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Abstract. 1start with a brief iptroduction & Higgs mechanism and supersymmetry. Then I discuss
the theoretical expectations, current limits and search gtrategies for Higgs boson(s) at LHC - first in
the SM and then in the MSSM. Finally 1 discuss the signatures and search sirategies for the
suparparticles.

Keywords. Supersymmetrys Higgs boson and collider.

PACS Nos  14.80; 12.60; 1385

1. Introduction

As per the standard model (SM) the basic constituents of matter are the quarks and
leptons, which interact by the exchange of gauge bosons — photon, glnon and the massive
W and Z bosons. By now we nave seen all the quarks and leptons as well as the gauge
bosons. But the story is not complete yet because of the mass probiexm.

2. Mass problem (Higgs mechanpism)

The question is how to give Imass to the weak gavge bosons, W and Z, without breaking
gaANge symmetry, which i8 required for a renormalisable field theory. In order to
appreciate it consider the weak interaction Lagrangian of a charged scalar field ¢ 1.8

.

o } o
o - 1 -
L= (meﬁ +ig % W,qu) (a“fp 4 ig Tz’ W“c;)) ot N zlrvvw,vvﬂ,,,
{1}
where
W;.w - a;u.ﬁ/u - a!)WL!. — g Wu- X Wv (2)

is the field tensox for the weak gauge bosons ﬁ/p. The charged and the neutral W bosomns
form a SU(Z) vecton reflecting the nonabelian nature of this gauge STOUP- This is
responsible for the last term in (2), which leads to gaugd bosoD self-interaction.
Correspondingly the gauge transformation a1 W# has an exira (et e

1

b - e, Wuo W, -~ 0uf — G X W, (3)
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This ensyres £auge invarance of Wﬁw, and hence for the last term of the Lagrangian,
‘epresenting galge hoson kinetic energy and self—interaction. Evident]y the midd]e term,
Tepresenting sealar mass and self’minteraction, Is invarjang under Sauge transformatiop on
. Finally the first term, Tepresenting scalar kinetjc energy and gauge interaction, can he

easily showp to be nvariant under the simultaneous gauge transfo_rmations {3). However
the addition of a masg term

~MW, . w,, (4)

would clearly bregk the gauge invariance of the Lagrangian. Note that, in contrast the geaar
mass fermy, /_zgqbf‘qﬁ, is clearly gauge invarian; This Phenomengy is exploiteg to give
mass to the 8auge bogopg through back door Without breaking the Bauge invarignce of
the Lagrangiap, This is the Celebrated Higgs mechanism of Spontaneoyg Symmetry
breaking [1].

One startg with a § U(2) doubjer of complex scalar field & with imaginary mass, j.e,
1< g, Consequently e minimum of ghe Scalar potentja], Wl A'%)%, moves out

v /R (s)

ie. the field develops 5 Anite vacuum eXpectation valye. Since the quantum Perturbative
eXpansion ig Stable only around a Jocaj minimuyy, ore has o ranslate the field by the
constant quantity, :

It also leads ¢ a Hww coupling,
18" = gy, (8)

Le. the Higgs cox pling to the sauge bosong ig Proportional (o the gauge boson magg.
Similarly jtg couplings 1o quarks and leptons cap be shown to be Proportiona] 1o their
respective masses, i.g.

g = Mgy = %gﬁlglq/Mw, (9)

Indeed, thig i the source of the fermion Masses in the SM. Finally substituting (6) in the
middle term of the Lagrangiau leads 1 4 real masg for the physica Higgs bosan,

My = v/} - Mw(2v/2) /). (10)

Substituting My = 8p GeV and £ =065 along wigh , Perturbative i, of the scalar self-
Coupling A < 1, implieg that the Higgs boson mass is bounded by M, « 1600 Gev, But the
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story does not end here. Giving mass to the gauge bosons via the Higgs mechanism leads
to the so-called hierarchy problem.

3. Hierarchy problem (supersymmetry}

The problem is how to peg down the Higgs scalar in the desired mass range of a few
hundered GeV. This is because the scalar masses are known to have gquadratically
divergent quantum corrections from radiative loops involving e.g. quarks or leptons.
These would push the output scalar mass to the cut-off scale of the SM, i.e. the GUT scale
(10' GeV) or the Planck scale (10" GeV). The desired mass range of ~ 10* GeV is
clearly tiny compared to these scales. This is the so-called hierarchy problem. The
underlying reason for the quadratic divergence is that the scalar masses are not protected
by any symmetry unlike the fermion and the gauge boson masses, which are protected by
chiral symmetry and gauge symmetry. Of course it was this very property of the scalar
mass that was exploited to give masses fo the fermions and gauge bosons in the first
place. Therefore it can not be simply wished away.

The most attractive solution to this problem is provided by supersymmetry (SUSY), a
symmetry between fermions and bosons [2]. It predicts the quarks and Ieptons to have scalar
superpartners called squarks and sleptons (3,£), and the gauge bosons fo have fermionic
superpartners called gauginos &7 W, Z). In the minimal supersymmetric extension of the
standard model (MSSM) one needs two Higgs doublets H; 5, with opposite hypercharge
Y = +1, to give masses to the up and down type quarks. The corresponding fermionic
superpartners are cafled Higgsinos {H,,). The opposite hypercharge of these two sets of
fermjons ensures anomaly cancellation.

SUSY ensures that the quadratically divergent quantum corrections from quark and
lepton loops are cancelled by the contributions from the corresponding squark and slepton
loops. Thus the Higgs masses can be kept in the desired range of ~ 10% GeV. However
this implies two important constraints on SUSY breaking.

(i) SUSY can be broken in masses but not in couplings (soft breaking), so that the co-
cfficients of the cancelling contributions remain equal and opposite.

(i) The size of SUSY breaking in masses is ~ 102 GeV, so that the size of the remainder
remains within this range. Thus the superpariners of the SM particles are also
expected to He in the mass range of ~ 102 GeV, going up to 1000 GeV.

4. SM Higgs boson: Theoretical constrainis and search strategy

The Higgs self coupling A is ultra-violet divergent. It evolves according to the renorma-
lisation group equation (RGE)
dA _ 3N

din(/Mw)  2a% (1

It can be easily solved to give

1
Mp) = 1/ (M) — (3/27%) In(g/Mw)’ (12)
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Figure 1. The triviality bounds on the Higgs boson mass corresponding to different
cut-off scales, i.e. TeV, GUT and Planck scales.

which has a Landau pole at

Lioo = MWeZ“Z/WMW),
-
MMy) =S4 (13)

Thus the larger the starting value A(My ), the sooner will the coupling diverge. This is
llustrated in figure 1. Evidently the theory is valid only up to a cut-off scale A = ..
Requiring the theory to be valid at all energies, A — oo, would imply A(My) — 0; ie.
the only good A¢* theory is a trivial theory. Surely we do not want that. But if we want
the theory to be valid up to the Planck scale or GUT scale, we must have a relatively
small A(My ), which corresponds to a small Mg <200GeV. If on the other hand we
assume it to be valid only up to the TeV scale, then we can have a larger A(My),
corresponding to a relatively large My <600 GeV. This is the so-called triviality bound
[3]. If M, is significantly larger than 600 GeV, then the range of validity of the theory is
limited to A < 2My. This would correspond to a composite Higgs scenario, e.g, techni-
colour models.

Figure 2 shows the triviality bound on the Higgs mass against the cut-off scale A of the
theory [4]. It also shows a lower bound on the Higgs mass, which comes from a negative
contribution to the RGE (I1) from the top Yukawa coupling, i.e.

dA 3

e = (AN AR B '
dlﬂ(,LL/Mw) 27{2 ( + i r) (14)

The Yukawa coupling being ultra-violet divergent turns A negative at a high energy scale;
and the smaller the starting value of A (or equivalently M) the sooner will it become
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Figure 2. The upper and lower bounds on the mass of the SM Higgs boson a8
functions of the cut-off scale [4].

negative. A negative ) coupling has the undesirable feature of an unstable vacuum
(eg. (53)). Thus one can define a cut-off scale A for the theory, where this change of sign
occurs. The lower curve of figure 2 shows the lower hound on My as a function of the cut-
oif scale A including the theoretical uncertainty [5]. We see from this figure that the
longer the range of validity of the theory, the stronger will be the upper and Jower bounds
on My. Thus assuming no new physics up to the GUT or Planck scale (the desett
scenario) would constrain the $M Higgs mass to lie in the range

My = 130-190GeV. (15)

However the lower bound becomes invalid once we have more than one Higgs doublet,
since the unjque relation between the top mass and Yukawa coupling (9) will no longer
hold. In particular, one expects an Upper bound of ~ 130 GeV for the lightest Higgs boson
mass in MSSM instead of a lower bound, as we shail see below. Since one needs SUSY or
some other form of new physics to stabilize the Higgs mass, the above vacuum stability
bound may have limited significance. Nonetheless it is interesting to note that the
predicted range of the SM Higgs bason mass (15) agrees favourably with the indirect
estimate of this quantity from the precision measurement of electro-weak parameters at
LEP/SLD [6], i-e.

My = 115748 GeV (< 420 GeV at 95% CL). (16)

It should be added however that there is a lingering discrepancy between the LEP and the
SLD values of sin? Ay, which could atfect ihe central value and the 95% CL limit of My
appreciably. Thus alt one can say at the moment is that these indirect estimates are
consistent with a relatively light Higgs boson.
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The search strategy for Higgs bosor is based on its preferential coupling to the heavy
quarks and gauge bosons as seen from (8,9). The LEP-I search was based an the so-
called Bjorken process

ete” -7 g7t . Bb(£7 8w, 4q), (17)

while the LEP-}I search is based on the associated process with 7 and Z* interchanged.
The current LEP-II limit from the preliminary ALEPH data at 183GeVis [7]

My > 88.6 GeV, (18)
The forthcoming runs at 192-200 GeV are expected to extend the search upto
My = 95-100 GeV. (19)

expected to be only a few MeV. The dominant decay mode is & - bb. This has unfor-
tunately a huge QCD background, which is ~ 1000 times larger than the signal. By far
the cleanest chanmel is ¥, Where the continuum background is a 2nd order EW process.
However, the signal suffers from a smalfl branchiﬂg ratio

B(H — vy) ~ 1/1000, (20)

since it is a higher order process, induced by the top quark Ioop. So one needs g very high
Jjet/y rejection factor = 10% Besides the continmum background being proportional to
OM.,, one needs a high resolution,

AM,, <1GeVie. <1% of My : {21)

accuracy. In this respect CMS is expected to do better than ATLAS. The projected Higgs
mass reach of the two detectors via this channel are My = 90-140 GeV (CMS) and 110—
140 GeV (ATLAS) at the high luminosity run of LHC (100 b1,

One can get a feel for the size of the signal from the Higgs production Ccross-sections
shown in figure 4. The relevant production Processes are

e

8¢ — H, ’ (22
W+

499 —— Hyg, (23)

97 5 Hw, (24)

88,97 — HIi(Hbb). (25)

The largest Cross-section, coming from gluon~gluon fusion via the top quark loop (22), is
of the order of 10 pb. Thus the expected size of the H — v signal is ~ 10 fb, corres-
ponding to ~ 10* events. The estimated continuonm, background is ~ 10/ events, which
can of course be subtracted out, Thus the significance of the signal is given by its relative
size with respect to the statistical uncertainty in the background, j.e.

S/VEB ~ 10, (26)
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Figore 3. Total decay width and the pain branching ratios of the M Higgs boson 8l
By far the cleanest signal is provided by the associated Bjorken process (24), with a CTOSS
section of ~ 1 fb in the H — 7Y channel. Combimng this with the BR of 2/9 for W — fv
implies a signal of 70-30 events in the £+ 7Y channel. While the signal size is admittedly
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Bjorken process (24), where the leptonic decay of the accompanying W{(Z) helps to reduce
the packground. However this region should be already covered by LEP-1I.
For higher masses the most pmmising Higgs decay channel is

o 72— T (27)

since reconstruction of the £747 jgvariant MAasses makes it practically packground free.
Thus it provides the most important Higgs signal right from the sub-threshold region of
My = 140 GeV up to 600 GeV (see figure 3). Note however a sharp dip in the 77 branch-
ing ratio at My = 160-170GeV due to the opening of the WW channel. The most
important Higgs signal in {his dip regiop is expected 0 come from [10]

H — WW — £l o, (28)

However in general this channel quffers from @ much larger background For two 18as0Ns —
@itis not possible to reconstruct the W masses pecanse of the two neutrinos and (1)
there is a large ww hackground from it decay.

For large Higgs mass, My = 6001000 GeV, the 4-lepton signal (27) becomes too
small in size. In this case the decay channels

H— WW gy, H™ 77 — L4744 (29)

are expected © provide moTe favourable signals. The biggest hackground comes from
single Wwi{Z) production along with QCD - jets. However, 0D& Call exploit the fact that 2
jarge part of the signal cross-section o this case COmeSs from WW fusion {23), which 18
accompanied by TWO forward (laxge—rapidity) jets. One can ase the double forward jet
tagging to effectively control the background. Indeed simulafion stadies by the CMS and
ATLAS collaboragions show that using this strategy one cab extend the Higgs gearch right
up to 1000 GeV[9l

5. MSSM Higgs hosons: Theoretical cons{rainis and search strategy

As mentioned easlier, the MSSM contains WO Higgs doublets, which correspond 0 8
independent ctates. After 3 of them are apsorbed by the Wand Z Hosons, one is left with 5
physical states: two neutral scalars K0 and HY, 2 psaudoscalar A®_ and a pair of charged
Higgs scalars H=. At the tree-level their masses and couplings are determined by only
tw0 pArameters = the ratio of the two vacuum expectation values, tan B3, and one of the
gcalar mMasses, usually taken to be M. However, the neutral scalars get a large radiative
correction from the top quark loop along with the top squark {stop) 100D To a good
apptoximation fhis is given by {1l

3gtm; (M«z)
€ =~ D ] 30
g My m? 30)
plus an additional contribution from the g MIXiNE:
Gori :ﬁﬁﬁ ,,éL <_9§_2_r_"1'i—_ (31)
i = gr2M% MY\ 12M? |~ gt My
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Thus while the size of €mix depends oy the trilineqr SUSY breaking Parameter 4, has g
maximum vajye ndependen; of 4, Ag expected the radiative Cotrectiong vanish in the
exact SUSy fimit. Ope an estimate he rough Magnitnde of these Correctiong 48suming 5
SUSY breaking scale of Az, — TeV. The leading log Qcp COIECtions can he taken inte

account by using the Tunning mage of top ga¢ the 4ppropriate Eergy scale [11]; ie

M sin? g ¢ Micos?g (M2 4 M3) sin 4 cos 8

~ (M3 + MZ) sin Beos M cos? g .. M3 sin g 4 o
With € = (¢ 4 “mix )/ sin® 8. Thys
My =L MG (g + M3 4 ) =AM cos? g
— A€/ (M3 sin? B+ M2 cog? 2} 1/2]
M}, :Mjw‘«Mg-f-e’RMf
Mys =023 102, (34)

where 4 denoteg the lighter neutral scapay [12]. Gne can easily check thay its magg has an
ubper bound o My s Mz, ie.

While 72, Mg, -, M2 Thus the MSSM Comtains af Joqet one light Higgs boson 4, Whose

fepresentative Values of tap G=15 and 30, The Predictiong without stop Mmixing ang With
Maximal mixing are shown in Separate piogs. Note that the 4 it
strong in the low tan B~ 1} Tegion, j.e, M, < 80-100 Gev depeuding On the size of stop
nixing Parameter 4, Consequent}y the low tapn 5 region is particularly Susceptible tqo the
ongoing Higgg S€arch at LEp_gp as we shal] see below,

Let ys consider now the couplings of the MSsm Higog bosons, A convenient Darametey
for thig Durpose ig the Mixing angte n between the neuiral scalars, j.q

M3+ 2

fan 20 = ¢ —/2 ' < 0, 36
an 2q anzﬁMj—Mgﬁ—e’/coszﬁ’ T2 < g« (36)

Note thay
Mz ity e (37)

SM Higgs boson. The Hmiting values of these Couplings g large My are Indicated by
aArrows. Tha corresponding couplings of e charge Higgs boson, Which hag pe SM
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Table 1. Importan; couplings of the MSSM Higgs bosons &, # and A relative to
those of the SM Higgs beson.

Channe] Han I H A
bb(rtr) %%’ {r,) sine/ cos 4 cosa/ cos tan 3
— I tan 3 ”
i g 3_%"{— cos o/ sin g sino/ sin g cot 3
-1 cotff ”
WWw(zz) §My (Mz) sin{ff — ) cos{ — o) 0
— 1 0 v

- e

analogue, are

H b 75%— (m, cot 8 + my tan &, Hrrp . - mip tan /3,

w w
HY'W 7. 0. (38)

Note that the top Yukawa coupling is ultraviolet divergent, Assuming it to lie within the
perturbation theory limit afl the way upto the GUT scale implies

I <tanf « iy [y, (39)

which is therefore the favoured range of tan 5. However, it assumes no new physics
beyond the MSSM up to the GUT scale, which is a stronger assumption than MSSM
itself. Nontheless we shall concentrate in this range.

Coming back to the neutral Higgs couplings of table 1, we see that in the large M, limit
the tight Higgs boson (h) couplings approach the SM values. The other Higgs bosons are
not only heavy, but their most important couplings are also suppressed. This is the so-
called decoupling Limit, where the MSSM Higgs sector is phenomenologically indistin-
guishable from the SM. It follows therefore that the Higgs search strategy for My >» M
should be the same as the SM case, i.e. via

It ey, (40)

At lower M), several of the MSSM Higgs bosons become Tight. Unfortunately their
couplings to the most important channels, 7 and WW /727, are suppressed relative to the
SM Higgs boson | 12]. Thus their most important production cross-sections as well as
their decay BRs into the 77y channel are suppressed relative to the SM case. Consequently
the Higgs detection in this region is very hard and it calls for multiprong strategy from the
three sides in the My — tan 8 plane (figure 7): (a) low My, (b) high tan B and () low tan .

(a) Low My(< Mz): In this case My < M;; and the best strategy is to search for H= in
lop quark decay, i.e.
= bHY Ht TV, {a1)

via preferentiat top decay into the 7 channel as well as the opposite polarization of  with
fespect to the SM decay (W — Tv) [14].
(b) High tan G(~ m, /my): 1tis clear from table that in this case the best production and
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Signifiance sontours for SUSY Higgses

Regions of the MSSM parameter space (mA, tgf
explorable through various SUSY Higgs channels

e 50 significance contours
s iwo-loog / RGE-improved radiative corrections
8 Mgy = 175 GeV, Mgygy = 1TeV

SR R ZZE 775405 s H A g for 109 bt
Hs v s AH>wereqeand £hi A > Zhe £lbb for 10% b

: o nostopm[xmg : CMS .

50

0 100 200

Figure 7. Regions of the parameter space {M, — tan [3) covered hy the S¢ discovery
contours of various MSSM Higgs signals from the CMS experiment {13].

decay channels are
og — bb(h, H,A) — bbrt 1. _ (42)

(¢) Low tan B{~ 1): As mentioned earlier the LEP-I1 search via the associated Bjorken
process becomes very effective in this case. Indeed one can see from (36) that in this case
(37) holds even for relatively low My, so that the hZZ coupling is very close to the SM
case. Thus the present LEP-II limit (18) as well as the discovery limit (19) are equally
valid for M), in the low tan (3 region. As one can see from figure 6, the former rules out the
tan 45 1.5 region for the no stop-mixing case while the latter will rufe it out even for the
maximal stop mixing case. It may be added here that a modest part of the large tan 3
region seems to be ruled out as well by the Tevatron data via (41} [15] and (42) {16].

Figure 7 summarizes the MSSM Higgs discovery limits of the CMS detector at
LHC via the three processes (40-42) along with the LEP-II limit. Note that there is a
significant hole in the M, — tan /3 plane that is left out even after combining all the 4

Pramana — J. Phys., Vol. 51, Nos 1 & 2, July/August 1998
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Figure 8. Regions of the parameter space {M, — tan B) covered by the Sa discovery
contours of various MSSM Higgs signals from the combined ATLAS + CMS
experiments after 3 years of high luminosity run of LHC [17].

limits. Moreover the LEP-II limit will go down to a lower range of tan @ when stop
mixing effect is taken into account (figure 6). This will enlarge the size of the hole
further. Finally, figure 8 shows that it would be possible to close the hole if one combines
the CMS and the ATLAS data collected over an integrated luminosity of 300 fb~! [17].
This corresponds to 3 years of high luminosity run of LHC: and illustrates the challenge
involved in the search for the MSSM Higgs bosons. Note that even in this case there is a
large region where one would see only one Higgs boson (k) with SM like couplings and
hence not be able to distinguish the SUSY from the SM Higgs sector. Fortunately it will
be possible and in fact much easier to probe SUSY directly via superparticle search as we
see below.

6. Superparticles: Signature and search strategy

I shall concentrate on the standard SUSY model, where the superparticle signature is
based on R-parity conservation. Let me start therefore with a brief discussion of R-parity.
The presence of scalar quarks in SUSY can lead to baryon and lepton number violating

interactions of the type ud — 5 and 5 — 7 q, ie.

ud — et (43)

Moreover adding a spectator u quark to both sides one sees that this can lead to a
catastrophic proton decay, i.e.

ploud) 5, eta? (i) : {44}

r
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Since the superparticle masses are assumed to be of the order My for solving the
hierarchy problem, this would imply a proton life time similar to the typical weak decay
time of ~ 107 % sec! The best way to avoid this catastrophic proton decay is via R-parity
comservation, where

R= (W.I)BB-&-L{—ZS (45)

is defined to be <1 for the SM particles and —1 for their superpartners, since they differ
by 1/2 unit of spin S. It automatically ensures L and B conservation by preventing single
emission (absorption) of superparticle.

Thus R-conservation implies that (i) superparticles are produced in pair and (ii) the
lightest superparticle (LSP) is stable. Astrophysical evidences against such a stable particle
carrying colour or electric charge imply that the LSP is either sneutrino ¥ or photino ¥ (or
in general the lightest neutralinc). The latter alternative is favoured by the present SUSY
models. In either case the LSP is expected to have only weak interaction with ordinary
matter like the neutrino, since e.g.

Jg g7 and vg-req (46)

have both electroweak couplings and M; ~ M. This makes the LSP an ideal candidate
for the cold dark matter. It also implies that the LSP would leave the normal detectors
without a trace like the neutrino. The resuliting imbalance in the visible momentum
constitutes the canonical missing transverse-momentum () signature for superparticle
production at hadron colliders. Tt is also called the missing transverse-energy (f,) as it is
often measured as a vector sum of the calorimetric energy deposits in the transverse plane.

The main processes of superparticle production at LHC are the QCD processes of
quark-antiquark and gluon-gluon fusion [18]

g, 88— aq(38). (47)
The NLO corrections can increase these cross-sections by 15-20% [19]. The simplest
decay processes for the produced squarks and gluinos are

q-g¥, & aah (48)
Convoluting these with the pair production cross-sections {47) gives the simplest jets + #r
signature for squark/gluino production, which were adequate for the early searches for
relatively light squarks and gluinos. However, over the mass range of cusrent interest
(> 100 GeV) the cascade decays of squark and gluino into the LSP via the heavier
chargino/neutralino states are expected to dominate over the direct decays (48}, This is
both good news and bad news. On the one hand the cascade decay degrades the missing-
pr of the canonical jets -+, signature. But on the other hand it gives a new multilepton
signature via the leptonic decays of these chargino/neutratino states. It may be noted here
that one gets a mass Hmit of

M;; > 180 GeV (49)

4,8

from the Tevatron data using either of the two sigaatures [20].

The cascade decay is described in tevms of the SU(2) x U{1} gauginos W+ B® along
with the Higgsinos A%, H and AY. The B and W masses are denoted by M; and M
respectively while the Higgsino masses are functions of the supersymmetric Higgsino
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mass parameter g and tan 5. The charged and the neutral gauginos will mix with the
corresponding Higgsinos to give the physical chargino ,\/fz and neutralino 7 234 States.
Their masses aud compositions can be found by diagonalizing the correspoﬁdiﬁg mass
matrices, i.e.

fl/[g \/iMW 3in ,0
Me = ,
‘\/?—:.MW Ccos ﬁ L
M 0 —Mzsinfwcos§  MzsinfBysin g
0 M- Mzcosfycos8  —~MzcosOysind
My =
—~Mzsinflycosl MzcosBycosf 0 —it
Mzsinfysind  —MycosBy sin 3 — i 0

(50}

Let me try te present a simplified picture. Assuming unification of the SU(3)x
SU(2)x U(1) gaugino masses at the GUT scale the RGE relates the corresponding masses
at the low energy scale (~ 107 GeV) to the respective gauge couplings. Thus

My = (g* /e5)My = 0.3M;
M, = (Stan” By /3)M; = 0.5M,. (51}

Moreover the SUGRA assumptions of a comimon scalar mass at the GUT scale along with
the radiative breaking of the FW symmetry (3), imply

e My (52)

It is clear from (50}-(52) that the lighter chargino and neutralino states are expected to be
dominated by gaugino components. In particular

& Tkt
Xia = W5 H
0 B @0
X2, =B WL (33)
With the above systemnatics one can understand the essential features of cascade decay.

For illustration 1 shall briefly discuss cascade decay of gluino for two representative
gluino mass regions of interest to THC.

(i) M; ~ 300GeV: In this case the gluino decays into the light quarks
g — qqB(0.2), WY{0.3), WH{0.5)], q#1, (54)

which have negligible Yukawa couplings. Thus the decay branching ratios are proportional
to the squares of the respective gauge couplings as indicated in parantheses. Because of the
smaller (1) gauge coupling relative to the SU{2), the direct decay into the LSP (B) is
small compared to cascade decay via the heavier (W dominated) chargino and neutralino
states. The latter decay into the LSP via real or virtual W/Z emission,

Wy — ZB — {76 B(0.06), W* — WB — (ZuB(0.2), (55)
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Figure 9. The expected size of the 18D signals for 300 and 800GeV gluino
production at LHC are shown against the accompanying missing-pr. The real and fake
18D backgrounds from 7t production are shown by long dashed and dotted lines
respectively [211

whose leptonic branching ratios are indicated in parantheses. From (54) and (55) one can
easily calculate the branching ratios of dilepton and trilepton states resulting from the
decay of a gluino pair. In particular the dilepton final state via the charginos has a
branching ratio of 1%. Then the Majorana nature of g implies a distinctive like sign
dilepion (LSD) signal with a BR of ~'1 /2%.

(i) M;=500GeV: In this case the large top Yukawa coupling implies a significant decay
rate via

¥ — thH ", (56)
where both ¢ and fI~ can contribute to the leptonic final state via
[ bW = bUT(0.2), H — WTB — £TvB(0.2). (57)

Consequently the BR of the LSD signal from the decay of the gluino pair is expected to
go up to 3-4%. .

Figure 9 shows the expected LSD signal from gluino pair production at LHC for
Mj; =300 and 800 GeV along with the background [21]. The latter comes from it via
cascade decay (long dashed) or charge misidentification (dots). Note that the signal is
accompanied by a much larger p compared to the background because of the LSPs. This
can be used to effectively suppress the background while retaining about 1/2 of the signal.
Consequently one can search for a gluino up to at least 800 GeV at the Tow luminosity

(10fb=") run of LHC, going up to 1200 GeV at the high luminosity (100fb™").
Y g
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Figure 11.  The SUSY discovery firits of varicus leptonic charmels at LHC, where
21 OS aad 21 8§ denote opposite sign and same sign dileptons [13].
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Figure 10 shows the size of the canonical pr+ jets signal against giuine mass for two
cases — Mz <€ My (triangles) and My ~ My (squares) [22]. The background lice shown
also corresponds to 5+/B for the LHC luminosity of 104b~!. Thus one expects a 5o
discovery limit of at least up to M; = 1300GeV from this signal'. Finally, figure 11
shows the CMS simulation for the So discovery limits from the various leptonic channels
in the plane of mgp — my, the common scalar and gaugino masses at the GUT scale.
The corresponding squark and gluino mass contours are also shown. As we see from this
figure, it will be possible to extend the squark and gluino searches at LHC well into the
TeV region. One should either see these superpasticles or rule out SUSY at least as a
solution to the hierarchy problem of the SM.
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