for the left(right)-handed fermion �elds, g is the 
oupling 
onstant ofSU(2)L and g0 is of U(1)Y . The 
ovariant derivatives have gauge �elds, W a� (a = 1; 2; 3)for SU(2)L, and B� for U(1)Y . The gauge �elds also transform as,B� ! B� � 1g0 ���; (1.32)W� ! W� � 1g������W�: (1.33)In addition, the gauge �eld strength tensors are introdu
ed by requiring the lo
al gaugeinvariant, B�� � ��B� � ��B�; (1.34)W a�� � ��W a� � ��W a� � g�ab
W b�W 
� : (1.35)Finally, the Lagrangian under gauge invariant in ele
troweak intera
tion 
an be writtenas, L = Xj=L;R i � j
�D�j j � 14W a��W ��a � 14B��B�� ; (1.36)Although the weak and ele
tromagneti
 intera
tions 
oexist in the SU(2)L
U(1)Y gaugesymmetry, it des
ribes no realisti
 world, be
ause there are no mass term for fermionsand weak gauge bosons whi
h are known that they are massive, and weak intera
tiononly a�e
ts in short range. However introdu
ing the mass terms su
h as 12M2WW�W � inLagrangian breaks the gauge symmetry. The fermion terms also break due to di�erenttransformation between the left-handed and right-handed fermion �elds,mf �ff = mf ( �fRfL + �fLfR); (1.37)using the left-handed and right-handed relation equations,fL = 12(1� 
5)f; fR = 12(1 + 
5)f: (1.38)Fortunately, the nature have a solution(me
hanism) to be invariant under gauge trans-formation when the Lagrangian has a mass terms for fermion and weak gauge boson,so-
alled "Spontaneous symmetry breaking".1.5 Spontaneous Symmetry BreakingTo give mass to the gauge bosons and fermions, the ele
troweak gauge symmetry arehidden. Here let us start by introdu
ing the s
alar real �eld � as simple example, andits Lagrangian is written by, L = 12������� V (�); (1.39)V (�) = 12�2�2 + 14��4; (1.40)6



where � > 0, the Lagrangian is invariant under the symmetry operation: �! ��.If �2 > 0, it 
an be regarded that the Lagrangian des
ribes a s
alar �elds with mass �,the �4 terms means self-intera
tion with 
oupling �, and the minimum of the potentialV (�) is, h0j�j0i � �0 = 0; (1.41)as shown in the left side of Figure1.1. On the other hand, if �2 < 0, the potential V (�)has a minimum when, �V�� = �2�+ ��3 = 0; (1.42)h0j�2j0i � �20 = ��2� � v2; (1.43)as shown in the right side of Figure1.1. The value v = p�2=� is 
alled "va
uum ex-pe
tation value(VEV)" of the s
alar feild �. Here the �eld � is expanded around theminimum value v with the quantum 
u
tuation �,� = v + �: (1.44)From this, the Lagrangian(1.40) be
omesL = 12������ � �v�3 � 14�4 + 
onst; (1.45)where a s
alar �eld � with mass m� = p�2�2 appears in the Lagrangian(1.45), andthere are self-intera
tion terms �3 and �4, in parti
ular, the 
ubi
 term breaks the sym-metry in the Lagrangian without external operation, it is 
alled "Spontaneous SymmetryBreaking(SSB)".

Figure 1.1: The potential V (�) of the s
alar �eld � for �2 > 0(left) and �2 < 0(right).7



1.6 Higgs Me
hanismHowever the Laglangian(1.36) is invariant under lo
al gauge invaritant, the Lagrangiandes
ribes the no real world pi
ture be
ause the weak gauge bosons and fermions haveno mass in the Lagrangian. But the Lagrangian is broken by in
luding the mass term.Now, let us show that the Lagrangian be
omes the real world Lagrangian by using thesymmetry breaking. By introdu
ing 
omplex s
alar doublet,� =  �+�� ! = 1p2  �1 + i�2�3 + i�4 ! ; Y� = +1; (1.46)where the hyper
harge is 1 for the s
alar �elds, the Lagrangian 
an be written byL = (���)y(���)� �2�y�� �(�y�)2: (1.47)In this 
ase, if �2 < 0, the VEV and the s
alar �eld after the symmetry breaking withthe real s
alar �eld h be
ome as follows,�y� = �21 + �22 + �23 + � 242 = ��22� � v22 ; (1.48)� = 1p2  0v + h ! ; (1.49)where the s
alar �elds are 
hosen as �1 = �2 = �4 = 0, and �3 = v. Let us expand the�rst term of the Lagrangian(1.47), i.e. the kinemati
al terms,jD��j2 = j(�� � igT aW a� + ig02 B�)�j2= 12(��h)2 + g2v24 jW 1� + iW 2�2 j+ v28 jgW 3� � g0B�j2 + (intera
tion terms);(1.50)where the derivative is repla
ed to 
ovariant derivative(1.31), and the de�ne the �eldW�� , Z� and A� written as follows,W�� = 1p2(W 1� � iW 2�); (1.51)Z� = W 3�
os�W �B�sin�W ; (1.52)A� = W 3�sin�W +B�
os�W ; (1.53)where weak mixing angle �W is de�ned as g0 = gtan�W , the A� �eld is the orthogonal�eld to the Z� �eld, and the masses of �elds 
an be expressed as respe
tively,MW = 12vg; MZ = 12vqg2 + g02; MA = 0: (1.54)Note that the W� and the Z� �elds be
om massive, while the A� �eld is still massless,that is , the weak gauge bbosons 
an have desirable mass by introdu
ing the SSB, in8



parti
ular, it is 
alled "Higgs Me
hanism". By using the weak mixing angle �W , the ���eld is related to Z� �eld as follows,MW =MZ
os�W : (1.55)The fermion �elds should be massive to a
hieve the true world in the ele
troweakLagrangian. The Higgs me
hnism also gives a mass to the fermions under the lo
algauge invariant. The Lagrangian with fermion �elds is written by,LY ukawa = �Gf � L� R �Gf � R�y L; (1.56)where Gf is arbitrary 
onstant for ea
h fermion. First, the lepton se
tor Lagrangianbe
omes, L = �G`[(��`; �̀)L   + 0 ! `R + �̀R( �; � 0) �`̀ !℄= �G`p2v(�̀L`R + �̀R`L)� G`p2(�̀L`R + �̀R`L)h= �m` �̀̀ � m`v �̀̀ h; (1.57)using (1.38) and m` = G`v=p2 is de�ned as the lepton mass. The lepton se
tor La-grangian(1.57) then keeps the gauge symmetry under the lo
al transformation. Let usshow that the quark se
tor Lagrangian also be
omes the invariant. In the quark se
tor,the new higgs doublet must be introdu
ed by using � to give the up-type quark mass,�
 = i�2� =  ���0�� ! ; (1.58)the higgs doublet is 
hosen the following after the symmetry breaking,�
 = 1p2 v + h0 () : (1.59)The quark se
tor Lagrangian is formed byLquark = �Gd(�u; �d)L   + 0 ! dR �Gu(�u; �d)L  � 0 � !uR + h:
:= �md �dd�mu�uu� mdv �ddh� mu
 �uuh; (1.60)where the down-type and up-type quark masses are de�ned as md = Gdv=p2 andmu = Guv=p2 respe
tively. The quark se
tor Lagrangian also preserves the gaugeinvariant after the symmetry breaking.
9



Chapter2SupersymmetryThe SM is in well agreement with experimental measurements. But the SM 
ontainsseveral nagging theoreti
al problems whi
h 
annot be solved without the introdu
tionof some new physi
s. Supersymmetry(SUSY) is one of the popular 
andidate for su
hnew physi
s, whi
h is a symmetry that relates elementary parti
les of one spin to otherparti
les that di�er by half a unit of spin and are known as "Superpartners".2.1 A SUSY Toy ModelWe have a hermitian HamiltonianH and non-hermitian operatorsQ;Qy related throughthe anti-
ommutor H = 12fQ;Qyg � 12(QQy +QyQ); (2.1)where the operators obey the following "0 + 1 dimensional SUSY algebra",fQ;Qg = fQy; Qyg = 0; [Q;H℄ = [Qy;H℄ = 0: (2.2)The Q and Qy are 
alled "super
harges" and generate supersymmetry transformation.It is a dire
t 
onsequen
e of (2.2) that Q2 = Qy2 = 0.Now 
onsider a Hilbert spa
e (H; hji) 
arrying a representation of H;Q and Qy. Fromthe algebra(2.2), it follows that H is positive de�nite,2h jHj i = h jfQ;Qygj i= h jQQyj i+ h jQyQj i= jjQj ijj2 + jjQyj ijj2 � 0: (2.3)To further examine the state spa
e, we diagonalise H and 
onsider the eigenstates jnisush that Hjni = Enjni: (2.4)For the 
ase of En = E > 0, we introdu
e the s
aled operators a = Q=p2E anday = Qy=p2E whi
h, within the spa
e of states of energy E, obey the algebrafa; ayg = 1; fa; ag = fay; ayg = 0: (2.5)We now 
onstru
t all the states with energyE, in analogy to the 
onstru
tion of harmoni
os
illator states via 
reation operator a
ting on the va
uum. Again, we 
learly havea2 = ay2 = 0, from whi
h it follows that the only eigenvalue of a is 0. Call the state with10



this eigenvalue j�i. We 
an 
reate no more states by a
ting on this with a, and we 
an
reate only one more by a
ting ay(sin
e ay2 = 0), whi
h we 
all j+i � ayj�i. Hen
e wehave a subsystem two states obeyingayj�i = j+i; aj+i = j�i; aj�i = ayj+i = 0: (2.6)A simple 2d representation of the algebra(2.5) is given by the following matri
es andve
tors, a =  0 01 0 ! ; ay =  0 10 0 ! ; j+i =  10 ! ; j�i =  01 ! : (2.7)We see here a basi
 example of the existen
e of two types in SUSY theories; "+" statesand "�" states whi
h will be "bosons" and "fermions". They are transformed into ea
hother by the a
tion of the SUSY generators, and more generally we will see thatQjbosoni = jfermioni; Qjfermioni = jbosoni; (2.8)and similarly for the a
tion of Qy. We also have an example of the SUSY property thatstates of non-zero energy are degenerate and appear in "pairs".We now turn to the states of zero energy, Hj0i = 0. Dire
tly from (2.3), we must have0 = jjQj ijj2 + jjQyj ijj2 (2.9)so that a va
uum state j0i exists if and only ifQj0i = Qyj0i = 0: (2.10)2.2 SUSY Parti
lesA

ording to the supersymmetry theory, ea
h fermion should have a partner boson, thefermion's superpartner and ea
h boson should have a partner fermion. Exa
t unbrokensupersymmetry would predi
t that a parti
le and its superpartners would have the samemass. No superpartners of the Standard Model parti
les have yet been found. Thismay indi
ate that supersymmetry is in
orre
t, or it may also be the result of the fa
tthat supersymmetry is not an exa
t, unbroken symmetry of nature. If superpartners arefound, its mass would determine the s
ale at whi
h supersymmetry is broken. Table 2.1shows the superpartners for the SM elemenraty parti
les.Furthermore, sin
e neutral gaugino( ~Z0; ~B0) and neutral Higgsino( ~H01 ; ~H02 ) have equalquantum number, they 
reate a state of neutralino(~�01; ~�02; ~�03; ~�04) by mixture. In asimilar way, 
harged gaugino( ~W�) and 
harged Higgsino( ~H�) 
reate 
hargino(~��1 ; ~��2 )mixing state. The study dis
ribed in this thesis is sear
hing for the pair produ
tion ofthe mixing states 
hargino-neutralino.
11



SM elementary parti
le SUSY parti
lespin name symbol spin name symbol12 quarks : (u; d)L; uR; dR(
; s)L; 
R; sR(t; b)L; tR; bR 12 squarks : (~u; ~d)L; ~uR; ~dR(~
; ~s)L; ~
R; ~sR(~t;~b)L; ~tR;~bR12 leptons : (�e; e)L; eR(��; �)L; �R(�� ; �)L; �R 12 sleptons : ( ~�e; ~e)L; ~eR( ~��; ~�)L; ~�R( ~�� ; ~�)L; ~�R0 higgs : h;H;A;H� 12 higgsino : ~H01 ; ~H02 ; ~H�1 gluon : g 12 gluino : ~g1 photon : 
 12 bino : ~B01 weak bosons : W�; Z0 12 wino : ~W�; ~Z02 graviton : G 32 gravitino : ~GTable 2.1: List of the supersymmetri
 parti
les.2.3 SUSY AnswersThe problems in the SM that are left unsolved, are may �xed by introdu
tion of SUSY.This following se
tion des
ribes the SM problems in some detail.2.3.1 Hierar
hy ProbremThe masses in the stadard model are generated by the Higgs boson. Experimentally,we have Mh � 102 GeV/
2, but this is very sensitive to quantum 
orre
tions. The s
alarpotential for the Higgs boson h is given by,V �M2h0h2 + �h4: (2.11)At one loop, the quarti
 self-intera
tions of the Higgs boson(proportional to �) generatea quadrati
ally divergent 
ontribution to the Higgs boson mass whi
h must 
an
elled bythe mass 
ounterterm ÆM2h , M2h �M2h0 + �4�2�2 + ÆM2h : (2.12)The � is a 
uto�, whi
h is between the ele
troweak s
ale and the Plan
k s
ale in the SM.This leads to an unsatisfa
tory situation. The large quadrati
 
ontribution to the Higgsboson mass-squared, of O(1018GeV )2, must be 
an
elled by the 
ounterterm ÆM2h thatis roughly less than (800GeV )2. This requires a 
an
ellation of one part in 1016. For theintrodu
tion of the SUSY, many Feynman diagrams 
ontributing to mass 
orre
tionsin SUSY theories 
an
el against other Feynman diagrams in whi
h a parti
le loop isrepla
ed by its superpartner loop. Re
onsider the one loop 
ontribution to the Higgs12



boson in a theory whi
h 
ontaians both massive s
alars �, and fermions  , in additionto the Higgs �eld h. The Lagrangian is given by:L � �gF �  h� g2Sh2�2: (2.13)If we again 
al
ulate the one-loop 
ontribution to M2h we �ndM2h �M2h0 + g2F4�2 (�2 +m2F )� g2S4�2 (�2 +m2S)+ logarithmi
 divergen
es + uninteresting terms: (2.14)The relative minus sign between the fermion and s
alar 
ontributions to the Higgs bosonmass-squared is the well-known result of Fermi statisti
s. We see that if gS = gF theterms whi
h grow with �2 
an
el and we left with a well behave 
ontribution to theHiggs boson mass so long as the fermion and s
alar masses are not too di�erent,M2h �M2h0 + g2F4�2 (m2F �m2S): (2.15)Attempt have been made to quantify "not too diferent". Figure 2.3.1 shows that the
ontribution from felmioni
(t) and s
alar(~t) squark often 
an
el exa
tly.

Figure 2.1: Can
ellation of the Higgs boson quadrati
 mass renormalization.
2.3.2 Gauge Coupling Uni�
ationThe gauge 
oupling of the SM is SU(3)
 SU(2)
U(1). Various attempts have beenmade at 
onstru
ting a grand uni�ed theory(GUT). A uni�ed theory would imply a13



uni�ed 
oupling: however, the 
ouplings in the SM run as shown in the green-line ofFigure 2.2, and do not appear to interse
t. With SUSY, the 
ouplings very nearly unifyat the order of 1016GeV.

Figure 2.2: The strong, weak and ele
tromagneti
 
ouplings ��1 of the SM, for the 
aseof with SUSY(red) and no SUSY(green).
2.3.3 Dark MatterThe energy 
ontent of the universe is roughly 4% ordinary matter, 22% dark matterand 74% dark energy. There are most likely a number of di�erent 
onstituents of darkmatter. One of the most impotant 
andidates besides neutrinos is the "neutralino", thelightest parti
le of the minimal supersymmetri
 standard model(MSSM) yet to be found.The hope is that the Tevatron will �nd the neutralino.2.4 Minimal Supergravity ModelUnbroken supersymmetry predi
ts that there are no mass di�eren
es within superpart-ners. Sin
e the superpartners of the SM parti
les have not been observed, supersymme-try, if it exists, must be a broken symmetry, allowing the superpartners to be heavierthan the 
orresponding SM parti
les. The SUSY is 
onsidered to break in a "hidden14



se
tor", and we 
annot know how SUSY is broken. There are some SUSY models Forthe assumption of how SUSY is broken spontaneously.Minimal supergravity(MSUGRA) is one of the model with the assumption of SUSYbreaking via gravitational intera
tion. In this model the SUSY produ
tions are 
ontroledby only 5 parameters, as against over 100 parameters for the MSSM. The 5 parametersare,� m0 : Common s
alar mass a Grand Uni�
ation Theory(GUT)� m1=2 : Common gaugino mass at GUT� A0 : Common trilinear 
oupling at GUT� tan� : Ratio of Higgs va
uum expe
tation values� sign(�) : Higgsino mass parameter signFigure 2.3 des
ribed the superpartner mass as a fun
tion of energy s
ale. Blue, red,bla
k and green line in the �gure ea
h show the mass of squark, slepton, gaugino andHiggsino. At the GUT s
ale(� 1016GeV), the mass of s
alar, gaugino and Higgsino areuni�ed in m0, m1=2 and (�2 +m20), respe
tively.

Figure 2.3: The superpartner mass as a fun
tion of energy s
ale for the mSUGRA model.
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Chapter3Experimental ApparatusThe CDF experiment that is main part of this thesis, is 
arried out with a 
ir
ular par-ti
le a

elerator Tevatron. The a

elerator is lo
ated at the Fermi National A

eleratorLaboratory in Batavia, Illinois, in the US. It provides proton-antiproton 
ollisions with a
enter-of-mass energy of ps = 1.96TeV. There are two 
ollision points in Tevatron ring,and dete
tors are installed in ea
h points. One of the dete
tors is 
alled The ColliderDete
tor at Fermilab(CDF II), the other is D�. This study uses the former. The CDFRunII experiment started in 2001, and 
ontinued until September, 2011. This 
hap-ter des
ribes the proton-antiproton beam produ
tion, a

eleration systems, the CDF IIdete
tor design and et
.3.1 The A

elerator ChainIn the 
ollision experint des
ribed in this thesis, proton and antipron beams areused. The protons and antiprotons that are produ
ed at ea
h sour
es are a

elerated to980GeV. The design of an a

elerator's 
hain is led by the 
onsideration of the followingrequirements. One is that antiprotons must be produ
ed and stored, Unlike protons thatare abundant in nature. In addition, the proton and antiproton beams 
annot be a

el-erated from rest to high energies by only single a

elerator, be
ause no magnets havethe ne
essary dynami
 range. Figure 3.1 shows an aerial photograph and a diagram ofthe Fermilab a

elerator 
hain.

Figure 3.1: An air photo(right) and a diagram(left) of the Fermilab a

elerator 
hain.16



3.1.1 Proton BeamThe proton beams are available from H+ ions that are made from ionized hydrogengases. The H+ ions are a

elelated to 750keV of kineti
 energy by Co
kroft-Walton pre-a

elerator in the �rst step. And then the ionized gases enter a linear a

elerator(Lina
)that is approximately 150m long, and are a

elerated to 400MeV. The a

eleration inthe Lina
 is done by a series of "ki
ks" from Radio Frequen
y(RF) 
avities.The H+ ions with 400MeV are inje
ted into the Booster that is a 
ir
ular syn
hrotronwith approximately 150m diameter. At this time, ele
trons 
ontained in the ionizedhydrgen gases are removed by passing 
arbon foil, and pure protons are available. Theresultant protons are a

elerated from 400MeV to 8GeV by a series of magnets arrangedaround the syn
hrotron that interspersed with 18 RF 
avities.3.1.2 Antiproton BeamThe antiprotons are available from the protons on the way to produ
e proton beams.The protons of 120GeV are extra
ted from the Main inje
tor, and strike a ni
kel targetat the Antiproton Sour
e. This produ
es spray of se
ondary parti
les that 
ontain atra
e of antiprotons. To sele
t only antiprotons from tha spray, bending magnets that
an 
hoose parti
les momentum and 
harge are used. The resultant 8GeV antiprotonsare dire
ted into the Debun
her. About one antiproton is produ
ed per 105 protons.The Debun
her is a rounded triangular-shaped syn
rotron with a mean radius of 90m.It 
an a

ept 8GeV antiprotons from the target station, and maintain the beam withan energy of 8GeV. Its primary purpose is to eÆ
iently 
apture the high momentumspread antiprotons 
oming from the target using RF manipulation 
alled bun
h rotationwhi
h redu
e the antiproton momentum spread. The redu
tion is done to improve theDebun
her to A

umlator transfer be
ause of the limited momentum aperture of theA

umulator at inje
tion.The A

umulator whi
h is also triangular-shaped syn
rotron is mounted in the sametunnel as the Debun
her. It is the storage ring for antiprotons, all of the antiprotonsthat are made in the 
hain are stored here at 8GeV and 
ooled by the time use it.3.1.3 Main Inje
torThe Main Inje
tor(MI) is a 
ir
ular syn
hrotron seven times the 
ir
umferen
e of theBooster and slightly more than half the 
ir
umferen
e of the Tevatron. The MI has 18a

elerating 
avities. It 
an a

elerate 8GeV protons from the Booster to either 120GeVor 150GeV, depending on either destination. When it is used to inje
t into the Tevatron,the �nal beam energy is 150GeV. As well as a

epting protons from Booster, the MI 
ana

ept antiprotons from the Antiproton Sour
e. The MI 
an a

elerate beam as fast asevery 2.2 se
onds. 17



3.1.4 Re
y
lerThe Re
y
ler is an antiproton storage ring installed in the same tunnel as the MI. Theproposed purpose of the Re
y
ler was to re
y
le the antiprotons from a Tevatron store,
ooling them and storing them alongside those sent from the Antiproton Sour
e. Thiswas abandoned after early problems in RunII. The Re
y
ler now a

epts transfers onlyfrom the Antiproton Sour
e and 
ools them further than the antiprotons A

umulatoris 
apable. The Re
y
ler uses both a ato
hasti
 
ooling system and an ele
tron 
oolingsystem. Sto
hasti
 
ooling is used to 
ool the beam in Re
y
ler, but loses its e�e
tive-ness with higher intensities. On
e a
ove 2 � 1012 antiprotons in the Re
y
ler, ele
tron
ooling is required. Ele
tron 
ooling works on the prin
iple of momentum transfer be-tween ele
trons and antiprotons, a highly 
on
entrated, 
ool beam of ele
trons is drivenat the same energy as the antiprotons and laid overtop of the antiprotons. The resultingglan
ing 
ollisions between ele
trons and antiprotons transfer some of the momentumfrom the "hot" antiprotons to the "
ool" ele
trons. With enough ele
trons, a substan-tial longitudinal 
ooling for
e is produ
ed by absorbing momenta from the antiprotonsallowing for more 
ompa
t, brighter bun
hes to send to the Tevatron.3.1.5 TevatronThe Tevatron is a 
ir
ular syn
hrotron with a approximately 2km diameter. In the�nal stage for the a

eleration 
hain, the Tevatron re
eives protons and antiprotons fromthe MI and a

elerates them from 150GeV to 980GeV. In Collider mode, the Tevatron
an store beams for hours at a time. Be
ause the Tevatron is primarily storage ring, thelength of time between a

eleration 
y
les is widely variable.One of vital aspe
ts of the Tevatron is the 
ryogeni
ally 
ooled a

elerator. Themagnets in the Tevatron used asso
iated with a

elerations, whi
h are made of super-
ondu
ting materials. Therefore, the magnets need to be kept extremely 
old(� 4K)to remain a super
ondu
tor. The bene�t of having super
ondu
ting magnets is thatthe in
reased magneti
 �elds possible when high 
urrents 
an be run through thin wireswithout fear of damage related to ex
essive resistive heating.3.2 LuminosityLuminosity is a one of parameter whi
h shows the intensity of beam 
ollisions. Thehigher the luminosity, the greater the 
han
e of proton-antiproton 
ollisions. The lumi-nosity 
an be expressed as : L = fNBNpN�p2�(�2p + �2�p)F ( �l�� ) (3.1)where f is the revolution frequen
y, NB is the number of bun
hes, Np(�p) is the numberof protons(antiprotons) per bun
h, and �p(�p) is the protons(antiprotons) RMS beam size18



Parameter Ran IINumber of bun
h (NB) 36Bun
h length [m℄ 0.37Bun
h spa
ing [ns℄ 396Protons/bun
h (Np) 2:7 � 1011Antiprotons/bun
h (N�p) 3:0 � 1010Total antiprotons 1:1 � 1012�� [
m℄ 35Intera
tions/
rossing 2.3Table 3.1: A

lerator parameters for Run II 
on�gurations.at the intera
tion point. F is a form fa
tor whi
h 
orre
ts for the bun
h shape dependson the ratio between �l and the bun
h length to the beta fun
tion �� at the intera
tionpoint. The beta fun
tion that is a measure of the beam width is proportional to thebeam's x and y extent in phase spa
e. Table 3.1 shows the a

elerator parameter inthe Tevatron rnu(RanII). The peak luminosity is � 4:4 � 1032 
m�2s�1. The deliveredluminosity is 1.2 fb�1 and a
tual re
orded luminosity is 1.0 fb�1, whi
h 
olle
ted betweenFebruary 2002 and September 2011. Figure 3.2 shows initial instantaneous luminosityand integrated luminosity measured with CDF.3.3 The Collider Dete
tor at FermilabThe CDFII dete
tor is a general purpose solenoidal dete
tor whi
h 
ombines prexision
harged parti
le tra
king with proje
tive 
alorimetry and �ne grained muon dete
tion.Figure 3.3 and Figure 3.4 show a 
ut away view and elevation view of the CDFII dete
torfor ea
h. Tra
king systems are made up Sili
on Tra
kers, Central Outer Tra
ker(COT),and Super
ondu
ting Solenoid whi
h to measure pre
ise traje
tories and momenta of
harged parti
les and re
onstru
t verti
es. The solenoid surround the Sili
on Tra
kersand COT, has 1.5m in radius and 4.8m long, and generates a 1.4T magneti
 �eld parallelto the beam axis. Calorimetry Systems measure the energy of parti
les, surround thesolenoid. Muon Chambers dete
t the parti
les penetrating both Tra
king Systems andCalorimetry Systems. Muons deposit small amount of ionization energy in the materialbe
ause they a
t as minimally ionizing parti
les(MIP), that is, the penetrating parti
lesare mostly muons.
19
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Figure 3.3: Cut away view of the CDF II dete
tor.3.3.1 Coordinate System in the CDFIn the CDF experint, the right-handed 
oordinate systems are used as standard 
o-ordinate system. Figure 3.5 shows the standard 
oordinate systems in the CDF. Thez-axis is oriented the dire
tion of the proton beam. The x-axis points horizontally awayfrom the dete
tor, and the y-axis is verti
al pointing up-wards. It is helpful to use the
ylindri
al 
oordinate. The azimuthal angle � is x � y plane angle around the beamline. The polar angle � is measured starting from the z-axis. The rapidity of a parti
leis de�ned as : y � 12 ln(E + pzE � pz ) (3.2)where E is the energy of the parti
le and pz is its longitudinal momentum. For highlyboosted parti
les, E � p and pz = p
os�, the rapidity 
an be approximated by pseudo-rapidity, whi
h is de�ned as : � = �ln(tan�2): (3.3)In the CDF experiment, longitudinal dire
tion(along the beam line) of momentum
annot be measured te
hni
ally. Hen
e, the transverse 
omponents are used as kinemati
imformations in analysis. When p is the magnitude of the momentum, the transversemomentum pT is de�ned as follows. pT = p sin� (3.4)21



Figure 3.4: Elevation view of the CDF II dete
tor.3.4 Tra
king SystemsFor CDF analysis te
hnique, pre
ision 
harged parti
le tra
king is very important.CDF II dete
tor has an open 
ell drift 
hamber, the Central Outer Tra
ker(COT) 
oversthe region j�j � 1:0. Inside the COT, a sili
on "inner tra
ker" is built from three

omponents. Layer 00(L00) is mounted on the beam pipe, very 
lose to the beam line.Its primary purpose is to improve the impa
t parameter resolution. A mi
ro-vertexdete
tor at very small radii, so-
alled Sili
on Vertex Dete
tor(SVX-II), establishes theultimate impa
t parameter resolution. Two additional sili
on layers at intermediateradii, so 
alled Intermediate Sili
on Layers(ISL), provides pT resolution and b-taggingin the forward region 1:0 � j�j � 2:0, and stand-alone sili
on tra
king over the full regionj�j � 2:0. The stand-alone sili
on segments allow integrated tra
king algorithms whi
hmaximize tra
king performan
e over the whole region � � 2:0. In the 
entral region(� � 1:0), the stand-alone sili
on segment 
an be linked to the �ll COT tra
k to giveex
ellent pT and impa
t parameter resolution.
22



Figure 3.5: The standard 
oordinate system in the CDF.3.4.1 Layer 00Layer 00 is installed dire
tly in the beam pipe. L00 was added at beginning of RunII fortwo reasons. Pla
ement of a minimal material sili
on layer at a smaller radius providesa pre
ise measurement. Se
ondly, L00 was installed to extend the useful lifetime of thesili
on system. The inner layers SVX-II will have a limited lifetime due to radiationdamage. The design has six narrow(128 
hannels) and six wide(256 
hannels) groupsin � at r = 1:35
m and r = 1:62
m respe
tively. There are six readout modules inz, with two sensors bounded together in ea
h module for a total length of 95
m. Thesensors are single-sided p-in-n sili
on with a 25(50)�m implant(readout) pit
h. Thesehave been produ
ed by Hamamatsu Photoni
s(HPK), SGS-Tompson(ST) and Mi
ron.These sensors 
an be biased up to 500V, limited by the maximum range of the powersupplies.3.4.2 Sili
on Vertex Dete
torSili
on Vertex Dete
tor(SVX, SVX-II) is the 
ore dete
tor for sili
on tra
king and fora trigger on tra
ks with large impa
t parameter wit respe
t to the intera
tion point. TheSVX-II dete
tor has 5 layers of double-sided sensors surround the L00 at radii from 2.5 to10.6
m. Three layers(L0, L1, and L3) are made of Hamamatsu sili
on with the n stripsperpendi
ular to the p strips. The remaining two layers(L2 and L4) are Mi
ron sensorswith a stereo angle of 1.2Æ between the n and p strips. The strip pit
h varies between60 to 140�m, depending on the layer radius. The maximum bias voltages that 
an beapplied to Hamamatsu and Mi
ron sensors are 170V and 70V respe
tively, limited bythe breakdown voltage of the integrated 
oupling 
apa
itors and subtle sensor e�e
ts.The SVX-II 
an provide tra
k information to j�j < 2:0. Table 3.2 shows the designparameters of the SVX-II. Figure 3.7 shows 3D view and r � � view for SVX-II.23



Figure 3.6: Longitudinal view of the CDF II tra
king volume and plug 
alorimeter.
Parameter Layer 0 Layer 1 Layer 2 Layer 3 Layer 4(L0) (L1) (L2) (L3) (L4)Number of � strips 256 384 640 768 896Number of z strips 512 576 640 512 896stereo angle (degree) 90 90 +1:2 90 �1:2� strip pit
h [�m℄ 60 62 60 60 65z strip pit
h [�m℄ 141 125.5 60 141 65Total width [mm℄ 171.140 25.594 40.300 47.860 60.170Total length [mm℄ 74.3 74.3 74.3 74.3 74.3A
tive width [mm℄ 15.300 23.746 38.340 46.020 58.175A
tive length [mm℄ 72.43 72.43 72.38 72.43 72.38Number of sensors 144 144 144 144 144Table 3.2: Design parameters of the Sili
on Vertex Dete
tor.
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Figure 3.7: 3D view of the three barrels(left) and r � � view of the barrel showing the12 wedges with the 5 layers(right).3.4.3 Intermediate Sili
on LayerIntermediate Sili
on Layers(ISL) provides an extended forward 
overage and linkstra
ks between the COT and the SVX-II and also 
an provide stand-alone 3D tra
kinformation in the forward region. Figure 3.8 shows the 3D view of the ISL spa
eframe.The ISL dete
tor has one 
entral layer at radius of 22
m 
overing j�j < 1:0, and twoforward layers at radii of 22
m and 28
m 
overing 1 < j�j < 2, with total length of 3m.It is made of double-sided sili
on with strips at a stereo angle of 1.2Æ, and a strip of112�m. The breakdown voltage of the sensors is 100V limited by the breakdown voltageof the 
oupling 
apa
itors. Figure 3.9 shows the r � � and r � z views of the sili
ondete
tors.3.4.4 Central Outer Tra
kerThe Central Outer Tra
ke(COT) is a 
ylindri
al open-
ell drift 
hamber spanning from44 to 132
m in radii, and 310
m long. It operates inside a 1.4T solenoidal magneti
 �eldand is designed to �nd 
harged tra
ks in the region j�j � 1:0. The hit position resolutionis approximately 140�m and the momentum resolution �(pT ) = 0:0015(GeV=
)�1 . TheCOT is segmented into 8 super-layers alternating stereo and axial, with a stereo angle of�2Æ. Ea
h super-layer 
ontains 12 sense wires alternated with 13 potential wires whi
hprovide the �eld shaping within the 
ell yielding a total of 96 measurement layers. For theentire 
ell 
hamber, there are 30,240 sense wires and 32,760 potential wires. Operating25



Figure 3.8: 3D view of the ISL spa
eframe.with an Argon-Ethane(50:50) gas mixture the maximum drift time is approximately180ns. The 
ells are tilted at 35Æ to a

ount for the Lorentz angle su
h that the driftdire
tion is azimuthal. Tra
ks originating from the intera
tion point whi
h have j�j < 1pass through all 8 superlayers of the COT. Tra
ks whi
h have j�j < 1:3 pass through 4or more superlayers. Table 3.3 shows a me
hani
al summary of the COT. Figure 3.10shows 
ell layout for super-layer-2(SL2). Figure ?? shows the east endplate slots senseand �eld planes.3.5 Calorimeter SystemsSegmented ele
tromagneti
 and hadron sampling 
alorimeters surround the tra
kingsystem and measure the energy 
ow of intera
ting parti
les in the j�j < 3:6. The
alorime-ter systems are divided into 2 systems with respe
t to the pseudo-rapidity range, 
en-tral and plug(forward) region. The Central Ele
tromagneti
 Calorimeter(CEM) 
ov-ers the j�j < 1:1 region, whi
h uses lead sheets interspersed with polystyrene s
intil-lator as the a
tive medium and employs phototube readout. The Central Hadroni
Calorimeter(CHA) 
overs the j�j < 0:9 region, whi
h uses steel absorber interspersedwith a
ryli
 s
intillator as the a
tive medium. The plug 
alorimeters, Plug Ele
tromag-neti
 Calorimeter(PEA) and Plug Hadron Calorimeter(PHA), 
over the 1:1 < j�j < 3:6region. They are sampling s
intillator 
alorimeters whi
h are read out with plasti
 �bersand phototubes.
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Figure 3.9: r � � view(left) and r � z view(right) of the sili
on dete
tor.3.5.1 Central CalorimeterThe Central Ele
tromagneti
 Calorimeter dete
ts ele
trons and photons and measuretheir energy. It is a lead-s
intillator sampling system with tower segmentation, the ea
htower is 15Æ in r � � plane. The CEM total thi
kness is 18 radiation length(32
m), tomake sure that 99.7% of the ele
trons energy will be deposited. The CEM energy is�EE = 13:5%pET � 2% (3.5)where ET is the transverse energy in GeV, � symbol means that the 
onstant termis added in quadrature to the resolution, and position resolution is typi
ally 2mm for50GeV/
 ele
trons.The Central Ele
tromagneti
 Showermax Chamber(CES) is used to identify ele
tronsand photons using the position measurement to mat
h with tra
ks, the transverse showerpro�le to separate photon from �0s, and pulse hight to help identify ele
tromagneti
showers. The CES is lo
ated at approximately 6 radiation lengths deep at the expe
tedshower maximum of parti
les in the EM 
alorimeter. The CES module is a multi-wireproportional 
hamber with 64 anode wires parallel to the beam axis.The Central Preshower Dete
tor(CPR) is lo
ated at between the front fa
e of theEM 
alorimeter and the magnet 
oil. The CPR 
an be useful in �-photon separationand ele
tron identi�
ation. The CPR was repla
ed the slow gas 
hamber with a fasters
intillator version whi
h has a better segmentation during RunII in 2004. The new CPRis used to improve the jet energy resolution.The Central Hadroni
 Calorimeter is an iron-s
intillator sampling 
alorimeter, 
over-ing range j�j < 0:9, approximately 4.5 �0 intera
tion length, and the energy resolution27



ParameterGas (Argon:Ethane) (50:50)Number of Layers 96Number of Super-layers 8Stereo Angle (degree) +2, 0, -2, 0, +2, 0, -2, 0Cells/Layers 168, 192, 240, 288, 336, 384, 432, 480Sense Wires/Cell 12, 12, 12, 12, 12, 12, 12, 12Radius at Center of SL (
m) 46, 58, 70, 82, 94, 106, 117, 129Tilt Angle 35ÆMaterial Thi
kness 1.6% X0Drift Field 1.9 kV/
mMaximum Drift Distan
e 0.88 
mMaximum Drift Time 177 nsNumber of Channels 30, 240Table 3.3: Design parameters of the Central Outer Tra
ker.is �EE = 50:0%pET � 3%: (3.6)The Wall Hadroni
 Calorimeter(WHA) also an iron-s
intillator sampling 
alorimeter,
overing range 0:7 < j�j < 1:3. The WHA is 4.5 �0 intera
tion length, and the energyresolution is �EE = 75:0%pET � 4%: (3.7)3.5.2 Plug CalorimeterThe plug 
alorimeter 
overs 1:1 < j�j < 3:6, 
orresponding to polar angles 3Æ <� < 37Æ as shown in Figure ??. Ea
h plug wedge spans 15Æ in azimuth, however from1:1 < j�j < 2:1 (37Æ to 14Æ) the segmentation in � is doubled, and ea
h tower spans only7:5Æ. There is an ele
tromagneti
 se
tion(PEM) with a shower position dete
tor(PES),followed by a hadroni
 se
tion(PHA).The PEM is lead-s
intillator sampling 
alorimeter, with unit layers 
omposed of 4.5mmlead and 4.0mm s
intillator. There are 23 layers in depth for a total thi
kness of about21 X0 radiation length at normal in
iden
e. The PEM has an energy resolution is�EE = 16%pET � 1%: (3.8)The PHA is an iron-s
intillator sampling 
alorimeter, approximately 7 �0 in depth,and has an energy resolution of �EE = 80%pET � 5%: (3.9)28
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R (cm)Figure 3.10: Nominal 
ell layout for SL2.The PEM shower maximum dete
tor is lo
ated about 6 �0 deep within the PEM, andis 
onstru
ted of two layers of s
intillating strips. The strips are 5mm wide, and roughlysquare in 
ross se
tion. Position resolution of the PES is about 1mm. The summariesof design parameters for the 
alorimeter are shown in Table 3.4.3.6 Muon Dete
torsMuons penetrate the tra
king systems and the 
alorimeters leaving very little energy.The reason is muons produ
e mu
h less bremsstrahlung than ele
trons and therefore donot produ
e ele
tromagneti
 showers, due to their larger mass. The CDF muon systemsuse this property by pla
ing dete
tors behind enough material. Muon deposit minimumionizing energy in the 
alorimeters mat
hed with a tra
k in the COT. The momentumof these muons is measured by their bend in the solenoidal �eld using the COT. The
entral muon system is 
apable of dete
ting with transverse momentum pT � 1:4GeV,29



Figure 3.11: East endplate slots sense and �eld planes are at the 
lo
k-wise edge of ea
hslot.through their intera
tion with the gas and subsequent drift on the produ
ed ele
tronstoward the anode wires. The muon dete
tors 
onsist of four separate subsystems:� The Central Muon Chambers(CMU)� The Central Upgrade(CMP)� The Central Muon Extension(CMX)� The Barrel Muon Dete
tor(BMU)Table 3.5 shows design parameters of muon dete
tor. Figure 3.13 shows the e�e
tivemuon dete
tor 
overage in � � � plane.The CMU dete
tor lo
ated dire
tly outside of the 
entral hadron 
alorimeter, 35mfrom the intera
tion point, and 
overs the region of j�j � 0:6. It is divided into 24east and 24 west 15Æ wedges. Ea
h wedge 
ontains three muon 
hambers and ea
hmuon 
hamber 
onsists of four layers of four re
tangular drift 
ells staggered in orderto eliminate hit position ambiguities. A stainless steel sense wire a diameter of 50�m islo
ated in the 
enter of ea
h 
ell. A muon obje
t is 
reated by forming a "stub" fromhits in the muon 
hambers mat
hing it to extrapolated COT tra
ks.The CMP 
onsists of se
ond set of muon 
hambers behind additional 60
m of steelin the region 55Æ � � � 90Æ. The 
hambers are �xed length in z and from box around30



Figure 3.12: Cross se
tion of the plug 
alorimeter(PEM and PHA).the 
entral dete
tor. The pseudorapidity 
overage thus varies with azimuth as shown inFigure 3.13.The 
entral extension 
onsist of 
oni
al se
tion of drift tubes(CMX) in polar anglefrom 42Æ to 55Æ(0:6 � j�j � 1:0). The top two wedges(Wedge 5 and 6) of the westCMX is 
alled the "Keystone". There are no top two wedges on the east CMX due to
ryogeni
 utilities servi
ing the solenoid. The bottom 6 wedges(Wedge 15-20) are 
alled"Miniskirt". Figure 3.14 shows the CMX dete
tor in r � � plane.Calorimeter Coverage Energy Resolution (%) Thi
kness AbsorberCEM � < 1:1 13:5=pET � 2 18 X0 3.18mm leadPEM 1:1 < j�j < 3:6 16:0=pET � 1 21 X0 4.5mm leadCHA j�j < 0:9 50:0=pET � 3 4.5 � 2.5
m ironWHA 0:7 < j�j < 1:3 75:0=pET � 4 4.5 � 5.0
m ironPHA 1:3 < j�j < 3:6 80:0=pET � 5 7.0 � 5.08
m ironTable 3.4: Design parameters of the 
alorimeter.
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Muon dete
tor CMU CMP CMXCoverage j�j < 0:6 j�j < 0:6 0:6 < j�j < 1:0Drift tube length [
m℄ 226 640 180Max drift time [�s℄ 0.8 1.4 1.4Total drift tubes 2304 1076 2208Pion intera
tion length (�) 5.5 7.8 6.2Minimum dete
table muon pT (GeV/
) 1.4 2.2 1.4Table 3.5: Design parameters of the muon dete
tor.3.7 Luminosity MonitorThe beam luminosity has been measured using the pro
ess of inelasti
 p�p s
attering.The 
ross se
tion is �in � 60mb. The rate of inelasti
 p�p intera
tion is given by�fBC = �inL (3.10)where L is the instantaneous luminosity, fBC is the rate of bun
h 
rossing in the Tevatronand � is the average number of p�p intera
tion per bun
h 
rossing. In CDF RunII,Cherenkov luminosity 
ounters(CLC) is used to mea
ure the luminosity by 
ountingnumber of p�p intera
tion � a

urately.The dete
tor 
onsists of two modules whi
h are lo
ated in the "3 degree holes" insidethe end-plug 
alorimeter in the forward and ba
kward region and whi
h 
over 3:7 <j�j < 4:7 range. Ea
h CLC dete
tor module 
onsists of 48 thin, long, 
oni
al, gas-�lledCherenkov 
ounters. The 
ounters arranged around the beam pipe in three 
on
entri
layers, with 16 
ounters ea
h, and pointing to the 
enter of the intera
tion region. Theyare built with re
e
tive aluminized mylar sheets of 0.1mm thi
k and have a 
oni
alshape. The 
ones in two outer layers are about 180
m long and the inner layer 
ountershave the length of 110
m. The Cherenkov light is dete
ted with fast, 2.5
m diameter,photomultiplire tubes. The tubes have a 
on
ave-
onvex, 1mm thi
k, quartz window foreÆ
ient 
olle
tion of the ultra-violet part of Cherenkov spe
tra and operate at a gainof 2 � 105. The 
ounters are mounted inside a thin pressure wessel made of aluminunand �lled with isobuthan. The systemati
 un
ertainty of the luminosity measurement isdominantly 
oming from the un
ertainty of the inelasti
 p�p 
ross se
tion(�3%), the CLCa

eptan
e(�2%, and the non-lineality of the CLC a

eptan
e due to CLC o

upan
ysaturates as growing luminosity due to the �nite number of 
ounters(< 2%).3.8 Trigger SystemsThe trigger plays an important role on hadron 
ollider experiment be
ause the 
ollisionrate is mu
h higher than the rate as whi
h data 
an be stored on tape. The 
rossing32
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Figure 3.13: Muon dete
tor 
overage in � � � plane.rate of the Tevatron under 36 on 36 bun
h operation is 7.6MHz, 
orresponding to 396ns
ollision separation. The role of the trigger is to e�e
tively extra
t the most interestingphysi
s events from the large number of minimum bias events. For RunII, CDF employs athree-level trigger system to sele
tively 
apture interesting events. The levels are denotedsimply as "L1", "L2" and "L3", with ea
h subsequent level making more 
ompli
atedde
isions and requiring su

essively longer pro
essing times. Figure 3.15 shows s
hemati
of the CDF trigger system.3.8.1 Level-1The �rst level of trigger sele
tion Level-1(L1) uses 
ustom designed hardware to �ndphysi
s obje
ts based on a subset of the dete
tor information and then makes a de
isionbased on simple 
ounting of these obje
ts. The input to the L1 hardware 
omes from the
alorimeters, tra
king 
hambers and muon dete
tors. The de
ision to retain an eventfor further pro
essing is based on the number and energies of the ele
tron, jet and muon
andidates as well as the missing energy in the event, or on the kinemati
 properties ofthese obje
ts. The L1 hardware 
onsists of three parallel syn
hronous pro
essing streamswhi
h feed inputs of the single Global L1 de
ision unit. One stream �nds 
alorimeter33



Figure 3.14: CMX dete
tor in r � � plane.obje
ts, another �nds muons and third �nds tra
ks in the 
entral region. The L1 trigger
an be formed using these streams singularly as well as AND or OR 
ombinations ofthem. All elements of the L1 trigger are syn
hronized to the same 132ns 
lo
k, with ade
ision made every 132ns by Global L1. In the period of the data taking 
onsidered inthis analysis the a

elerator was the two intermediate 
lo
k 
y
les automati
ally reje
ted.The maximum L1 a

ept rate is 20kHz, while the typi
al one is 12kHz.3.8.2 Level-2Events a

epted by L1 are pro
essed by the se
ond level of trigger Level-2(L2), whi
his 
omposed of several asyn
hronous subsystems. These provide input data to pro-grammable L2 pro
essors on the Grobal L2 
rate, whi
h determine if any of the L2trigger are satis�ed. Pro
essing for L2 trigger de
ision starts after the event writteninto one of the four L2 bu�ers by a L1 a

ept. When L2 is analyzing the event in oneof bu�ers, that bu�er 
annot be used additional L1 a

ept. If all the four are full, thedeadtime of the data a
quisition is in
reased. It follows that the time required for aL2 de
ision needs to be less than about 80% of the average time between L1 a

epts inorder to keep the deadtime as low as possible. For this purpose L2 has been pipelinedinto two stages ea
h taking approximately 10�s, whi
h is suÆ
ient to keep the dead-time at a minimum, even if L1 had an a

ept-rate of 50kHz. The L2 bu�ers perform alimited event re
onstru
tion using essentially all the information used in L1, but withhigher pre
ision. In addition, at L2, data from the 
entral shower-max dete
tor and theSVX are available, whi
h improve respe
tively the identi�
ation of ele
trons and pho-tons and the re
onstru
tion of the se
ondary verti
es. Furthermore, a jet re
onstru
tionalgorithm is provided by the L2 
luster �nder. After all of the data are stored in thepro
essors, the event is examined to 
he
k if the 
riteria of any of the L2 triggers have34
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Figure 3.15: Book diagram of the trigger pass for Level-1 and Level-2.been satis�ed. This operation 
an be performed while the new events are being loadedinto memory, thus not a�e
ting the deadtime. The typi
al L2 a

ept rate, as of thiswriting, is between 100 and 300Hz, depending on the initial luminosity.3.8.3 Level-3The Level-3(L3) trigger subsystem is 
omposed of two main 
omponents, the EventBuilder(EVB) and the L3 Farm. L1 and L2 systems need to make their de
isions at veryhigh rate whi
h makes it impossible to fully re
onstru
t ea
h event. While L1 and L2algorithms use small prede�ned pie
es of event data to make their de
ision, the eventpie
es are stored in the bu�ers of the 140 Front End 
rates whi
h 
onstitute the EVB.After a L2 de
ision is made, the Event Builder assembles all event fragments from theFront End 
rates into one data blo
k.The 16 subfarms whi
h 
ompose the L3 Farm re
ieve event fragments from the EVBand build 
omplete events into the appropriate data stru
ture for analysis. Sin
e ittakesabout one se
ond for one 
omputer unit to make a trigger de
ision on one event, it35
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Figure 3.16: S
hamati
 diagram of the trigger and DAQ.takes a large farm of 250 Dual Pentiun Linux personal 5 
omputers(
alled "pro
essors")to ensure the required input rate. Ea
h subfarm 
ontains between 14 and 18 pro
essornodes and one "
onverter" node, whi
h a
ts as "farm input" distributing the data 
ow
oming from the EVB.The events are then passed to a trigger algorithm(a di�erent one for ea
h pro
essor)that 
ategorizes the event and makes the de
ision as to whether or not to permanentlystore it. The sele
ted event are passed to the Data Logger subsystem. During thebuilding pro
essing, the event integrity is 
he
ked. The L3 algorithms take advantageof the full dete
tor information and improved resolution unavailable to lower triggerlevels. This in
ludes full three-dimensional tra
k re
onstru
tion and tight mat
hing oftra
ks to 
alorimetor and muon-system imformation. Results from the lower level areused or drive the algorithms, whi
h are based on the o�-line analysis pa
kages. Thisis amodular and separated �lter modules for spe
i�
 triggers. L3 a

ept events with a rateof approximately 75Hz.
36



Chapter4Event Sele
tionPhysi
s obje
tive in this study is to sear
h for the 
hargino-neutralino pare produ
tionusing high-pT like-sign dilepton events(ee; e�; ��), su
h event o

urs in the followingpro
ess, qq0 ! ~��1 ~�02 ! `�`� + X: (4.1)The desirable events are 
olle
ted by using trigger systems as des
ribed in previous
hapter and series of lepton sele
tion 
riteria in eÆ
iently.First, the trigger system 
olle
ts the events roughly, however removes the undesirableevents, i.e. ba
kground events, for example the event 
oming from inelasti
 p�p 
ollisions.In se
ond step, the event 
olle
ted by trigger system are imposed the series of leptonsele
tion 
riteria to reje
t the ba
kgrounds as possible. The sele
tion 
riteria are 
on-stru
ted by taken the lepton properties and the detextor response for the leptons intoa

ount.4.1 Dataset and TriggersTo 
olle
t the events eÆ
iently, the data 
olle
ted by in
lusive high-pT lepton(ele
tronand muon) trigger is used.The in
lusive high-pT ele
tron trigger requires at least a ele
tron satis�ed the series ofele
tron sele
tion and some large ET requirement. Some 
on
retely speaking, the triggersele
ts the events have a obje
t whi
h deposit its some large energy to ele
tromagneti

alorimeter(ET > 18GeV) and the energy deposition ratio(HAD/EM) is less than 0.124and lateral shower pro�le(Lshr), and the position mat
hing on z dere
tion between CESand extrapolated tra
k(�zCES < 8
m). The 
riteria is applied to events in step by step,i.e. Level-1, Level-2, and Level-3, to redu
e the data taking rate due to the 
apabilitylimit for the trigger system. The trigger 
riteria are 
hanged in tun by run due to theperforman
e and 
ondition of CDF dete
tor and Tevatron a

elerator.The in
lusive high-pT muon trigger requires at least a muon satis�ed the series of muonsele
tion and some large pT requirement. The muon trigger are mainly 
ategorized intoCMUP muon trigger and CMX muon trigger, CMUP muon means a tra
k obje
t pointsto both CMU and CMP dete
tor, while CMXmuon points to CMX dete
tor. The CMUPmuon trigger requires CMUP muon with XFT tra
k pT > 18GeV/
 and the positionmat
hing in x dire
tion between the position on muon dete
tors, both CMU and CMP,and tra
k. And the CMX muon trigger requires CMX muon with pT > 18GeV/
 andthe position mat
hing same as CMUP muon trigger.37



4.2 Event Sele
tionAs des
ribed before, the desirable events are high-pT LS dilepton events to sear
h forthe 
hargino-neutralino pair produ
tion. CDFII has well-de�ned algorithm to identifyele
trons or muons by using tra
k re
onstru
tion, energy 
lustering, and other parti
leproper rea
tion to dete
tors. The parti
le identi�
ations are not used to e�e
tivelypi
king up desirable events, but redu
e the ba
kground su
h as fake lepton. To furtherpi
k up the good events, there are more event sele
tion 
riteria, as mentioned afterse
tions.4.2.1 Pre-Event Sele
tionThe Pre-Event Sele
tions are �rst used in several studies and estimations des
ribedin this thesis, for instan
e ba
kground estimations. One of them is used to ensure well-de�ned measurement of 
ollisions with dete
tor. The sele
tion requires the vertex withthe highest pT -sum of asso
iated tra
ks, so-
alled "primary vertex", within the regionin z plane, i.e. jzpvj < 60
m.The Cosmi
 ray veto is also required as the Pre-Event Sele
tion. The 
osmi
 rays
ontaminate the physi
s event, 
oming from 
ollision, by mimi
king muons or ele
trons.While the 
osmi
 rays are 
oming from outside of the dete
tor, the muon with 
ollisionsare 
oming from 
enter of dete
tor. And the Cosmi
 rays 
ross the dete
tor at anytime with respe
t to the beam 
rossing. The 
osmi
 ray veto is a
hieved to look at thedire
tion of the traje
tory and 
rossing timing.4.2.2 Lepton Identi�
ationThe Ele
tron Identi�
ation is a
hieved by using series of sele
tion 
riteria, tra
k-ing and energy 
lustering validated using test beam. Central ele
tron(CEM), Centralmuon(CMUP and CMX) are only desirable obje
t in the thesis, i.e. j�j < 1:2. The se-le
tions are 
ategorized into 3 parts, "geometri
al and kinemati
s 
uts", "tra
k quality
uts", and "identi�
ation 
uts(ID 
uts)".Geometri
al and kinemati
al 
uts� Ele
tron Fidu
ial :This variable ensures that the ele
tron is re
onstru
ted in a region of thedete
tor whi
h well instrumented. The ele
tron position in the CEM is determinedusing either the value determined by the CES shower or by the extrapolated tra
k,and it must satisfy the following requirements.{ The ele
tron must lie within 21
m of the tower 
enter in the r � � view inorder for the shower to be fully 
ontained in the a
tive region jzCES j < 21
m.38



{ The ele
tron should not be in the regions jzCES j < 9
m, where the two halvesof the 
entral 
alorimeter meet, and jzCESj > 230
m, whi
h 
orresponds toouter half of the last CEM tower. This region is prone to leaking into thehadroni
 part of the 
alorimeter.{ The ele
tron should not be in the region immediately 
losest to the pointpenetration of the 
ryogeni
 
onne
tions to the solenoidal magnet, whi
h isuninstrumented. This 
orresponds to 0:77 < � < 1:0, 75 < � < 90 degree,and jzCES j < 193
m.� Muon Fidu
ial :Muons are identi�ed by mat
hing hits in the muon 
hambers with a re
on-stru
ted tra
k and energy in the 
alorimeter on the traje
tory of the parti
le. Themuons pass through the muon 
hambers, than the muon tra
king is formed usingthe hit imformation and �tting algorithm(Muon (stub) re
onstru
tion). The muonstub has at least three hits asso
iated to it.{ The �du
ial distan
e of the tra
ks extrapolated to muon 
hambers in the r��plane and z-dire
tion.{ COT exit radius � :To ensure that CMX muon pass through all eight COT superlayers, CMXmuons require COT exit radius � of the tra
k. � is de�ned as,� = �j�j � zCOT � z0tan(�=2 � �) (4.2)where zCOT is used for the length of the COT(155
m).� High transverse energy(ET ) :The transverse ele
tromagneti
 energy deposited by ele
tron is 
al
ulated asthe ele
tromagneti
 
luster energy multiplied by sin�, where � is the polar angleprovided by the best COT tra
k pointing to the EM 
luster.� High transverse momentum(pT ) :The transverse momentum of the COT tra
k as measured by using the tra
k
urvature in the COT.Tra
k quality 
uts� COT hits requirement :To ensure that the tra
k asso
iated with the ele
tron or muon is good qualityre
onstru
ted tra
k, require that tra
k has been re
onstru
ted in the COT in 3axial and 3 stereo superlayers with at least 7 hits in ea
h.� The relative position to primary vertex in z plane(z0 � zpv) :Separation between z 
oordinate of the 
losest approa
h point with respe
t torun averaage beam lin(z0) and primary vertex z position(zpv).39



� Sili
on hits requirement :The tra
k isrequired hitting to some SVX layers(> 3). The requirement 
rit-i
al plays to reje
t the residual photon 
onversion events whi
h are 
onsiderableba
kground in the LS dilepton events.� Impa
t parameter(d0) :This variable is re
al
ulated to take the x 
oordinate of the primary vertex.The 
uts is the most powerfully for reje
ting 
osmi
 rays ba
kground.Isolation 
ut� Isolation(ISO
al0:4) :The leptons are required to be isolated in terms of the 
alorimeter 
one-isolationwith 
one size of �R = p��2 +��2. The 
alorimeter isolation is de�ned for tra
kobje
ts. It is ISO
al0:4 = X�R<0:4E(i)T � (E(seed)T +E(�+1)T +E(��1)T ) (4.3)whereE(i)T is the tower ET summed over the ele
tromagneti
 and hadroni
 
alorime-ter, E(seed)T is the ET of the tower that the tra
k is pointing, and E(�)�1T is the samequantities for the towers in the same wedge but with the � index o� by the 1 withrespe
t to the seed tower.Ele
tron Identi�
ation 
uts� Ration of hadroni
 and ele
tromagneti
 energy(HAD/EM) :The ration should be small, that is, energy deposition in ele
tromagneti

alorimeters is mu
h higher than energy deposition in hadroni
 
alorimeter.� EM shower shape(Lshr) :The purpose of this quantity is to provide som dis
rimination of ele
trons andphotons from hadroni
 showers faking these parti
les in the 
entral ele
tromagneti

alorimeter. This is done by 
omparing the observed the energy in CEM towersadja
ent to seed tower to expe
ted ele
tromagneti
 shower taken with test beamdata. Lshr = 0:14Xi Eadji �E(exp)iq(0:14pE)2 + (�E(exp)i )2 ; (4.4)where E(adj)i is the measured energy in tower adja
ent to the seed tower, E(exp)iis the expe
ted energy in the adja
ent tower from test beam data, �E(exp)i is theerror on the energy estimate.� Ratio of the 
luster energy to the momentum(E=p) :If a obje
t pointing 
alorimeter 
luster is ele
tron, its momentum measured byCOT tra
k mat
hes to the energy in the 
alorimeter 
luster, i.e. E=p � 1.40



� The pulse height shape in CES(�2strip) :The pulse height shape in the CES dete
tor in the r � z view is 
ompared tothe test beam data using the �2 test.� Tra
k mat
hing to CES 
luster(�zCES and Q��xCES) :The extrapolated tra
k is required to mat
h a CES 
luster in r � �(x) and zplane. The r�� plane requirement is asymmetry due to the traje
tory of tra
k inthe dete
tor. If the sign of 
harge and �x is opposite, the tra
k traverses a largerpart of the 
alorimeter in adja
ent towers, whi
h results in more radiation and lesspre
ise position.� Conversion removal :A photon traveling through material 
onverts into an ele
tron-positron pair.However the ele
tron is true ele
tron, it not dire
tly 
omes from hard s
atteringevents(prompt ele
tron). To remove the 
onversion ele
tron, 
onversion taggingalgorithm is used. The algorithm requires to opposite 
harge of ele
trons thefollowing, j�
ot�j < 0:04; and jÆxyj < 0:2; (4.5)
ot� is the di�eren
e between the polar angle 
otangents of the tra
ks. Æxy is theseparation between the tra
ks in the r � � plane.Muon Identi�
ation 
uts� Small 
alorimeter deposition(EM and HAD) :Muons deposit small energy in the 
alorimeters due to minimum ionization.The energy deposition in the 
alorimeter in
rease linearity with muon momentum,and 
onsequently the 
ut eÆ
ien
y loss. To maintain good eÆ
ien
y for highmomentum muon, the 
ut is taken into a

ount for the momentum dependen
e.� Tra
k-stub mat
hing in r � � plane(r ���) :The tra
k is required to mat
h the muon stub in r � � plane.4.2.3 Jet Re
onstru
tionQuark and gluon parti
les are observed as "jet" obje
ts due to its fragmentationand radiation e�e
ts, as a results 
onstru
t shower of parti
les. The energy of jet are
al
ulated from the energy deposited in the 
alorimeter towers using a 
one 
lusteringalgorithm with a �xed 
one size in whi
h the 
enter of the jet is de�ned as (�jet; �jet)and the size of the jet 
one as R = q(�tower � �jet)2 + (�tower � �jet)2 = 0:4. Thejet 
lustering algorithm groups 
alorimeter towers with ETi < 1GeV. The algorithm isperformed by �rst de�ning "Seed towers" has largest ETi . The seed tower are used tobuild "
lusters" with size R = 0:4. The 
luster transverse energy and its position is41




al
ulated as the follows,EjetT = NXi=0ETi ; �jet = NXi=0 ETi�iEjetT ; �jet = NXi=0 ETi�iEjetT (4.6)where N is the number of towers inside the radius R with ETi > 1GeV. This pro
edureis repeated until the 
luster 
entroid is stable. Overlapping jets are merged if theyoverlap by more than 50%. If the overlap is smaller than 50%. ea
h tower in the overlapregion is assigned to the nearest jet. The measured jets are 
orre
ted to parti
le jet levelor parent parton level by taking into a

ount for the dete
tor e�e
ts and for radiationand fragmentation e�e
ts. The 
olle
ted jet transverse momentum is expressed as thefollows, ppartonT = (pjetT � C� � CMI)� CAbs � CUE +COOC= ppartonT � CUE + COOC ; (4.7)where ppartonT is the transverse momentum of the parent parton, whi
h is taken intoa

ount for all e�e
ts, pjetT is the transverse momentum measured in the 
alorimeter,ppartonT is the transverse momentum of the parti
le jet, whi
h is 
orre
ted for dete
tore�e
ts, and� C� is "�-dependent" 
orre
tion. The
orre
tion takes into a

ount variations in
alorimeter response and gain as a fun
tion of jet �� CMI is "Multiple Intera
tion" 
orre
tion, whi
h is the energy 
oming from multiplep�p intera
tion in the same bun
h 
rossing to subtra
t from the jet� CAbs is "Absolute 
orre
tion", whi
h is the 
orre
tion of the 
alorimeter responseto the momentum of the parti
le jet� CUE is "Underlying Event 
orre
tion", to remove energy 
oming from underlyingevent su
h as initial state radiation and beam-beam remnant� COOC is "Out-of-Cone 
orre
tion", whi
h is the 
orre
tion of parton radiation andhadronization e�e
ts due to the �nite size of the jet 
one algotithmThe 
olle
tions are performed by using the generi
 jet samples and MC samples gen-erated by several generators(PYTHIA and HERWIG), and the systemati
 un
ertainties
oming from these 
olle
tions also estimated. The systemati
 
ontribution mainly arisefrom the absolute jet energy 
olle
tion due to di�eren
e between data and MC for
alorimeter response(2%). The total systemati
 un
ertainty is de
reasing � 8% to � 2%as the jet energy in
reases(0 to > 80GeV).4.2.4 Missing Transverse EnergyHowever neutrinos 
annot be dete
ted with CDF dete
tor, its energy will manifest asmissing energy. The CDF uses "missing transverse energy(6ET )" taking into a

ount for42



transverse energy imbalan
e be
ause of the missing energy, the ve
tor sum of transverseenergies should be ideal null. The missing transverse energy is measured using thetransverse energy imbalan
e, 6ET = �Xi E(i)T ; (4.8)where E(i)T is the transverse energy of i-th 
alorimeter towar. It need to be 
orre
ted forthe muon minimum ionization energy taking into a

ount for muon momentum measuredby tra
king.4.3 Like-Sign Dilepton Event Sele
tionThe �nal desirableevents in this thesis are like-sign dilepton events to sear
h for thesupersymmetri
 parti
les. To 
olle
t the events, the series of sele
tion as mentioned inx 3.2 are applied to the data 
orresponding to an integrated luminosity of 2.7fb�1. Inthe sele
tion, the applied transverse energy or momentum requirement to dilepton isasymmetri
. If the 1st lepton is� ele
tron, ET > 20 GeV and pT > 10 GeV/
� muon, pT > 20GeV/
while, if the 2nd lepton is� ele
tron, ET > 6 GeV and pT > 6 GeV/
� muon, pT > 6 GeV/
where the 1st lepton type is required to mat
h trigger path.The sele
ted dilepton events are applied more sele
tion 
uts to 
lean up the sample.The additional sele
tions are listed in Table 4.2. The dilepton is required to be 
onsistentwith 
oming from the same vertex, whi
h is an important requirement for dilepton andmulti-lepton signatures. The dilepton mass 
ut is to reje
t onium events su
h as J= or �. The Z removal(81 < M`` < 101GeV=
2) introdu
e to redu
e WZ and ZZ eventswhi
h potentially 
an be like-sign dilepton events in the �nal state. The Z-leg 
andidatesare not the lepton passing lepton sele
tion but also other obje
t listed in Table 4.3 to
at
h Z events as many as possible. Finally, of 
ourse, like-sign 
harge 
ombinationrequires to the dilepton events.
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Event pre-sele
tionjzpvj < 60
mCosmi
-ray vetoEle
tron sele
tion Muon sele
tionGeometri
al and kinemati
al 
utsCEM CMUP or CMXFidu
ial Fidu
ial(CMUP), �COT > 140
m(CMX)Blue-beam veto, keystone veto, miniskirt vetoE`1T > 20 GeV(pT > 10 GeV=
) p`1T > 20 GeV=
E`1T > 6 GeV(pT > 6 GeV=
) p`2T > 6 GeV=
Tra
k quality 
utsAxial � 3 and stereo � (� 7 hits)jz0 � zpvj < 2
mSili
on hits � 3jd0j < 0:02
mIsolation 
utISO
al0:4 < 2 GeVIdenti�
ation 
utsHAD/EM < 0:055 + 0:00045 �E EM < max(2, 2+0.0115�(p � 100)) GeVLshr < 0:2(ET < 70 GeV) HAD < max(6, 6+0.0280�(p � 100)) GeVE=p < 2(ET < 50 GeV) jr ���j < 3, 5, 6 
m (CMU, P, X)�2strip < 10j�zCES j < 3
m�3:0 < Q��xCES < 1:5
m Other 
utsConversion removalTable 4.1: Event pre-sele
ion and lepton sele
tion 
uts.
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Exa
tly two leptonsjzl10 � zl20 j < 2 
mDilepton mass > 12 GeV/
2Z removalAt least one like-sign pairTable 4.2: Dilepton sele
tion 
uts.
Tra
k obje
tOpposite-signpT > 10 GeV/
tra
k 
oneisolation < 4 GeV/
axial 3 and stereo 2 (5 hits)jz0 � zpvj < 10 
mEM obje
tET > 10 GeVHAD/EM < 0.12fra
tional isolation ISO
al0:4/ET < 0.15Muon obje
tpT > 10 GeV=
EM < 5 GeVHAD < 10 GeVfra
tional isolation ISO
al0:4/pT < 0.15jz0 � zpvj < 10
mjd0j < 0.5
mTable 4.3: Physi
s obje
ts used to identify and remove Z bosons.
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Chapter5Ba
kgroundAlthough the like-sign(LS) requirements are quit e�e
tive to supress QCD and knownele
troweak pro
esses, fake-lepton ba
kgrounds in
luding non-prompt leptons su
h asthose from photon 
onversions or from heavy-
avor de
ay, as well as literal fake leptons,still remain at a 
onsiderable level in the events of our signature. They are estimated byusing data and MC samples, and the 
ontributions of residual photon-
onversion whi
hsurvived our 
onversion veto are separated from the rest of the fake-lepton ba
kgroundsby knowing the 
onversion dete
tion eÆ
ien
y and the number of identi�ed 
onversions.While other ba
kgrounds whi
h is 
ontaining prompt real lepton are estimated by usingMC data.5.1 Fake LeptonFake leptons are one of major ba
kgrounds in the LS deilepton events. They wereestimated by weighting lepton + isolated tra
k events with the expe
ted fake-leptonyield for a given isolated tra
k. These rates used to estimate fake-lepton ba
kgroundsare 
alled the fake-lepton rates, and are de�ned with respe
t to some referen
e rates,the rates of denominator obje
ts. It is expe
ted that the simple isolated-tra
ks in theopposite-sign(OS) 
ombination are signi�
antly 
ontaminated by real leptons from Drell-Yan pro
ess, whi
h leads to overestimates of fake-lepton ba
kgrounds. To avoid thisproblem and to establish a 
onsistent s
heme whi
h 
an be applied to both the OS and LS
ases, we 
hoose isolated tra
ks that deposits 
ertain energies in the ele
tromagneti
(EM)and Hadron(HA) 
alorimeters in the way su
h that they are not likely to be indu
ed byreal leptons.5.1.1 Fake-lepton Ba
kgroundsThe lepton plus fake-lepton ba
kgrounds arise typi
ally from a single lepton eventsu
h as W ! `�. This type of ba
kgrounds 
onsist of one trigger lepton and one fakelepton. The 
omponents of the "fake lepton" are� Fake lepton1. Intera
tive �� !fake ele
trons,2. Overlap of � and a tra
k ! fake ele
trons,46



3. Pun
h-through hadrons ! fake muons,� Non-prompt leptons1. Residual photon 
onversions ! ele
trons2. De
ay-in-
ight muons from �� and K� ! muons,3. (Semi-)Leptoni
 de
ay of heavy-
avour hadrons ! leptons.As noted here, we use "fake-leptons" as a generi
 word to mean both the literal fake lep-tons and non-prompt leptons. Most of the 
omponents are 
onsidered to be non-isolatedand quite 
ommon in generi
 QCD events, while the residual photon-
onversions are notne
essarily QCD spe
i�
, and they are separately estimated from identi�ed 
onversionswith a similar philosophy as the fake-lepton rates. Correspondingly, 
ontributions ofresidual 
onversions are subtra
ted from fake-ele
tron rates in this study.5.2 Residual Photon-
onversionsThe residual photon-
onversion events arise from an ele
tron originating from thephoton 
onversion with an unobserved partner tra
k due to its low momentum. Theamount and kinemati
al shape of the events are estimated by multiplying lepton +
onversion events by residual photon-
onversion rate(Rres).5.3 Physi
s Ba
kgroundThe physi
s ba
kgrounds 
an be 
lassi�ed into redu
ible and irredu
ible ba
kgrounds:� Redu
ible ba
kgrounds1. Z=
� ! `+`�,2. W+(heavy-
avor hadrons)! ``+X,3. t�t! (W+b)(W��b)! ``+X,4. W+W� ! (`+�)(`��)� Irredu
ible ba
kgrounds1. WZ ! (`��)(`+`�),2. ZZ ! (`+`�)(`+`�).The redu
ible ba
kgrounds are redu
ed �rst of all by the LS requirement. When they
ontribute to LS dilepton events, the events are most likely due to residual 
onversionsor fake leptons 
ontained in these physi
s events, thus redu
ed also by the isolation 
ut.The irredu
ible ba
kgrounds are supressed mainly by a Z veto at the �rst order.47



Chapter6Sear
h for The SUSY Produ
tionThis se
tion des
ribes the sensitivity for 
hargino-neutralino produ
tion sear
h usingLS-dilepton events. This produ
tions at CDF are shown in �neman diagram in Figure6.1. In this thesis, we use MC samples to the sear
h of the SUSY events. For thesimulation of the produ
tion, we require the leptoni
 de
ay shown in Figure 6.2. Sin
ethe SUSY produ
tion have strong parameter dependen
e, we sear
h for the events invaried parameter set.

Figure 6.1: Chagino-Neutralino produ
tion at CDF.
6.1 Dete
tion EÆ
ien
y and Event YieldThe dete
tion eÆ
ien
y and event yield after passing LS-dilepton sele
tion are esti-mated by using SUSY MC whi
h are generated by PYTHIA assuming mSUGRA pa-rameter M1=2 from 100 to 300 GeV/
2 in 40 GeV/
2 steps, for M0 = 60 GeV/
2,A0 = 0; tan� = 5:0; � > 0. The properties and the number of generated eventsfor ea
h MC is shown in Table 6.1. The expe
ted event yield for ~��1 ~�02 !LS-dileptonevents are 
al
ulated by,N = �(~��1 ~�02 ! `�`�) � L � �(p�p! ~��1 ~�02); (6.1)where �(~��1 ~�02 ! `�`�) is the dete
tion eÆ
ien
y for ~��1 ~�02 ! `�`�, L is the integratedluminosity, �(p�p ! ~��1 ~�02) means the produ
tion 
ross se
tion. The estimated values48



Figure 6.2: Requirement of Chagino-Neutralino de
ay.are taken into a

ount relevant s
ale fa
tors. Table6.2 shows the dete
tion eÆ
ien
y andthe expe
ted event yield for ea
h mSUGRA parameter spa
e. The 
al
ulation of 
rossse
tion and bran
hing ratio are made with the pa
kages "SOFTSUSY", "SUSYHIT"and "PROSPINO".6.2 Multivariate AnalysisThe sear
h for smaller signal in larger data(ba
kground) has be
ome essential to usethe available information from the data as possible to get more sear
h sensitivity. Themultivariate data analysis 
an extra
t the maximum of the imformation. In this sear
h,"Boosted De
ision Trees(BDT)" te
hnique whi
h is one of the multivariate data analysisis employed. De
ision trees is a binary tree stru
tured 
lassi�er su
h as Figure6.3. "S"means signal, "B" means ba
kground, terminal nodes are 
alled "leaves". The namingfor S or B is depending on the majority of events in the ea
h node. The tree stru
ture isbuilt up by repeatedly splitting the given events to regions that are eventually 
lassi�edas signal or ba
kground. A short
oming of de
ision trees has instability for 
lassi�erresponse due to statisti
al 
u
tuation in the samples, derives the tree, 
alled trainingsamples, for example if two input variables su
h ET and pT exhibit similar separationpower, the variables are handled as almost like one variables. In su
h a 
ase the wholetree stru
ture is altered below this node. This problem is over
ame by "Boosting"49



m1=2 m~��1 m~�02 �(p�p! ~��1 ~�02) Generated(GeV=
2) (GeV=
2) (GeV=
2) (pb) Events100 43 53 33.4 1921220140 79 84 2.66 2289701180 114 117 0.61 2310851220 149 151 0.18 2380643260 183 184 0.06 2388850300 217 218 0.03 2363115Table 6.1: SUSY Monte Calro samples.m1=2 EÆ
ien
y Expe
ted(GeV=
2) (%) Events100 0.28 68 � 4140 0.97 48 � 3180 0.87 10.1� 0.6220 1.02 3.2� 0.2260 0.72 0.40� 0.03300 0.87 0.33� 0.02Table 6.2: Dete
tion eÆ
ien
y and expe
ted event for SUSY passing LSDL sele
tion.algorithm. The Boosting 
onstru
ts a forest of de
ision tree with modi�es weights inevent, as a result in
reases the statisti
al stability for the 
lassi�er and also improve theseparation performan
e 
omparing with a single de
ision tree.6.2.1 De
ision TreeThe De
ision Tree are built up the splitting 
riteria for ea
h node. The splittingpro
edure is repeated until the whole tree is built. The split is determined by �ndingthe variable and 
orresponding 
ut value that provides the best separation betweensignal and ba
kground. The node splitting is stopped at time that node is rea
hedthe required minimum number of events. The leaf nodes are 
lassi�ed as signal orba
kground a

ording to the majority of events in the node. The employed splitting
riterion is "Gini-Index" to build the de
ision trees in this thesis. The Gini-Index isde�ned as iG = p(1� p); (6.2)
50



Figure 6.3: S
hemati
 view of a de
ision tree.p is purity in a node de�ned as follows,p = PsWsPsWs +PbWb ; (6.3)where Ps is the sum over signal evnts and Pb is the sum over ba
kground events in anode, assuming the events are weighted with ea
h events having Wi, so p(1 � p) is 0 ifthe samples is pure signal or pure ba
kground. The 
riterion is to maximizeiG(parent)� iG(left-
hild)� iG(right-
hild); (6.4)where iG(parent) means Gini index of a node before splitting(parent node), and iG(left-
hild, or right-
hild) means Gini index of a node after splitting from parent node.The maximum 
onstru
ted de
ision tree has some statisti
ally insigni�
ant nodeswhi
h leads to redu
e the separation performan
e(overtraining). Some "pruning" meth-ods are used to avoid the overtraining as possible. "Cost-
omplexity pruning" is usedto perform the maximum separation. The 
ost-
omplexity in a tree T starting at nodet is expressed by R�(Tt) = R(Tt) + � �N(Tt); (6.5)where, R(Tt) is the total error 
ost in the tree T , the erroe 
ost in ea
h terminal nodeis given by multiplying the 1 �max(p; 1 � p) by the proportion of data, � is the 
ost
omplexity parameter, and N(Tt) is the number of terminal nodes in the tree T , whilethe 
ost-
omplexity at node t is R�(t) = R(t) + �: (6.6)51



As long as R�(t) > R�(Tt) the tree T has a smaller 
ost-
oplexity than the single nodet, in other words, it is worth to keep this node expanded. The inequality also expressedas the follows, � < R(t)�R(Tt)N(Tt)� 1 : (6.7)The node t with the � in the tree T is re
ursively pruned away as long as violating(6.7).Overtraining is managed by using the pruning method.6.2.2 Boosting AlgorithmAs des
ribed before, A single de
ision tree has instability for 
lassi�er response dueto statisti
al 
u
tuation in the samples. In this thesis, "Adaboost" algorithms are usedto over
om the problem, whi
h is one of the some boosting algorithms. In general, thetraining events whi
h were mis
lassi�ed have their weights in
reased i.e. boosted, andnew tree is formed. This pro
edure is then repeated for the new tree, as results manytrees are built up. The s
ore from the mth individual tree Tm is taken as +1 if the eventsfalls on a signal leaf and �1 if the event falls on a ba
kground leaf. The �nal s
ore istaken as a weighted sum of the s
ores of the individual leaves.Suppese that there are N events in the samples. The events are assigned the weight1=N at �rst. Some notations are de�ned as the follows,� xi is the set of information(for example pT or ET ) for the ith� yi = 1 if the ith event is a signal event and yi = �1 if the ith event is a ba
kgroundevent� wi is the weight of the ith event� Tm(xi) = 1 if the set of information for the ith event lands that event on a signalleaf and Tm(xi) = �1 if the set of information for that event lands on a ba
kgroundleaf.� I(yi 6= Tm(xi)) = 1 and I(yi = Tm(xi)) = 0where m is index for Mth tree. Using the above notations, de�ne the mis
lassi�
ationrate error, errm = PNi=1 wiI(yi 6= Tm(xi))PNi=1 wi ; (6.8)The error is used to 
hange the weight of ea
h event�m = � � ln(1� errmerrm ); (6.9)wi ! wi � e�mI(yi 6=Tm(xi)): (6.10)
52



where � = 1 is the standard Adaboost method. The 
hange weights are normalized towi ! wiPNi=1 wi ; (6.11)The s
ore for a given event is T (x) = MXm=1�mTm(x); (6.12)whi
h is the weighted sum of the s
ores of the individual trees. The boosting algorithmremedies the statisti
al 
u
tuation in the samples and improves the separation perfor-man
e between signal and ba
kground. The BDT framework is implemented in TMVApa
kage intefrated in ROOT framework, whi
h is used in this sear
h.6.2.3 BDT Training SamplesThere are two main ba
kground events for LS dilepton events. One ba
kground eventis residual-photon 
onversions event, whi
h is ele
tron originated from photon 
onversionwith unobserved partner tra
k. The othe main ba
kground is fake leptons event. The
omponents of the fake-lepton are intera
tive ��, overlap of �0 and a tra
k, pun
h-through hadrons, and non-prompt leptons. The BDT des
riminant is optimized to wellseparate between the higgs and the two main ba
kground, so-
alled "trining". The signaltraining samples are SUSY MC samples as shown in Table6.1, while ba
kground samplesare residual-photon 
onversion events, and fake lepton events, whi
h are derived fromdata samples. The training are performed by using ea
h SUSY mSUGRA parameterspa
e sample with the main ba
kground, independently. These samples are passingLS-dilepton sele
tion 
riteria.6.2.4 BDT Input VariablesThe BDT is insensitive to insensitive to in
luding input variables with low separationpowers, be
ause the ptuning pro
edure remove the splitting nodes under su
h variables,while the other multivariate te
hnique have to 
arefully sele
t the input variables anddeal with it, for example Arti�
ial Neural Network. If a strongly 
orrelated variables issele
ted as inputvariable, the input variables to 
onstru
t BDT dis
riminant.� 1st lepton pT (pT1)� 2nd lepton pT (pT2)� ve
tor sum of pT1 and pT2 (pT12)� Missing ET (6ET )� Dilepton mass 53



� Number of jets(ET > 15GeV)� MetSpe
: 6ET if ��(6ET ; `orjet) > �2: 6ET sin(��(6ET ; `orjet)) if ��(6ET ; ` or jet) < �2� HT : Sum of ET1, ET2, jets ET and Missing ET� Spheri
ityThe normalized 9 input variables for LS-dilepton event are shown in Figure 6.5 and6.4. The resaltant BDT s
ore distributions for the ea
h SUSY mSUGRA parameterspa
es are shown in Figure6.6.
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Figure 6.4: BDT input variables for MetSpe
, HT and Spheri
ity.54
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Figure 6.5: BDT input variables for pT1, pT2, pT12, 6ET , Dilepton mass and # of jet.55



Figure 6.6: BDT output for like-sign dilepton (M1=2 = 100; 140; 180; 220; 260 and 300GeV/
2). 56



Chapter7Cross Se
tion Upper Limit7.1 Likelihood Fun
tionThe upper limit on produ
tion 
ross se
tion is 
al
ulated by using Bayesian approa
hwith �tting binned likelihood to the BDT output. The likelihood is 
onstru
ted underthe Poisson statisti
s: p(�; n) = �ne��n! ; � = s+ b (7.1)where n is number of observed events, � is expe
ted number of events, and s(b) isexpe
ted number of events for signal(ba
kground). In this thesis, the binned likelihood�tting to N bins histograms is written as follows,L = NbinYk �nke��knk! ; �k = sk + bk (7.2)In addition, the likelihood is taken some informations, the systemati
 un
ertainties, intoa

ount by Gaussian,L(�1; � � � ; �Npro
; Æ1; � � � ; ÆNsyst) = NbinYk=1 �nkk � e��knk!�Npro
Yi=1 G(�ij�SMi ;��SMi ) � NsystYj=1 G(Æj j0; 1) (7.3)where Npro
 is number of physi
s pro
esses, Nsyst is number of systemati
 sour
es. Theexpe
ted event �k is taken both systemati
 un
ertainties into a

ount, expressed as thefollows, �k = Npro
Xi=1 �ik � Æratei � Æshapeik ; (7.4)Æratei = NsystYj=1 [1 + jÆj j � f�ij+H(Æj) + �ij�H(�Æj)g℄ (7.5)Æshapeik = NsystYj=1 [1 + jÆj j � f�ijk+H(Æj) + �ijk�H(�Æj)g℄ (7.6)where �ij is the relative a

eptan
e un
ertainties from jth systemati
 sour
e in ithpro
ess, �ijk is the relative un
ertainty in the kth bin 
ontent from jth systemati
57



sour
e in ith pro
ess. Heaviside step fun
tion H(Æj) is used in the above equations,de�ned as the follows, H(Æj) = ( 1 (Æj > 0)0 (Æj < 0) (7.7)The likelihood fun
tion (7.3) is used to 
al
ulate the upper limit on produ
tion 
rossse
tion �(p�p! ~��1 ~�02) at 95% 
on�den
e level.7.2 Upper Limit at 95% Con�den
e LevelIn this sear
h, there is no signi�
ant ex
ess in between data and ba
kground expe
ta-tion, so the upper limits on produ
tion 
ross se
tion �(p�p! ~��1 ~�02) at 95 % 
on�den
elevel(C.L.) is set by using the binned likelihood fun
tion (7.3) in Bayesian approa
h withBDT output distribution as the following fun
tion,0:95 = R �95%0 L(�)d�R10 L(�)d� : (7.8)The upper limits are 
al
urated for observed ones 
orresponding to SUSY onM1=2 =100to 300 GeV/
2 mSUGRA parameter spa
e. Figure 7.2 shows the 95% observed 
rossse
tion upper limit for the 
hargino-neutralino produ
tion on ea
h mSUGRA parameterspa
e par 
ross se
tion of thory. And the relative upper limits to SUSY predi
tion 
rossse
tion are also 
alu
ulated in Figure 7.2 as a fun
tion of 
hargino mass a

ording toea
h mSUGRA parameter set.

Figure 7.1: The relative upper limits as a fun
tion of 
hargino mass.58



Figure 7.2: Cross Se
tion Upper Limit for SUSY (M1=2 =100; 140; 180; 220; 260 and 300 GeV/
2).59



Chapter8Con
lusionThis thesis has des
ribed the sear
h for the 
hargino-neutralino pair produ
tion us-ing high-pT like-sign dilepron events with the data 
orresponding to an integrated lu-minosity of 8.5fb�1. The expe
ted number of signal for the mSUGRA parameter set(M0; A0; tan�; sign(�)) = (60GeV=
2 ; 0; 5;+), was 68 for M1=2 = 100GeV=
2 and 0.33for M1=2 = 300GeV=
2.The Boosted De
ision Tree te
hnique was used to give more separation power betweenba
kgrounds and signal events in the �nal sample. From the BDT output distributions,there is no signi�
ant ex
ess in between data and ba
kground expe
tation. So the upperlimits on the produ
tion 
ross se
tion �(p�p! ~��1 ~�02) at 95% 
on�den
e level was set byusing the binned likelihood fun
tion in Bayesian approa
h with BDT output distribution.The observed limit for M1=2 at 100 to 300 GeV/
2 were respe
tively,� M1=2 = 100 GeV/
2 : �(p�p! ~��1 ~�02)/(Theory) < 0:1� M1=2 = 140 GeV/
2 : �(p�p! ~��1 ~�02)/(Theory) < 0:2� M1=2 = 180 GeV/
2 : �(p�p! ~��1 ~�02)/(Theory) < 0:8� M1=2 = 220 GeV/
2 : �(p�p! ~��1 ~�02)/(Theory) < 2:5� M1=2 = 260 GeV/
2 : �(p�p! ~��1 ~�02)/(Theory) < 3:7� M1=2 = 300 GeV/
2 : �(p�p! ~��1 ~�02)/(Theory) < 3:7From this results, we 
ould ex
lude the mSUGRA region for the 
hargino mass < 120GeV/
2.
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