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infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



1 ., ..,, 

May 22, 1990 LBL-29052 

Physics Goals and Signatures at the SSC • 

Presented at the Meeting of the American Physical Society at Rice 
University, Houston, Texas, January 3-6, 1990. 
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Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94 720 

Abstract 

The physics goals of the sse are presented and the capabilities of 
the SSe to achieve them are assessed. New gauge bosons, electroweak 
symmetry breaking, supersymmetry, and quark substructure are the 
primary targets for particle physics research and the sse is the most 
effective means to find them. 

*This work was supported by the Director, Office of Energy Research, Office of High 
Energy and Nuclear Physics, Division of High Energy Physics of the U.S. Department of 
Energy under Contract DFrAC03-76SF00098. 



~. '·, 

i I : ... · 

The greatest achievement of the Standard Model is that it delineates 
sharply the known from the unknown. We know there are three generations 
of quarks and leptons, and that they interact through gauge interactions -
the strong gluonic interactions and the electroweak interactions. Beyond this 
we known almost nothing. We confront a Periodic Table of Particles that 
is as inscrutable as the one that faced Mendele'ev. The patterns are clear 
b~t the reasons for them are, for now, beyond our understandi~g. The goal 
of the sse is no less than to provide the experimental discoveries that will 
make the Standard Model part of a larger structure in which its arbitrariness 
will be reduced or eliminated. 

If the list of fermions has been completed, at least at the present level of 
structure, the list of gauge bosons seems patently incomplete. The elegant 
solution of Georgi and Glashow that all forces are derived simply from SU(5) 
has fallen into disfavor because of the negative results of the proton-decay 
experiments. Nonetheless there are compelling aesthetic reasons for expect
ing further unification. The quarks and leptons have electric charges that are 
simply related to each other and this suggests that they are somehow uni
fied into larger families containing both colored and uncolored particles. We 
then expect that there are additional gauge bosons that transform one into 
the other. Moreover, the expansion of the number of gauge bosons generally 
will lead to additional neutral gauge bosons similar to the Z. Models based 
on left-right symmetry and on string-inspired E6 theories provide explicit 
examples. 

The production of new Zs has been extensively discussed. Of course the 
basic reference is EHLQ [1]. Recently an ad hoc committee was convened 
at the sse to reanalyze the physics objectives and it generated "Schwitters 
plots," which show the luminosities required to achieve particular goals as a 
function of the ems machine energy[2]. Figure 1 is the Schwitters plot for 
producing 100 Z', with curves showing fixed values of the Z' mass. Also 
shown is the design luminosity, 1033cm-2s-1 , and an estimate for the peak 
luminosity that might eventually be achieved at the SSe. The present design 
has a reach of 8 TeV with these definitions. 

The most immediate problem in particle physics is ·to understand elec
troweak symmetry breaking. The standard model is based on a symmetry, 
SU(2) x U(1), that is not apparent in the particle spectrum. If it were, theW 
and Z would be massless like the photon, and indeed all the fermions would 
be massless, too.· The symmetry is broken because everywhere in spacetime, 
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Figure 1: The Schwitters plot for Z' production(2]. The contours show the lumi
nosity required to produce 100 Z's in a year of SSC running (107 s). The couplings 
of the Z' are assumed to be the same as those of the known Z. 

there is a nonzero quantity that points out a direction in the symmetry space, 
just as an external magnetic field breakS the rotational symmetry of an atom 
and splits degenerate levels. What we do not know is the nature of that 
quantity. In the simplest version of the Standard Model there is a funda
mental scalar field that chooses a nonzero value· in the vacuum state. The 
fluctuations away from this value represent a dynamical quantity, the Higgs 
boson. 

If there is a conventional Higgs boson and its mass is between 180 Ge V 
and 800 GeV, it will be directly accessible at the SSC. It will be produced 
by gluon-gluon fusion, through a t-quark loop, and by WW and Z Z fusion. 
The real problem is to identify the Higgs bosons that are produced. A Higgs 
boson heavier than twice the mass of the Z will decay primarily to WW and 
ZZ. Of these decays, the most identifiable are the "gold-plated" ones, in 
which the Zs both decay into e+e- or p.+p.-. Taking into account the 1/3 
branching ratio for H -+ ZZ, the total branching ratio for the gold-plated 
events is just (1/3) X (0.066)2 = 14 X w-4

• Now each picobam of cross 
section genera~.~ 104 events in an SSC year and the cross section for Higgs 
production varies from more than 100 pb to just 1 pb or so for a v.ery heavy 
Higgs boson. This leaves precious few events. However, each such event will 
be very impressive and the only serious background will be from actual Z Z 
pair production by qq annihilation. The Schwitters plot for gold-plilted Higgs 
events is shown in Figure2. 
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Figure 2: The Schwitters plot for Higgs production[2]. The contours show the 
luminosity required to produce 20 Higgs decays in the gold-plated decay channel 
in a year of sse running (107

. s ). 

The second;. best signature is the silver-plated event, in which one Z decays 
to charged leptons (not r) and one decays to neutrinos. These give a large 
missing transverse energy recoiling against an identified Z. The branching 
ratio for these is 88 x 10-4 • The mass of the Higgs cannot be directly deduced 
from a single event, but measurement of the transverse momentum spectrum. 
of the Zs in such events would lead to an approximate w.lue of the mass. 

These searches can be extended to lower and higher masses. For masses 
between about 130 GeV and 180 GeV, one looks for H-+ zz•, with both Zs 
decaying into charged leptons. For masses above 800 Ge V, one still uses the 
Z Z channel, but in addition one .may look for WW with the W s decaying 
leptonically. One solution to the electroweak symmetry breaking problem is 
to have strongly interaction Ws and Zs, with possible resonances in the 1 -
2 Te V region. Even the like-sign WW channel may show effects. 

While the simple Higgs model does provide an adequate mechanism for 
electroweak symmetry breaking, it is not altogether attractive. Elementary 
scalar fields are anathema to theorists except in one special circumstance: 
when they are paireq with fermionic fields in a supersymmetric theory .. In 
a supersymmetric theory, for every known particle there is a superpartner. 
While it may seem extravagant to postulate the existence of as many new, 
and so far unobserved, particles as there are known particles, the payoff is 
that quadratic divergences are tamed. To many theorists this seems a real 
bargain. In the presence of quadratic divergences we cannot explain why 
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Figure 3: The Schwitters plot for supersymmetry(2]. The contours show the 
luminosity required to produce 10,000 gluinos in a year of sse running (107 s). 

particles like the Higgs boson do not have masses of 1015 GeV. 
In any event, supersymmetry is such a beautiful idea that it cannot be 

ignored. All. we have to do is find the fermionic partners of the photon, 
gluon, W, Z, etc. and the scalar partners of the electron, muon, quarks, 
etc. Of these superpartners one will be the lightest. In most supersymmetric 
theories the superpartners must be pair produced. As a result, the lightest 
superpartner is absolutely stable. Provided it is neutral, it acts just like a 
neutrino. It follows that a key to finding supersymmetry is to look for missing 
transverse energy. Such searches are of course underway at the Tevatron, 
where the exploration extends to masses of roughly 100 GeV. At the SSC we 
will be able to reach beyond 1.5 Te V as shown in Figure 3. The searches are 
complicated by the intricate decay chains that. do not produce the lightest 
supersymmetric particle at the outset, but only after emission of quarks, W's 
etc. The characteristic signal is missing transverse momentum on the order 
of 200 GeV. 

Supersymmetry has Higgs bosons, too. Infact it must have lots of Higgs 
bosons, both neutral and charged. If there is supersymmetry, there will be a 
marvelous spectroscopy +:o explore. A more subtle approach to electroweak 
symmetry breaking is to do without scalar fields altogether. In technicolor 
there are new fermions - technifermions - that interact through a new 
technicolor interaction. A condensate forms, that is, a vacuum expectation 
value for the operators UlJ and DD, where U and D··are the techniquarks. 
This vacuum expectation value plays the role of th~ vacuum expectation 
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value of the Higgs field - but there is no elementary Higgs field. The tech- · 
nipions are eaten like charged Higgs bosons, but there is a technirho and a 
techniomega to find. In grander technicolor models there are myriad new 
particles. Technicolor will turn the desert into a forest or a jungle. 

Mendeleev could not possibly have understood the chart he proposed. For 
him the atom was structureless. Without underlying structure there could 
be no explanation of the rows and columns. It would not be surprising then 
if we found that the masses and repetitions of the quark and lepton families 
could not be understood without learning about their substructure. We· 
already know that quarks and leptons are structureless down to a very small 
distance. At the SSe we will be able to extend the search substantially. 
The technique that will be used is to look for an excess of two-jet events 
with large transverse momentum. QeD predicts that the cross section to 
produce a pair of jets each with transverse momentum greater than P.Lo is 
roughly o;/Plo· On the other hand, if there are composite interactions with 
a scale A, that is a size 1/ A, then there will be two-jet events due to these 
interactions with a cross section 1/A2 • Thus the composite interactions will 
be comparable to the QeD interactions when P.Lo ~ o 8 A. 

If we say that discovering composite interactions means finding twice as 
many events in a 100 GeV bin as QeD would predict (and at least 50 events 
in the bin), then the SSe will probe to over 20 TeV in A, as shown in Figure 
4. The present limit is about 1 TeV. 

The t-quark will be prominent in SSC physics. If it is not discovered at the 
Tevatron, it will surely be found quickly at the SSe. The clearest signature 
will come from the semileptonic decays of Ws generated by t-+ bW. More 
detailed studies will require find the hadronically decaying W from one of 
the {-quarks. Since t-quarks will be copiously pair-produced, they will be 
come an enormous source of WW events, making even more problematical 
the H -+ WW process. 

All this is a theorist's delight. But it is an enormous challenge for the 
experimenter. There is a clear need to measure charged leptons well. More
over, both the Higgs search and the supersymmetry search require reliable 
measurements of missing transverse energy, and thus good hermeticity. The 
compositeness search requires calorimetry ou~ to very large energies. The 
search for new Zs puts a premium not just on electrons, whose energies can 
be accurately measured, but also on muons since their charges can be deter
mined out to very high transverse momenta. This will allow a measurement 
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Figure 4: The Schwitters plot for compositeness(2]. The contours show the lumi
nosity required to find evidence for compositeness at a scale A. Adequate evidence 
is defined to be twice as many events in a 100 GeV bin as expected from QCD 
alone, with a. minimum of 50 events in the bin. 

of the forward-backward asymmetry for the new Z. Simply put, an ideal 
detector must do everything. Each detector will make its own compromises, 
one·emphasizing one feature, another something else. It is essential of course 
that the detectors complement each other. 

The SSe will not be the only physics at the beginning of the 21st century. 
We can look forward to a B-factory and ultimately a linear e+e- collider. But 
the sse will truly be the vanguard machine. If we are to make real progress 
on fundamental questions like what are the basic particles and forces, I believe 
it will come only from discovering those very particles -the new Zs, the 
technirho, the squark, or whatever - and not from inferring their existence 
in precision measurements. Precision measurements have a. special place in 
the history of particle physics and the discoveries of parity violation and C P 
violation rank as premier achievements. But the heart of particle physics is 
spectroscopy and that is what the sse is about. 
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