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I. INTRODUCTION

We are certainly living in an unprecedented era in the history
2

of physics. With a single parameter Sin 6W - .23 ± 0.02 the electro-

weak unified theory of SU(2) x U(l) has succeeded in fitting many
2

different categories of weak interaction data. In cooperating strong

interaction, the scheme of grand unification theory, GUT, permits the

proton to be unstable. From this single parameter and the

renormalizability of GUT, the masses of the intermediate bosons are

precisely predicted, M_ » 80 GeV.lt, - 90 GeV. The exciting fact is

that they are within the production and detection of the near future

high energy pp, pp and e+e~ machines. The 50 GeV on 50 GeV e+e"

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 Cornell and

LEF studies, I shall report in more detail a recent update of the
o

study in pp and pp interaction. Comparisons of production rates

between pp, pp and e"*"e~ machines are given, see Table I and the

Summary in this report.

II. pp, pp INTERACTIONS

(A) ESTIMATING THE PRODUCTION CROSS-SECTIONS OF W*, 13°

The production cross section of K—, 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
9 +

the production cross section . of W— of mass m is related to

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

However, the current experiments limited by the current machine

energy give us da/dQ only up to Q - 20 CeV. 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 •

a function of the dimensionless variable Q2/s, where /s is the !

center of mass energy, " :

q 3^-f( Q
2/ s). (2-2)

Thus the production of higher mass'Q at'corresponding higher energy

s can be predicted from low energy data. In Fig. (2.1a) the

compilation of data including the latest CERN data of Becker

et al at rS"» 62 GeV, for Q ~ are plotted in scaling variables

s/Q2, with 8 GeV < s < 62 GeV and 2 GeV < Q < 10 GeV. Also shown

in Fig. (2.1b) are the collection of data12 for Q3 da/dQdy I i B
H ' % * * 'y PS 0

A Q ]S do/dQdx J-. „ n» which is also a scaling cross section in

the scaling variable Q/»s", where y = In (K-pB)/(E + p.) , where 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-Yan 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 interacting hadrons, which in turn is

directly 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

qq̂  •+ y , W-, Z° -> II. Thus given the structure functions from

lepton-hadron inclusive reactions, the Vf-, Z° production can be

calculated.

First a few words about the development of our knowledge of

the quark structure functions. In 1969, Bjorken and Feynraann

conjectured that the structure function in e p inelastic scatter- ;

ing vW_ = F9, which is in general a function of the virtual photon

mass q - -Q and the total invariant energy 2 mv, is a function

of the dimensionless variable 2mv/Q- » x, which denotes the

fractional momentum of the proton the quark carries. Later this



approximate scaling is considered to be a consequence of asymp- --. -

totic freedom 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. In the leading-log approximation

to all orders of a., it amounts to the calculation of sum of all
8 2

ladder diagrams as shown in Fig. (2.3b). The variation in Q for
fixed x, or violation of scaling, is found to be logorithmic and

2 2

Bost severe in the small x region x £ .1 and small Q region Q £

100 GeV2 as shown in Fig. (2.4a) and (2.4b), taken from Ref. (16). In

this approximation, the structure functions used for Drell-Yan are

still 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 Q do/dQ obtained from such a

calculation. We see that actually 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 than (up
2

to 1977) available low-Q 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 needed to be checked out,

notably the systematic inconsistent implications on the running

coupling constant a. • from pp and vp in elastic scattering.

As for the virtual photon production in hadron-hadron

reactions, the next order QCD calculation, 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.18 This difficulty can not be settled

until higher order terms are calculated. For our purpose of

estimating W—, Z° productions, ve 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-los.



Using the general calculational scheme of Ref. (19), and the

quark structure functions fitting the durrent lepton-hadron

20
inelastic cross section, and the recent updating.work of Ref. (21),

we shall present many results of the W—, Z° production and their

decay products.

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

\£ and Z°, Sin26 - .22, m « 80 GeV and m = 90 GeV at varied

energies. Ws plotted the cross section vs- /s/m, therefore the '

curves can also be read off for productions of M- and Z° 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 10 W-, Z° produced per year 0v3 x 10 sec)

at ISA. For comparison the production of \1- and Z° in pp and the :

yield at the future pp machines (̂s* = 540 GeV at CERN, and /s~ =
30 —2 —1

2000 GeV at Fermilab, luminosity 10 cm sec ) are also given.

high luminosity at ISA is certainly a great advantage.

(B) THE DETECTION OF THE Z° AND W +

The Z° and W- need to be detected via their decay products.

1. Leptonic Decay

Here we estimate the branching ratio by counting the decay

channels of leptons and quarks. The K- coupling to all leptons

and quarks are equal, the (V-A) coupling, thus the leptonic

branching ratio is

x £ ^ p T ^ i i

3
E t b ) - 1/(1+1+1+3+3+3) =1/12, (2.3)
i=l X X

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

vector and axial couplings to the leptons and quarks are C . •=

2 (I ,. - 2Q.Sin 9 ) , Ca, * -/I, where j denotes lepton or quark

type, Q. and I , . denotes the charge and the third component of
J * J 2

the isospin respectively. Note that for Sin 8 = .23, the vector



coupling for e , y , x are very small* and also that

B(Z°->fcT) " (C ,"• + C , ) / £(C ,. + C , ) = 3% (3.2)
v * a * • d v j a j

Fig. (2.6) shows the cross section da/dQdy| .= « of pp (or pp)->-

Z°X-+iIx which has a peak around tha 2° mass, with a half width

of 1.25 GeV and Fig. (2.7) shows the single lepton production

cross section da/dp dfl of PP-^AJ-> A—(vX), which a sharp decline

around P » 5jm . The figures also give the rate for the given"

machine luminosity. We see that, with the high luminosity of ISA,

the Z°->zl and W~ -H—v are plentifully produced. We see from Figs.

(2.5), (2.6), (2.7) that using 300 events/year as a criteria, t£

or 2° with masses up to 300 GeV can be observed at ISA.

2. Hadronic Decay of W— and Z°

The qq decay product of W— and 2 will become hadronic jets
+ —

like those observed in e e reactions. However, their cross sections

'are way below those from pure hadronic cross sections, see Fig.

(2.8). -Thus it is not a viable method to look for \£- and Z 6 by

their hadronic decays unless some further triggering means are
. 22

used.

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

Due to the (V-A) coupling nature of the W-, the coupled

quarks and leptons have left-handed helicity, and the coupled

anti-quarks and anti-leptons have right-handed helicity. In the

Drell-Yan model, (ignoring the p motion of the quark), the q,q

system, annihilating collinearly to become W-, had total helicity

one pointing in the p direction. Therefore the W— produced are

polarized and it? decay, product 1,1 will remember this polariza-

tion. The right-handed I will move in the q direction, and the

left handed I will A-.e in the quark direction. So the longitu-

dinal motion of A will reflect that of the q and 4 that of q.



As shown in Fig. (2.8).., for P,< Jjn̂  £~(A+) from wf(W+) pro-

duced in pp peaks strongly in the p(p) direction reflecting the

u(u) quark motion in the proton (antiproton) direction. However,

it is interesting to note that as P = 3jm , the S. (A~) has only

the longitudinal motion totally from W (W ) , which is produced

moving preferably in the p(p) direction; thus i. (£**) now moves

in the p(p) direction. For p,p scaling the distribution is forward-

backward symmetry. Fig. (2*9a)and (2.9b) show that JT longitudinal motion

reflects the valence quark distribution, which is more forward-

backward peaked,.and the £ reflects the sea.quark momentum dis-

tribution which is more central peaked. In Fig. C2.9c) and (2.9d)

P,' = m , I (A ) is forced to move in the direction oC W (VI ) .
+ — •

The m distributions reflect the difference in the W (W ) pro-
w _|. „ _

duction. Since W is produced from ud, W from du, the former
2

has a larger cross section. With a value Sin 0 - .23, the

coupling of Z to ££ is almost completely axial, see Eq. (2-3),

the effects mentioned above will be almost absent for the iH from

Z° decay.

One may also ask if there are other parity violation effects

e.g. the asymmetry in p".. distribution reflected on the opposite

side of the (p t x Pjjeam) plane. Though the coupling is (V-A),

maximal parity violation, the Drell-Yan model does not give such
23

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

24
It was proposed by Gaisser et al, that the cross section

(r. ) m -T- for massive meson production is a scaling function of
y*1 -1 3 da 2 *

rs/a and x only, i.e. (r. )~ m -r- *= f(s/m , x), where x = p^ /

m is the mass of the meson, and V, is the partial width of the

meson decaying into ordinary hadrons. The. conjecture is based

on dimensional arguments and the division of T. is intended to

eliminate the onia type dependence in the production. In



Fig. (2.10a) taken from Ref. (25), the compilation of T " 1 m --I
_j 3, da r- dy'y=O

» Tj, m /4m?-/s -££> also a scaling function in m//s, for the

production of all heavy vector meson productions are given. Con-

sidering the great variation in da/dy | ^ Q, see Fig. (2.10b)

various TO productions, the scaling is impressive. Though there is

not justifiable reason for it, the exitation curve h£>s a shape

very close to that of £E from y , or the Drell-Yan curve of Figs.

(2.1). Using this curve of f(s/m ,x), the cress section multi-

plied by the leptonic branching ratio B ^ £ r(V-HU)/r(V->all)

can be obtained

B»T :j§ = B«7"T f (s/m ,x) = > -̂  f (s/m ,x), (4.1)

if r(V->all) « Th and if we can estimate r(V-Hl). Using potential

models for large enough m, mass of the particle V, the effective

potential becomes Coulombic and r(V->££)— n» • In order to make a

conservative estimate, we shall use V(V-*Hi.') = constant = r(J-J-Ai).

In Fig. (2.11) we show such a calculation by F. Paige'' of heavy

onia production together with that of y and Z 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

f(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 PSEUDO SCALAR PRODUCTION

As we have discussed all along that the standard SU(2) x U(l)

model has great phenomenological successes with its single param-
2

eter Sin 0 = .23 + .0?., and provides definite information about
* w

the If— 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 quarks are given by

the model, its mass is completely unconstrained. Also ways to

detect such boson have been noticeably missing' in hadronie scatter-

ing, contrasting to the situation with e e" machines for which

signatures and ways to observe such boson are rather clear. Here
28 n

I want to report a signature of the H production in hadronic

scattering. We show that the bremsstrahltmg of the 11° by'a Z°

produced in hadronic scattering, see inset of Fig.(2.12) shows up

as a bump in the dilepton mass Q distribution with a fast fall

off at Q « m - jtî. Using the same Drell-Yan model, Fig. (2.12)

shows the calculated da(s,Q)/dQ for the H° production for m^ =

5 GeV, 10 GeV, 15 GeV and 20 GeV at y/s = 800 GeV. We see that

besides the peak at Q «*. m , which comes from the Breit-Wigner (B-W)
o

propagator of the outer Z , there is a bump with a sharp fall

near Q = m_ — HL,, which reflects the B-W propagator of the inner Z .

The slow fall as Q decreases from Q = m_ - HL, comes again from the

outer Z propagator. In Fig. (2.13) we compare the Q distributions

with and without the H° (m = 15 GeV) emission. We see that the

peak at Q = m_ with H emission is about three orders of magnitude

below that without the H emission. However, the second bump is

enticingly not too far below the background of the y and 2° pro-
v 33 —2

ductions. With the projected luminosity of ISABELLE 10 cm

sec , there will be about 600 events/year (3.15 K 10 sec) from

the bump between 66 Ge.V < Q < 76 CeV in the case of <fs - 800 GeV

and IIL. = 13 GeV. As low as it is, however, it is not completely

out of question to accumulate enough events for its detection in

case wa can eliminate the background above. To get rid of the

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



momentum beside the original two fast leptons with momentum =

%(m_ - !"„), using the property that the H prefers to couple (with

a strength mf 6) to the most massive fermion pair allowed, i.e. cc or

TT, for 2m <mH<2mb, and bb for 2rab<mH<2int. C,T have a 15-% branch-

ing ratio decaying into a charged lepton, and the b has even higher'
29

portion of its final states having a lepton due to its cascade

decay into the charm. Thus by this trigger the bump is reduced

less than 30%, however we anticipate the reduction much more for

the background from our current understanding of single lepton
30

productions. If the Higgs masses are much bigger than 2m,, 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 to machines with high luminosity besides high energy. Note

also that for small nu, a detector of good mass resolution is

needed, in case if the background of the single 2° production can

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. Thus 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 brerasstrahlung 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 fxindamental Higgs field are replaced by

dynamically generated Goldstone bosons. This is a scheme borrowed

from the phenomena in superconducting materials, the technicolor

fermions (U, D ) L , UR, DR, (many of then) play the role of the

electrons, the technicolor pseudi'-scalars it'., n1-, (many of them)

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

L



are generated from the infinite sura of iterations of coupled gauge

boson and pseudo boson propagators, (i.e./\A/\='vs/\+/w 'v/v* +

rs/\A » w v ' V w , 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 physical pseudo scalar.bosons. ..The_ production

of these technicolor pseudo scalar in hadronic scattering is

mainly through the interaction gluon J- gluon -> qq -*• IT1 , i.e. via a

technicolor fermion loop. Their couplings to Z°, i.e. Z° •+ Z°v',

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 study and the LEP study. The production

rates of Z° in e+e~, pp and pp machines are listed in Table I.
o + —One important mechanism of producing the Higgs boson H in e e

is via bremsstrahlung from the Z°. In Fig. (3.1), (3.2) and (3.3) we

show various distributions of such a production of H • It 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 ISABELLA 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 e e~ machine can give a definite answer to

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

2. For the same reason, if the Z° is found, the e e~ machine

provides 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
31 -2 -1machine with 3 x 10 cm sec luminosity and the pp machine with

10 cm" sec" luminosity i.e. ISABELLE.



3. W1 can only be effectively produced and searched for In

pp and pp Machines. The validity of the standard model can be checked

only if the mass and parity properties of W" are also measured.

4. Due to the high energy of ISABEIXE and the CERN pp, Z°'s and

W±1s of masses higher than predicted can also be sought.

5. 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 2° or U~ decay.

6. Due to the complexity of nuclear matter, pp and pp machines

in higher energies provide opportunities to produce new, unpredicted

particles and phenomena.

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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FIGURE CAPTIONS

Fig. (2.1a) Compilation of data Q ~ vs. s/Q , experiments with

different longitudinal momentum acceptance are inte-

grated according to the parton model used. Data are

from Refs. (26), (27) and also 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)].

Fig. (2.1b) Compilation of data Q 3j5^ |ya,0 vs. Q/i/s, Ref. (28),

•Fig. (2.2a) Diagram for the Drell-Yan model for hadronic inclusive

production of the dilepton.

Fig. (2.2b) Diagram for the quark-parton model for lepton-hadron

inelastic scattering.

Fig. (2.3a) Same as Fig. (2.2a), but includes loading-log*gluon

effects.

Fig. '2.3b) Sane as Fig. (2.2b), but includes leading-log gluon

effects.

Fig. (2.4a) Structure functions of electorn-hadron inelastic

scattering, Ref. (32).

Fig. (2.4b) Structure functions including the perturbative QCD

scaling violation effects, Ref. (32) and Uef. (35).

Fig. (2.5a) Total production cross section vs. /s7m .of W pro-

duction for pp and pp scattering. Points indicate

the production of W~ with mass m = 80 GeV at

/s = 800 GeV for pp scattering, and at Js = 540 and

2000 GeV for pp scattering. Scale of event rates is



33 —7 —1
indicated on the right for luminosity =» 10 cm "sec ,

and a 3 x 10 sec year. See Ref. (36).

Fig. (2.5b) Same as Fig. (2.5a) but for Z° with mass mz • 90 GeV,

Ref. (36).

Fig. (2.6) -jJQjjr | Q for the dilepton of mass Q and rapidity y

front a Z° produced in pp (solid line) and in pp

(dotted line). Event rates are also indicated for ISA
33 —2 —1

with luminosity « 10 era sec .

Fig. (2.7) -;—gjr |e=go° f°
r t n e e+» with perpendicular momentum

Pj[_ and solid angle S3 at 6=90°, from the decay of a W+

produced in pp scattering at i^= 800 GeV, Ref. (36),

Event rate for luminosity =10 cm sec is also

indicated.

Fig. (2.8) , Distribution for pp->-jet+jet+X at v's" = 800 GeV, for

jet+jet from hadronic interactions (dotted line) and

from W + decay (solid line), Ref. (37).

Fig. (2.9a ), (2.9b) Angular distribution for e + (solid line) from

W + and e~ (dotted line) from W~ produced in pp

. scattering at >̂ ~ = 540 GeV at various Pj_ of the

lepton as indicated. 6 is the angle between the

lepton and the incoming proton.

Fig. (2.9c), (2.9d) Same as Figs. (2.9a), (2.9b) but for pp

scattering at *7» 800 GeV.

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

— ->— I _Q for the heavy vector bosons productions, ';.

Ref. (40).

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

-r— | __ for the heavy vector boson productions, Eef. (40).
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Fig. (2.11) Estimated production cross section -^~ \ Q of

heavy onia of mass Q in pp reaction with luminosity =

10 cm" sec at Js » 600 GeV with a mass measurement

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

Fig. (2_» 12) Dilepton mass Q distribution for the bramsstrahlung

of a H° by a 2° produced in pp-vXZ°->XZoHo-»JllHo at

Js " 800 GeV, and Higgs boson mass m^ *» S, 10, 15,

20 GeV, and for pp-*X(Zo+Yv)->XfcI at the same energy

Ref. (43).

Fig. (2.13) Same as Fig (5.1) but for ̂ = 5 GeV, in pp scattering

with /s •= 600, 800, 1000 GeV and in pp scattering

with /s~= 540, 2000 Gev, Ref. (43),

. Fig. (3.1) Total cross section for e e~ •*• u u~H is plotted as a

function of the total center-of-mass energy /s. The

iitass of the Higgs boson is taken to be 10 GeV.

Fig. (3.2) The differential cross section da/dx for e+e~ -> y+v~H

is plotted as a function of x = m /s, at /s = 90 GeV

. (solid curve) and at Js = 110 GeV (dashed curve).

Fig. (3.3) The differential cross section da'/dz for e+e~ •* ]i\~ +
2

anything is plotted as a function of z = m Is, where in is

the missing mass, at /s = M_ = 90 GeV. A cut of

x « m /s > 0.5 has been applied. The solid curve

denotes the background contribution from T, C, b, and

t decay. The dashed curve represents a Higgs boson of

10 GeV with an experimental resolution of 1 GeV.



TABLE I .

Js (GeV)

L <cm~2sec~1)

_o .events.
Z < yr >

± .events.
yr

o_o .events.
H Z _ i )

BNL
ZSABELLE

800

1033

3 x 107

6 x 107

600

FERMILAB
DOUBLER

2000

1030

3 x 105

3 x 105

CERN
TEVATRON

540

1030

3 x 104

6 x 104

.6

CORNELL
e+e"

100

3 x 1031

4 x 107

800

yr = 3 x 10 sec
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