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I. INTRODUCTION

We are certainly living in an unprecedented era in the history
of physics. With a single parameter Sinzew = .23 + 0.02 the electro-
weak unified theory1 of SU(2) x U(l) has succeeded in fitting many
different categories of weak interaction data.2 In ccoperating strong
interaction, the scheme of grand unification t:heory,3 GUT, permits the
proton to be unstable.4 From this single parameter and the
renormalizability of GUT, the masses of the intermediate bosons are
precisely 1:»1'ed:I.ct:ed,5 M, = 80 GeV, M, = 90 GeV. The exciting fact is
that they are within the production and detection of the near future
high energy pp, pp and ete~ machines. The 50 GeV on 50 GeV ete
machine under study here is certainly valuable for the search of the
Z° boson and the subsequent production of the Higgs boson and new

flavors. )
Since the production of z° and its subsequent decay properties

into leptons was thoroughly reported in the previous Cornel].6 and
LEP7 studies, I shall report in more detail a recent update of the
study in pp and Pp interaction.8 Comparisons of production rates
between pp, Pp and ete™ machines are given, see Table I and the

Summary in this report.

II. pp, Pp INTERACTIONS
(A) ESTIMATING THE PRODUCTION CROSS-SECTIONS OF Wi, 2

The production cross section of I > z° can be estimated from
current measurements of virtual photon production in the inclusive
dilepton production of nucleon-nucleon reactions utilizing the
result of CVC and the conjecture of scaling. CVC tells us that
the production cross sectinng. of ui of mass m, is related to

that of the virtual photon at the same invariant mass Q = LW by

3 do _ 3 do
o, E 2 Q a9 (0.1 GeV~ ) Q Q- (2.1)
Howe;er, the current experiments limited by the current machine
energy give us do/dQ only up to @ = 20 GeV. In order to obtain
do/dQ at higher Q at higher energies, we need to use the hypoth-



esis of scaling, i.e. the dimensionless cross section Q3 do/dQ is
a2 function of the dimensionless variable Qzls, where Vs is the

center of mass energy,

o3 dc

f(Q /s). . (2.2)
Thus the production of higher mass Q at corresponding higher energy
s can be predicted from low energy data. 1In Fig. (2.1a) the :
compilation of datal0 including the latest CERN data of Becker
et.alll at Vs = 62 GeV, for Q3 %%-are plotted in scaling variables
s/Q%, with 8 GeV < s < 62 CeV and 2 GeV < Q < 10 GeV. Also shown
in Fig. (2.1b) are the collection of datal? for Q3 da/dqdy | ]
J2627; do/dQdx !x - 0 which is also a scallng cross sectlon 1n
the s:aling variable Q/Vr; where y = 1In (E—pz)/(E + pz) s whexe E
and p, are the energy and longitudinal momentum of the virtual
photon. Considering the range of energies and masses involved,

scaling works very well.

In 1970, Drell-Yanla proposed a model in which the production

of virtual photon is from the annihilation of a quark q and an
‘anti-quark'q from the two interaéting hadrons, which in turm is
&irectlv related to the lepton hadron inclusive reactions, as shown
in Fig. (2.2a), Fig. (2.2b). The scaling hypothesis of Eq. (2.2)
is naturally related to the approximate scaling phenomenon observed
in lepton~hadron inclusive reactions. The result of CVC can now
be specifically incorporated in the elementary interactions of

qq * Yoo W—, z2° > £%. Thus given the structure functions from
lepton-hadron inclusive reactions, the w—. 2° production can be

calculated.

First a few words about the development of our knowledge of
the ﬁuark structure functions. In 1969, Bjorken and Feynmannla
conjectured that the structure function in e p inelastic scatter-

ing W

% = F2, which is in general a function of the virtual photon
mass q°< = --Q2 and the total invariant energy 2 mv, is a function

of the dimensionless variable ZITN/Q2 = %, which denotes the

fractional momentum of the proton the quark carries. Later this



approximate scaling is considered to be a consequence of asymp-

totic freedom15 in the framework of QCD for the hadrons. Due to

this property of asymptotic freedom, a perturbative calculation
scheme can be formulated to analyze quantitatively the change of :
structure function as Q varies. 1In the leading-log approximation

to all orders of ag, it amounts to the calculatisn of sum of all
Jadder diagrams as shown in Fig. (2.3b). The variation in Q2 for
fixed x, or violation of scaling, is found to be logorithmic and
most severe in the small x region x € .1 and small Q region Q ‘
100 Gev as shown in Fig. (2.4a) and (2 4b), taken from Ref. (16). In
this approximation, -the structure functions used for Drell-Yan are
stil) those directly obtained from lepton-hadron reactions includ-
ing their scaling violation effects, see Fig. (2.3). In Fig. (2.1a)
we plot the dilepton cross sections Q3 do/3dQ obtained from such a
caleculation. We see that ?ctually'the predicted cross sections
(dashed curves) using currently available structure functions
including scaling violation effects, agree with the data much

better than the old prediction (solid curve) using the then (up

to 1977) available low-Q2 structure functions from lepton-hadron

inelastic scatterings.

Thus far the gross features predicted by perturbative QCD
have been born out in the lepton-hadron inclusive reactions?
However, there are still many details nceded to be checked out,
notably the systematic inésnsistent implications on the running
coupling constant ué from pup and vp in elastic scatterirg.

As for the virtual photon production in hadron-hadroﬁ ‘

reac;ions, the next order QCD calculatiog, i.e. consider

in Fig. (2.3a) one additional gluon emission in all possible ways,
is causing trouble. It is found that the correction term is as

big as the original one.l® This difficulty can not be settled

until higher order terms are calculated. For our purpose of '
estimating Ni. z° productions, »e shall use the Drell-Yan scheme

as shown in Figs. (2.3a) and (2.3b), i.e. ignoring the higher order

QCD corrections beyond the leading-log.
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Using the general calculational scheme of ReE. (19), and the

quark structure functions fitting the durrent lepton-hadron

inelastic crass section,zo'and the recent updating work of Ref. (21),
we shall present many results of the ﬁt, z° production and their

decay products.

Figs. (2.5a) (2.5b) shows the production cross sections of

' W-t and Zo, Sinzew = , 22, m o= 80 GeV and m, = 90 GeV at varied
energies. W:z plotted the cross section vs-ngm, therefore the -

" curves can also be read off for productions of WY and 2° at other
values of masses and energies, with the Fermi coupling constant G
being kept the same. From Figs. (2.5a) and (2.5b) we see that
there will be about 5 x 107
at ISA. For comparison the production of Wt and Z° in pp and the
yield at the future pp machines (/s = 540 GeV at CERN, and Vs =

2000 GeV at Fermilab, .luminosity 109 co? sec™y are also given.

;The high luminosity at ISA is certainly a great advantage.

lit, 2° produced per year (3 x 107 sec)

(B) THE DETECTION OF THE 2° AND W+

The 2° and Wi need to be detected via their decay products.

1. Lleptonic Decay

Here we estimate the branching ratio by counting the decay
channels of leptons and quarks. The wi coupling to all leptons
and quarks are equal, the (V-A) coupling, thus the leptonic

branching ratio is

3 3
*B(W+£v£) = (W+£vz) / (W+£v1, uvu, Y z uidi’ -E ;S5
i=1 i=1 )
3 .
Eot.b,) = 1/(1H+143+3+3) = 1/12, 2.3)
=1 i’i

where the sum over i is the SU(3) color index sum. For Zo, its

vector and axial couplings to the leptons and quarks are cv’j =
. 2

2 (Iz'j - 2Qj31n ew), Ca,j

type, Qj and Iz’ j denotes the charge and the third component of

= -/Z, where j denotes lepton or quark

the isospin respectively. WNote that for Sinzaw = ,23, the vector



coupling for e—, u-, T are very small, and also that

o, .= 2, 2 2 2 .
B(Z —>2£) (c,», + Cas )/ ;:(cv,j + ca,j) = 3% (3.2)

Fig. (2.6) shows the cross section dc/dey[ = 0 of pp {or pp)+
2%%+42X which has a peak around the z° mass, with a half width
of 1.25 GeV and Fig. (2.7 ) shows the single lepton production
cross section do/dp df of PP»#ix+ ﬂt(vx), which a sharp decline
around P = &m".' The figures also give the rate for the éiveﬁ
machine luminosity. We see that, with the high luminosity of ISA,
the z°+2% and Wi +£iv are plentifully produced. We see from Figs.
{2.5), (2.6), (2.7) that using 300 events/year as 2 criteria, ﬁi

or z° with masses up to 300 GeV can be observed at ISA.

2. Hadronic Decay of ﬁi and z°

— +
The qq decay product of W— and z° will become hadronic Jets
like those observed in e+e— reactions. However, thelr cross sections

‘are way below those from pure hadronic cross sections, see th.
(2.8). -Thus it is not a viable method to look for s and z° by
their hadronic decays unless some further triggering means are

used.

(C) Some Detail Features of the Drell-Yan Model

Due to the (V-A) coupling nature of the ﬁt, the coupled
quarks and leptons have left-handed helicity, and the coupled
anti-quarks and anti-leptons have right-handed heliecity. Im the
Drell-Yan model, (ignoring the gl motion of the quark), the q,q
system, annihilating collinearly to become Wi, had total helicity
one pointing in the p direction. Therefore the Ni produced are
polarized and its decay product 2,2 will remember this polariza-
ticn. The righc-handed'f will move in the q direction, and the
left handed £ will «..e in the quark direction. So the longitu-
dinal motion of % will reflect that of the q and £ that of q.



As shown in Fig. (2.8)., for P1-< %mw E-(£+) from WT(W+) pro-
duced in pp peaks strongly in the p(p) direction reflecting the
u(u) quark motion in the proton (antzproton) dzrection. .However,
it is interesting to note that as Pl_ %mw » the £ (27) has only
the longitudinal wmotion totally from w+(w ), which is produced
moving preferably in the p(E) direction; thus £+(£—) novw moves
in the P(E) direction. For p,p scaling the distribution is forward-
backward symmetry. Fig. (2.9a)and (2.9b) show that 2~ longitudinal wrotion
reflects the valence quark distribution, which is more forward- )
backward peaked, and the P.+ reflects the sea.quark momentum dis-
" tribution which is more central peaked. 1In Fig. (2.9¢) and (2.94d)
P,'=m, , £(27) is forced to move in the direction of T
The o, dlstrlbutions reflect the difference in the W (N ) pro-
ductlon. Since W is produced from ud, W from du, the former
has a larger cross section. With a value Slnzﬂw = .23, the
coupling of 2% to %7 is almost completely axial, see Eq. (£.3),
the effects mentioned above will be almost absent for the 2& from

z° decay.

One may also ask if there are other parity violation effects
e.g. the asymmetry in 3iep distribution xeflected on the opposite
side of the (p, , X Ppo,,) Plane. Though the coupling is (v-a),
maxlmal parity violation, the Drell-Yan model does not give such
asymmetry due to the fact that the Drell-Yan amplitudes are real
This will be another detail test of the model.

(D) ESTIMATE OF ONIA PRODUCTION

It was proposed by Gaisser et al, 24 that the cross section
(r ) lm3 do for massive meson production 1s a scaling functlon of
. dx 1 3da _
/-/m and x only, i.e. (I‘h) = f(s/n » x), where x = py /4\5,

m is the mass of the meson, and Ph is the partial width of the
meson decaying into ordinary hadroms. The conjecture is based
on dimensional arguments and the division of Th is intended to

eliminate the onia type dependence in the production. In

s e e o



Fig. (2 10a) taken from Ref. (45), the compilation of r -1 m3 g“ 0
=" Th m JZ /s g s also a scaling function in n/ /s, for the s ;
production of all heavy vector meson productions are given. Con-
sidering the great variation in do/dy Iy = @ See Fig. (2.10b)
various m productions, the scaling is impressive. Though there is
not justifiable reason for it, the exitation curve has a shape

very close to that of L2 from Yy , or the Drell-Yan curve of Figs.
(2.1). Using this curve of f(slm »X), the crcss section multi~
plied by the leptonic branching ratio Bii = r(V+iE)/r(V4311)

can be obtained

r,
B,z g’f? By ""‘ £(s/n?,x) = -ﬂﬂ—) £(s/m?,%), (4.1)

if T(V»all) = T, and if we can estimate T'(V+£%). Using potential
models for large enough m, mass of the particle V, the effective
potential becomes Coulombic and T(v+22)2m. In order to make a
conservative estimate, we shall use I'(V+-22) = constant = F(Jéii).
In Fig.(2.llfwe show such a calculation by F. Paige26 of heavy
onia production together with that of Yy and 2z° production. Note
that the widths of the onia are totally from the assumed 1% resolu-
tion of experimental detection. Also note that the contour of the
onia peaks follows that of the Y, This is a consequence followed
directly from the fact mentioned before that the scaling curve
£(s/m, x) has the similar shape as that of y production. Again

if we use a limit of 300 events/year, onia of mass up to 120 GeV

can be studied at ISA.

(E) HIGGS BOSON AND TECHNICOLOR PSEUDC SCALAR PRODUCTION

As we have discussed all along that the standard SU(2) x U(lL)
model has great phenomenological successes with its single param~
eter Sinze = .25.i .02, and provides definite information about
the Wi and z° masses. Here we have also given detailed information

about their productions and detections in hadronic scatterings.



However, there is a corner of the model that is still quite obscure,
i.e. how the mass—generation comes about, In the original form,
the intermediate boson masses are generated by the fundamental
scalar Higgs fields. Three of them are used up in mass-generating
and a neutral Higgs boson H° is left as a physical particle. Though
.its coupling to the intermediate bosons and gquarks are given by
the model, its mass is completely unconstrained. Also ways to
detect such boson have been noticeably missing in hadronic scatter-~
ing, contrasting to the situation with e'e  machines for which
signatureé and ways to observe such'boson are rather clear, Here
I want to report a signature28 of the K° production in hadronic
scattering. We show that the bremsstrahluné of the W° by a A
produced.in hadronic scattering, see inset of Fig. (2.12) shows up
a; a2 bump in the dilepton mass Q distribution with a fast fall

off at Q = Wy, = W Using the same Drell-Yan model, Fig. (2.12)
shows the calculated do(s,Q)/dQ for the K° production for ny =

5 GeV, 10 GeV, 15 GeV and 20 GeV at vs = 800 GeV. We sce that

" besides the peak at Q = mz, which comes from the Breit-Wigner (38-W)
propagator of the outer z° » there is z bump with a sharp fall

near Q = m, = W, which reflects the B-W propagator of the inner z°.
The slow fall as Q decreases from Q = m, = m, comes again from the
outer Z° propagator. In Fig. (2.13) we compare the Q distributions
with and without the H°® (mH = 15 GeV) emission. We see that the
peak at Q = m, with H° emission is about three orders of nagnltude
below that without the H® emission, However, the second bump is
ent:cingly not too far below the background of the Yy and z° pro-
ductions. With the projected luminosity of ISABELLE ]0 -2
sec_l, there will be about 600 events/year (3.15 x ].07 sec) from
the bump between 66 GeV < Q < 76 GeV in the case of /s = 800 GeV
and my = 15 GeV. As low as it is, however, it is not completely
out of question to accumulate enough events for its detection in
case we can eliminate the background above. %o get rid of the

background, we propose to trigger on 2 third lepton of a few GeV in



momentum beside the original two fast leptoné with momentum =

!s(mz - mH), ;sing the property that the u° prefers to couple (with

a strength me BG) to the most massive fermion pair allowed, i.e. cc or
1T, for zmr<mn<zmb, and bb for 2m <m,<2m . ¢,7 have a 15% branch-
ing ratio decaying into a charged lepton, and the b has even higher )
portion of its final states having a lepton29 due to its cascade
decay into the charm. Thus by this trigger the bump is ;educéd '
less than 307, however we anticipate the reduction much more for
the background from our current understanding of single lepton
'productions.30 If the Higgs masses are much bigger than Zmb, it
may be also triggered by two hadronic jets. Such detail analysis_

shall be carried in the future.

) Due to the smallness of the cross section, it definitely
points tao machines with high luminosity besides high energy. Note
also that for small m a detector of good mass resolution is
needed, in case if the background of the single 2° production ecan
be triggered away. Since the mechanism discussed here is a kine-~
matic one, similar effects exist for any emission of a massive
particle by a resonance. Thﬁs this phenomena provides a new .
means to discover new particles in the cases when the coupling
strength of the emission is large enough. Further, the Higgs
boson bremsstrahlung mechanism discussed here provides an explicit
example that the detecting of the trilepton or dilepton plus jets
might be the way for future experiments to discover new particles,
in addition to the historically successful method of detecting

the diplepton system. -

Recently a new scenario is being proposed, the technicolor
scheme, in which the fundamentai Higgs field are replaced by
dynamically generated Goldstone bosons.31 This is a scheme borrowed:
from the phenomena in superconducting materials, the techmnicolor »
fermions (U, D)L’ UR’ DR’ (many of them) play the role of the
electrons, the technicolor pseudou~scalars ﬁ'i, n'i, (many of them)

correspond to the Cooper pairs. The masses of the gauge bosons



are generated from the infinite sum of iterations of coupled éauge
boson and pseudo boson propagators, (i.e.A@N=AAn+tAn ~--"Ns +
AN ANN~--NAAA, where the wave line is for the gauge boson
propagator and dotted line for the dynamically generated pseudo
scalar bosons.) Thus in this scheme of mass—-generating, there is the
by-product of many physlcal pseudo scalar.bosons. .The productian
of these technicolor pseudo scalar in hadronic scattering is
mainly though:the interaction gluon 7 gluon -+ qq -+ w', i.e. via a
technicolor fermion loop. Their couplings to Z°, i.e. Z° Z?n',
is extremely small as pointed out by Ref. (32 therefore the
observation of a boson through the mechanism of bremsstrahlung
from the z° will be a strong support of the-elementary Higgs mass-—

generating mechanism.

III. e'e™ INTERACTIONS AND COMPARISON WITH THE pp and pp INTERACTIONS

The corresponding production of Z°, toponium and parity
violation properties in the e+e' machine has been thoroughly reported
in the previous Cornell study6 and the LEP study.7 The production
rates of z° in e+e—, pp and pp machines are listed in Table I.

One important mechanism of producing the Higgs boson # in ete”
is via bremsstrahlung from the z°. In Fig. (3.1), (3.2) and (3.3) we
show various distributions33 of such a production of B°. 1t is
interesting to compare those in the pp and pp reactions, as given in
Section II (E). In Table I, we also list the event rates. They

are comparable for ISABELLE and the e*e” machine with their projected

luminosity.
Iv. SUMMARY

1. Because of the uniqueness of the production mechanism and

absence of background, the ete™ machine can give a definite answer to

the question on whether the predicted z° of 90 GeV exists or not.

2. TFor the same reason, if the 2% is found, the e+e' machine
pcovides a cleaner source of new flavors and the Higgs boson, if
they exist. It is interesting to note that the event rates are
about the same for bremsstrahlung production of H® at the e+e_
wachine with 3 x 1031 cm-zset::-1 luminosity and the pp machine with
1033 cnZsec™! luminosity i.e. ISABELLE.



3. W% can only be effectively produced and searched for in
pp and pp machines. The validity of the atandard model can be checked
only if the mass and parity properties of wt are also measured.

4. Due to the high energy of ISABELLE and the CERN pp, z°'s and
W's of masses higher than predicted can also he sought.

S. In pp and pp new flavors can be more effectively produced
via associative production, which is estimated to be an order of

magnitude higher than from z° or Wt decay.
6. Due to the complexity of nuclear matter, pp and pp machines

in higher energies provide opportunities to produce new, unpredicted

particles and phLenomena.

We see that e'e™ and PP, Pp machines play complementary roles.
The advancement of our understanding depends on the success of

both types of machines.
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Compilation of data Q3 %%vvs. s/Qz; experiments with

different longitudinal momentum acceptance are inte-
grated according to the parton model used. Data are
from Refs. (26), (27) and z2lso Ref. (34). The dashed
curves are the prediction Jf the Drell-Yan model using.
structure function of Ref. (35) which included the
leading~log QCD corrections and the solid curve is
calculated using the old structure function [See

Ref. (34)1.

Compilation of data Qaa%g; [

y=0 VS* Q/Vs, Ref. (28).

Diagram for the Drell-Yan model for hadronic inclusive
production of the dilepton.
Diagram for the quark-parton model for lepton-hadron

inelastic scattering.

Same as Fig. (2.2a), but inéludes loading-log;gluon
effects.
Sane as Fig. (2.2b), but includes leading~log gluon

effects.

Structure functions of electorn-hadron inelastic
scattering, Ref. (32).

Structure functions including the perturbative QCD
scaling violation effects, Ref. (32) and Ref. (35).

Total production cross section vs. Ys/m .of w; pro-~
duction for pp and pp scattering. Points indicate
the prodaction of ¥ with mass m, = 80 GeV at

¥s = 800 GeV for pp scattering, and at ¥s = 540 and

2000 GeV for pp scattering. Scale of event rates is



2 1

Bem “see” .

indicated on the right for luminosity = 1033em™
apd alzx 107 sec year. See Ref. (36).

Fig. (2.5b) Same as Fig. (2.5a) but for 2° with mass m, = 90 GeV,
Ref. (36).

_Fig. {2.5.) j%g; lyso for the dilepton of mass Q and rapidity ¥
from a Z° produced in pp (solid line) and iu pp
{dotted line). Event rates -are also indicated for ISA

with luminosity = 1033ca2sec L.

Fig. (2.7) ~5§§%5 'e=9o° for the et, with perpendicular momentum
P, and solid angle © at 6=90°, from the decay of a WF
produced in pp scattering at Vs = 800 CeV, Ref. (36).

33 -2 1

- Event rate for luminosity = 10 cm is also

sec-
indicated.

Fig. (2.8) _ Distribution for pp+jett+jettX at Vs = 800 GeV, for
jet+jet from hadronic interactions {(dotted line) and
from W decay (solid linéﬁ, Ref., (37). .

Fig. @.9a), (2.9b) Angular distribution for &' (solid line) from
W' and e~ (dotted iine) from W produced in pp
_scattering at /5 = 540 GeV at various P of the
lepton as indicated. @ is the angle between the

lepton and the incoming proton.

Fig. (2.9¢), (2.9d) Same as Figs. (2.9z), (2.95) but for pp
scattering at Vs = 800 GeV.

Fig. (2.10a) Data compilations of scaling cross sectioms

3 - .
M- do l for the heavy vector bosons productions, 3
I‘h d)’ y=0
Ref. (40).

Fig. (2.10b) Data compilation of the non-scaling cross sections

%% |y=0 for the heavy vector boson productions, Ref. (40).
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Fig. (2.13)
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Estimated production cross section E%g; |y=0 of
heavy onia of mass Q in pp reaction with luminosity =
103%cn 2sec™! at V5 = 800 GeV with a mass measurement

resolution AQ/Q = 1%, see text, Ref. (41).

Dilepton.mass Q distribution for the bramsstrahlung
of a ¥° by a z° produced in pp*XZ°»XZ°H°»£§H° at

- /8 = 800 GeV, and Higgs boson mass my = 5, 10, 15,

20 GeV, and ‘for pp+X(z°+y,)+XiL at the same energy
Ref. (43).

Same as Fig (5.1) but for mH'= 5 GeV, in pp scattering
with /s = 600, 800, 1000 GeV and in pp scattering
with Vs = 540, 2000 Gev, Ref. (43).

Total .cross section for e+éF > p+h’H is plotted as a
function of the total center-of-mass energy Ys. The
mass of the Higgs boson 1Is taken to be 10 cev.‘
The differential cross section do/dx for e+e_ -+ u+u-H
is plotted as a function of = = mgu/s, at Vs = 90 GeV
(solid curve) and at Vs = 110 GeV (dashed curve).

The differential cross section do'/dz for e'e” + o+
anything is plotted as a function of z = mf/s, where m_ is
the missing mass, at Vs = M, = 90 GeV. A cut of

X = mﬁu/s > 0.5 has bggn applied. The solid curve

denotes the background contribution from v, c, b, and

t decay. The dashed curve represents a Higgs boson of

10 GeV with an experimental resolution of 1 GeV.



TABLE I.

BNL FERMILAB CERN CORNELL
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Ys (GeV) 800 2000 540 100
L (em 2sec™d) 10%3 1030 10%° 3 x 107!
2° (SYEmLS 3 x 10 3x10° 3 x 10 4 x 10
wt (-e—‘%i) 6 x 10’ 3x10° 6 x10°
uoz° _ (8Yents, 600 5 .6 800

Lgy T

yr £ 3 x 107 sec
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