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Introduction

We examined scalar and vector
diquarks at the LHC.

Diquarks can occur beyond the
standard model (SM).

Models: composite model [ Wudka86]
and superstring-inspired E, models
[Hewett et al.89].

Diquarks are anti-triplet (3*) or

sextet (6) under SU(3).




Diquarks carry baryon number
|B|=2/3 and couple to a pair of
quarks.

Diquarks have spin-1 (vector) [Arik et

al.02] and spin-0 (scalar) [Atag et
al.99].

Diguarks have electrical charges
|QI=1/3, 2/3, 4/3.




Limits on Diquarks

Fermilab (CDF) sets limits on the masses of
scalar diquarks decaying to dijets with the
exclusion of mass range 290 < mp, < 630
GeV [CDFNote9246].

Which are expected to be approximately
valid for other scalar diquarks.

There are also indirect bounds imposed on
couplings from electroweak precision data
from LEP e*te- collider. These bounds allow
diquark-quark couplings up to a value opq ~
0.1 [Bhattacharyya et al., 1993].




Interaction Lagrangian
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Decay Channels

Decay channels for scalar and vector diquarks
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qc,P2

qc,P2




Squarea Matrix elements Tor Scalar and vector diquarks
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Schematic view of scalar and vector
diguark resonant production
(contributing to dijet final state)
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Differential cross sections for scalar and vector diquarks:
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In the narrow width approximation

(I'pg/Mpe<0.1), the cross section of s-channel
diquark production can be obtained as:
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The total cross section for the resonance
production of scalar diquarks at pp collider
is given by;

1
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We have used CTEQSL (Lai et al., 2000) parametrization
with Q, = §




Using narrow width approximation;
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0r(Mpg) = or (Mho) =
« The total cross section for the resonance
production of vector diquarks at pp collider is
given by
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[he cross section is plotted against the

diguark mass.
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Total cross sections in pp collisions for a) scalar and b) vector diquarks

for different charges, with coupling strength 0,;,=0.1, depending on their mass
(Cakir et al. 2005).



Signal and Background

The cross sections (in pb) for QCD
backgrounds contributing to two jets final
states at parton level generated by
CompHEP (Boos et al.,, 2004 ) with

variniice P_ riitc
Process pr > 0.1 T1eV pr >057T1eV pr >1TeV pr > 2 1TeV

g9 — gg  6.3x10° 2.0x 102 2.3x 107 5.7x1072
q9 — qq  6.4x10° 4.8%x10? 1.0x 10 5.7x1072
¢ — q¢  1.0x10° 1.8x10? 6.7x10° 8.8x10772
g9 — q7  2.4x104 9.8x10" 1.0x107Y  2.9x1074
§q — q'q" 1.6x10? 2.8x10° 1.3x107"  1.1x107?
§q — gg  1.5x10? 2.5x10° 6.7x107%  85x1074

— Total 1.4%10° 8.8%x 102 1.9% 10" 1.5x10~t =




Sighal and Background

The dijet invariant mass distribution for the
process pp—2j+X including the signal and
the QCD backgrounds at the LHC.

For comparison signal peaks for scalar and
vector diquark with masses mpo=1,3,5,7,9
TeV and opqo=0.1 are shown over the dijet
background distribution.
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Signal Significance

[0 In order to obtain the observability of diquarks
at the LHC we have calculated signal (S) and
background (B) event estimations for an
integrated luminosity of 10> pb-1i,

[0 We present % | ~/ B as a function of diquark
a

mass for scalar and vector diquarks with
charges |Q|=4/3, 2/3.
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The signal significances S / ~/B for diquarks as a function
of diquark mass mp, at the LHC with L= 10° pb-! (Cakir et

al.,2005) .
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CONCiusSioris

CLIbe resonant production of scalar and vector
diquarks at LHC have large cross section, eg.
O(1pb) at m=3 TeV.

With reasonable cuts, it may be possible to
cover mass ranges up to 10 TeV for coupling
OCDQ=O'1'

If we take at least 25 signal events and
S/VB=5 as discovery criteria;

Scalar (vector) diquarks with charge |Q|=2/3
can be observed up to /.5 (8.5) TeV at the
LHC.




For the diquarks with charge |Q|=4/3 it is
possible to cover mass ranges up to 9.5
(10) TeV at the LHC with L .= 10> pb-1.

For this Iluminosity, 107 scalar diquark
events/year and 108 vector diquark
events/year are expected for mpgo=1 TeV.

Our results show that even for much lower
coupling constants such as 10-3, diquarks
can be seen at the LHC.
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e From these figures we find that diguarks with
charge |Q| = 4/3 have the largest cross sections
whencompared to the other types. The reach for the
diquark mass is approximately 7 TeV.

* If wetake oo =0.1and the LHC nominal energy
of (VS = 14TeV) diquark production cross sections
becomes approximately 10 times larger and the
potential for the discovery of vector diquarks
Increases to mp, 10 TeV.




Another calculations
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For the diquarks with charge |Q|=4/3
it is possible to cover mass ranges up
to 8.9 (10) TeV at the LHC with Lint=

104 pb-1i,

For this luminosity, 10° scalar diquark
events/year and 10’ vector diquark
events/year are expected for mpo=1

TeV.




