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The analysis of recent experimental data received from LHC (CMS) restricts the range of MSSM parameters. Using

computer programs SOFTSUSY, SDECAY the mass spectrum and partial width of superpatners are calculated.
With the help of computer program PROSPINO the calculations of the next-to-leading order (NLO) corrections to
the production cross sections of superpartners are made. With the help of computer program PYTHIA the NLO

corrections on differential distributions of pr and 7 for squarks and gluino are represented.
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1. INTRODUCTION

Supersymmetry played a most important role in the

development of theoretical physics and strongly in-

fluenced on experimental particle physics.
Supersymmetry first appeared in the context of

string theory as the symmetry of two-dimensional

world sheet theory [1]. Later it was realized that

it could be relevant to elementary particle physics

through the four-dimensional quantum field theory.
Why particle physicist consider supersymmetric

theories? There are several famous reasons:

e the vanishing or extreme smallness of the

cosmological constant;

e the hierarchy problem;

e dark matter candidate;

e gauge-coupling unification.

The simplest action that can be written down for

fermions, scalar fields and non-propagating complex

auxiliary field consists of kinetic energy terms [2]:

Liree = —0" ™ 0utp; + iy 5 91h; + F*'F;

S = /d4foree-

The renormalizable interactions for these fields, that
are invariant under supersymmetric transformations
are the following
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Lint = <—2W”1//i1/1j + WZFi) +cc.,

where W%J, W? are polynomials in the scalar fields
¢i, ¢*" with degrees 1 and 2 respectively. It is possi-
ble to write
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is the superpotential. Here L? are parameters, which
affect the scalar potential part of the Lagrangian, M%
is a symmetric mass matrix for the fermion fields,
and y“* is a Yukawa coupling of a scalar ¢, and two
fermions 1);7; that must be totally symmetric under
interchange of i, j, k. The Minimal Supersymmetric
Standard Model (MSSM) superpotential has the form

WMSSM = ﬂyuQHu - EdeHd - EyeL]:Ial + ;UHqu

The fields H,, Hy,Q, L, @, d,e are chiral superfields
corresponding to the chiral supermultiplets. vy, ya4, Ye
are Yukawa coupling parameters
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The p term is the supersymmetric version of the
Higgs boson mass. The models of spontaneous sym-
metry breaking should be soft (of positive mass di-
mension) in order to be able to naturally maintain
a hierarchy between the electroweak scale and the
Planck (or any other very large) mass scale. In
the Lagrangian of a general theory the possible soft
supersymmetry-breaking terms are
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where M, are gaugino masses, (m2)§- and b¥ are scalar
squared-mass terms, a”’* and ¢' are couplings - scalar and
"tadpole”.

The advantage of the MSSM is the unification of
gauge couplings. The 1-loop RG equations for the gauge
couplings g1, g2, g3 are

_d 1 3
Bga = %ga = 16n2 baga,

(b, ba, by) = (41/10,—19/6,—7) Standard Model
PR (33/5,1,-3) MSSM

where t = In(Q/Qo), with @ the Renorm group (RG)
scale. The quantities & = g¢2/4x run linearly with RG
scale at one-loop order:
%agl = 7;)—; (a=1,2,3)

and can unify at a scale My ~ 2 x 106 GeV. As this uni-
fication is not perfect, however, this small difference can
be corrected due to the application of the RG analysis
for MSSM model. The form of the renormalization group
equations with the parameters appearing in the superpo-
tential is the following

d ijk i, n j . in ijn
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where the 'y; are anomalous dimension matrices associ-
ated with the superfields. At 1-loop order

7 1 1 imn_ x
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where C, (i) are the quadratic Casimir group theory in-

variants for the superfield ®; , defined in terms of the Lie

algebra generators T by
(T°T*)] = Ca(9)d]

with gauge couplings g,. For the MSSM supermultiplets

for ®; = Q,u,d,
for ®; = L,e, H,, Hy,

Cs(i) :{ 3/3

3/4

CQ(Z) _ { ) for (Di = Q,},Hu,Hd,

for ®; =u,d,e,

C1(i { 3Y;?/5 for each ®; with weak hypercharge Y;.

The one—loop renormalization of gauge couplings has the

form
~d 1 3
59:1 - &ga - 1672 Ya |:§2 IG(Z) G):|7

where C4(G) is the quadratic Casimir invariant of the
group, I,(7) is the Dynkin index of the chiral supermulti-
plet ¢; . Putting RG equations for 7;: at the 1-loop order
into (2), we can receive the expressions of the running
superpotential parameters
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The 1-loop renormalization group equations for the gaug-
ino mass parameters in the MSSM are determined by

1
baggMa

@ (ba :33/5,1,—3)

Bm, = pr

a =

for a = 1,2,3. Near the scale Q = My = 2 x 10'® GeV
gaugino masses unify with the value my o

My M> _ Ms _ mao

R

Our goal is to learn GUT theory at the GUT scale and
seeing which models are consistent with the experimental
data. At hadron colliders, sparticles can be produced in
pairs from parton collisions of QCD strength:

99 — 99,
99 — GG,
q — g9
99 —  Ggj-

The total hadronic cross-sections are obtained by inte-
grating the parton cross-sections over the parton distri-

butions f; in the proton/antiproton:
o(ij » .9) = [ durdeafi(en)f;(e2)0” i = T.5is = 21225),

where the total centre-of-mass energy of the collider is de-
noted by +/s. Lowest-order (LO) partonic cross-sections
are the following [3]:
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The momenta of the two partons in the initial states are
denoted by ki and k2, s = (ki + k2)? - kinematical invari-
ant, gs - Yukawa couplings.

Squarks and gluinos can be produced at the LHC,
if their masses are in the accessible range. The LO
cross sections and NLO corrections in SUSY-QCD can be
calculated with the computer program PROSPINO [4].
The next-to-leading order (NLO) strong supersymmet-
ric Quantum chromodynamics (SUSY-QCD) corrections
increase the cross-sections for the various production pro-
cesses with respect to the leading-order (LO) predictions
and reduce the dependence on the renormalization and
factorization scale significantly [5, 6].

According to the experimental data [7] with the ob-
served and exclusion limits in the (mo,mq,2) plane for
tanf = 10 and Ap = 0, calculated with SUSY in final
states with missing transverse energy and 0,1,2,or > 3
b-quark jets in 7 TeV pp collisions we can consider two
sets of input parameters for SUSY at the LHC in Table 1

Table 1. The input parameters for two mSUGRA

scenarios
mo, GeV | my /o, GeV | Ag, GeV | tanf | sgn(p)
1 800 650 0 10 +1
1T 1300 425 0 10 +1

For calculation the mass spectra was used SOFT-
SUSY program [8]. The masses are listed in Table 2.

Table 2. The masses of superparticles (GeV)

7n,jL ng mJL mJR mg 7nxl
I 1546 1504 1548 1500 1498 272
11 1552 1538 1554 1536 1053 176

With the help of computer program SDECAY [9] we
can calculate branching ratios (BR) for superparti-
cles. In Table 3 we will show the decays of the pro-
duced squarks with the shortest ’cascade’, § — ¢xXi

Table 3. The branching ratios for the decay § — qx5
for the two scenarios

ur — uX; UR — UX; dr, — dx; dr — dXx;
I 0.012 0.997 0.015 0.997
11 0.003 0.095 0.005 0.026

It can be seen that BR is larger for the first scenario I
and BR for g1, is quite small. Using the parameter set
of Table 1 it is possible to calculate production cross
sections of superpartners by application of the computer
program PROSPINO. These cross sections at the center-
of-mass energy /s = 14 TeV are shown in Table 4.

Table 4. LO and NLO cross sections (pb) and
K-factors for superpartners

Prospino Prospino Prospino
channel 1.0 NLO K
I squark-squark | 0.397E-01 0.469E-01 1.1788
squark-gluino 0.434E-01 0.678E-01 1.5616
gluino-gluino 0.462E-02 0.127E-01 2.7549
11 squark-squark | 0.406E-01 0.511E-01 1.2601
squark-gluino 0.163 0.264 1.6130
gluino-gluino 0.988E-01 0.230 2.3269

The computations of NLO cross sections for SUSY par-
ticles at hadron collider are made with some simpli-
fications. The NLO corrections are always summed
over the subchannels assumming a common mass for
all squarks. The K-factor, i.e. the ratio between
the NLO and LO cross section K = ggNLiLOO is deter-
mined for the total cross section, with all subchan-
nels summed up. With the help of computer pro-
gram PYTHIA [10] we can represent NLO corrections
on differential distributions. Fig.1 displays this distri-
bution, normalized with the appropriate cross section.
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Fig.1. Normalized pl. distribution for the first scenario
with the center-of-mass energy of 14 TeV

For both scenarios we also calculated the NLO results
and received several distributions of inclusive quantities:
the transverse momentum pr , the pseudorapidity n for
both squarks and gluino (Figs.2 - 9).
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(first scenario)
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Fig.4. n distribution with NLO corrections for squarks

(first scenario)
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Fig.6. pr distribution with NLO corrections for squarks
(second scenario)
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(second scenario)
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6. CONCLUSIONS

Supersymmetry is probably the best motivated scenario
today for physics beyond the SM and has been the object
of intense searches at high-energy collider. We have used
different analysis methods for clarification of the experi-
mental strategies in searches for SUSY at the LHC. For
the interpretation of the experimental data precise theo-
retical predictions are of great importance. The present
paper contributes to this effort by providing NLO cor-
rections to the pair production of squarks and gluinos
of the first two generations in a Monte Carlo programs.
Current and future LHC data for searching physics be-
yond the Standard Model requires theoretical prediction
for observables, including distributions and cross sections
with kinematical cuts. The results presented in this paper
provide a diffrential description of supersymmetric parti-
cle production and decay, and should form the theoretical
basis for experiments at the LHC in future.
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NLO KOPPEKIINN K OBPA3BOBAHWUIO ITAPHI CYIIEPCUMMETPUYHBIX YACTUIT
T.B. Obuxod, A.A. Bepbuurui

Ananus nociaeHUX IKCIIEPUMEHTAIBHBIX JaHHbIX, noixydenubx u3 BAK (KMC), orpanuduia npocTpaHcTBo
MCCM mnapamerpos. C nomortpio kommbiorepHbix nporpavMM SOFTSUSY, SDECAY mnocuuTaHbl cniekTpb
MacC M LWIMPHUHBL pactajoB cyuepuacrui. IIposesenst pacuerst next-to-leading order (NLO) noupasok k
MIOTIEPEYHOMY CEYEHWIO OOPA30BAHUS CYIEPUACTHI] ¢ MOMOINIBI KOMIBIOTepHOM mporpammbl PROSPINO.
Ipencrasmensr NLO nonpasku k audpepeHInaibHOMY CEUeHUI0 PACIPEIESIEHUsT TI0 Py W 1) JIJisi CKBAPKOB
¥ TITIOUHO.

NLO KOPPEKHIT 0 YTBOPEHHA ITAPBI CYIIEPCUMETPUYHUX YACTUHOK
T.B. O6ixod, A.O. Bepbuuvkui

Awnayis ocrannix ekcriepuMentaibuux ganunx orpumanux Ha BAK (KMC) 3eysus npocrip MCCM napamer-
piB. 3a momomoroio komir'torepaux mnporpam SOFTSUSY, SDECAY po3paxoBaHO CHeKTpH Mac i MUPUHA
posnajis cynepuacruHok. IIposeseno pospaxyuku next-to-leading order (NLO) nonpasok 10 nonepedno-
T0 MEepepi3y yTBOPEHHS CYyMepUYacCTiHOK 33 monmomMoro KoM oreprol nporpamu PROSPINO. Tlpencrasieno
NLO mnonpasku 10 a1udepeHIiitHoro mepepisy po3noauLy 1o pr i 1) Ajas CKBapKiB 1 TIIHiHO.
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