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ABSTRACT

We compare the effects of non-standard weak bosons (NSB) expected

from E f t-Superstrings (Z 1 ) , strong Higgs (V.) and composite (spin 0,1,2)

models by using the c l a s s i c a l inclusive e"p •* e + "Hadrons" processes

at HERA energies . By assuming a 30% uncertainty for the measurement of

the d i f f e r e n t i a l c ross-sec t ions for unpolarized e* beams and a deviat ion

jfiAj = 0 . 1 from the longitudinal asymmetry of the Standard Model (SM),

we derive s igni f icant bounds on the masses of composite NSB with the
•ft

exception of the exci ted Z . The VQ of the s trong Higgs model i s

unobservable. Useful bounds on the Z' of the E& and the Z can only

be obtained by increas ing the prec is ion measurements (|flA| < 0.05) of the

longi tud ina l asymmetry. Therefore, we give bounds on these NSB for

| iA| = 0.02 a f t e r s e l ec t ing the combination of long i tud ina l asymmetries

where t h e i r e f f ec t s are opt imal .
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1.Introduction:

There are at present a large amount of efforts and suggestions for

providing tests of the true nature or physics beyond the standard model

(SM).These tests are decisive and crucial for a clear guidance towards

the exact direction of high-energy physics, which at present, is quite

confusing and even very speculative. One of the "almost unavoidnble

consequences" of non-standard models (NSM) is the existence of one or

more non-standard weak bosons (NSB) which might (at least expected to)

show up in the next generations of lepton and hadron colliders. One can

classify these bosons into three specific NSM :

a)Eft-Super (inspired) strings models'' 2 > :

The new bosons Z' are associated to the extra 15(1) or SIK2) gauge group

which arises after Eft-breaking. The Z' parameters and interactions with

fermion pairs are characterized by the E -mixing angles O and 1

(Hereafter we shall follow the notations In Ref 3) and the pnrametriz-

ation in Ref 2)). No-scale rank five model (St) corresponds to e
2 = 0

where the couplings are ?-independent. Rank six intermediate scale

models2' correspond to cos(02 ) = (3/8)L / 2 and sinC?^ )=(5/8)' ' 2 where for

.3=0 and »/2, we have respectively S2 and Ŝ  models. We shall neglect

the small Z-Z' mixing in our analysis.

b) Strong Hlggs-type model:

This model corresponds to a formulation by a SU(2)V local hidden symm-

etry of the SU(2)LX SU(2)K non-linear realization of the scalar sector

of SM in the large Higgs mass limit .The associated dynamical boson Vo

has the parameters summarized in Table 1.

c) Composite weak bosons:

These bosons are expected "natural" partners of the composite(?) Z-bos-

on. Spin zero bosons are constrained to have a Higgs-type 00

or chiral (0) coupling to fermion pairs In order to preserve light

fermion masses. We shall be concerned here with the n while the " will

certainly induce unobservable effects in the chiral limit m =0.

We shall also study the possibility that the preon constituents of the

scalar (denoted here after as a ) are coloured, i.e the a can also be

produced via gluon fusion.



Spin one bosons are best represented by the excited Z and the iso-

scalar Y-boson. We also study the effects of a possible spin two

tensor boson ' T which can hfive Z-llke (T_), chlral (Tn , h tensor

(Ty ) and pseudo-tensor (TA ) couplings to fermlon pairs.

Like the case of splnless bosons, we have also Investigated the one of

coloured constituents.However.wlth the choice of scale In the Tables I

and 2, we shall see that the effects of gluons are much smaller than

the quark ones.In previous works we have compared the effects of these

NSB at polarized e e and p p' ' colliders.We persue this comparison

at e* p collider for HERA energies. We shall be concerned for

unpoiarized e beams with the differential cross-section :

dCT

dx dQ

_ 2 f .(x.Q1) d a

dx dQ

(e'+partonti) > e* +parton(U)

where f,(x,Q ) is the quark or gluon structure function, x Is the quark
or gluon momentum fraction from the proton and Q =-t Is the energy
momentum transfer squared of the parton. We use in our numerical analy-
sis the Duke-Owens set 1 parametrlzatlon of the structure functions
For longitudinally polarized e* beams,we shall deal with the combina-
tions of asymmetry:

_+ = A_
(L-

(+-

(2)

where R(L)= - ( 1 t r B ) i s the usual chirallty notation.

In Table I,we summarize the Feynman rules used.In Table 2,

we present the parameters of the models discussed previously, The

expressions of the amplitude squared are given In Tables 3 and 4 where

the kinematics are shown In Fig 1.

2.Unpoiarized e beams:

Our analysis Is summarized in Figs 2 and 3 respectively for the

electron and the positron beams. Fig 2a , 3a are the behaviour of the

differential cross-section Ao versus Q for x = 0.6, whilst Fig 2b, Ob

give the variation of dff versus the weak boson mass,for x = 0.5 and
2 4 2 ~i

Q =2.10 GeV , Our choosen values of x and Q are standard values used in

the literature One can notice in Fig 2a,3a that the behaviour of d<J

remains very Identical for e and e beams at large Q , where in this

region the deviation from the SM curve can become important, One can

notice that spin zero (a) and spin two (T) composite NSB can have

spectacular deviations from the SM predictions depending on their

couplings to gluon or (and) fermlon pairs. For definlteness, we have

normalized such couplings by the weak breaking scale Pn = 260 GeV by

analogy with the value of fff which COIK ols the non-linear ff-model of

QCD. However, the scale mleht be larger or smaller. The effects of o Is

strongly controlled by the trgg coupling. For the range of values given

in Table 1, the a effects move from the '/-ones to a very net deviation

from the SM prediction. However.ln this latter case, the a could have

induced too many anomalous W W events at the p p collider . The large

effects of the spin two NSB are mainly due to the derivative couplings

at the fermion vertices, which induce a s and u behaviours of the

cross- section and then dominate for moderate values of t. For large

t, propagator effects compensate such behaviour In such a way that the

tensor NSB cross section tends to the SM one.

Let's now fix (QS,x) and study the behaviour of the da versus the NSB

masses (Fig 2b,Ob). By assuming a 30* experimental accuracy for the

measurement of the SM predictions, one can deduce the lower bounds

given In the first two columns given in Tables. One can read that there

is no bound on Vo , excited Z* and Z' of the super (Inspired) strings

models. This is due to the fact that these NSB couple very weakly to

fermlon pairs. Our results for the 1' agree with the previous ones in

Ref 13).



At the 30% level of experimental accuracy, one can only derive signif-

icant bounds for composite NSB. The strongest bounds are: 230 (850) GeV

for scalar composed by (un)colored preons, 610 GeV for the Isoscalar

vector Y, 1.9 TeV for a spin two boson. The strongest bound of 1.9 TeV

applies to the Tv composite spin two NSB having a parity conserving

coupling with fermlon pairs. One should also note that the Y Is stron-

gly constrained compared to other spin one NSB, due to the nature of

Its coupling to fermlon pairs. The other NSB (Z',Z and VQ) are unobser-

vable for the assumed 30?t deviation from the SM prediction.

3.Longitudinally polarized e* beams:

The behaviour of different combinations of the asymmetries versus Q at

given values of the NSB masses and at x=0.5 Is shown in Fig 4a-f.Notice

that the results are not sensitive to the choice of x-values . This can

be understood as the asymmetry Involves ratio of structure functions.In

Fig 5a-f,we give the behaviour of the asymmetry versus the masses of

the NSB fixing (Q ,x). By assuming a deviation of about ± O.I from the

SM asymmetry, we obtain the bounds In the remaining columns of Table 6.

Like in the case of the unpolarlzed beams,the Important deviations from

the SM asymmetry come from the composite T, o and the Isoscalar vector

Y. The effects of the V(), Z and Z'remain again unobservable for

| A A | = 0.1 .Then, we study the bounds obtained versus the choices of

| i A |. The bound on Z* and Vo starts to be Interesting for |AA|sO.O2.We

show in Fig 6a, the bound on Z* versus Q at x=0.5 for the A-* and

A*+ asymmetries where the Z effects are maximal. We deduce:

M • 2 200 GeV. (3)

In Pig 6b, we five the strongest bound on V versus Q . As one can

see, it would be difficult to sign the VQ from the process discussed

here or vice-versa the bound on Vo is very weak:

Mv 2 90 GeV. (4)

We do the same analysis for the 7.' of the superstrlngs models, where we

always neglect the 2-1' mixing effects which are small . We select

for each type of superstring models the asymmetry where the effects of

the corresponding Z' are maximal.The Z' of S t is best seen from the

measurements of A-*'. The Zr of S2 manifests maximally In the A-+ while

the one of S3 shows up equally for A-* and A-+.The bounds for | A A | S 0 . 0 2

at <J2=2 10* GeV2 and for x=0.6 are (see Fig.7) :

M2, (S t) * 380 GeV

Mz, (S2) i 360 GeV (5)

M z ' G e V

These bounds though weaker than the ones from composite bosons are

interesting compared to other available bounds derived from some other

processes .Bounds coming from longitudinally asymmetry are In most

cases stronger than from the unpolarized cross-section. This is again a

good motivation for having polarized beams.

4.Conclusion:

We might expect that HERA and a rortiorl an e-p TeV collider with

(un)polarlzed e" beams reveals the NSB or at least provide significant

bounds on their parameters. In this paper, we have bounded the masses

of NSB for given couplings but one might also do the Inverse problem.

One should note that the effects of the composite bosons might compete

with the contact interactions discussed in the literature11*. The two

effects are difficult to be disentangled due to the t-channel exchange

of the NSB bosons. However, If what we know from the hadrons of QCD Is

true here, we might expect that the resonance effects dominate over

the contact Interactions ones. The later being as usual included Into

the QHD continuum .
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T a b l e 1 : F e y n m a n R u l e s 1

i . P r o p a g a t o r s a n d b o s o n - f e r m l o n - a n t 1 - f e r m l o n :

Spin

0

1

2

Pa r t 1 c l e s

S

S c a l a r

SM 1

Photon

Z

Gauge
boson

V

V e c t o r

T

Tensor

P ropaga t o r s

_f. I D , < P >

D s ( p l = < P 2 - M j ) " 1

P

D ^ ( p ) = ( p 2 ) " '

P
V ' v ^ v ^ ^ ^ s ^ S ^ v * " 1 E I I U " , ' P'

fAV £

D I ( P ) = ( P 2 - M ^ ) ~ '

D V ( P ) = ( P 2 - M J ) " !

P |

V P C ' = 2('\,P'7I>CT + % C ' % P ' 3 ' V V 1

%>. = - ^ ^ + p ^ p v /P 2

Q T ( P ) = ( P 3 - M J ) " '

V e r 1 1 c e s

y _s t«f<v;+.^6)

\ j; i o f ^

fNE, »•» r r

7 / ^ P , P

T=-f-(r/Jk,.+/1)k^-§vE)

n =-g +D p /p

2 . B o s o n - g I u o n - § l u o n v e r t i c e s

S p i n

0

2

P a r t I c 1 es

s

S c a l a r

T

C o u p l i n g s t r e n g t h

_ 4/20 8 / 2 s l n ( e ) o
( r r r r -r ?,
t t j 3 F n 3 f M ;

t o be c o m p a r e d t o t h e
r e c h n 1 p i on c o u p l i n g :

G ' ^ \
£ g s = j j

r n

V e r t i c e s

1/U00

T a b l e 2 : C o u p l i n g s t r e n g t h s In d i f f e r e n t m o d e l s

S p i n P a r t i c l e s X

Co m p o s Ice n

" P ( S )

MR)
S t a n d a r d

m o d e l ( S M )

91 r I n g s
I n s p l r e d

Z '

St rong
HUES

E \ c 1 t e d

1'

Iso-
s c i l a r

Compos 11e

T
V ( A )

T L ( R )

O v e r a i l

C o u p I I n ,

•f=-

"cosfl

Vetto r 1 a 1 (v)

( 0 )

/ /2

r - J , .

AX 1

_ f

a!

+ )

(a)

0 ( 1 )

•2

1 T

2 3

A ; , - A ;

•>))J4

C=(

s a = s l n ( o ) ; C = c o s ( a j
2

) g ' Z / ( g 2 + g '

O ( - . O 5 ) I f

1 ( 0 )

1//2

<. 2 2 ( . 1

o t l )



Table 3 r Quark subprocess amplitudes

l.Standard model:
4.Spin two tensor boson T:

| - , , = 2 | ( S +U )H0+<Jr)(S - U ) H , J

0 = .. 1 + # -

' E z

2 e f e

1= 8,

, 2 , 2 _

2 . S p l n ! e s s boson S:

[* n | 2 = (S+U)"HO

' = E
a z v t ' f a t ' z ' "" z t z t z t t z

2 2
f t

No i n t e r f e r e n c e w i t h t h e s t a n d a r d model

3 .Exot ic v e c t o r boson V:

2 . 2

• » • • : •

-U

!5I")
v

4 3 *} *) *\ J
T ] =

T 2= - — - (S + U ) ( S - U ) ( s " - 6 S U + u"

. 2 . . . 2
T 3= - ~ ~ (S + U ) ( S -4SU+U )

D z D v
T 4 =

'4= g.

D z D v

^ 1

D;-Dv

fflth

<?=(-)+ ("or (antl)quarks
»?=<-}+ for (posltron)electron
r,={~)+ for ( le f t ) right handed 1 epton beam and

K =0 for unnolftrlzed beam.
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4.Spin two Censor boson T:

| » | 2 = < H T + H

4

« 7 =

1=

T 4 =

W i t h

t. f t. t.

°zDT

. 2 . 2

- 4 - 3 . . 2 . 2 - . 3 . - 1
( s _ 6 S [ j + i a s u _ 6 S u + u j

T 8 2 . . . 2
2= j~ {S + U ) ( S - U ) ( S -6SL '+U )

T . - - - ± - - -
3= 5— (S + IFMS - 4 S U + U

( S - U , 3

Q - ( - ) + for (ani i )quarks
'?=<- )+ for (pos l tron)e leetron
<=(-)+ f o r ( l e f t ) r i g h t handed 1 epton beam and

K =0 for u n p o l a r l z e d beam.

T a b l e S :Lower mass l i m i t s In CeV Tor g i v e n c o u p l i n g s by a s s u m i n g .

t h e d e v i a t i o n s a f d e ) 1 30H and | A A | = 0 , 1 from t h e SU p r e d i c t i o n s
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e
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1
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1 000
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2400*

RL
A++
1

1

1

1
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360
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1
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/

1
1
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/
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1
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Figure Captions :

Flg.l: Kinematics for the reaction e* +p —> e* + Hadrons

Fig.2: Differential cross section for unpolarlzed electron beam for
X =0.6 : a) versus Q2 at fixed M = 300 GeV ;

b) versus the NSB mass at fixed Q2 = 2 10* GeV2

Fig.3: The same as Flg.2 but for positron beam.

Flg.4 a-f: Behaviour of the longitudinal asymmetries defined In
Eq.(2) versus Q2 at given values of x =0.5 and M „ =300 GeV

n o a

Fig.5 a-f: Behaviour of the longitudinal asymmetries versus MNSB

a t fixed Q = 2 10* and for x =0.5

Fig,6a: Bound on Z from A*+ and A-+ versus Q2 for | A A [ =0.02

and x =0.5
L K 2

Fig.6b: Bound on VQ from A-- versus Q for [ AA | =0.02 and x =0.5

Fig.7: Optimal bounds for the three superstrlng type models from

the longitudinal asymmetries:

a) A-V for S t , b) A-S for Ŝ  and c) A-* for S3 .

14



f : f f jjf-f SSa S

S = ( p 1 + p , ) : S=XS

r.i.x

hadrons
Jet / E = C e n t e r o f m a s s e n e r g y o f e p

= 3 1 4 GeV a t HERA

We w o r k w i t h :

x = 0 . 6 Q J = 2 10 4 O e V 1
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