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e(Dated: January 25, 2009)The 
olor gauge hyper-multiplet in N=2 supersymmetry 
onsists of the usual N=1 gauge ve
-tor/gaugino super-multiplet, joined with a novel gaugino/s
alar super-multiplet. Large 
ross se
-tions are predi
ted for the produ
tion of pairs of the 
olor-o
tet s
alars � [sgluons℄ at the LHC:gg; q�q ! ���. Single � produ
tion is possible at one-loop level, but the gg ! � amplitude vanishesin the limit of degenerate L and R squarks. When kinemati
ally allowed, � de
ays predominantlyinto two gluinos, whose 
as
ade de
ays give rise to a burst of eight or more jets together with fourLSP's as signature for � pair events at the LHC. � 
an also de
ay into a squark-antisquark pair attree level. At one-loop level � de
ays into gluons or a t�t pair are predi
ted, generating ex
iting res-onan
e signatures in the �nal states. The 
orresponding partial widths are very roughly 
omparableto that for three body �nal states mediated by one virtual squark at tree level.1. INTRODUCTIONThe pairwise produ
tion of supersymmetri
 squarks and gluinos at the LHC leads to �nal states that 
ontain twoto four hard jets [plus somewhat softer jets from QCD radiation and/or de
ays of heavier neutralinos and 
harginos℄and missing transverse momentum generated by two LSP's. These signatures are typi
al for N=1 supersymmetry[1, 2, 3℄ as spe
i�ed in the Minimal Supersymmetri
 Standard Model [MSSM℄. However, in alternative realizations ofsupersymmetry the �nal-state topology 
ould be rather di�erent. In order to exemplify this point, we have adoptedan N=1/N=2 hybrid model, 
f. Ref. [4, 5, 6℄, in whi
h supersymmetry 
hara
teristi
s are quite di�erent from theMSSM. Assuming the N=2 mirror (s)fermions to be very heavy in order to avoid 
hirality problems, the hybrid modelexpands to N=2 only in the gaugino se
tor. The QCD se
tor is built up by the usual N=1 gluon/gluino super-multiplet, joined with an additional gluino/s
alar super-multiplet. [Similarly, the ele
troweak se
tor is supplementedby additional SU(2)L and U(1)Y super-multiplets; this se
tor will not be dis
ussed here.℄ For the sake of simpli
itywe will disregard in the analysis mass splittings of the s
alar �elds and we assume equal masses for the usual and thenovel gluinos whi
h, as a result, 
an be 
ombined to a 
ommon Dira
 �eld, see Refs. [5, 6, 7℄. Sin
e the experimental
onsequen
es of variations involving a larger set of parameters are rather obvious, they will not be dis
ussed in thisletter.

http://arXiv.org/abs/0812.3586v2


2The novel s
alar 
olor-o
tet �elds � [whi
h may be 
alled s
alar gluons1, or 
ontra
ted to sgluons [8℄℄ 
an beprodu
ed in pairs: gg; q�q ! ��� : (1.1)The 
olor-o
tet sgluons are R-parity even, and thus 
an also be produ
ed singly in gluon-gluon or quark-antiquark
ollisions, albeit through loop pro
esses only: gg; q�q ! � : (1.2)However, as we will show, the 
orresponding matrix elements vanish in the limit of degenerate L and R squarks.Moreover, single sgluon produ
tion in quark-antiquark 
ollisions pro
eeds through a 
hirality-
ip pro
ess that issuppressed, strongly in pra
ti
e, by the quark mass.At tree level, � 
an de
ay either into (real or virtual) gluino or squark pairs,� ! ~g~g ! qq~q~q ! qqqq + ~�~� ;� ! ~q~q ! qq + ~�~� ; (1.3)where ~� denotes ele
troweak neutralinos or 
harginos. At one-loop level, � 
an also de
ay into top-quark or gluonpairs: � ! t�t! b�bW+W� ;� ! gg : (1.4)Apart from the last mode, these lead to spe
ta
ular signatures for � pair produ
tion at the LHC, e.g.pp ! 8 jets + 4LSP0s ;pp ! tt�t�t : (1.5)In the �rst 
ase a burst of eight almost isotropi
ally distributed hard jets is generated in �-pair produ
tion, even not
ounting QCD stray jets nor possible ~� de
ay produ
ts, and a large amount of missing energy. Alternatively, fourtop (anti)quarks are predi
ted by the se
ond me
hanism. These signatures are very di�erent from the usual MSSMtopologies and raise ex
iting new experimental questions. Likewise, single � produ
tion followed by gluon-pair de
aysgenerates novel resonan
e signatures foreign to N=1 supersymmetry.Apart from Ref. [8℄, the possibility that there might exist SU(3)C o
tet s
alars within rea
h of the LHC has re
entlybeen dis
ussed in di�erent 
ontext in Refs. [9℄. While the tree-level 
ross se
tions for the pair produ
tion of theses
alars at the LHC are the same in all these s
enarios [up to trivial multipli
ity fa
tors℄, the possibilities of singleprodu
tion, as well as the de
ay modes and experimental signatures of the s
alars in both 
hannels, are quite di�erentin our 
ase and Ref. [8℄ from those dis
ussed earlier.This note is divided into two parts. In the next se
tion the theoreti
al basis of the N=1/N=2 hybrid model will bere
apitulated brie
y, and the loop-indu
ed �gg and �q�q 
ouplings will be dis
ussed. The third se
tion is devoted tothe phenomenology of �-pair produ
tion and 
as
ade de
ays, followed by a short analysis of single � produ
tion ingluon fusion.1 Not to be 
onfused with the s
alar gluons that were dis
ussed as 
arriers of the strong for
e in alternatives to QCD 
onstru
ted in the1970's.



32. THEORETICAL BASIS: GAUGE HYPER-MULTIPLETS AND SCALARSAs noted earlier, the N=2 QCD hyper-multiplet 
an be de
omposed into the usual N=1 o
tet gluon/gluino multipletĝ = fg�; ~gg plus an N=1 o
tet multiplet ĝ0 = f�; ~g0g of extra gluinos and s
alar � �elds. S
hemati
ally, the QCDhyper-multiplet is des
ribed by a diamond plot, g�~g ~g0�
Spin11=20where the �rst, se
ond and third row 
orresponds to spin 1, 1/2 and 0 states. The N=1 super�elds are representedby the two pairs 
onne
ted by the thin lines. The � �eld 
arries positive R-parity.The only gauge invariant term in the N=1 superpotential 
ontaining the new gluino/sgluon super�eld ĝ0 is a massterm, Wĝ0 = 12M 03 ĝ0aĝ0a ; (2.1)where we have adopted the notation of Ref. [5℄. The only supersymmetri
 intera
tions involving ĝ0 are thus QCDgauge intera
tions plus gauge strength �~g~g0 Yukawa-type intera
tions [5℄. In a full N=2 theory, there would also be
ouplings between ĝ0 and the N=2 partners of the usual matter super�elds; however, in our hybrid 
onstru
tion weassume the latter to be de
oupled from TeV s
ale physi
s.The masses of the new s
alars are determined by the superpotential (2.1) plus soft breaking terms [10℄L�; soft = �m2� ���2��� �m2���� + h:
:�� gsMD3 "�a �aijp2Xq (~q�Li~qLj � ~q�Ri~qRj) + h:
:# ; (2.2)where gs is the strong 
oupling 
onstant and �a are the Gell-Mann SU(3)C matri
es. The parameterMD3 is the Dira
gluino mass 
onne
ting ~g0 with the usual gluino ~g [5℄. If the supersymmetry breaking is spontaneous, the Dira
 gluinomass also gives rise to a supersymmetry breaking trilinear s
alar intera
tion between � and the MSSM squarks, asshown in Eq. (2.2); note that L and R squarks 
ontribute with opposite signs as demanded by the general form of thesuper-QCD D-terms [di�ering from the �rst version of Ref. [8℄ with far rea
hing phenomenologi
al 
onsequen
es℄.2 Asnoted above, we will set m2�� = 0 in this dis
ussion, so that the physi
al mass of the 
omplex s
alar o
tet isM� =qjM 03j2 +m2� : (2.3)For given mean mass, a nonzero m2�� generating a mass splitting of the s
alar �elds would in
rease the total 
rossse
tion for the produ
tion of the new s
alars.In the simplest realization the two gluinos, ~g and ~g0, are not endowed with individual masses [i.e. M 03 = 0℄ butthey are 
oupled by the mass parameter MD3 in a purely o�-diagonal mass matrix.3 In this 
on�guration the two2 If one allows oneself the freedom to break supersymmetry expli
itly, but softly, the 
oeÆ
ients of the �~q~q intera
tions would be arbitrary,and 
ould even be set to zero; this would, however, not be stable against radiative 
orre
tions.3 Note that this Dira
 mass term must be nonzero, sin
e otherwise the lightest member of the super�eld ĝ0 would be stable. In 
ontrast,s
enarios where the diagonal Majorana entries of the gluino mass matrix vanish are perfe
tly a

eptable.
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(a) � ~q gg ~q (b) � ~gD ~qL q�q~qL ~gDFigure 1: Diagrams for (a) the e�e
tive �gg vertex built up by squark loops; (b) the e�e
tive �q�q vertex with L squarks andgluinos { the 
oupling to R squarks being mediated by the 
harge-
onjugate Dira
 gluinos.Majorana gluinos 
an be 
ombined to a 4-
omponent Dira
 gluino �eld ~gD as~gD = ~gR + ~g0L ; (2.4)with the mass eigenvalue given by jMD3 j, 
f. Ref. [5℄. The 
ouplings of this Dira
 �eld ~gD to the �-�eld and to thesquark and quark �elds are summarized in the intera
tion LagrangiansL~gD~gD� = �p2i gs fab
 ~gaDL ~gbDR �
 + h:
: ; (2.5)L~gDq~q = �p2 gsXq �qL�a2 ~gaDR ~qL + qR�aT2 ~gaCDL ~qR�+ h:
 : (2.6)where ~gCTD = �(~g0R+~gL) is the 
harge-
onjugate 4-
omponent Dira
 gluino [5℄, fab
 are the SU(3)C stru
ture 
onstantsand �a are the Gell-Mann matri
es. In addition, the sgluon �elds 
ouple to gluons in tri-and quattro-linear verti
es aspres
ribed by gauge theories for s
alar o
tet �elds, i.e. proportional to the o
tet self-adjoint SU(3)C representation F .As a result, at tree level � pairs 
an be produ
ed in gluon 
ollisions as well as in q�q annihilation, but single produ
tionof �'s is not possible.Even at the one-loop level, gluino loops do not 
ontribute to the �gg 
oupling, due to the Bose symmetry of thegluons. The 
oupling is even in the 4-momenta under gluon ex
hange but it is odd, on the other hand, due to theantisymmetri
 o
tet matrix elements fab
 in 
olor spa
e. [Note that SU(3)C singlet parti
les, like Higgs bosons, 
ouplesymmetri
ally to gluons, by 
ontrast.℄ A
tually, the 
oupling of the o
tet sgluon to any number of gluons is forbiddenin the general softly broken N=2 pure gauge theory with two Majorana gluinos [whi
h may or may not be 
ombinedto a single Dira
 gluino℄ be
ause the totally antisymmetri
 fa
tor fab
 for
es the sgluon to 
ouple only to two di�erentMajorana gluinos, while gluons always 
ouple to diagonal Majorana gluino pairs.However, � 
an 
ouple non-trivially to gluon pairs and quark-antiquark pairs through triangle diagrams involvingsquark lines. Chara
teristi
 examples are depi
ted in Fig. 1. In parallel to the intera
tion Lagrangian it turns outthat all L- and R-squark 
ontributions to the 
ouplings 
ome with opposite signs so that they 
an
el ea
h other formass degenerate squarks. In addition, the quark-antiquark 
oupling is suppressed by the quark mass as evident fromgeneral 
hirality rules.Comment. Before dis
ussing the phenomenologi
al impli
ations, let us note that the presen
e of new �elds in theN=1/N=2 hybrid model a�e
ts the renormalization group (RG) running of gauge 
ouplings above the weak s
ale; toone-loop order, d��1i (Q2)d log(Q2) = bi2� : (2.7)



5The 
oeÆ
ients bi for the non-Abelian group fa
tors SU(Ni) re
eive in the hybrid model 
ontributions in addition toMSSM, bi = bMSSMi � 23Ni � 13Ni ; (2.8)where the se
ond term 
omes from the new Majorana fermions ~g0 and the third from the 
omplex s
alars �; therunning of the U(1)Y 
oupling remains una�e
ted at one-loop order. As a result, gauge 
oupling uni�
ation and thepredi
tion of the weak mixing angle are lost; instead, the 
ouplings gi and gj meet at di�erent points MX;ij , all ofwhi
h lie above the Plan
k s
ale. Possible solutions to this problem would be to add �elds to the theory so that thenew �elds fall in 
omplete GUT multiplets [11℄, or to allow a di�erent normalization for U(1)Y [12℄, or to 
ontemplatedi�erent uni�
ation patterns [10℄, et
. Sin
e in this letter we are interested in the low-energy phenomenology of the
olor-o
tet s
alars, we will not delve into this subje
t any further.3. PHENOMENOLOGY OF COLOR-OCTET SCALARS AT THE LHC3.1. � De
aysAt tree level the � parti
les 
an de
ay to a pair of Dira
 gluinos ~gD or into a pair of squarks, with one or both of thesesparti
les being potentially virtual when M� < 2M~gD ; 2m~q. For on-shell de
ays and assuming pure Dira
 gluinos thepartial widths are �[� ! ~gD�~gD ℄ = 3�sM�4 �~g (1 + �2~g ) ;�[� ! ~qa~q�a℄ = �s4 jMD3 j2M� �~qa ; (3.1)where �~g;~qa are the velo
ities of ~g; ~qa (a = L;R). In the presen
e of non-trivial ~qL-~qR mixing the subs
ripts L;R inthe se
ond Eq.(3.1) have to be repla
ed by 1; 2 labeling the mass eigenstates, and the 
ontribution from this 
avoris suppressed by a fa
tor 
os2(2�~q); the mixing angle is de�ned via the de
omposition of the lighter mass eigenstate~q1 = 
os �~q ~qL + sin �~q ~qR. In addition, de
ays into ~q1~q�2 and ~q�1 ~q2 are possible, with the 
oeÆ
ient sin2(2�~q) and withthe velo
ity �~qa repla
ed by the phase-spa
e fun
tion �1=2(1;m2~q1=M2� ;m2~q2=M2�). The gluinos subsequently de
ayto quarks and squarks, again either real or virtual, and the squarks to quarks and 
harginos/neutralinos tumblingeventually down to the LSP.On the other hand, the trilinear intera
tion in Eq. (2.2) gives rise to an e�e
tive �gg 
oupling via squark loops,Fig. 1(a), leading to the partial de
ay width�(� ! gg) = 5�3s384�2 jMD3 j2M� �����Xq [�~qLf(�~qL)� �~qRf(�~qR)℄�����2 ; (3.2)with �~qL;R = 4m2~qL;R=M2� and [13℄ f(�) =8><>: hsin�1 � 1p� �i2 for � � 1 ;� 14 hln 1+p1��1�p1�� � i�i2 for � < 1 : (3.3)In the presen
e of nontrivial ~qL-~qR mixing, the subs
ripts L;R in Eq.(3.2) again have to be repla
ed by 1; 2 labelingthe mass eigenstates, and the 
ontribution from this 
avor is suppressed by a fa
tor 
os(2�~q) multiplying the term insquare parentheses. Note that the �gg 
oupling vanishes in the limit of degenerate L and R squarks.



6Furthermore, the � �eld 
ouples to quark-antiquark pairs { in prin
iple. By standard heli
ity arguments, this
hirality-
ip 
oupling is suppressed however by the quark mass. For pure Dira
 gluinos, the triangle diagrams,Fig. 1(b), either with two internal gluino lines and one squark line or with two internal squark lines and one gluinoline again vanish for degenerate L and R squarks. The resulting partial width 
an be written as�(� ! q�q) = 9�3s128�2 jMD3 j2m2qM� �q ��M2� � 4m2q� jIS j2 +M2� jIP j2� : (3.4)The loop integrals for the e�e
tive s
alar (S) and pseudos
alar (P ) 
ouplings are given byIS = Z 10 dx Z 1�x0 dy�(1� x� y)� 1CL � 1CR�+ 19(x+ y)� 1DL � 1DR�� ;IP = Z 10 dx Z 1�x0 dy� 1CL � 1CR� ; (3.5)where we have de�ned (a = L;R)Ca = (x+ y)jMD3 j2 + (1� x� y)m2~qa � xyM2� � (x + y)(1� x� y)m2q ;Da = (1� x� y)jMD3 j2 + (x + y)m2~qa � xyM2� � (x + y)(1� x� y)m2q : (3.6)IS;P 
an also be expressed in terms of standard Passarino-Veltman fun
tions [14℄, e.g. IP = C0L � C0R, withC0L;R � C0(jMD3 j;m~qL;R ; jMD3 j;m2q ;m2q ;M2�). In the presen
e of nontrivial ~qL-~qR mixing, the subs
ripts L;R inEq.(3.5) have to be repla
ed by 1; 2 labeling the squark mass eigenstates, and the 
ontribution from this 
avor to thedouble integrals is suppressed by a fa
tor 
os(2�q). Note that IS = IP = 0 if m~qL = m~qR . In the presen
e of ~qL-~qRmixing this 
an
ellation is no longer exa
t for two non-degenerate Majorana gluinos.
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Figure 2: Bran
hing ratios for � de
ays, for m~qL = 2m~g = 1 TeV (Left) and m~g = 2m~qL = 1 TeV (Right). In both 
ases weassumed a neutralino mass m~� = 0:16m~g , and moderate squark mass splitting: m~qR = 0:95m~qL ; m~tL = 0:9m~qL ; m~tR = 0:8m~qL ,with ~tL-~tR mixing determined by Xt = m~qL .The 
orresponding 2-body bran
hing ratios are 
ompared to those for tree-level de
ays in Fig. 2. Here we assumemoderate mass splitting between the L and R squarks of the �ve light 
avors, and somewhat greater for soft breaking~t masses: m~qR = 0:95m~qL ; m~tL = 0:9m~qL ; m~tR = 0:8m~qL . We parameterize the o�-diagonal element of the squared ~tmass matrix as Xtmt, and take Xt = m~qL . We again assume the gluino to be a pure Dira
 state, i.e. m~g = jMD3 j.Even for this small mass splitting, the loop de
ays into two gluons and, if kinemati
ally allowed, a t�t pair alwaysdominate over tree-level four-body de
ays � ! ~gq�q ~� (whi
h is part of the \gluino modes" in Fig. 2) and � ! q�q ~�~�



7
(a) q�q g ��� (b) gs g2s
Figure 3: Feynman diagrams for sigma-pair produ
tion in quark annihilation (a) and gluon fusion (b).(whi
h is part of the \squark modes"). For simpli
ity we evaluated these higher order tree-level de
ays for a photinoLSP state, with mass 0:16m~g. SU(2)L gauginos have larger 
ouplings to doublet squarks, but are also expe
ted tobe heavier. In
luding them in the �nal state would at best in
rease the partial widths for four-body �nal states by afa
tor of a few, whi
h would still leave them well below the widths for the loop indu
ed de
ays. On the other hand,the partial width for the tree-level three-body de
ays � ! ~q�q ~�; ~q�q ~� 
an be 
omparable to that for the loop-indu
edde
ays if M� is not too mu
h smaller than 2m~q.Figure 2 also shows that the ordering between the two loop-indu
ed de
ay modes for M� > 2mt depends on thevalues of various soft breaking parameters. In
reasing the gluino mass in
reases the �~q~q� 
oupling and hen
e thepartial width into two gluons whi
h is due to pure squark loops. On the other hand, the t�t partial width, whi
h isdue to mixed squark-gluino loops, de
reases rapidly with in
reasing gluino mass. The in
rease of the �~q~q 
ouplingsis over-
ompensated by the gluino mass dependen
e of the propagators. For jMD3 j > m~q the loop fun
tions IS;P areadditionally suppressed sin
e then CL ' CR; DL ' DR up to 
orre
tions of O(m2~q=jMD3 j2). [A similar 
an
ellationalso o

urs for M2� � m2~q , for both the �gg and �t�t 
ouplings.℄ In total, the t�t �nal state will dominate for smallgluino mass and the gg �nal state for large gluino mass. Moreover, as noted earlier, the partial width into both gluonsand quarks vanishes for exa
t degenera
y between L and R squarks.Not surprisingly, the two-body �nal states of Eq. (3.1) that are a

essible at tree level will dominate if they arekinemati
ally allowed. Note that well above all thresholds the partial width into gluinos always dominates, sin
eit grows / M� while the partial width into squarks asymptoti
ally s
ales like 1=M�. This is a result of the fa
tthat the supersymmetry breaking �~q~q� 
oupling has mass dimension 1, while the supersymmetri
 �~g�~g 
oupling isdimensionless. 3.2. �-Pair Produ
tion at the LHCAs summarized in the pre
eding se
tion, the phenomenologi
al analysis will be 
arried out for a 
omplex 
olor-o
tet ��elds without mass splitting between the real and imaginary 
omponents. The Feynman diagrams for the two partonpro
esses gg; q�q ! ��� are displayed in Fig. 3. They are identi
al (modulo 
olor fa
tors) to squark-pair produ
tion[15, 16℄ if initial and �nal-state 
avors are di�erent.The total 
ross se
tions for the two ��� parton pro
esses are easy to 
al
ulate:�[q�q ! ���℄ = 4��2s9s �3� ; (3.7)�[gg ! ���℄ = 15��2s��8s �1 + 345 M2�s � 245 �1� M2�s �M2�s 1�� log�1 + ��1� ���� : (3.8)
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Figure 4: Parton 
ross se
tions for ��� produ
tion in the q�q (Left) and gg (Right) 
hannel. For 
omparison, the produ
tionof 3rd generation squark pairs is shown by the dashed lines for the same masses.The standard notation has been adopted for the parameters: ps is the invariant parton-parton energy, and M� and�� = (1� 4M2�=s)1=2 the mass and 
enter-of-mass velo
ity of the � parti
le. The QCD 
oupling is inserted to leadingorder, �s(Q2) = �(5)s (Q2)[1 + �(5)s (Q2)=(6�) � logM2t =Q2℄�1, where �(5)s (Q2) evolves from �(5)s (M2Z) ' 0:120 withNF = 5 
avors by de�nition, while the top-quark threshold is a

ounted for expli
itly and supersymmetri
 parti
lesdo not a�e
t the running in pra
ti
e; the renormalization s
ale for the parton subpro
esses is set to Q =M�.While the quark-annihilation 
ross se
tion in
reases near threshold with the third power �3� of the sgluon velo
ity,as 
hara
teristi
 for P -wave produ
tion, the 
ross se
tion for equal-heli
ity gluon-fusion in
reases steeply � �� withthe velo
ity, as predi
ted for S-waves by the available phase spa
e. Asymptoti
ally the two parton 
ross se
tions s
ale/ s�1.The ��� 
ross se
tions are 
ompared in Fig. 4 with the produ
tion of squark pairs [of the 3rd generation to mat
hthe dynami
al produ
tion me
hanisms℄: gg; q�q ! ~q3~q�3 . As expe
ted, the ��� 
ross se
tions ex
eed the ~q3~q�3 
rossse
tions by a large fa
tor, i.e. � 20 for gg 
ollisions and 6 for q�q 
ollisions. This 
an be exempli�ed by 
onsidering theevolution of ratios for the 
ross se
tions from small to maximum velo
ity, � being again the 
enter-of-mass velo
ityof the sgluon or squark in the �nal state:� [gg ! ���℄� [gg ! ~q3~q�3 ℄ = 8>>>>>><>>>>>>: tr �fF a; F bgfF a; F bg�tr ���a2 ; �b2 	 ��a2 ; �b2 	� = 21628=3 ' 23 for � ! 0 ;tr (2F aF bF bF a + F aF bF aF b)tr�2�a2 �b2 �b2 �a2 + �a2 �b2 �a2 �b2 � = 18010 = 18 for � ! 1 ; (3.9)� [q�q ! ���℄� [q�q ! ~q3~q�3 ℄ = tr��a2 �b2 � tr �F aF b�tr��a2 �b2 � tr��a2 �b2 � = 122 = 6 for any � : (3.10)The ratio (3.9) de
reases monotoni
ally as � in
reases but by no more than 20%. Most important is the ratio at themaximum of the gg 
ross se
tions where it is still 
lose to the initial maximal value; this 
an easily be explained byobserving that, in Feynman gauge, the leading 
ontribution is generated by the quarti
 
oupling. The di�eren
es inthe 
olor fa
tors re
e
t the di�erent strengths of the 
ouplings in the fra
tional triplet �=2 and the integer o
tet F
ouplings of SU(3)C with (F a)b
 = �ifab
. The 
ross se
tions are shown in Fig. 4 forM� = 1 TeV a
ross the invariantenergy range relevant for the LHC. The values of the maxima in the gg and q�q 
hannels are about 1 pb and 0.2 pb,



9respe
tively, a typi
al size for su
h pro
esses.

pp® ΣΣ*

Σ @fbD

pp® q�3q�3
*
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104

M
Σ�q
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3
@TeVDFigure 5: Cross se
tions for �-pair [and ~q3-pair℄ produ
tion (red lines), as well as for single � produ
tion (blue lines), at theLHC. In the latter 
ase the solid blue 
urve has been obtained using the same mass parameters as in Fig.2 (Right), while thedashed blue 
urve adopts the mSUGRA ben
hmark point SPS1a0.The 
ross se
tion for �-pair produ
tion at LHC, pp! ���, is shown by the solid red 
urve in Fig. 5 for the �-massrange between 500 GeV and 2 TeV [adopting the LO CTEQ6L parton densities [17℄℄. The 
ross se
tion ex
eeds stopor sbottom-pair produ
tion (red dashed line), mediated by a set of topologi
ally equivalent Feynman diagrams, bymore than an order of magnitude, as anti
ipated at the parton level. With values from several pi
obarn downwards,a sizable ��� event rate 
an be generated.With the ex
eption of � ! gg de
ays, all the modes shown in Fig. 2 give rise to signatures that should be easilydete
table if � is not too heavy. The most spe
ta
ular signature results from � ! ~g~g de
ay, ea
h � de
aying intoat least four hard jets and two invisible neutralinos as LSP's. �-pair produ
tion then generates �nal states with aminimum of eight jets and four LSP's, as noted in the Introdu
tion.The transverse momenta of the hard jets produ
ed in the simplest 
ase ~� = ~�01 
an easily be estimated by analyzingprodu
tion and de
ays near the mass thresholds, i.e. M� ' 2m~g ' 2m~q � m~�01 . In this kinemati
 
on�guration thetotal jet transverse energy and the average jet transverse energy amount to��� : hEtot?j i � 2m~q and hE?ji � m~q=4 : (3.11)The total transverse energy ET 
arried by the LSPs and the ve
tor sum of the momenta of the four ~�01 in the �nalstate, whi
h determines the measured missing transverse momentum pT , are predi
ted to be��� : hEtot?~�i � 2m~q and hp?~�i � m~q (3.12)in the random-walk approximation for the ~� momenta in the transverse plane. This is to be 
ontrasted to gluino-pairprodu
tion near threshold, where the 
orresponding observables are for the same mass 
on�guration:~g~g : hEtot?j i � m~q and hE?ji � m~q=4 ; (3.13)hEtot?~�i � m~q and hp?~�i � m~q=p2 : (3.14)Thus, the total jet transverse energies and the missing transverse momenta are markedly di�erent in the N=1 andN=2 theories for the same mass 
on�gurations.



10These simple estimates are ba
ked up by a Monte-Carlo simulation of �-pair produ
tion at the LHC, followedby the de
ay into four on-shell gluinos. The total transverse jet energy and the ve
tor sum of the LSP transversemomenta are summarized in Tab. I for a spe
trum of �-masses, and �xed ratios of gluino, squark and LSP neutralinomasses. The squark and gluino masses are again 
hosen at about half a TeV. The values of the transverse momentamat
h the earlier estimates quite well. It should be noted however that the jet transverse momenta fall into twogroups. The transverse momenta of jets in gluino to squark de
ays are generally small while the transverse momentaof the jets generated in squark de
ays are large. Both groups are populated equally so that the average transversemomenta of the jets are redu
ed by an approximate fa
tor two 
ompared with the MSSM gluino pair produ
tion[setting m~g jMSSM =M� jhybrid model for the proper 
omparison℄.Table I: Transverse jet energies and ve
tor sum of the LSP transverse momenta for �nal states in 2� and 2~g produ
tion,with primary �=~g-masses of 1.5 and 0.75 TeV; the mass hierar
hy in the 
as
ade de
ays is noted in the bottom line. Belowthe transverse energy per jet of the total jet ensemble [tot℄, the transverse energies in the high and the low jet-energy groups[high/low℄ are displayed. All quantities in TeV.M�=~g 2� 2~g 2� 2~ghEtot?j i hE?ji hEtot?j i hE?ji hp?~�i hp?~�i1.50 TeV [tot℄ 1.67 0.21 1.67 0.42 0.45 0.65[high℄ 0.27 0.53[low℄ 0.15 0.310.75 TeV [tot℄ 0.91 0.11 0.93 0.23 0.22 0.31[high℄ 0.14 0.29[low℄ 0.08 0.17M� = 2M~g = 8=3M~q = 15M~�Other interesting �nal states resulting from �-pair produ
tion are four-stop states ~t1~t1~t�1~t�1, whi
h 
an be thedominant mode if m~q . m~g and L-R mixing is signi�
ant in the stop se
tor, and ~q~q�~g~g, whi
h 
an be a prominentmode if M� > 2m~g & 2m~q. These 
hannels also lead to four LSPs in the �nal state, plus a large number of hard jets.On the other hand, the tt�t�t �nal state, whi
h 
an be the dominant mode if the two-body de
ays into squarks andgluinos are kinemati
ally ex
luded, might allow the dire
t kinemati
 re
onstru
tion of M� .3.3. Single � ChannelAs noted earlier, sgluons 
an be generated singly in gluon-gluon 
ollisions via squark loops. The partoni
 
ross se
tion,with the Breit-Wigner fun
tion fa
torized o�, is given by�̂[gg ! �℄ = �2M3� �(� ! gg) ; (3.15)where the partial width for � ! gg de
ays has been given in Eq. (3.2).The resulting 
ross se
tion for single � produ
tion at the LHC is shown by the blue 
urves in Fig. 5 [based on theLO CTEQ6L parton densities [17℄℄. The solid 
urve has been 
al
ulated for the parameter set of the right frame ofFig. 2, while the dashed 
urve has been determined by taking the soft breaking parameters in the gluino and squarkse
tor from the widely used ben
hmark point SPS1a0 [18℄. In the former 
ase the single � 
ross se
tion 
an ex
eedthe �-pair produ
tion 
ross se
tion for M� � 1 TeV. Sin
e SPS1a0 has a somewhat smaller gluino mass [whi
h weagain interpret as a Dira
 mass here℄ it generally leads to smaller 
ross se
tions for single � produ
tion. Takingm~q ' 2jMD3 j, as in the left frame of Fig. 2, would lead to a very small single � produ
tion 
ross se
tion. Re
all that



11m~q > jMD3 j is required if � ! t�t de
ays are to dominate. We thus 
on
lude that one 
annot simultaneously have alarge �(pp! �) and a large Br(� ! t�t).The signatures for single � produ
tion, whi
h is an O(�3s) pro
ess, are potentially ex
iting as well. However, sin
eall �nal states resulting from � de
ay 
an also be produ
ed dire
tly in tree-level O(�2s) pro
esses at the LHC, it is aproblem to be solved by experimental simulations whether single � produ
tion is dete
table as a resonan
e above theSM plus MSSM ba
kgrounds, given that in most 
ases, with the ex
eption of the 2-gluon 
hannel, the dire
t kinemati
re
onstru
tion of M� is not possible. 4. SUMMARYThe 
olor-o
tet s
alar se
tor in the N=1/N=2 hybrid model we have analyzed in this letter, leads to spe
ta
ularsignatures of supersymmetry whi
h are distin
tly di�erent from the usual MSSM topologies. Depending on the massesof the parti
les involved, either multi-jet �nal states with high spheri
ity and large missing transverse momentum arepredi
ted, or four top quarks should be observed in 2� produ
tion. If the mass splitting between L and R squarks isnot too small, loop-indu
ed single � produ
tion may also have a sizable 
ross se
tion; however, this 
hannel su�ersfrom mu
h larger ba
kgrounds, though identifying the � parti
le as a resonan
e in 2-gluon �nal states would truly bean ex
iting experimental observation.In this letter we assumed that gluinos are pure Dira
 states, and that the two 
omponents of the 
omplex s
alar�eld, � = (S + iP )=p2, are degenerate. Relaxing these assumptions would introdu
e more parameters into thes
heme, yet the 
entral 
hara
teristi
s of the experimental event topologies of the �nal states at LHC would not
hange signi�
antly. For example, for �xed mass, the S or P pair produ
tion 
ross se
tion is simply half the � pairprodu
tion 
ross se
tion. A
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