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Resonance production of diquarks at the CERN LHC
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Production rates, signatures, and backgrounds are discussed for the first generation scalar diquarks at the
CERN LHC using the general, SU(3Y SU(2), X U(1)y invariant, effective Lagrangian. It is found that LHC
will be able to discover diquarks in the resonance channel with masses up to 3—10 TeV depending on their
couplings.[S0556-282(98)03123-3

PACS numbdrs): 12.60.Rc, 13.85.Rm, 14.86j

I. INTRODUCTION : =~ TCq T
L=0,.0{i 7,9, S]+ 91rURARS] +T1rARARS]
The repetition of the three generations of que}rks and lep- +;RUSURS, S+ g3 i 7 7a, . S5
tons strongly suggests that they are composite structures J— T
made up of more fundamental constituents. They are often +09,V3,0Ri T2 ¥#qL T2 V5 Ukl T2 ¥0L (1)

called “preons” in the literature. The existence of quark and . I ) .
lepton substructure will naturally lead us to expect a richWhere scalardiquarks,, S;, S are SU(2jy singlets ands,
spectrum of new particles with unusual quantum numbers d SU(2) triplet. V, andV, are vector diquarks which are
high energies such as excited quarks and leptons, diquark§U(2)y doublets.4°=Cy' is charge conjugated fermion
dileptons, leptoquarks, leptogluons, sextet quarks, octdield. Diguarks may transform as antitriplet or sextet unde_r
bosons, etc. Diquarks are those of particles which occur iPY(3).- We assume each SM generation has its own di-
superstring-inspired, models[1] as well as in composite quarks and couplings to avoid flavor changing neutral cur-

: . rents. In Lagrangiaiil) color and generation indices are sup-
models [2]. They have integer spin, baryon numbf| pressed for the sake of simplicity. A general classification of
=2/3, and lepton numbdt.|=0. —

Searching for composite particles at future collider ener—the first generation, color diquarks is shown in Table I.
Recent collider limits on the diquark masses come

gie_s can be cla_ssified qccordin_g to composite_ness scale from Tevatron data which exclude 2€9M <420 GeV

wh|ch characten_zes the. interactions of preon_fq:tA four (Ee diquarks [4]. There are also constraints on couplings

fermion contact interactions; E>A new physics, new par- from electroweak precision data from the CERNe ™~ col-

ticles; if E~ A strongly depends on models. lider LEP in which the authors give upper bounds on the
The Collider Detector at FermilafCDF) and DO Col-  diquark couplings for their own parametrization taking the

laborationg 3] at Fermilab recently measured the dijet angu-diquark massvl = 100 GeV[5]. Diquark production aé*e~

lar distributions to test QCD and quark compositeness irgolliders[6], ep colliders[7], andpp colliders[8] has also

Js=1.8 TeV pp collision assuming the center-of-mass en-been discussed.

grgy of the paArton—partop system is smaller than .the compos— Il DECAY WIDTH AND PRODUCTION

iteness scale/5<A. Their data excluded contact interaction CROSS SECTION

scale below 2 TeV. Then there will be a significant chance of

discovering compositeness at the CERN Large Hadron Col- For the analysis we will take into account colors8alar
lider (LHC). diquarkS; which couples to theid pair as described by the

In this work the sensitivity of LHC to diquark production TABLE I. Quantum numbers of the first generation, color 3

IS eSt'mated: We assume t_hat the LHCT energy 1S grefater,thad?quarks described by the effective Lagrangian in the text according
the compositeness scale if one considers composite di- 1, gyy(3) x SU(2), < U(1)y invariance Qqp= I3+ Y/2
Qem .

quarks.

Diquarks Spin SU(3) SU(2)y U(l)y
IIl. INTERACTION LAGRANGIAN St 0 3 1 2/3
_ 3, 0 3 1 —4/3
There have been a lot of theoretical efforts to construct —
Y : . ' 0 3 1 8/3
realistic models for compositeness, but no obviously correcf1 el
or satisfactory model exists yet. Therefore, within the quarkSs 0 i 3 2/3
content of the standard mod@M), it is reasonable to con- V2 1 3 2 -1/3
struct a model independent, most general, effective SU(3)v, 1 3 2 5/3

X SU(2)y X U(1)y invariant Lagrangian for diquarks:

0556-2821/98/5d)/0150085)/$15.00 59 015008-1 ©1998 The American Physical Society



S. ATAé, O. CAKIR, AND S. SULTANSOY

1000 T T T T T T T T

V5= 14Tev ]

100 a=0.1 =
10 F

1 =
o(pb)

0.001

0.0001 1 1 1 1 1 1 1 1
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Ms(GeV)

FIG. 1. Integrated cross section versus diquark mass for cou-

pling strengtha=0.1.

effective Lagrangiaril). The decay widtﬂ“sl derived from
the same Lagrangian is

CHR LR
T @

whereF . is the color factor for triplet representation alvid
is the mass of scalar diquark. We will assugy=0, and
use of the definitiorg?, =4« for numerical results:

aMg FMg
l“sl:FC 7 =25 Ge%1 Tev) for «=0.1= a4
)
FcMs
=1.8 Ge\/(l TeV) for a=agp,.
(4)

In the narrow width approximation the cross section of
the s-channel diquark resonance production can be obtaine

as
FCCMTZ

S

a(pp—SX)=2,
ab

2

fl OIXf 3)fy| — 3 5
X Mi/s? a(X,S)bg.S: )
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TABLE II. QCD backgrounds contributing tp-j final states at
the parton level generated Iy THIA 5.7 with PT'""=100 GeV.

Process a(pb)

gg—ag 6.9x10°
g,9—0;9 6.2x 10°
aigj—9iq; 1.0x10°
09— 0xax 2.5x 10
00— Ol 1.8x10°
giq—9g 1.6x10°

IV. SIGNAL AND BACKGROUND

Resonance production d&,-type diquarks through the
subprocessi+d—S;—u+d will be the promising mecha-
nism to discriminate the signal from QCD backgrounds. The
two-jet final state associated with this subprocess is consid-
ered as the signal. In addition, there is a contribution from
gluon exchange in thechannel which leads to the following
cross section:

a2

4[(3—MH2+MT?)

do
— (9igj—q;q;) =Fcm
dt

2a§ 2+0% aag

A2 -~ ~
S E t

§—M?2
X
2 2 2
(3—M252+M2r?

. (6)

At the LHC energy region major QCD processes and their
integrated cross sections contributing to two-jet final states
as irreducible backgrounds are given in Table Il. The cross
aections in Table Il have been generatedPlyHIA 5.7 [10]
at the parton level with @7""=100 GeV.

Standard kinematic relations giving the invariant mass
and p distributions of two-jet final states are written below
for completeness. Ley; andy, be rapidities for massless
final quarks and both are restricted by a euY<yq, y,
<Y. Dijet cross section can be written in terms of the trans-
verse momentunp; possessed by each:

do o oy [
where f, and f,, are quark distribution functions of each d_pT (AB_>11+JZ+X)_4prO dy f dy’7

proton. Using the quark distribution functions of Rid] the

cross section is plotted against the diquark mass in Fig. 1 for

LHC energy anda=0.1. If integrated luminosity of LHC X
10° pb! is taken into account a high number of events are

expected: -

do . _ 2
X—(5,t,0) + fya(Xq,Q%)

Ymin

fua(Xy, Q%) fya(X4,Q?)

10" events forM =1 TeV,

dt
10° events forM =3 TeV, dé A
X fue(x,,Q%) — (5,0,1) |,
10° events forM =5 TeV. dt

)

These results show that for much lower coupling constants
than g, diquarkS, should be seen at LHC. where
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FIG. 2. Jet-jet invariant mass distributions fop— jjX. Reso-
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FIG. 3. py distributions forpp—jjX.

nance peaks are shown for diquark masses 2, 4, and 6 TeV for

comparison with smooth QCD backgrounds.

4p?

V' =122, YP=(yityo)2, = costy’,

(8)
. I s 1/2 s 1/2
Ymax=109|| 702 + T 1 9
1 , 1

Ymin= ma){ =Y, E |Og 7) v Ymax™ mm( Y,— E IOQ T) )
(10
x,= V1", xq=\re ¥, (11

5=X,XgS, [=—X,PprVse VL, 0O=—xypryser.

(12

The cross section as a function of the dijet invariant mass

Mj; is given by
do M3 (v ymax 1
_:_”f dyzfn:in dy;
dM“ 2s -Y Y1

cosity*

X

do . _
fua(Xy, Q%) fys(X4,Q?%) g (5,t,0)

do n
+faa(xd,Q) fup(xy, Q%) E (5,0,t)| (13

with
yT'"=max —Y,log r—y,),

_n£2

max__

y1 =min(Y,—log7—-Y,),
(14

TABLE lIl. Observability of the diquark signal for integrated luminosity®Ifb™* and diquark coupling

strengtha=0.01.

Mass

(TeV) 1 2 3 4 5 7 8
ly|<3

Signal 1.xK1° 4.2¢x10° 1.4x10°  4.7x10°  1.5x10% 1.2x10° 2.8x 107
Backgd. 3K10° 2.9x1  52x10° 1.2x10° 29x10°  1.6x1C°  2.9x10*
s/\B 27.3 24.9 19.2 13.6 9.0 3.2 1.6
ly|<2

Signal 1.x10°  3.7x10° 1.3x10°  4.4x10*  1.5x10 1.2x10° 2.6X 107
Backgd. 3.10°  2.9x100 53x10° 1.2x10f  3.0x10° 1.6x10*  3.1x10°
S/\B 68.9 69.6 55.5 39.9 26.5 9.4 4.8
lyl<1

Signal 5.1x10° 1.8x10°  7.0x10* 2.7x10° 9.6x10° 8.5x1C? 1.9 107
Backgd. 3.x100 27x1¢F  50x10° 1.2x10°  3.0x10* 1.6x10°  3.0x10?
S/\B 90.0 108.7 99.0 78.2 55.4 21.1 11.1
ly|<0.5

Signal 1.410° 5.4x100 23x10° 9.6x10° 3.7x10°  3.9x10 95.9
Backgd. 6.x10° 5.3x10° 1.0x10° 2.6x100 6.9x10° 4.1x1C? 79.1
S/\B 58.6 73.8 70.7 59.1 44.8 19.4 10.8
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TABLE IV. The same as the Table Ill far=0.1.

Mass

(TeV) 1 2 3 4 5 7 9
ly|<3

Signal 1.6<10 4.2x10° 1.4x10° 4.7 10° 1.5x10° 1.2x10* 4.8X 107
Backgd. 3.x10° 2.9x 10 5.2x 10 1.2x 10 2.9x 1¢° 1.6x 10° 4.4x10°
S/\B 272.6 248.8 192.4 136.4 90.2 31.5 7.3
ly[<2

Signal 1.3< 10 3.7x10° 1.3x10° 4.4x10° 1.5x10° 1.2x10* 4.6X 107
Backgd. 3.6¢10° 2.9x 10 5.3x 10° 1.2x10° 3.0x10° 1.6x 10 4.5% 10
S/\B 689.4 685.6 554.8 398.6 265.4 93.6 21.6
lyl<1

Signal 5.1 10° 1.8x10° 7X10° 2.7X10° 9.6x10* 8.5x 10° 3.4x 10
Backgd. 3.x10 2.7x10° 5.0 10° 1.2x10° 3.0x 10" 1.6x10° 44.9
S/\VB 898.8 1087.1 992.1 782.1 554.5 211.2 51.1
ly|<0.5

Signal 1.410° 5.4x 10° 2.3X10° 9.5x10* 3.7x10* 3.9x10° 1.8x 107
Backgd. 6. 10° 5.3x 10° 1.0x 10° 2.6x 10 6.9x 10° 4.1x 107 12.0
SNG) 586.1 737.9 706.7 590.8 447.7 194.0 51.6

Figures 2 and 3 shows jet-jet invariant mass grddis-  variant mass distribution of the background over twice the
tribution for the processpp—S;—jjX together with diquark widthI" or the invariant mass resolutiaim depend-
estimates of the QCD backgrounds at LHC energy  ing on their magnitude
=14 TeV. For scalar diquark massbk=2, 4, 6 TeV and

a=0.1 signal peaks and backgrounds are plotted for com- M+AM do
parison. abg~J dM”(W) , (19
In order to obtain observability of diquarks at LHC we M-AM 11/ bg

have calculated signal and background event estimations for

integrated LHC luminosity b~ 1. To arrive at realistic where

estimates we take into account the finite-energy resolution of

the LHC-ATLAS hadronic calorimetdrll] AM=maxT,sm). (19
SE  50%
—= ° 3% (15 For signal estimation the widtiRI" of diquark has been used
E VE as the integration limits.

The expected events and significancy of diquark signals at
for hadronic jets and foty|<3. From the dijet invariant LHC are given in Tables lll and IV for couplingg=0.01

mass definition for massless jets andae=0.1. As can be seen from these tables discovery lim-
its depend on thg cut chosen. Furthermore, the lower rapid-
M= \/ZEJIEjZ(l—cos 61), (16) ity region improves the signal-to-noise ratio. Achievable

mass limits for different coupling values are shown in Table
V which are satisfying the following two criteria per one
working year: At least 100 signal events within cuts,
> s/\JB>5. For thea=0.1 value in Table V it is possible to

012\° ’
+| cot—| (86197, . . - .
2 TABLE V. Achievable diquark mass limits for different
(17) diquark-quark-quark couplings in the framework of discovery cri-
teria given in the textly|<2.

it is easy to obtain jet-jet invariant mass resolution as
sm 1 \/
m 2

where E;

2
+

SE;
1

E

5E,

EJ-2

i1

E;, are the jet energies and,, is the jet-jet

iy .
opening ;ngle. We consider only the errors on the jet ener- Mass(TeV) Signal Backgd. S/VB
gies, as these are much larger than the errors on the angle1 9.7 109 98 17
measurements. Assuming that the errors on both energies argo1 7.9 312 3646 5.2
close to each other on the average)y/m can be taken as (.001 3.3 9.%10° 3.3x10° 5.1

SEV2E. For background estimations we integrate the in
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reach higher mass values than 10 TeV with/B>5 if the  high-resolution calorimeter for the experimental identifica-

period of 100 signal events is extended to two or more workiion of hadronic jets. Certainly, a careful Monte Carlo recon-

ing years. struction including whole detector parameters should be
In conclusion, diquarks are produced with a large crosslone in order to make a firm decision.

section in resonance channel at LHC. From Tables Ill and IV

we see th_at the signal separation from Sta}ndard model back- ACKNOWLEDGMENTS
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