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Abstract

Searching for heavy neutral gauge bos@hspredicted in extensions of the
Standard Model based on g1)' gauge symmetry, is one of the challenging ob-
jectives of the experiments carried out at the Large Hadrdhd@a In this paper,
we studyZ’ phenomenology at hadron colliders according to seveta)'thased
models and in the Sequential Standard Model. In particptasibleZ’ decays into
supersymmetric particles are included, in addition to tteen@ard Model modes so
far investigated. We point out the impact of thélly group on the MSSM spectrum
and, for a better understanding, we consider a few benchapaikts in the param-
eter space. We account for the D-term contribution, due édotieaking of U1)',
to slepton and squark masses and investigate its effett decays into sfermions.
Results on branching ratios and cross sections are presast@dfunction of the
MSSM and U1)’ parameters, which are varied within suitable ranges. Wespay
cial attention to final states with leptons and missing epargd make predictions
on the number of events with sparticle productioirmdecays, for a few values of
integrated luminosity and centre-of-mass energy of the LHC.



1 Introduction

The Standard Model (SM) of the strong and electroweak intemas has been so far success-
fully tested at several machines, such the LEP and Tevatoelerators and has been lately
confirmed by the data collected by the Large Hadron Collidé#G). New physics models
have nonetheless been proposed to solve the drawbacks $iMheamely the hierarchy prob-
lem, the Dark Matter observation or the still undetectedgdigoson, responsible for the mass
generation. The large amount of data collected at the cefneass energy of 7 TeV at the
LHC opens a window to extensively search for new physics. flihber increase to 8 and ul-
timately 14 TeV, as well as higher integrated luminositigdl, extend this investigation in the
near future.

The simplest possible extension of the SM consists in a ggug® of larger rank involving
the introduction of one extra string-inspired1) factor, which leads to the prediction of a new
neutral gauge bosod’. The phenomenology of th&’ has been studied from a theoretical
viewpoint (see, e.g., the reviews [1, 2] or the more recemkwoRefs. [3,4]), whereas searches
for new heavy gauge bosons have been carried out at the de\uatrthe CDF [5] and DO [6]
collaborations and at the LHC by ATLAS [7] and CMS [8]. Besidbee ' bosons yielded
by the extra Y1)’ group, the analyses have also investigated the so-callgae®al Standard
Model (Z5g)y), i.e. aZ’ with the same couplings to fermions and gauge bosons &5 tfi¢he
SM. The Sequential Standard Model does not have theorbgsals like the (L)’ models, but
it is used as a benchmark, since, as will be seen later on,rttigtion cross section is just
function of theZ’ mass and there is no dependence on other parameters.

The Tevatron analyses searched for high-mass dielectsonaaces ipp collisions at 1.96
TeV and set a lower’ mass limit of about 1023 (DO) and 963 (CDF) GeV for #ig;,, The
LHC experiments investigated the production of both dietets and dimuons at large invariant
masses and several models@fproduction, i.e. different (1)" gauge groups. The CMS
collaboration, by using event samples corresponding tomtegiated luminosity of 1 fb~1,
excluded aZ’ with SM-like couplings and mass below 2.32 TeV, a stringeired Z' below
1.49-1.69 TeV and a Kaluza—Klein graviton in extra-dimensmodels [9] below 0.71-1.63
TeV. The ATLAS Collaboration analyzed 51b of data and obtained a bound of 2.21 TeV for
the SM-like case, in the range 1.76-1.96 TeV for th@)Uscenarios and about 0.91-2.16 TeV
for the Randall-Sundrum gravitohs

All such analyses, and therefore the obtained exclusiomgjrerucially rely on the assump-
tion that theZ’ decays into Standard Model particles, with branching satiepending on its
mass and, in the string-inspired case, on the parameteraotliazing the specific (1) model:
such a choice is dictated by the sake of minimizing the pararseuling theZ’ phenomenol-
ogy. As a matter of fact, in the perspective of searching &w physics at the LHC, there is
no actual reason to exclud@ decays into channels beyond the SM, such as its supersymmet-
ric extensions. In fact, new physics contributions toZhevidth will significantly decrease the
branching ratios into SM patrticles, and therefore the masssiquoted by the experiments may
have to be revisited. Furthermoi#,decays into supersymmetric particles, if existing, repnés
an excellent tool to investigate the electroweak inteoastiat the LHC in a phase-space corner
that cannot be explored by employing the usual techniqubsrefore, the possible discovery
of supersymmetry irZ’ processes would open the road to additional investigatisinse one

DThe exclusion ranges depend on the specifit)Umodel and, for the graviton searches, on the coupling value.
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would need to formulate a scenario accommodating bothisfggrand heavy gauge bosons.

The scope of this paper is indeed the investigation of the@menology ofZ’ bosons at
the LHC, assuming that they can decay into both SM and supensyric particles. As for su-
persymmetry, we shall refer to the Minimal Supersymmettan8ard Model (MSSM) [10, 11]
and study the dependence on the MSSM parameters. A piogestidy of supersymmetric
contributions toZ’ decays was carried out in [12], wherein the partial widthalinSM and
MSSM channels were derived analytically, and the branchatigs computed for a few (1)’
scenarios. However, the numerical analysis was perforimea hassn,=700 GeV, presently
ruled out by the late experimental measurements, and onlgrfe point of the supersymmet-
ric phase space. Therefore, no firm conclusion could be dedvanit the feasibility to search
for the Z’ within supersymmetry at the LHC. More recently, Refs. [13,dddressed this issue
again and investigated the phenomenology ofZhdecaying into supersymmetric channels.
Ref. [13] considered the 1)’z gauge group, B and L being the baryon and lepton numbers,
and focused on the decay of tEéinto charged-slepton pairs for a few points in the MSSM
phase space and various valueZ'oand slepton masses. Ref. [14] investigated all possible de-
cays of theZ’ in the SM and MSSM, and several1)'models, for two sets of supersymmetric
parameters andZ mass in the 1-2 TeV range. However, the approach [14] did caunt for
the variation of the sfermion masses due to the introducifathe U(1)' group, the so-called
D-term, and considered sfermion, Higgs and gaugino masdeseindependent parameters. In
this paper, we shall consistently include the D-term cdivacand obtain Higgs, chargino and
neutralino masses by diagonalizing the corresponding mmas¢sces. A more detailed study
will be hereafter undertaken by allowing thé1y and MSSM parameters to run within suit-
able ranges, taking into account the recent experimemndsli Throughout this work, particular
care will be taken about the decay of theinto slepton pairs, i.e. charged sleptons or sneu-
trinos, eventually leading to final states with four char¢ggatons or two charged leptons and
missing energy, due to neutralinos. In fact, in the compldranic environment of the LHC,
leptonic final states are the best channels to perform greseasurements and searches. Slep-
ton production irZ’ decays has the advantage thatZhenass is a further kinematical constrain
on the invariant mass of the slepton pair. Moreover, thersite of the MSSM by means of
the U(1)’ gauge group provides also an interesting scenario to studlly Matter candidates,
such as neutralinos [15, 16] or right-handed sneutrino§ [Afiose annihilation or scattering
processes may proceed through the coupling wizhkzoson.

The paper is organized as follows. In Section 2 we shall ridiicuss the (1)’ gauge
group yielding theZ’ boson and the particle content of the MSSM. Section 3 will éeoted to
summarize the new features of the MSSM, once it is used iruoatipn with the W1)' group.

In Section 4, as a case study, we will choose a specific poitteeMSSM/U1)" parameter
space, named ‘Representative Point’, and discuss the MS@btram in this scenario. In
Section 5, we shall present tEébranching ratios into SM and BSM particles for severél)J
models and in the Sequential Standard Model. We will firsestigate the decay rates in a
particular ‘Reference Point’ of the parameter space and ¥henthe U1)’" mixing angle and
the MSSM parameters. Special attention will be paid to theage into sleptons and to the
dependence of the branching fractions on the slepton masSedtion 6 the leading-order
cross section foZ’ production in the W1)" scenarios and in the Sequential Standard Model
will be calculated. Besides, the number of events with sglarfiroduction inz’ decays will be
computed for a few energy and luminosity phases of the LHCelttiBn 7 we shall summarize



the main results of our study and make some final remarks ofutiee developments of the
anaysis here presented. In Appendix A the main formulas teedlculate theZ’ branching
ratios will be presented.

2 Modelling Z’ production and decay

As discussed in the introduction, we shall consider exterssof the Standard Model leading
to Z’ bosons, which will be allowed to decay into both SM and suparsetric particles. For
the sake of semplicity and minimizing the dependence of nalyais on unknown parameters,
we shall refer to the MSSM. In this section we wish to brieflyieg/ the main aspects of the
models used foZ’ production and decay.

2.1 U(1)’ models and charges

There are several possible extensions of the SM that canhievad by adding an extra(W)’
gauge group, typical of string-inspired theories (see, &€gf. [1, 2] for a review): each model
is characterized by the coupling constants, the breakiatg sif U(1)" and the scalar particle
responsible for its breaking, the quantum numbers of fensmiand bosons according td1)'.
Throughout our work, we shall focus on thé1) models explored by the experimental collab-
orations.

Among the U1)' gauge models, special care has been taken about those crorimg
Grand Unification gauge grougsEhaving rank 6, which breaks according to:

Es — SO(10) x U(1)), (1)

followed by
SQ(10) — SU(5) x U(l)’X. 2

The neutral vector bosons associated with tfig){) and U1), groups are called;, andZ,,
respectively. Any other model is characterized by an afgied leads to @’ boson which can
be expressed &5:

Z'(6) = Z;,cosb — Z; siné. (3)

The orthogonal combination to Eq. (3) is supposed to be aekeonly at the Planck scale and
can therefore be neglected even at LHC energies. Anotheelmoamed U(1’,), is inherited
by the direct breaking of &to the Standard Model (SM) group, i.e. SU(2)U(1)y, as in
superstring-inspired models:

Es — SMx U(1)],. (4)

The yielded gauge boson is callzq and corresponds to a mixing andle= arccos,/5/8 in

Eg. (3). The model orthogonal to U(T’L)i.e. 6 = arccos,/5/8 — 11/2, leads to a neutral boson
which will be referred to a&. Furthermore, in the so-called secluded model,(&)ld model
extends the MSSM with a singlet fiefl[18]. The connection with the &groups is achieved
assuming a mixing anglé = arctar{y/15/9) — 11/2 and a gauge bosda.

2In Eq. (3) we followed the notation in [12] and we shall stickit throughout this paper. One can easily
recover the notation used in [1] by replacifg- 6 — 11/2.
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In the Grand Unification group g&&the matter superfields are included in the fundamental
representation of dimension 27:

27 = (Q7 uc7eC7L>dC7 VC7H7DC7HC7D’§)L' (5)

In Eq. (5),Q is a doublet containing the left-handed quarks, i.e.

u
Q= (). ©)

wheread. includes the left-handed leptons:

Lz(&). 7)

In Egs. (6) and (7)u, d ande denote generic quark and lepton flavours. Likewige,d’, e
andy( are singlets, which are conjugate to the left-handed fieddstlaus correspond to right-
handed quarks and leptofis In the case of supersymmetric extensions of the StandacteMo
such as the MSSMQ, L, uf, df, e and v will be superfields containing also left-handed
sfermions. Furthermore, in Eq. (3), andH¢ are colour-singlet, electroweak doublets which
can be interpreted as Higgs pairs:

< (8) - (3)

In the MSSM,H andHC¢ are superfields containing also the supersymmetric partofethe
Higgs bosons, i.e. the fermionic higgsinos. Another pdesikescription of théd andH¢ fields
in the representatio®? is that they consist of left-handed exotic leptons (slepxdiandL, with
the same SM quantum numbers as the Higgs fields in Eq. (8f[1Rloreover, in Eq. (5)D and
D¢ are exotic vector-like quarks (squarks) afds a SM single®). In our phenomenological
analysis, as well as in those performed in Refs. [12-14]plepaind quarks contained in the
H andD fields are neglected and assumed to be too heavy to conttibdtgophenomenology.
We are nevertheless aware that this is a quite strong assumgptd that in forthcoming BSM
investigations one may well assume that such exotics ls@ind quarks (sleptons and squarks)
are lighter than th&’ and therefore they can contributeZbdecays.

When E breaks according to Egs. (1) and (2), the fields in Eq. (5)@veganized according
to SO(10) and SU(5). The SU(5) representations are thexfwitp

10=(Q,u%,€) , 5= (L,d%, 1= (v%),5=(H,D%,5=(H,D),1=(S). (9)

From the point of view of SO(10), the assignment of the fietdshie representationss, 10
and1 is not uniquely determined. In particular, there is no actaason to decide which

3Following [26], the conjugate fields are related to the riganded ones via relations lik§ = u;.

C
4)In the assumption thad andH¢ contain exotic leptons, it igd = (Et) andH¢ = (E%)
L
5 A variety of notation is in use in the literature to denoteéhetic fields in the27 representation. For example,
in [2, 19, 20] the exotic quark® andD°® are callech andh®.



Table 1:Z" models along with the corresponding mixing angle, as ginelq. (3).

| Model | 6 |
Zy 0
Zy —11/2
Zy arccos,/5/8

zL | arctar{v/15/9) — 1/2
Z| arccos,/5/8— /2
Z}, arctan/15— 17/2

representation should be includedlif rather than inl0. The usual assignment consists in
having in the representatidié the SM fermions and in th&0 the exotics:

16= (Q,u%€%L,d% v , 10= (H,D° H° D), 1= (S). (10)

An alternative description is instead achieved by inclgdihandD€ in the 16, with L andd®

in the 10; this 'unconventional’ g scenario has been intensively studied in Refs. [19-21] and
leads to a differen’ phenomenology. In our paper, we shall assume the ‘conveitis O(10)
representations, as in Eq. (10). Nevertheless, it can bersfiti] that, given a mixing anglé,

the unconventional g&scenario can be recovered by applying the transformation:

6 — 0+ arctan/15, (11)

In fact, in our phenomenological analysis, we shall alscs@er the U1)'y model leading to
the so-calledy, boson, with a mixing anglé = arctany/15— 11/2. According to Eq. (11), the
Z), model corresponds to ttz&, one, butin the unconventionagBcenario. Table 1 summarizes
the U(1)'-based models which will be investigated througout thisapaalong with the values
of the mixing anglef.

The U(1)' charges of the fields in Eq. (5), assuming that they are azgdrin the SO(10)
representations as in (10), are listed in Table 2. Under argeb(1)’ rotation, the charge of a
field @ is the following combination of the (1), and U1);, charges:

Q' (®) = Qyy(®P) cosh — Q (P)sinb. (12)

Besides the (1) gauge groups, another model which is experimentally inyatgd is the
so-called Sequential Standard Model (SSM), yielding a géhasonZs,, heavier than th&
boson, but with the same couplings to fermions and gaugeisasoin the SM. As discussed in
the introduction, although the SSM is not based on strongrétieal arguments, studying the
Zs Phenomenology is very useful, since it depends only on onenpeter, theZ’ mass, and
therefore it can set a benchmark for th€lY)-based analyses.

In the following, the coupling constants of )y, SU(2),. and U1)" will be namedgs, g,
andd/, respectively, withg; = gotan6y, 6y being the Weinberg angle. We shall also assume,
as occurs in g-inspired models, a proportionality relation between the U(1) couplings, as

in [12]:
, 5
g = \/;gl. (13)
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Table 2: U1)' charges of the fields in the representation 27 of the Grantidation group k.

| [2v10Q | 2V6Q, |
Q -1 1
uc -1 1
de¢ 3 1
L 3 1
A -1 1
vy -5 1
H -2 -2
H¢ 2 -2
g 0 4
D 2 -2
D¢ -2 -2

Before closing this subsection, we wish to stress that, ieg#ythe electroweak-interaction
eigenstateZ andZ’ mix to yield the mass eigenstates, usually labelledaandZ,. Ref. [22]
addressed this issue by using precise electroweak datasteanal experiments and concluded
that the mixing anglé, is very small for anyZ’ model, namely sif;» ~ 1073-10~%. Like-
wise, even th&Z’ mixing associated with the extra kinetic terms due to thelti{) groups is
small and can be neglected [23].

2.2 Particle content of the Minimal Supersymmetric Standard Model

The Minimal Supersymmetric Standard Model (MSSM) is the miogestigated scenario for
supersymmetry, as it presents a limited set of new paramatet particle content with respect
to the Standard Model. Above all, the MSSM contains the sypemetric partners of the
SM particles: scalar sfermions, such as sleptbhsind U, (¢ = e, u, ) and squarks) {q =
u,d,c,s t,b), and fermionic gauginos, i.eg, W*, Z andy. It exhibits two Higgs doublets,
which, after giving mass teV andZ bosons, lead to five scalar degrees of freedom, usually
parametrized in terms of two CP-even neutral scalarapndH, with h lighter thanH, one
CP-odd neutral pseudoscaldy and a pair of charged Higgs bosods. Each Higgs has a
supersymmetric fermionic partner, named higgsino. Thietlggalar Higgs, i.e.h, roughly
corresponds to the SM Higgs.

The weak gauginos mix with the higgsinos to form the massnsigg¢es: two pairs of
charginos i andX>) and four neutralinosk, X3, XsandX3), whereX? is the lightest an&s
the heaviest. Particle masses and couplings in the MSSMeteendined after diagonalizing the
relevant mass matrices. Hereafter, we assume the conserehR-parity, with the values R
= +1 for SM particles and R= -1 for their supersymmetric partners. This implies thestnce
of a stable Lightest Supersymmetric Particle (LSP), preiseamy supersymmetric decay chain.
The lightest neutralino, i.eX%, is often assumed to be the LSP.

As for the Higgs sector, besides the two Higgs doublets oMB&M, the extr&Z’ requires
another singlet Higgs to break thé¢1)’' symmetry and give mass to tEéitself. Moreover, two



extra neutralinos are necessary, since one has a new ngaigiho, i.e. the supersymmetric
partner of thezZ’, and a further Higgsino, associated with the above extray$ligAs for the
sfermions, an extra contribution, the so-called D-ternsgoark and slepton masses, depending
on the U1)’ sfermion charges and Higgs vacuum expectation valuesohaes ¢valuated. As
will be discussed below, such D-terms will have a crucial actpon sfermion masses and,
whenever large and negative, they may even lead to discpsdime MSSM/1)’ scenarios.

3 Extending the MSSM with the extra U(1)’ group

In our modelling ofZ’ production and decay into SM as well as supersymmetric ghesti
the phenomenological analysis in Ref. [12] will be furthepamrded and generalized. In this
section we summarize a few relevant points which are impofta our discussion, referring to
the work in [12] for more details.

3.1 Higgs bosons in the MSSM and (1)’ models

The two Higgs doublets predicted by the MSS#h (and®d,) can be identified with the scalar
components of the superfielts andH® in Eq. (5), whereas the extra Higg®4), necessary
to break the W1)' symmetry and give mass to ti&, is associated with the scalar part of the
singletS’. The three Higgs bosons are thus two weak-isospin doubtetsm@e singlet:

0 +
o (#). - (3) -9

The vacuum expectation values of the neutral Higgs bosangiaen by(qq0> =v;/v/2, with
Vi < Vo < V3. From the Higgs vacuum expectation values, one obtains tE8N parameter
tang, i.e.

tanf = vo/vy. 14
Hereafter, we shall denote the Higgs charges accordingett(h) symmetry as:
Q=Q(H) , Q=Q(H%) , B=Q(S"). (15)

Their values can be obtained using the numbers in Table 2 gn(lLE).

The MSSM superpotential contains a Higgs coupling termngivise to the well-knowm
parameter; because of the extra fidlg, our model presents the additional contributién=
AD,D,d3, leading to a trilinear scalar potential for the neutral gfidgposons

Vi =AM @P00s. (16)

The parametei in Eq. (16) is related to the usuglterm by means of the following relation,
involving the vacuum expectation valueqﬁ [12]:

_Avs
v (17)



After symmetry breaking and giving masswWj Z andZ’ bosons, one is left with two charged
(HF), and four neutral Higgs bosons, i.e. one pseudoséetard three scalats, H andH’ ©).
Following [24], the charged-Higgs mass is obtained by diedjaing the mass mixing matrix

H2 == (QE/Z—AZ)V%+AAAV1V3/V2 (9%/2—)\2)V1V2+)\AAV3 (18)
HET 2\ (68/2— A%V +AA Vs (03/2— A2V +AA Vavs/ vy
and is given by
AA,V A?
Mg, =223 4 (1 2= )mzN (19)
H™ " sin2B P

We refer to [12] for the mass matrix of the CP-even neutral Higgsons: the mass eigen-
values are to be evaluated numerically and cannot be exgor@s€losed analytical form. One
can nonetheless anticipate that the mass of the hea¥iesttypically about theZ’ mass, and
therefore theZ’ cannot decay into channels containidg

The mass of the pseudoscalar Higgs obtained after diagonalizing itsx22 mass matrix
and can be computed analytically, as done in [24]:

e = ASQAZ‘E <1+—S|r122/3> (20)

wherev = |/V2 +v37).

3.2 Neutralinos and charginos

Besides the four neutralinos of the MSSM?,...,)N(E, two extra neutralinos are required,

namely)?g and )?8, associated with th@ and with the new neutral Higgs breaking1y.

The 6x 6 neutralino mass matrix is typically written in the basidhed supersymmetric neutral

bosons(—lB —|VV3 —iB (D]_,Cbz,cbg) It depends on the Higgs vacuum expectation values, on

the soft masses of the gaugir®3i\s andB’, named\i;, M, andM’ hereafter, and on the Higgs
U(1)' charge€)], Q, andQ;. It reads:

M; 0 0 —Igvi 301V 0
0 My 0 Tovi 30ov2 0
0 0 M Qigvi Qg2 Qgg %
M= | —Jgvi gvi Qv 0 Vs pAvz |- (21)
012 —30Ve QugVe \%)\ v3 0 \%)\ Vi
0 0  Qdvs \/%)\ Vo \%)\ vi O

The neutralino mass eigensta(é?sg,...,)?g) and their masses are obtained numerically after
diagonalizing the above matrix. Approximate analytic egsions for the neutrino masses,
valid wheneveMy, My, M’, v; andv, are much smaller thaw, can be found in [25].

6)We point out that in [12] the three neutral Higgs bosons anet byHiO, withi=1,2 3 and the pseudoscalar
one byP°.

7In Egs. (19) and (20) we have fixed the typing mistakes coathin Ref. [12], wherein the expressions for the
masses of charged and pseudoscalar Higgs bosons contairfieestors of 2.
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Since the newZ’ and Higgs bosons are neutral, the chargino sector of the M&aMins
unchanged even after adding the extrd )Ugroup. The chargino mass matrix is given by [10]

o M, v2my sinB
Mys = <\/§mNcosB T (22)
and its eigenvalues are
B ITVRTIY )
m)2~(i)~(2i—§ [||V|2| + M2+ 2mG, F /By | (23)
with
Ay = (IM2f? + | u[? +2mGy)? — 4| UMz — Gy sin 2B, (24)

3.3 Sfermions

In many models for supersymmetry breaking, the sfermiorasgimasses are expressed as
the sum of a soft terrm%, often set to the same value for both squarks and sleptongie¢ia
scale, and a correction, called D-term [26], which, for theposes of our study, consists of two
contributions. A firstterm is a correction due to the hyperfplitting driven by the electroweak
symmetry breaking, already present in the MSSM. For a femraiof weak isospirlj 5, weak
hyperchargé’,; and electric charg®,, this contribution to the D-term reads:

ANG = (T3,a0% — Ya03) (V5 — V3) = (T3.a— QasSin® B)ms cos B. (25)

A second contribution is due to possible extensions of th&MSsuch as our (1)’ group, and
is related to the Higgs bosons which break the new symmetry:

/2
A2 = 7 (QVE + Qp3 + Qe (26)

whereQ, Q, and Q5 are the Higgs (1)’ charges defined in Eq. (15). When dealing with
the Sequential Standard Mod#&|, only the first contribution to the D-term, Eq. (25), must be
evaluated.

Left- and right-handed sfermions mix and therefore, in otd@btain the mass eigenstates,
one needs to diagonalize the following squared mass matrix:

f f
M= (WWZ (MLR)Z) @7
- f f :
(Mp)? (Mgg)?

As in Ref. [12], we shall assume a common soft mass for all stersmat theZ’ scale and add to
it the D-term contribution. Another possibility would bes done e.g. in [26], setting the same
soft mass at a high ultraviolet scale, such as the Planck,rmadghen evolving it down to the
typical energy of the process, by means of renormalizationgequations. As an example, we
present the expression for the matrix elements in the caae op-type squark:

MEL? = ()2t (5 x| mB cosp + Of (28)
M2 = (w82 mE+ (5 2 ) mE o7+ QA (29)
(MR)? = my(Ay—pcotB). (30)
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wherex,, = Sinf6y, mu is theu g mass at th&’ energy scale and; = myA, is the coupling
constant entering in the Higgs- -sfermion interaction teffhe dependence amz and on the
mixing angled is embedded in thAr’r'(J2 term; analogous expressions hold for down squarks
and sleptons [12]. In the following, the up-squark massresges will be named ag andup;

and their masses as;, andm,. Likewise, d172, 61,2 andvq » will be the mass eigenstates for
down-type squarks, charged sleptons and sneutrinos amahtasses will be denoted WJLZ’

m; , andmg, ,, respectively.

As the mass of SM light quarks and leptons is very small, ngixerms like the one in
Eqg. (30) are typically irrelevant and the mass matrix of ®lap and light squarks is roughly di-
agonal. On the contrary, the mixing teivj r can be relevant for top squarks, and therefore the
stop mass eigenstatis can in principle be different from the weak eigenstdtes However,
we can anticipate that, as will be seen later on, f@f boson with a mass of the order of a few
TeV, much higher than the top-quark mass, even the stop gieim will be negligible.

4 Representative Point

The investigation o’ production and decays into SM and BSM particles depends araev
parameters, such as t#é or supersymmetric particle masses; the experimental lsesrfor
physics beyond the Standard Model set exclusion limits ch suantities [27].

In the following, we shall first consider a specific configizatof the parameter space,
which we call 'Representative Point’, to study tdephenomenology in a scenario yielding
non-zero branching ratios in the more relevant decay chaniiéen, each parameter will be
varied individually, in order to investigate its relevaraethe physical quantities.

The set of parameters chosen is the following:

5 n
r=3TeV, 8= -
my eV, arccos\/; >

[ =200, tanB = 20, Aq = A, = Ay = A¢ = 500 GeV,
nﬁLGﬁRzm%Lzngzmo =m). =25TeV,
M; = 100 GeV, M, = 200 GeV, M =1 TeV. (31)

where the value 0 corresponds to th& model and byg and¢ we have denoted any possible
qguark and lepton flavour, respectively. In Eq. (31) the gaognassed; andM, satisfy, within
very good accuracy, the following relation, inspired by @tdJnification Theories:

M

5
o = §tar? B . (32)

4.1 Sfermion masses

The sfermion masses are given by the sum of a common mass, thet $ame values for all
squarks and sleptons at tAéscale, as in Eqg. (31), and the D-term, introduced in Submecti
3.3. The D-term, and then the sfermion squared masses, éstexpto depend strongly on the
U(1)' and MSSM parameters, and can possibly be negative and lgrge the point of leading
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to an unphysical (imaginary) sfermion mass. In Fig. 1 westhé dependence of squark (left)
and slepton (right) masses on th¢1lY) mixing angle@. The symbolauis di 2, ¢12 and vy »
stand for generic up-, down-type squarks, charged sle@tondsneutrinos, respectively. With
the parametrization in Eq. (31), in particular the fact tin&tZ’ mass has been fixed to 3 TeV,
a value much higher than SM quark and lepton masses, theisfemasses do not depend on
the squark or slepton flavour. In this case, even the stopngnitarm is negligible, so that the
f1 2 masses are roughly equal to those of the other up-type sgjuark

In Fig. 1 the mass spectra are presented in the rarig2 < 6 < 0.8: in fact, for@ < —1.2
and6f > 0.8 the squared massesfandi, become negative and thus unphysical, respectively,
due to a D-tem which is negative and large. This implies matmodelzg(, corresponding to
6 = —m/2, cannot be investigated within supersymmetry for the agerin Eq. (31), as it
does not yield a meaningful sfermion spectrum. In the folhmywe shall still investigate the
phenomenology of th?;;( in a generic Two Higgs Doublet Model, but the sfermion decagles
will not contribute to its decay width. From Fig. 1 (left) onan learn that the masseswafand
d; are degenerate and vary from about 2.2 to 3 TeV for increaghges off, whereas thei
mass decreases from 2.7 to about 2 TeV. A stronger dependeriZes exhibited bymy : it
is almost zero fol® ~ —1.2 and about 3 TeV foB ~ 0.8. The slepton masses, as shown in
Fig. 1 (right), decrease dsincreases: the mass 6f is degenerate witfr; and shows a larger
variation (from 3.7 to 2.2 TeV) thafy (from 2.7 to 2.2 TeV). Sneutrind® exhibit a remarkable
6 dependencemy, can be as high as 4 TeV fér~ —1.2 and almost zero fof ~ 0.8. Overall,
Fig. 1 points out that, since the D-term has a remarkable ¢gtngathe sfermion masses, setting
them by hand, as done, e.g., in [14], without calculating tarrection, is not legitimate.
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Figure 1: Dependence on th€ 1)’ mixing angle6 of squark (left) and slepton (right) masses.

The D-term correction, and therefore the sfermion massedso function of th&’ mass:
this dependence is studied for tde model and the parameters set as in the Representative
Point, in the range 1 Te¥ my < 3.5 TeV. In Fig. 2 the squark and slepton masses are plotted
with respect tomy,, obtaining quite cumbersome results. The massas gf di, /2 and U
are independent af;; on the contrarymy, and m;, are degenerate and increase from 2.5

TeV (my = 1 TeV) to about 3.5 TeVrtyy = 3.5 TeV). The mass off, is mg, ~ 2.4 TeV for

mz =1 TeV andmg, ~ 0 for mz = 3.5 TeV; due to the large negative D-term fir squarks,
no physical solution fomg, is allowed abovenz = 3.5 TeV.
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Figure 2: Sfermion masses as a function of Zhenass.
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Figure 3: Sfermion masses as a function of the initial vam%andmg, set at theZ’ mass scale.
Left: squarks. Right: sleptons.

The dependence of the sfermion masses on the initial val@emdmo set at theZ’ mass
scale, and varied from 400 GeV to 4 TeV, is presented in F|@§expected given Egs. (28)-
(30), all sfermion masses are monotonically increasingtian of mz; in the case ofif, Uy, dr

and/,, being the D-term negligible, they are degenerate and alppabely equal tcmgq in the

whole explored range. The mass of the squdrks instead physical only farng > 2.1 TeV
and increases up to the valog, ~ 3.3 TeV formq 4 TeV. The massesy; , my, andmy, are
also degenerate and vary from about 2.1 ng{: 400 GeV) to 4.5 Tevmg 4 TeV), thus
displaying a remarkable effect of the D-term.

We also studied the variation of the sfermion masses withe@sto tar8, in the range
1.5 < tanf < 5, and on the trilinear couplings, for 1 TeV< As < 4 TeV, but found very little
dependence on such parameters. Moreover, there is no damEndnMy, M, andM’, which
do not enter in the expressions of the sfermion masses, &esrlee D-term correction.
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4.2 Neutralino masses

We wish to study the dependence of the neutralino massesqrathmeters playing a role in
our analysis: unlike the sfermion masses, they depend alsloeogaugino massé4;, M, and
M’. Table 3 reports the six neutralino masses for the paramaéitrn in Eq. (31). Fomy =

3 TeV,Z' decays into channels containing the heaviest neutra”dgrmre not permitted because
of phase-space restrictions. and therefore they can bardet in the Representative Point
scenario. Beingnxg ~ 2.54 TeV, decays into states containiﬁ@ are kinematically allowed,

but one can already foresee very small branching ratios.

Table 3: Neutralino masses foZamass of 3 TeV and the parameters of the MSSM afit)’U
setasin Eq. (31).

LM | Mg | ome [ My | mp | Mg

| 94.6 GeV| 156.6 GeV| 212.2 GeV| 261.0 GeV| 2541.0 GeV| 3541.0 GeV]

Figure 4 presents the dependence of the mass of the foueigh¢utralinos, i.x?... X3,
on the supersymmetry parametergleft) and tarB (right), for —2000< p < 2000 and 15 <
tanB < 30, with the others as in Eq. (31). The distribution of the seasofx?, ... X3 is sym-
metric with respect tqu = 0. Neverthelessz andm 70 increase from 0y = 0) to about

100 (m; o) and 200 GeV mxo) in the rangelu| < 300, Whereas they are almost constant for

300< \u\ < 2000. On the contrary, the massesigfand ¥ exhibit a minimum fory = 0,
about 110 and 230 GeV respectively, and increase monothyninaerms of |u|, with a be-
haviour leading ton;(g ~ Mo ~ |u| for large|u|. As for tanB, a small dependence is visible

only in the low tarB range, i.e. 55 < tanB < 8, with the masses dt?, ¥3 and X2 slightly
decreasing and the one}bf mildly increasing. Outside this range, the light neutralmasses
are roughly independent of tén

In Fig. 5 we present the dependence of the light (left) andyhéadght) neutralino masses
on the gaugino madsl; for M1 < 3.7 TeV. In the light case, the masses exhibit a step-like
behaviour: Mgo andm have roughly the same value throughMl range, growing for small
M1 and amounting to apprOX|mater 200 GeV Mg > 200 GeV. The massyo increases in

the range 200 Ge¥ M1 < 2.5 TeV and is aboum~ ~ 2.54 TeV for M; > 2 5 TeV. The
mass of)(4 is roughlymo 0 = 2M for 200 GeV< My < 1.2 TeV, thenm 70 = 2.54 TeV, up to
M1~ 2.5 TeV, and uItlmaternX ~ M; for largerM;. As for the heavy neutrallnos the mass
of x5 IS Mgo =~ 2.54 TeV forM; < 1.3 TeV, then it increases linearly in the rang8 TeV <

M; < 1.8 TeV and it |szo ~ 3.54 TeV forM; > 1.8 TeV. The mass of the heaviest neutralino

Xe is constant, namelyn, 70 = 3.54 TeV, forM; < 1.8 TeV, then it grows linearly, reaching the
valuem ~ 7 TeV forM; = 3.5 TeW.

Flgure 6 presents the massesygfand ¥ with respect to th&’ mass in the range 1 Tey
my < 4 TeV (left) and to theM’ parameter for 100 Ge¥ M’ < 4 TeV (right). The masses
of X2 and %2 grow linearly as a function af,/, whereas they exhibit opposite behaviour with

respect taV’, asmgo increases from 3 to 5.5 TeV arm;(g decreases from 3 to 1.5 TeV. The
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four light-neutralino masses are instead roughly indepehdfm, andM’, as expected.
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Figure 4: Dependence of the mass of the four lightest nenbgbn the MSSM parameters
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Figure 5: Dependence of the neutralino masses on the MSSaMneaerM;. Left: light neu-
tralinos. Right: heavy neutralinos.

4.3 Chargino masses

As discussed before, the chargino sector remains unchafggdhe introduction of the extra
group U1)". Therefore, the chargino masses do not depend on thé n#d)parametei’ and
onmy, but just on the MSSM parameteustanB andM;. Figures 7 and 8 show the dependence
on such quantities, which are varied individually, with titeer parameters fixed as in Eq. (31).
The dependence on, displayed in Fig. 7 (left), is symmetric with respectgo= 0. In

particular,mxli varies significantly, from about 3 to 200 GeV, only fpr| < 300, whereas the

heavier chargino mass exhibits a behavim;%ft ~ |u| and is as large as 2 TeV fgm| ~ 2000.

As for tan@, Fig. 7 (right), the mass of the heavy chargjf@ increases quite mildly from 230
to about 263 GeV, Whereanxf decreases from almost 200 GeV (fas- 1.5) to about 154

GeV (tan3 = 30).
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The variation with respect tM;, presented in Fig. 8, is instead quite different for the two
charginos. The mass of the lighter one changes very litthe fon M1 < 200 GeV, whereas for
largerM; it is aboutm~i ~ 200 GeV. The mass QTZ increases almost linearly witkl; and

and i ism, .. =~ 2Mq ~ M2 for largeM;.

4.4 Higgs masses

As pointed out before in the paper, after adding tH&)Usymmetry, one has an extra neutral
scalar Higgs, nameH’, besides the Higgs sector of the MSSM, i.e. the bospms, H* and
A. TheZ' phenomenology will thus depend on the three Higgs massegaamgim expectation
valuesvi, v2 andvs. In the Representative Point parametrization, the lightesas a mass
m, ~ 90 GeV,H, A andH* are degenerate and have a mass of about 1190 GeV, whereas the
U(1)"-inheritedH’ is about 3 TeV, like th&’. Therefore, in this scenario tt# is not capable
of decaying into final states containiky.

Figure 9 presents the variation of the Higgs masses in tefms(teft) and tar3 (right);
Fig. 10 shows the dependenceropn (left) andA¢ (right). One can immediately notice that the
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mass of the lightedt is roughly independent of these quantities and s~ my ~ 90 GeV
through the wholgu, tanB, mz andAs ranges. Since the supersymmetric light Higgshould
roughly play the role of the SM Higgs boson, a value of abouG#Y for its mass is too
low, given the current limits from LEP [29] and Tevatron [3periments and the recent LHC
results [31, 32]. This is due to the fact that thenass obtained after diagonalizing the neutral
Higgs mass matrix is just a tree-level result; the possibtdusion should increase the light
Higgs mass value in such a way to be consistent with the expetal limits [29]. In fact, the
Representative Point will be used only to illustrate thes=g of the particle spectra in the
MSSM, after one adds the extrag 1)’ symmetry group. Any realistic analysis &f decays in
supersymmetry should of course use values of the Higgs masse®unting for higher-order
corrections and in agreement with the experimental data.

The heavy MSSM scalar Higd$ is physical, i.e. its squared mass positive definite, only fo
positive values ofu, therefore in Fig. 9 the Higgs masses are plottedqufor 0. The mass ol
increases monotonically from Q= 0) to 3 TeV (u ~ 1260), and then it isny ~ my also for
larger u-values. As for the I1)"-inheritedH’, its mass is abouty ~ my for 0 < u < 1260;
for larger u it increases monotonically, up toy, ~ 3.75 TeV, value reached fqt = 2000. In
other words, fou > 1260,H andH’ behave as if they exchanged their roles, with increasing
my, and constaniny = my.. The masses ok andH™ exhibit instead the same behaviour and
increase monotonically with respect tpin the whole range. It is also interesting to notice
that, for 0< u < 1260, one hasy ~ my+ ~ ma. As for the dependence on tBnpresented
in Fig. 9 (right), the masses &, A andH* are almost degenerate and increase from about
400 GeV (taB = 1.5) to approximately 1.5 TeV (tgh = 30). The mass oH’ is instead
My ~ My = 3 TeV for any value of tafs.

The dependence of the Higgs masses orzZthmass in the range 1 TeVmy < 4 TeV is
presented in Fig. 10 (left)A andH* are degenerate and their mass is constantly equal to 1.19
TeV in the whole explored region. Th& mass isny ~ 1 TeV formy = 1 TeV, then it slightly
increases and amountsrg ~ 1.19 TeV in the range 1.2 Te¥ my < 4 TeV. Figure 10 (right)
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shows the Higgs masses as functions of the trilinear cogiplinfor 500 GeV< A; < 4 TeV.
The masses of the charged and pseudoscalar Higgs bosonsgamecate and increase from
1.1 TeV As =500 GeV) to about 3.4 TeVA; = 4 TeV). The mass of the scalar neutkhlis
degenerate with the ones AfandH* for 500 GeV< As < 3.2 TeV, then it ismy = my =

3 TeV for A between 3.2 and 4 TeV. THé' mass is constant, i.emy = my = 3 TeV for
500 GeV< As < 3.2 TeV, then it increases in the same manner as the maskEs afidA. As
already observed for the dependencey andH’ exchange their roles fak; > 3.2 TeV.

4.5 Consistency of the MSSM masses with ISAJET

An experimental search for supersymmetficdecays demands the implementation of our
MSSM/U(1)" scenario in a Monte Carlo event generator. Therefore, itsergl to verify
whether our mass spectra are consistent with those provigdte codes typically used to
compute masses and decay rates in supersymmetry. For thizsey a widely used program is
the ISAJET package [33], containing all the MSSM data; thgessymmetric particle masses
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Table 4: Mass values in GeV for neutralinos, charginos amgysibosons in our model, based
on U(1)" and the MSSM, and according to the ISAJET code, which impfesenly the MSSM.

’Model ‘m~o Mo Mg My m my ma My:s Mgz my

X1 X2 X3 X X1 b6
U(l)'/l\/ISSM 946 156.6 212.2 261.0 90.7 1190.0 1190.0 1190.0 155.0 263.0
MSSM 91.3 152.2 210.2 266.7 114.1 1190.0 1197.9 1200.7 1475 266.8

and branching ratios obtained by running ISAJET are thed bgeprograms, such as HER-
WIG [35] and PYTHIA [36], which simulate hard scattering, fmar showers, hadronization
and underlying event, for an assigned MSSM configuratiois.thius crucial assessing whether
such an approach can still be employed even after the inclusfithe extraz’ boson. Squark
and slepton masses, corrected by the D-term contributiam,be directly given as an input
to ISAJET. Moreover, the chargino spectrum is unchangeitigtthe Z' neutral, whereas the
extraH’, being too heavy, is not relevant for t@é phenomenology. Besides, the masses of
the MSSM Higgs bosonis, H, A andH* depend very mildly on the (1)' parameters. In the
neutralino sector, the two addition,ig and f(g are also too heavy to be phenomenologically
relevant. However, the neutralino mass matrix, Eq. (21pedes also on extra new parame-
ters, such ad/’, ¢’ and the U1)’ chargesQ) , 5. Therefore, even the mass of the four light
neutralinos can potentially feel the effect of the presasfdheZ’.

We quote in Table 4 the eigenvalues of the neutralino massxngt. (21), along with the
masses yielded by ISAJET, for the parameter configuratiosponding to the Representative
Point, Eq. (31). For the sake of completeness, we also prédsenHiggs and chargino mass
values obtained in our framework (1)" and MSSM), to investigate whether they agree with
the ISAJET results (only MSSM).

From Table 4 one learns that the masses of the neutralineg agthin 5%; a larger dis-
crepancy is instead found, about 20%, for the mass of theéelgtHiggs, i.e.h; as pointed
out before, this difference is due to the fact that, unlikAJET, our calculation is just a tree-
level one and does not include radiative corrections. Botigslimasses are nevertheless much
smaller than then,, fixed to 3 TeV in the Representative Point; theref@ejecays into Higgs
bosons will not be significantly affected by this discrepanc

As for the chargino masses, the difference between our teellgalculation and the pre-
diction of ISAJET is approximately 5% fo;?li and 1% forf@t. Overall, one can say that
some differences in the spectra yielded by our computatosISAJET are visible, but they
should not have much impact @ phenomenology. The implementation of thé1l)) model
in HERWIG or PYTHIA, along with the employment of a standalgmegram like ISAJET for
masses and branching ratios in supersymmetry, may thusdpravuseful tool to explor&’
phenomenology in an extended MSSM.

4.6 Z decays in the Representative Point

Before concluding this section, we wish to present the briaigchatios of theZ’ boson into
both SM and new-physics particles. If BSM decays are comyetitith the SM ones, then the
current limits on theZ” mass will have to be reconsidered. We shall first presentridngching
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ratios in the Representetive Point parametrization, Eq, (31 aZ/ boson with mass 3 TeV,
and then we will vary the quantities entering in our analysis

4.6.1 Branching ratios in the Representative Point

In Table 5 we summarize, for the reader’s convenience, ttesesaof the BSM particles for the
parameters in Eg. (31), in such a way to figure out the decayngia which are kinematically
permitted. At this point it is possible to calculate tewidths into the kinematically allowed

Table 5: Masses in GeV of BSM particles in the MSSNIY scenario, with the parameters set
as in Eq. (31).

’ rTk]l ij nHJ_ rn&z le' 1 le' 2 r.n‘h}l mDZ ‘

2499.4 2499.7 2500.7 1323.1 3279.0 2500.4 3278.1 32/9.1
94. 156.5 2122 260.9 2541.4 35414 1548 262.1
| m Ma My My My |

’ 90.7 1190.7 1190.7 3000.0 1193.4 ‘

decay channels. Th&' SM decay channels are the same aszhmson, i.e. quark or lepton
pairs, with the addition of th&/"™W~ mode, which is accessible due to the higgémass.
However, since th&’ has no direct coupling t&/ bosons, th&’ — WTW~ occurs only viazZ’
mixing and therefore one can already foresee small bragehiros. Furthermore, the extended
MSSM allowsZ’ decays into squarks, i.q’, (q=u,d andi = 1,2), charged sleptong/;,
sneutrinosy; ,Vi*, (¢ = e, i, T, i = 1,2), neutralino, chargino, or Higg$lf, HH, hH, hA, HA,
H’A, HtH") pairs, as well as into states with Higgs bosons associaitbdMy/Z, such a<Zh,
ZH andW*HT,

We refer to [12] for the analytical form of such widths, atdeay order in the 1)’ coupling
constant, i.e.0(g?); in Appendix A the main formulas will be summarized. Summirmall
partial rates, one can thus obtain tHetotal width and the branching ratios into the allowed
decay channels.

In Table 6 we quote th&’ branching ratios in the Representative Point parametoizati
Since, at the scale of 3 TeV, one does not distinguish thekouralepton flavour, the quoted
branching ratios are summed over all possible flavoursuandd, ¢* ¢~ and v~\7~ denote any
possible up-, down-type quark, charged-lepton or neupmia Likewise,uti*, dd*, /¢~ and
vV* are their supersymmetric counterparts. We present sepathe branching ratios into
all possible different species of charginos and neutralias they yield different decay chains
and final-state configurations. In Table 6, several bramgchatios are zero or very small: the
decays into up-type squarks and sleptons, heavy neuisa}@\and the Y1)-inheritedH’ are
kinematically forbidden for~a'i’~ of 3 TeV. The only allowed decay into sfermion pairs is the
one into down-type squarkdyd;. Despite being kinematically permitted, the width into up-
type quarks vanishes, since, as will be clarified in Apperdiin the Z| model the vectory,)
and vector-axialdy) couplings, contained in the in the interaction Lagrangifitihe Z’ with up
quarks, are zero. From Table 6 we learn that, at the RepréiserRaint, the SM decays account
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Table 6: Branching ratios of th&’ with the parameters fixed as in Eq. (31). The branching
ratios into fermions and sfermions have been summed ovéhalpossible flavours, e.quu
(¢+¢7) denotes the sum of the rates into up, charm and top (eleetroon and tau) pairs.

| Final state] BR (%) || Final State] BR (%) |

uu_ 0.00 Xo%° 0.07
dd 40.67 x0x2 0.43
ot 13.56 X% 0.71
Vv 27.11 XK 0.27
" 0.00 %2 | 0(107%)
dd 9.58 X% 0.65
i 0.00 %8 2.13
P 0.00 X954 0.80
WHW= | 0(10°°) XX | 0(10°%)
H*H- | 050 X3X3 1.75
hA 0(1073) X% 1.31
HA 0.51 Xx2 | 0(107°)
ZH 0(1073) X% 0.25
Zh 0(10°°) XaXs | 0(107)
ZH' 0.00 Xox2 0.00
H'A 0.00 5 XX 0.00
WEHT | 0(1073) X Xe 1.76
X XF 1.95
XX, | 054

for roughly the 77% of the totad’ width and the BSM ones for the remaining 23%. As for the
BSM modes, the rate into down squarks is about 9% of the tata] tiae ones into charginos
and neutralinos 4.2% and 8.4%, respectively. In the gaugawotor, the channeljsg)”(g and
XiXF have the highest branching ratios. The decay K> has a very small branching
fraction and is experimentally undetectablgffis the lightest supersymmetric particle (LSP).
The final states with Higgs bosons are characterized by veayl sates: the branching fractions
into HTH~ andHA are about 0.5%, the one inkb™WT roughly 0.1% and an even lower rate,
0(1077), is yielded by the modesz, ZH andhA.

These considerations, obtained in the particular conftguraf the Reference Point, Eq. (31),
can be extended to a more general context. We can then cenitlatithez’ BSM branching
fractions are not negligible and should be taken into actiouthe evaluation of the mass limits.

4.6.2 Parameter dependence of the branching ratios

In this subsection we wish to investigate how Bidranching fractions into SM and supersym-
metric particles fare with respect to th¢1y and MSSM parameters. As in Section 3, the study
will be carried out at the Representative Point, varying gasfameter individually.

In Fig. 11, the dependence of the branching ratios on thengianglef is presented for
SM (left) and BSM (right) decay modes, in the rang& < 6 < 0.8; for the SM channels, we
have also plotted the total branching ratio. THedecay rate into quarks exhibits a quite flat
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distribution, amounting to about 40% for central value®aind slightly decreasing for large
|6]. The branching ratio into neutrino pairs is enhancedfat the edges of the explored range,
being about 25%, and presents a minimum@ar —0.1. The rate into charged leptons varies
between 5 and 15%, with a small enhancement arg@nd 0.8; the branching fraction into
WTW~ is below 2% in the wholé range.

As for the BSM channels, described in Fig. 11 (right), the reduno, chargino, and Higgs
modes have a similar behaviour, with a central broad maxiratound® = 0 and branching
ratios about 20%, 10% and 3%, respectively The sneutrincesigive a non-negligible contri-
bution only for8 > 0.5, reaching about 10%, at the boundary of the investigéteshion, i.e.

0 ~ 0.8. The squark-pair channel has a significant rate, about i&i%egative mixing angles,
l.e. 8 ~= —1. The rates in the Higgs channels lie between the neutralimibchargino ones
and exhibit a maximum value, about 10%, te= 0.

Figure 12 presents the dependence of the BRMranching ratios on the MSSM param-
etersu (left) and tar3 (right). The SM rates are not shown, since their dependendbese
parameters is negligible. The decay rate into squarkstsligicreases from 9 to 10% in the
exploredu range; the neutralino branching ratio decreases quitdlsefpom about 8% f = 0)
to zero (4 ~ 1500). The rate into charginos is about 4% for small valugs, ¢dfien it smoothly
decreases, being negligible far> 1500. The branching fraction into Higgs modes is almost
4% atu = 0 and rapidly becomes nearly zero for> 300. As for tai3, thedg*, " ¥~ and
¥°%% modes are roughly independent of it, with rates about 9%a($e), 8% (neutralinos) and
4% (charginos). The decays into states with Higgs bosonsuatdor 4% of thez’ width at
small tan3 and are below 1% for tgh > 20.
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Figure 11: Dependence of ti# decay rates on the (@)’ mixing angle6. Left: SM modes;
right: BSM channels.
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Figure 12: BSM branching ratios with respect to the MSSM patansu (left) and tar3
(right).

5 Z' decays into final states with leptons

Leptonic final states are considered as golden channelstfremiewpoint of the LHC exper-
imental searches. To exploit these features, this studybeailfocused on the decays of the
Z' boson into supersymmetric particles, leading to final statith leptons and missing en-
ergy, due to the presence of neutralinos or neutrinos. Bia#s with two charged leptons and
missing energy come from primary dec&/s— ¢+ 7~, presented in Fig. 13, with the charged
sleptons decaying into a lepton and a neutralino.

Furthermore, an analogous final state results from primagays into chargino¥’ —

X3 X5, followed by X5~ — ¢+ %9, as in Fig. 14 (left). With respect to the direct production
in pp collisions, where the partonic centre-of-mass energy isinmuely determined, the pro-
duction of charginos iZ’ decays has the advantage thatZhenass sets a kinematic constrain
on the chargino invariant mass.

A decay chain, leading to four charged leptons and missiegognis yielded by’ decays
into neutralinoZ’ — X9x3, with subsequeng? — (=T and/* — ¢=%?, as in Fig. 14 (right).
Finally, we shall also investigate the decay into sneutpaios, such ag&’ — V,V3, followed by
U — XJv andx? — ¢4~ %2, with an intermediate charged slepton (see Fig. 15). Thedtate
of the latest decay chain is made of four charged leptonsmissing energy, due to neutrinos
and neutralinos. In the following, we wish to present a stofly’ decays into leptonic final
states for a given set of the MSSM andlly parameters. In particular, we shall be interested
in understanding the behaviour of such rates as a functiadheo$lepton mass, which will be
treated as a free parameter. In order to increase the ratgl@gtons, with respect to the scenario
yielded by the Representative Point, the squark mass & theale will be increased to 5 TeV,
in such a way to suppre&$ decays into hadronic jets.

In our study we consider the models in Table 1 and vary thélrstepton mas:r,n0 for

several fixed values afy/, with the goal of determining an optimal comblnatlormﬂ‘andmz,
enhancing the rates into leptonic final states, i.e. theydewales containing prlmary sleptons,
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Figure 13: Diagram for the decay of ti# into a charged-slepton pair, yielding a final state
with two charged leptons and missing energy.
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Figure 14: Decays af’ bosons into chargino (left) and neutralino (right) paiesding to final
states with two charged leptons and missing energy.
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Figure 15: Final state with four charged leptons and missingrgy, due to the presence of
neutrinos and neutralinos, yielded by a primafty— VV* decay.

charginos or neutralinos. The other parameters are set toltowing Reference Point:

1 =200, tanB =20, Aq=A, = A; = 500 GeV,
md=5TeV, M; = 150 GeV, M, = 300 GeV, M’ = 1 TeV. (33)

Any given parametrization will be taken into account onlyhié sfermion masses are physical
after the addition of the D-term. Hereafter, we denote byBR,+,-, BRyy and BRy - the
branching ratios into quark, charged-lepton, neutrino\dhpairs, with BRsy being the total
SM decay rate. Likewise, Bf3:, BRy ;- and BR;j+ are the rates into squarks, charged sleptons
and sneutrinos, BR 3, BRyog0, BRy+1-, BRaa, BRya are the ones into chargino, neutralino,
charged- and neutral-Higgs pairs, BR,+ the branching fraction ints/ TH*. Moreover, for
convenience, BR, is the sum of the branching ratios irdb andZH and BRssy the total BSM
branching ratio.

5.1 Reference Point: Model 2’7

An extra U1)' group with a mixing anglé = arccos,/5/8 leads to a new neutral boson la-
belled asZ,’T In Table 7 we list the masses of chargett (andmy;,) and neutralify;, andmy,)
sleptons, for variousy, and for the values af which, as will be clarified later, yield a phys-
ical sfermion spectrum and a maximum an(f minimum rate ineusmos. From Table 7 we
learn that the decays into pairs of charged sleptons are/alkmematically forbidden, whereas
the decay inta, pairs is accessible. The effect of the D-term on the mass o remarkable:
variations ofmg of few hundreds GeV induce imy, a change of 1 TeV or more, especially
for large values of th& mass. Table 8 summarizes the branching ratios into all alib®M
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Figure 16: Branching ratio of th?.,, boson into sneutrino paifgV;, as a function of the slepton
massm%, for several values afy..

Table 7: Slepton masses at the Reference Point foZtheodel, varyingmy: and mg. nm,,

andmg, , are the charged-slepton and sneutrino mass eigenvalueiscassed in the text. All
masses are given in GeV.

[y [ |

14

mgl

mgz

MGy

my,

1000
1000
1500
1500
2000
2000
2500
2500
3000
3000
3500
3500
4000
4000

800
900
1100
1300
1500
1800
1800
2200
2200
2600
2500
3100
2900
3500

736.9
844.4
994.0
1211.6
1361.2
1686.1
1618.0
2053.8
1985.7
2421.4
2242.3
2896.2
2610.2
3263.9

665.9
783.2
873.8
11151
1205.6
1563.1
1411.9
1895.6
1744.6
2227.9
1950.2
2676.5
2283.3
3008.9

732.6
840.6
990.8
1209.0
1358.9
1684.2
1616.1
2052.2
1984.1
2420.0
2240.9
2895.1
2608.9
3262.9

379.3
560.2
298.G
754.]
503.¢
1115
344.]
1311
586.4
1504
358.
1867
643.1
2062
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Table 8: Branching ratios of thI'é;7 boson into SM and BSM channels, varying: and mg,
given in TeV, along the lines described in the text.fgRand BRssy denote the total branching
fractions, respectively.

| mg | m2 | BRig BR;y BRyy BRwiw BRzn BRyig BRyogo BRyy- | BRsw | BRasw |

1.0/ 08| 3945 524 27.26 3.01 291 4.92 8.64 8.9471.96 | 28.04
1009|4314 573 29381 3.30 3.18 5.38 9.45 0.0078.68 | 21.32
1511|3782 493 2563 2.71 2.67 5.16 9.76 11.8368.39 | 31.61
15]13| 4265 556 28.90 3.06 3.01 5.82 11.00 0.0077.10 | 22.90
20|15|37.97 491 2554 2.66 2.64 5.33 10.33 10.6B8.42| 31.58
20| 18| 4247 549 2857 2.98 2.95 5.96 11.56 0.0076.54 | 23.46
25|18 3746 483 2512 2.60 2.59 5.33 10.44 11.657.42| 32.58
2522|4239 547 28.42 2.94 2.93 6.02 11.81 0.0076.27 | 23.73
30|22|3760 484 2517 2.59 2.59 5.38 10.61 11.147.60| 32.40
30| 26|4231 545 28.32 2.92 291 6.06 11.94 0.0076.08 | 23.92
3525|3730 480 2494 2.56 2.56 5.36 10.61 11[7&7.03| 32.97
35(31|4226 543 28.25 2.90 2.90 6.07 12.02 0.0075.94 | 24.06
4029|3741 481 25.00 2.56 2.56 5.39 10.70 11.387.22| 32.78
40| 35| 4222 543 28.21 2.89 2.89 6.08 12.07 0.0075.85| 24.15

and BSM channels, for the sanme. andmg values as in Table 7, whereas Fig. 16 presents the
branching raticZ;, — V,¥; as a function ofng and for 1 TeV< my < 4 TeV. The branching

fraction into sneutrinos can be as large as about 11% for aluevofmy/; for Iargermg the
sneutrino rate decreases, as displayed in Fig. 16. Furdrerrmable 8 shows that, within the
scenario identified by the Reference Point, even the dec&yslmarginos and neutralinos are
accessible, with branching ratios about 5-6% (charginad) 20-12% (neutralinos). Decays
intoW+tW~ pairs or Higgs bosons associated with are also permitted, with rates about 3%.
The decrease of the sneutrino rate for Iarrg?aesults in an enhancement of the SM branching
ratios intoqq and neutrino pairs. As a whole, summing up the contributfom® sneutrinos,
charginos and neutralinos, the branching ratio into BSMiga# runs from 24 to 33%, thus
displaying the relevance of those decays in any analys& @noduction in a supersymmetric
scenario.

5.2 Reference Point: Z,;,

An extra group W1)" with a mixing anglef = 0 leads to a neutral vector boson Iabelle(Z@s
(Table 1). In Table 9, we quote the slepton masses for a fewesatfm, and mg as before,

the results are presented for the two valuesm®fwhich are found to enhance and minimize
the slepton rate. For any mass value, the D-term enhancesabiidndreds GeV the masses
of /1 and¥; and strongly decreasems;g2 and nmy,, especially for smalm% and largemy:. In
Table 10 we present the branching ratios into all channetghe same values of andmg as
in Table 9. Unlike thezf7 case, supersymmetric decays into charged-slepton paialawed
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for 8 = 0, with a branching ratio, about 2%, roughly equal to the sieurate. Furthermore,
even the decays into gauginos are relevant, with ratesginfo- and ¥°5° about 10 and 20%,
respectively. The decays into boson pairs, izZh andW*W~, are also non-negligible and
account for about 3% of the totz[p width.

As a whole, theZ{p modelling above depicted yields branching ratios of theepf 35-
40% into BSM particle, and therefore it looks like being a piging scenario to investigate
Z' production within the MSSM. Figure 17 finally displays thaibching ratios into sneutrinos
and charged sleptons as a functiormgfand for several values ofi.

Table 9: Slepton masses in GeV at the Reference Point for t}mhelrﬁg and a few values of
my andmg.

My | mp [ oy my, my, my,
1000| 400 | 535.2 1942 5292 189.2
1000| 700 | 785.1 606.4 781.0 604.8
1500| 600 | 801.7 2854 797.7 282.(
1500 | 1000 | 1132.6 849.4 112.7 848.3
2000| 800 | 1068.4 377.8 1065.4 375.2
2000 | 1300 | 1480.3 1092.1 1478.2 1091[2
2500 | 1000 | 1335.2 470.6 1333.8 468.6
2500 | 1600 | 1828.3 1334.7 1826.6 1334[0
3000| 1100| 1528.5 296.2 1526.4 292.9
3000 | 1900 | 2176.3 1577.2 21749 15766
3500 | 1300| 1795.2 401.8 1793.4 399.4
3500 | 2200 | 2524.4 1819.7 2523.2 18192
4000| 1500 | 2061.9 502.7 2060.4 500.8
4000 | 2500 | 2872.5 2062.2 2871.4 20617
4500| 1600 | 2256.7 177.4 2255.3 171.9
4500 | 2800 | 3220.7 2304.7 3219.7 2304[2
5000 | 1800 | 2523.2 343.1 2521.9 340.3
5000 | 3100 | 3568.8 2547.1 3567.9 25467

5.3 Reference Point: %

In this Subsection we investigate the phenomenology oZfhleoson, i.e. a (I1)’ gauge group
with a mixing angled = arctan,/15— 11/2 (Table 1), along the lines of the previous Sections. As
discussed above, th&, model is interesting since it corresponds to Hj(emodel, but with the
unconventional assignment of the SO(10) representatReterring to the notation in Eq. (5),
in the unconventiondtg model the field$d andDC are in the representatidé andL andd® in
the10of SO(10).

Table 11 presents the slepton masses vamgipgand for the values crfn0 which minimize
and maximize the slepton rate. The D-term addltlomfzblncreases the mass 6f and Uy

and decreases the mass/gf its impact onVy is negligible and one can assum®g, =~ mg
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Table 10: Branching ratios of th&), boson into SM and BSM channels, varying: and mg.
The masses are expressed in TeV. '

| mg | m2 | BRig BR;y BRywy BRw:w- BRzm BRyy BRjojo BRyy- BRy; | BRsu | BResw |

10| 04| 48.16 8.26 8.26 3.00 2.89 9.13 16.53 1.91 1.9064.69 | 35.31
1.0 0.7| 50.07 8.59 8.59 3.08 2.99 9.49 17.18  0.00 0.0067.25| 32.75
15|06 46.78 7.90 7.90 2.71 2.69 9.73 18.64 1.83 1.8362.57 | 37.43
15|10/ 4855 8.20 8.20 2.81 2.79 10.10 19.35 0.00 0.0064.95| 35.05
20| 08| 46.30 7.77 7.77 2.62 2.62 9.92 19.37 1.80 1.8061.85| 38.15
20| 13| 48.03 8.06 8.06 2.72 2.72 10.29 20.10 0.00 0.0064.16 | 35.84
25|10 46.01 7.70 7.70 2.58 2.59 9.99 19.68 1.79 1.7861.42 | 38.58
25|16 | 4772 7.99 7.99 2.67 2.68 10.36 20.41 0.00 0.0063.70 | 36.30
30| 11|4535 7.58 7.58 2.53 2.54 9.92 19.63 1.86 1.8660.51 | 39.49
3019|4710 7.88 7.88 2.62 2.64 10.30 20.39 0.00 0.0062.85 | 37.15
35134491 7.50 7.50 2.49 251 9.86 19.58 1.83 1.8359.92 | 40.08
35|22|46.61 7.79 7.79 2.59 2.61 10.24 20.32 0.00 0.062.19 | 37.81
4015|4460 7.45 7.45 2.47 2.49 9.82 19.53 1.80 1.8059.49 | 40.51
40| 25| 46.26 7.72 7.72 2.56 2.58 10.19 20.26 0.00 0.0061.71| 38.29
4516|4432 7.40 7.40 2.45 2.47 9.78 19.47 1.84 1.8459.11 | 40.89
45| 28| 46.01 7.68 7.68 2.54 2.57 10.15 20.21 0.00 0.0061.37 | 38.63
5018|4416 7.37 7.37 2.44 2.46 9.76 19.44 1.82 1.8258.89 | 41.11
50| 31|4583 7.65 7.65 2.53 2.55 10.13 20.18 0.00 0.0061.12 | 38.88
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Figure 17: Dependence of tIYé,, branching ratio into charged sleptons (left) and sneusrino
(right) as a function ofr2, for several values af.
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Both decays intd} 7, and¥,V; are kinematically allowed, wheredsandi are too heavy to
contribute to theZ’ width.
Table 12 quotes the branching ratios for #jg computed for the same valuesrof, and

m> as in Table 11. Althouglz{; — V»V; is kinematically allowed, the coupling of th& to

sneutrinos is zero fo = arctan/15— 11/2, since, as will be discussed in Appendix A, the rate
into right-handed sfermions vanishes for equal vector aador-axial coupling, i.evy = ay:
therefore, this decay mode can be discarded. As for the stigrsymmetric channels, the
rates into charginos and neutralinos are quite significadtamount to about 9% and 28%,
respectively. The decays inW™W~ andZh states account for approximately 1-2%, whereas
the branching ratio into charged-slepton pairs is aboute\#n in the most favourable case. As
a whole, the rates into BSM final states run from 18 to about 3b&dtherefore are a relevant
contribution to the totak’ cross section. Figure 18 finally presents the variation ettharged-
slepton branching ratio as a functionm?, for a few values ofn.

Table 11: Slepton masses in tAf model, varyingmy and mg, as discussed in the text. All
masses are given in GeV.

[ me [ ) [ m, M, My, My,
1000| 400 | 601.1 249.7 595.8 400.C
1000| 600 | 749.2 512.2 745.0 600.G
1500| 500 | 837.4 1654 833.6 500.C
1500| 900 | 1123.1 766.4 1120.2 900.(
2000| 700 | 1136.4 303.9 1133.6 700.(
2000 | 1200 | 1497.1 1021.0 1495.0 1200
2500| 800 | 1375.8 131.8 13729 800.(
2500 | 1500 1871.2 1275.7 1869.5 1500
3000| 1000| 1673.7 3199 1671.8 1000.
3000 | 1800 | 2245.3 1530.4 2243.9 1800
3500| 1200 | 1972.6 466.2 1971.0 1200.
3500 | 2100 | 2619.4 1785.3 2618.2 2100
4000| 1300| 2211.6 303.9 2210.2 1300.
4000 | 2400 | 2993.6 2040.2 2992.5 2400
4500 | 1500 | 2510.2 476.8 2509.0 1500.
4500 | 2700 | 3367.7 2295.1 3366.7 2700
5000| 1600 | 2749.8 249.7 2748.6 1600.
5000| 3100 | 3822.5 2666.9 3821.6 3100

OO0OO00Oo00o00o0o0o o - %Y

5.4 Reference Point: Z

The U(1)'-based model leading toZ, i.e. a mixing angleéd = arccos,/5/8 — 11/2, has been
extensively discussed, as it corresponds to the Represeraint. It exhibits the property that
the initial slepton maslsn‘g2 can be as low as a few GeV, still preserving a physical sceriari

the sfermion masses. In the following, we shall assume arldivwé of m% = 200 GeV and
present results also for 1 TeV, in order to give an estimath®tlependence and.
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Table 12: Branching ratios of th&, boson in SM and BSM channels, varying: and mg
Slepton and’ masses are quoted in TeV.

| mz | m2 | BRig BRyy BRywi BRw:w- BRzm BRy:g BRjoyo BRpz [ BRsu | BResw |
1.0 044951 1198 959 1.71 168 871 1578  1.0471.08| 28.92
1.0 | 0.6 | 50.03 12.11  9.69 1.73 169 880 1594  0.0071.83| 28.17
15]05|47.99 1151 921 157 157 926  17.76  1.1268.71| 31.29
15|09 4853 11.64 931 159 159 936  17.96  0.0069.49 | 30.51
20|0.7|4750 1136 9.08 153 154 944 1846  1.0867.94| 32.06
20| 124802 1148 9.18 154 155 955 1866  0.0068.68 | 31.32
25|0.8|47.16 1126 9.01 150 152 950 1873  1.1267.42| 32.58
25| 15|4769 1138 9.1 152 153 961 1894  0.0068.18| 31.82
30| 1.0|46.43 1130 8.86 1.47 149 943 1866  1.0866.36| 33.64
30| 1.8|4694 1120 8.96 1.49 150 953 1886  0.0067.09 | 32.91
35| 1.2|4585 1093 8.74 1.45 147 935 1856  1.0565.53 | 34.47
35|21|4634 1105 8.84 1.46 148 945 1876  0.0066.22 | 33.78
4013|4542 10.83 8.66 1.43 145 929 1847  1.0764.91| 35.09
4024|4591 1094 875 1.45 147 939 1867  0.0065.61| 34.39
45|15]| 4513 10.75 8.60 1.42 144 924 1841  1.0564.48| 35.52
45| 27| 4560 10.87 8.70 1.44 146 934 1860  0.0065.17 | 34.83
50| 1.6 | 4490 10.70 8.56 1.41 143 921 1835  1.0664.15| 35.85
50| 3.1|4538 10.81 8.65 143 145 931 1855  0.0064.84 | 35.16
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Figure 18: Slepton branching ratios of thg boson as a function oﬁg.
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In Table 13 the charged- and neutral-slepton masses agd fist a few values oz and
m%. We already noticed, when discussing the Representative Bod Fig. 3, that the D-term

correction to the slepton mass is quite importantgmrf/l and Vs, especially for small values
of m? this behaviour is confirmed by Table 13. The D-term turnstoute positive and quite

large and the only kinematically permitted decay into sfems isZ/ — 572573. However, as in
the Z|; case, the vector and vector-axial coupling are equal,vize= a;, thus preventing this
decay mode for the reasons which will be clarified in AppenlixThe conclusion is that in
the Reference Point scenario, #jeboson can decay into neither charged nor neutral sleptons.
Therefore, the dependence of the branching ratiom?)frs not interesting and Table 14 just
reports the decay rates for fixest = 1 TeV. The total BSM branching ratio lies between 12
and 17% and is mostly due to decays into chargincdfo) and neutralino~ 8-9%) pairs.
Decays involving supersymmetric Higgs bosons, suchasl—, WTHT andHA final states,
are possible, but with a total branching ratio which is rggle for smallZ’ masses and at most
3% for my > 4 TeV. As for the decay into SM quarks, it was already pointatlio Table 6
that the rate intau pairs is zero since the couplingg anda, (see also Appendix A) vanish
for 8 = arccos,/5/8 — 11/2. Therefore, in Table 14, BRg only accounts for decays into down
quarks.

Table 13: Slepton masses in théll)) scenario corresponding taZaboson, for a few values of
myz and mg. All masses are expressed in GeV.

’ Mz ‘ m% ‘ mgl miz M,y M, ‘
1000| 200 | 736.3 204.7 7320 734.8
1000 | 1000 | 1226.6 1001.0 1223.0 1224
1500| 200 | 1080.4 204.7 1077.4 1079.
1500| 1000 | 1458.5 1001.0 1456.3 1457
2000 | 200 | 1429.1 204.7 1426.8 1428,
2000| 1000| 1732.7 1001.0 1730.8 1732
2500 | 200 | 1779.7 204.7 1777.9 1779,
2500 | 3000 | 3482.4 3000.3 34815 3482
3000 | 200 | 2131.5 204.7 2129.7 2130,
3000 | 3000 | 3674.5 3000.3 3673.7 3674
3500 | 200 | 2483.4 204.7 2482.1 2482,
3500 | 3000 | 3889.4 3000.3 3888.5 3889
4000 | 200 | 2836.9 204.7 2834.8 2835,
4000 | 3000 | 4123.4 3000.3 4122.6 4123
4500 | 200 | 3188.6 204.7 3187.6 3188,
4500 | 3000 | 4373.5 3000.3 4372.7 4373
5000| 200 | 3541.5 204.7 3540.6 3541,
5000 | 3000 | 4637.0 3000.3 4636.4 4636

ONNWREPROUORFRPRONNRPOOWNW-N

32



Table 14: Branching ratios of th# into SM and BSM particles fomg =1 TeV and varying
my.. TheZ' mass is expressd in TeV.

| mg | M [ BRg BR;y BRyy BRyiy- BRwsy:  BRua  BRy:z-  BRyogo | BRsm | BResw
1.0[1.0] 4406 1469 2937 0.00 0(10°% (104 4.31 7.58 | 88.11] 11.89
15|1.0| 43.39 1446 2893 0.00 ©(10* (104  4.56 8.65 | 86.78| 13.22
2.0|1.0|43.16 1438 28.77 0.00 0(10%) ¢©(10% 465 9.03 | 86.31| 13.69
25|10 4299 1433 2866 0.06 ¢(10°  0.07 4.68 9.19 | 85.98| 14.02
3.0|1.0| 4253 1418 2836 053 ¢(10°%  0.53 4.66 9.20 | 85.07 | 14.93
35|1.0|4216 14.05 2811 091 0©(10°%  0.92 4.64 9.19 | 84.33| 15.67
4010|4190 1396 2793 120 ©(10%  1.21 4.62 9.17 | 83.79| 16.21
45|1.0|41.70 1390 27.80 140 0(10% 141 4.61 9.16 | 83.40| 16.60
50| 1.0| 4156 1385 27.71 156 0.01 1.57 4.60 9.1583.12 | 16.88

5.5 Reference Point: Z

The Z§ boson corresponds to a a mixing an@le- arctar{/15/9) — 17/2. As in theZ/ model,
one can set a small value of the initial slepton mass, suatl%’as 200 GeV, and still have

a meaningful supersymmetric spectrum. The results onaslepiasses and branching ratios
are summarized in Tables 15 and 16. Sincezbéecay rates are roughly independent of the
slepton mass, in Table 16 the branching ratios are quotqdanrﬂno =200 GeV. From Table 15

we learn that the D-term contribution to slepton massessgige and tha”Zg — Ezfz is the only
decay kinematically allowed, at least for relatively smallues ofmg However, as displayed
in Table 15, the branching ratio into such charged slept®rgiy small, about 0.1%, even for
low mg values. As for the other BSM decay modes, the most relevarg areinto chargino
(about 3%) and neutralino (about 6-7%) pairs, the othersgogiiite negigible. It is interesting,
however, noticing that fom,, =5 TeV the branching ratio into squark pairs starts to playl@ ro
amounting to roughly 8%. In fact, although we set a high veﬁk&emq 5 TeV, for relatively

large Z' masses, i.emy > 3.8 TeV, the D-term fordy-type squarks starts to be negative, in
such a way thatigd2 final states are kinematically permitted. As a whole, one s@anthat,

at the Reference Point, fon; < 5 TeV the BSM decay rate is about 10-12%, but it becomes
much higher for larger’ masses, even above 20%, due to the opening of the decay irdtksq
pairs. However, since the experimental signature of sqpeslluction is given by jets in the
final state, it is quite difficult separating them from the QC&zkgrounds. This scenario seems
therefore not very promising for a possible discovery ofesspmmetry vi&Z’ decays.

5.6 Reference Point: 2;(

The U(1)' group corresponding to a mixing andle= —/2 and a bosoz;( does notlead to a
meaningful sfermion scenario in the explored range of patars, as the sfermion masses are
unphysical after the addition of the D-term. This featurehm‘ZS( model, already observed in
the Representative Point parametrization (see Subsectioandl themy, spectrum in Fig. 1),

holds even for a higher initial squark mass, sucmr@& 5 TeV, as in the Reference Point. It
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Table 15: Slepton masses at the Reference Point withgauge boson and for few values of
my/ andmg, given in GeV, as debated in the text.

’ Mz ‘ mg ‘ my, my, My, My,
1000| 200 | 9179 376.8 914.4 1020.
1000 | 1000 | 1342.6 1049.7 1340.2 1414
1500| 200 | 1357.4 516.7 1355.0 1513,
1500 | 1000 | 1674.1 1107.7 1672.2 1802
2000 | 200 | 1800.7 664.8 1798.9 2010.
2000 | 1000 | 2050.0 1184.0 2048.4 2236
2500 | 200 | 22455 816.7 2244.1 2508.
2500 | 3000 | 3742.0 3102.7 3741.1 3905
3000| 200 | 2691.2 970.5 2690.0 3006.
3000 | 3000 | 4025.2 3146.7 4024.4 4242
3500| 200 | 3137.3 1125.6 3136.3 3505
3500 | 3000 | 4336.2 3198.0 4335.4 4609
4000| 200 | 3583.6 1281.4 3582.7 4005
4000 | 3000 | 4669.3 3256.1 4668.6 5000
4500 | 200 | 4030.2 1437.7 4029.4 4504
4500 | 3000 | 5020.2 3320.7 5019.6 5408
5000| 200 | 4476.9 1594.3 4476.2 5004
5000 | 3000 | 5385.4 3391.4 5384.8 5831
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Table 16: Branching ratios of th& with the MSSM parameters at the Reference Point and for
a few values oimy/, expressed in TeV. The initial slepton mass is fixed to 0.2, Ba\te the
decay rates are independenm%‘.

[mz [P [ BRig BR- BR,; BRwww- BRzn BRyz BRpgp BRj; BRgy | BRsw | BRasw |
10[ 024229 1370 3457 015 014 333 575 007 0.0®0.56| 9.44
15|02|41.84 1354 3416 015 014 351 659  0.07 0.089.54| 10.46
2002|4167 1348 3402 014 014 357 690 008 0.0®9.17| 10.82
2502|4156 1344 3391 014 014 359  7.03 0.08 0.088.92| 11.08
3.0/02|41.25 1334 3366 014 014 358 7.06 008 00®8.25| 11.75
35|02|4099 1326 3345 014 014 357 7.07 008 00®7.70| 12.30
40(02|4081 1320 3330 014 014 356  7.07 008 00®7.30| 12.70
45|02|4067 1315 3319 014 014 356  7.07 008  0.0®7.01| 12.99
50|02|37.34 1207 3046 013 013 327 650 007 7.979.87| 20.12
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is nevertheless worthwhile presenting in Table 17 the Staht¥lodel branching ratios, along
with those into Higgs and vector bosons in a generic Two HIDgsblet Model. For anyny
the rates into quark and neutrino pairs are the dominant twe@sy about 40-45%, whereas the
branching ratio into lepton states is approximately 12%thiecother modesN W, Zh, HA
andH™H ™) account for the remaining 1-3%.

Table 17: Branching ratios of ttﬂg( boson as a function of th& mass, given in TeV. The rates
into sfermion pairs are not presented, since the sfermiassrapectrum is unphysical for the
Z;( model in the Reference Point scenario.

| mz | BRg BRs~ BRyww BRww- BRyy- BRzq  BRma | BRsw | BRasw |

1.0 | 44.35 1244 4229  0.90 0.00 0.026(1073) | 99.08] 0.92
20|44.32 1234 4196 0.84 0.00 028 026 98.62| 1.38
3.0 | 44.03 1224 4163 0.82 024 053 052 97.89| 2.11
40| 43.84 1218 4143  0.82 046  0.64 063 97.45| 255
50| 43.74 1215 4133  0.81 058 070 069 97.22| 2.78

5.7 Reference Point: Zgy

A widely used model in the analyses of the experimental datlael Sequential Standard Model
(SSM): in this framework th&’ coupling to SM and MSSM particles is the same asZhe
boson. The SSM is considered as a benchmark, since the pi@decoss section is only

function of theZ’ mass and there is no dependence on the mixing ahgled possible new

physics parameters, such as the MSSM ones.

As for the supersymmetric sector, the sfermion masses gdbiterm contribution asso-
ciated with the hyperfine splitting, Eq. (25), but not the @ue to further extensions of the
MSSM, namely Eq. (26), proportional @ in the case of 1)". Moreover, theZg,, cou-
pling to sfermions is simply given byssy = g2/(2cosBy ), as in the SM. Since the hyperfine-
splitting D-term is quite small, the sfermion spectrum igysibal even for low values af?.
Table 18 reports the sfermion masses obtained at the ReéeRamnt, Eq. (33), for a few val-
ues ofmz and varyingm% from 100 GeV tomy /2, the highest value kinematically allowed.
For m% = 100 GeV, because of the D-termm;, decreases by about 25%;;, andmy, slightly
increase andy, is roughly unchanged. For large valueswugr, the D-term is negligible and all
slepton masses are approximately equahgo

Tables 19 and 20 present, respectively, the SM and BSM bragchtios of theZgg), at
the Reference Point, for the values Zfand slepton masses listed in Table 18. The decays
into BSM particles exhibit rates, about 60-65%, which can\enéehigher than the SM ones,
accounting for the remaining 35-40%. In fact, this turnstouie mostly due to the decays into
neutralinos, accounting for more than 30%, and into chasyiabout 16-18%. The branching
fractions into sleptons are quite small: the one into smeadris less than 4% and the one into
charges sleptons about 1-2%. TWe W~ mode contributes with a rate about 4-5%, theH ~
one is relevant only fomz > 2.5 TeV, with a branching ratio which can reach 3%, #fe
andhA channels are accessible fop: > 1.5 TeV, with decay fractions between 1 and 4%. The
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variation of the sneutrino and charged-slepton branclatigs as a function of the slepton mass
at theZ’ scale is displayed in Fig. 19 for 1 TeVm, <4 TeV.

Table 18: Slepton masses in thgs,, model varyingmy andmg. All masses are quoted in GeV.

’ Mz ‘ mg ‘ mil mgz M,y My, ‘
1000| 100 | 110.6 109.1 76.6 100.0
1000| 500 | 502.2 5019 495.8 500
1500| 100 | 110.6 109.1 76.6 100.0
1500| 750 | 751.5 7513 747.2 750.C
2000| 100 | 110.6 109.1 76.6 100.0
2000| 1000| 1001.1 1000.9 997.9 1000/0
2500| 100 | 110.6 109.1 76.6 100.0
2500 1250 | 1250.9 1250.8 1248.3 1250/0
3000| 100 | 110.6 109.1 76.6 100.0
3000 | 1500 1001.1 1000.9 997.9 1000/0
3500| 100 | 110.6 109.1 76.6 100.0
3500 1750 | 1750.6 1750.6 1748.8 1750/0
4000| 100 | 110.6 109.1 76.6 100.0
4000 | 2000 | 2000.6 2000.5 1999.0 2000j0
4500| 100 | 110.6 109.1 76.6 100.0
4500 | 2250 | 2250.5 2250.4 2249.1 22500
5000| 100 | 110.6 109.1 76.6 100.Q
5000 | 2500 | 2500.4 2500.4 2499.2 25000
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Table 19: Branching ratios into SM particles of g, varyingmy andm‘l?, as debated in the
text. Slepton and’ masses are expressed in TeV.

|mz | m | BRig BRy- BRyy BRy+w | BRsw |
1.0] 010 29.61 3.87 7.69 556 | 41.17
1.0| 050|31.38 4.10 8.15 5.90 | 43.63
15| 0.10| 27.38 353 7.02 4.86 | 37.93
1.5]075|2889 373 7.41 5.13 | 40.02
2.0/0.10| 26.21 3.36 6.69 4.56 | 36.27
2.0|1.00| 2759 354 7.04 4.80 | 38.18
25|0.10| 25.35 3.25 6.46 4.37 | 35.06
25| 1.25|26.64 3.41 6.79 459 | 36.84
3.0/ 0.10| 24.78 317 6.31 4.25 | 34.26
3.0|150| 26.01 1.66 6.62 4.46 | 35.96
35|0.10| 2442 312 6.21 417 | 35.75
35|175| 2561 140 6.51 4.37 | 35.40
40| 0.10| 24.18 3.09 6.15 412 | 33.42
40|200| 2535 121 6.44 432 | 35.03
45| 0.10| 2401 3.07 6.10 4.09 | 33.18
45|225| 2516 1.07 6.39 4.28 | 34.77
50| 0.10| 23.89 3.05 6.07 4.06 | 33.01
5.0|250| 2503 096 6.36 4.25 | 34.59
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Figure 19: Branching ratios of th&,, as a function ofr? for several values of th&’ mass.
Left: branching fraction into charged sleptons. Right: lotang fraction into sneutrinos.
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Table 20: Branching ratios into BSM particles of tAgs,, for a few values ofmny andn,
expressed in TeV.

y my \ mg \ BRy‘h- BRzn  Bna BRy:y BRygyo BRp; BRyp+ | BRaswm \
1.0[ 0.10] 000 ~10°% 0.00 1831 2930 1.89 3.77 41.17
1.0| 050 000 ~10% 0.00 19.41 31.06 0.00 0.00 43.63
15| 0.10| 0.00 087 0.76 17.84 3252 175  3.48 37.93
15| 0.75| 0.00 092 080 1882 3431 0.00 0.00 40.02
2.0|0.10| 0.00 193 185 1737 33.01 1.67 3.38 36.27
2.0 | 1.00| 0.00 204 195 1828 3475 0.00 0.00 38.18
25(0.10| 0.91 259 253 1693 3278 1.62 3.2 35.06
25| 1.25| 0.95 272 266 1779 34.45 0.00 0.00 36.84
3.0(0.10| 1.72 298 294 1662 3251  1.58 3.15 34.26
30| 150 1.81 313 3.08 17.44 3412 0.00 0.00 35.96
35(0.10| 227 323 320 1642 3230 156 3.10 33.75
35| 175 2.38 338 335 17.22 3388 0.00 0.00 35.40
40010 265 339 337 16.28 3216 154  3.07 33.42
40200 278 356 353 17.07 3371 0.00 0.00 35.03
45010 291 351 349 1619 3206 153 3.06 33.18
451|225 3.05 367 365 1696 3359 0.00 0.00 34.77
50| 0.10| 3.11 359 357 1612 3198 152 3.08 33.01
50| 250| 3.26 376 374 1689 3351 0.00 0.00 34.59

6 Cross sections and event rates at the LHC

In this section we present the total cross sectiorZfqrroduction at the LHC according to the
models discussed throughout this paper, i.e. Table 1, dswdie Sequential Standard Model.
We considerpp collisions at three centre-of-mass energies: 7 TeV (thd 204C run), 8 TeV
(the 2012 run) and 14 TeV, the ultimate project energy. Fahemnergy we shall calculate
the cross section and estimate the expected number of ewéhts Z' boson decaying into
supersymmetric particles, for a few values of integrateaihosity.

6.1 Leading order Z production cross section

The cross sections are computed at leading order (LO), simgldhe LO parton distribution
functions CTEQ6L [37] and setting the factorization scaleado theZ’ mass. Using a differ-
ent LO PDF has a negligible impact on the cross section gesult

The parton-level process is analogousZtgroduction, i.e. it is the purely SM quark-
antiquark annihilatiorgg — Z’. Since the coupling of th&' to the quarks depends on the
specific U1)' scenario, the production rate is a function of the mixinglartgand of theZ’
mass, but is independent of the MSSM parameters. In the Segl@tandard Model, the cross
section just depends on the mass ofZhg,, Figures 20—22 present the total cross section for
the different models investigated throughout this workadgnction ofmy/, at the energies of
7 TeV (Fig. 20), 8 TeV (Fig. 21) and 14 TeV (Fig. 22). For eachtog-of-mass energy, we
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Figure 20: Cross section @ production inpp collisions at 7 TeV. Left: linear scale. Right:
logarithmic scale.
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Figure 21: Cross section fa' production inpp collisions at 8 TeV. Left: linear scale. Right:
logarithmic scale.

present the results on linear (left) and logarithmic (fjgitiales. Tables 21, 22 and 23 quote the
numerical values of the L@’ production cross section, varyimg from 1 to 5 TeV, with steps
of 500 GeV, in U1)’ models and in the Sequential Standard Model.

The highest production cross section is given by the SSM,remEtheZ{p model yields
the lowest rate; the predictions of the other models lie betwthese results and are almost
indistinguishable for largen,,. Moreover, the rates decrease by several orders of magnitud
oncemy increases. In detail, afs= 7 TeV, the SSM cross section runs from 1.6 ply/(=
1 TeV) to ¢(1078) pb (my = 5 TeV). The production rate for the(Wl)'-basedz’ varies from
0(1071) to 0(107°) pb in the sameny range, with very little differences among the models.
At the centre-of-mass energy of 8 TeV, the variation is bew2.3 pb Zgg), atmy = 1 TeV)
and¢(1079) pb (all other models aty,, = 5 TeV). At /s= 14 TeV, for az’ mass of 1 TeV the
cross section varies from about 8 [#i§,, to 1.8 pb Z{P); for my =5 TeV, all models yield a

rate aroundZ(10~4) pb.
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Table 21: LOZ’ production cross section in pb at the LHC fop collisions at\/s= 7 TeV

for the various models in Table 1 ang- varying from 1 to 5 TeV, with steps of 500 GeV. The

CTEQGL LO parton distribution functions are employed.
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0.16

2.0
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21x1072

2.5
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29x1072
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1.4x10°%
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1.5x 1074

15x10°%

39x10%

3.5

1.7x10°
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5.0

55x 10°°

6.0x 1079

59x 109

51x10°

46x 109

45x% 1079

1.4x 108

Table 22: As in Table 21, but at the centre-of-mass engfgy: 8 TeV.
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Table 23: As in Tables 21 and 22, but at the centre-of-masggrés = 14 TeV.
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23x10°3

46x10°

4.5

6.4x 104

5.4x104

56x104

7.1x10%

80x10%

8.1x10*

1.7x10°3

5.0

24%x10°%

21x10%

22x10°%

25%x10°%

28x10°°

28x10%

6.2x10%

6.2 Event rates with sparticle production in Z' decays at the LHC

In the following, we wish to investigate the domain wheregiole Z' decays into supersym-
metric particles could be detectable. For this purpose, amsider two scenarios;/s=8 TeV,
with an integrated luminosity,.# dt=20 fb1, as expected in the 2012 LHC data taking, and, in
future perspective,/s=14 TeV with [.Z dt=100 fb~L. In the narrow-width approximation, the
foreseen number of eventsZh decays is simply given by the product of integrated lumitypsi
production cross section and relevant branching ratio.

The expected event rates in the two considered scenaricsiam@arized in Tables 24 and
25, formz=1.5 and 2 TeV, we discarded tIZQ model as it does not yield a sfermion spectrum
after the addition of the D-term to squark and slepton mas&esliscussed in Section 5, lep-
tonic final states in supersymmetric events can be yieldatiregt decay®’ — /¢~ (Fig. 13)
or by a cascade originated from primary decays into sneytcimargino or neutralino pairs (see
Figs. 14 and 15). By adding up such rates, one obtains thellsatcascade branching ratio:

BRcasc: BRQQ* + BR)?+)’Z7 + BR (34)

)"(0)”(0.
In Tables 24 and 25 {p and Neasc are the number of events withZi decaying into a
primary charged-slepton pairs or into a supersymmetricates respectively. In both luminos-
ity (energy) regimes, due to the large cross section, the&eml Standard Model is the one
yielding the highest production of supersymmetric pagidhZ’ decays, up t@(10%)-0(10°)
for cascade events ats = 14 TeV and/[.Zdt=100 fbo-! and aZ’ massmy = 1.5 TeV. As
discussed in Sections 5.1 and 5.4, in ﬂj)eandzl’ models direct decays into charged sleptons
are prevented, but sneutrino, neutralino and charginoyatezhs are accessible, with expected
number of events from 50 t¢(10%) according tomy,, energy and integrated luminosity. As
for the Zy, model, in the high-luminosity phase, a few hundreds of disteptons and up to
10* cascade particles can be producedier= 1.5 TeV. For [.Z dt=20 fb~! and./s= 8 TeV,
direct slepton decays are negligible, but about 400 and 3€acke events can be expected for
aZ' mass of 1.5 and 2 TeV, respectively. THgboson leads to many cascade particles in the
high-luminosity regime, between 1@nd 1¢, and a few tenths of direct leptons. For the lower-
luminosity case, there are no directly produced chargeu@hs, whereas the cascade sparticles
are about 30ry=1.5 TeV) and 4616 = 2 TeV).
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Before concluding this Subsection, we point out that, algiothe numbers in Tables 24
and 25 encourage optimistic predictions @ndecays into sparticles, especially in the high-
luminosity phase, before drawing a conclusive statemethisrissue, it will be necessary car-
rying out a careful study accounting for detector accepamd resolution, triggering efficiency
and cuts on final-state jets and leptons. Hence, the resekemted in this paper should be seen
a first step towards a more thorough investigation, whicliireg, above all, the implementa-
tion of the models herein discussed into a Monte Carlo evemerggor. In this perspective,
one should compare the Monte Carlo predictions with the exyental data following, e.g., the
approach proposed in [38] or investigating the observadhlggested in [39] to search for new
physics in Drell-Yan like events mediated by a new heavymasoe.

Table 24: Number of supersymmetric particles at the LHC,Zoproduction U1)' models
and in the Sequential Standard Modeh&=8 TeV and[.# dt=20 fb~1, as a function ofmy,
expressed in TeV.

’ MOdeI‘ mz ‘ Ncasc‘ Nslep‘
15| 523 -
2 55 -
Zy 15| 599 | 36
Zy 2 73 4
Zy 15| 400 | 17
Zy 2 70 3
Z 15| 317 -
Z 2 50 -
Zg 15| 30 -
Zg 2 46 -
Zsgy | 1.5 2968 | 95
Zsgy | 2 | 462 | 14
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Table 25: As in Table 24, but foy's= 14 TeV and/.# dt=100 L.

’ Model ‘ mz ‘ Ncasc ‘ Nsiep ‘
1.5 | 13650 -
2.0 | 2344 -
Zy 15| 10241 | 622
Zy 20| 2784 162
Z 15| 9979 414
Z 20| 2705 104
Z 15| 8507 -
Z 20| 2230 -
Zg 15| 8242 65
Zg 2.0 | 2146 16
Zssy | 1.5 | 775715| 24774
Zsgy | 2 | 19570 | 606

7 Conclusions

In this paper, we discussed production and decay of newaléditbosons, according to new
physics models based on g1) gauge group and in the Sequential Standard Model. Unlike
most analyses undertaken so far, based on SM decays, wadisdedZ’ supersymmetric de-
cay modes, as predicted by the Minimal Supersymmetric @ranelodel: in this perspective,
the currenZ’ mass limits may have to be revisited. Extending the MSSM #iéhUJ(1)" sym-
metry implies new features, such as an extra scalar neuiggkHboson, two novel neutralinos
and a modification of the sfermion masses due to an additmoatibution to the so-called
D-term. The particle mass spectra were studied in termseopérameters characterizing the
U(1)' group and the MSSM,; in particular, we discarded scenaricareih the sfermion masses
are not physical after the addition of the D-term. The samdyshas been performed for the
purpose of the’ partial widths and branching ratios, paying special aitb@rto final states with
charged leptons and missing energy. In fact, these confignsaare favourable for an experi-
mental detection at hadron colliders and can be yielded teynmediate charged sleptons or a
supersymmetric cascade through neutralinos, chargins@eatrinos. The branching ratios of
theseZ’ decays have been investigated in all the models, as a funztite slepton mass.

We finally computed th&’ production LO cross section in all scenarios and gave amasti
of the number of supersymmetric eventsZindecays, in the narrow-width approximation and
for few values of centre-of-mass energy and integratedrosity. The outcome of this study
is that, for some models and parametrizations, one can e up to 16-10° events with
sparticle production iZ’ decays. As an additional remark, we wish to point out tha#the:
i decay presents two interesting features. FirstZth@ass will set an additional constrain
on the slepton invariant mass; second, it allows the exporaf corners of the phase space
which would be instead unaccessible through other prosessg Drell-Yan like events.

In summary, we consider our investigation a useful stapioigt to studyZ’ production and
decay beyond the Standard Model, such as within supersymartietories, drawing guidelines
for future experimental analyses. In future perspectiveijli be very interesting performing a
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study including parton showers, finite-width and hadrotiracorrections, as well as experi-
mental effects, like the detector simulation. In this waye avill eventually be able to draw a
statement on th&’ mass limits within supersymmetry. To reach these objestitlee models
for Z' production and decay, examined throughout this paper,haile to be implemented in
Monte Carlo generators, such as HERWIG or PYTHIA. This workiipriogress.

Other possible extensions of our analysis consist in inyashg more thoroughly the un-
conventional assignment of the SM and exaotic fields to thel8U(epresentations, as well as
scenarios wherein the exotic leptons (sleptons) and guadisarks) predicted by the grand-
unified group g are lighter lower than th&' and are therefore capable of contributing to its
decay width. This is in progress as well.
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A Z'decay rates into standard and supersymmetric particles

The Lagrangian term describing the interaction ofZheith fermions is given by:

L =g Ty (vi —ar)fZ), (35)

- ( ]E;) | (36)

SettingQ'(fr) = —Q'(ff), the vector and axial-vector couplings read:

1 1

vi =3 [Q(f)+Q(fr)] , ar = 5 [Q(f) - Q' (fr)] (37)

where the Y1)’ charges of left- and right-handed fermions can be obtaiyeasing Eq. (12)
and Table 2. In terms of the mixing and¥e such couplings read:

with

vi = % [(Q () + Q) (Tr)) cosB — (Q (L) + Qg () sine)| .
a5 = % [(Qy(fL) — Q) (fr)) cosB — (Qy () — Qy () sind) (38)
One can thus write th&’ width into fermion pairs as:
_ 2 e 2 m2 \ M2
rz — ff)chl%mzx IV? <1+2¥f,>+a? <1—4@f,)] (1—4é> - (39)

where the colour factor I§; = 3 for quarks an®s = 1 for leptons. With the charges listed in
Table 2 and employing Eq. (38), one can show that, irZfimaodel, namelyp = arccos,/5/8—
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/2, the vector and vector-axial couplings of #ewith up-type quarks vanish, i.e, =a, =0.
In fact, when discussing; phenomenology at the Representative Point (Section 4), st wa
pointed out that its branching ratio intmi pairs is null.

Likewise, the interaction Lagrangian of the sfermions wit@Z’ reads:

Ly =d (vi £a1)[f R0 fLr) — (9u i R) fLRIZ. (40)

The width into left- or right-handed sfermions is given by:

1/2
(7 fafrg =i 3 + 214m% 41
(Z' — fLrfir) = fETmZ’(Vf ar) - % ) (41)
where thet sign refers to left- and right-handed sfermions, respelgtivEq. (41) is expressed

in terms of weak eigenstateﬁs,R; its generalization to the mass eigensta&gsis straigtforward
and discussed in [12]. However, for the parametrizatiomsl ukroughout this paper, sfermion
mixing is always negligible and Eq. (41) can be safely usezhéw calculate the branching
ratios intofy f; and f, f; final states.

From Eq. (41) one can learn that tAerate into left- and right-handed sfermions vanishes
for vi = —as andv; = as, respectively. In fact, fovs = as, according to Eqg. (35), th#’ only
couples to left-handed fermions and therefore in the MSSMilisence of left-right mixing,
there is no coupling with right-handed sfermions. Likewfsev; = —as, theZ’ only couples to
right-handed fermions and sfermions and the rate fnfg pairs is null. For example, in th&
model, it isvy = ay, whereas, in th& model,v; = a;. Therefore, as remarked in Subsections
5.3 and 5.4, th&{; — V,V; andZ{ — />0, are suppressed, although they are kinematically
permitted at the Reference Point.

As for the Higgs sector, definin@;, Q, andQ; the U(1)' charges as in Eq. (15) aftl=
arctarfv,/vi), one can obtain th2’ rate for decays into charged-Higgs pairs

g/2

4817

M(Z - HH) =

3/2
(Qysir?B — choszﬁ) my <1 4'2%) (42)

and associated production of\aboson with a charged Higds
S, — . (1 — mZ>]
s, g,

x \/1—2W6":%nﬁi +("\2’V;;E'*)Z. (43)

As theZ’ has no direct coupling withV's, the decay int®W "W~ pairs occurs by means of the
Z-Z' mixture. For small values of thé&-Z’ mixing angle, this width reads:

12

L?B,T(Qll +Q,)?my sirf Bcog B | 142

MZ - W*HT) =

Mz ->Ww) =

12
fsn (Qicog B — Qysir?B) my. (44)

8)Equation (43) corrects a typing mistake present in Ref.,[M®rein the decay width' — W*HT is instead
4 times smaller than in (43).
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In order to obtain the widths inté-Higgs pairs, i.eZh, ZH or ZH' final states, or into scalar-
pseudoscalar neutral-Higgs pairs, sucthAsHA or H’A, one first needs to diagonalize the
neutral Higgs mass matrix (see [12]). ThAeHiggs rate can be written in compact form as:

. 5ms —mc _ _)2

(Q?I_COSBUH —QESIHBUg)ZmZ, 1+2 m%m% n.ﬁ + (nﬁleZlnﬁ
rn%’ rn‘zl/ ’

wherei = 1,2,3 for final stateszh, ZH and ZH', respectively, andJjj is the matrix which

diagonalizes the Higgs mass matrix in e H H’) basis. Likewise, using the same notation
as in Eq. (45), the scalar-pseudoscalar Higgs width reads:

g/2

/ ) _
rZ —zh) = 4o

x 4/1-2 (45)

12 \,2
g

287 N2 (v3Q} sinBUy; +v3Q, cosBUy + vQ; sin cosBUz ) *my:

) ll_znﬁé/m% +(nﬁﬁ—;§>2r/z'

In Eq. (46), following [12], we definetl = \/vivﬁ +V2VZ 4+ vavZ andv = 4 /V2 + V2,

Finally, one can derive the decay widths into gauginos. Asi&utralinos, after diagonaliz-
ing the mass matrix (21), the interaction Lagrangian reads:

Mz = hA) =

(46)

70 ~
Lo =Y GiXi VK12, (47)
I7j

whereg;j is a generalized coupling depending on the diagonaliziagrimelements and has
peen ca(;ulated numerically. The partial rate into neunogbairs Qio)”(?) with massesn andm;
is thus given by:

2 . )2 _
(-8 = Simy ll_i:%mfi”inémf) _grr;g,]
[1_ (m - mj>2] | us)

12
y [1 (M +m;)?
me, me,

Finally, the Lagrangian term corresponding to the couptifihe Z’ with charginos is given by:

/
Ly =55 K Vi +a )X 2 (49)
I5]

The generalized vector and vector-axial couplings can peessed in terms ap., the angles
of the unitary transformation diagonalizing the chargir@ssimatrix [26], and the Higgs(W)’
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charges as follows [12]:

vin = Qjsifg —Qssinfgy,
ain = Qjsife +Qhsife,,
Vi=Vp1 = Qsir® @ cosp_ — 6Q,sing, + cosg,,
ap=ap = Q)si@ cosp +6Q,sing, +cosy,,
vz = Qicosp —Qhcos gy,
app = Qjcos +Q,co8 @y (50)

In the above equationd,= sgr(mxli)sgr(m;(;). The analytical expressions f@r. can be found
in [26] and are not reported here for brevity. The rate intargino pairs is finally given by:

12

mz _mZZ .
r(Z/_>)~(ii)~(j¥) _ %Tmz’{(ij"_aizj) 1_rri:%/l_(m22nélj> ]_3(Vij_aii)2%}
(M +m;)?2 [ (m—mj>2]
L (mam)2l o (m—m)2) 51
) “ o = 1)
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