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ABSTRACT

We compare the effects of non-standard weak bosons (NSB} expected
from E6-Superstrings (Z'), strong Higgs (V,) and composite (spin 0,1,2)
models by using the classical inclusive e’ p - e + "Hadrons” processes
at HERA energies. By assuming a 30% uncertainty for the measurement of
the differential cross-sections for unpclarized e’ heams and a deviation
{aaf = 0.1 from the longitudinal asymmetty of the Standard Model (SM),
we derive significant bounds on the masses of composite NSB with the
exception of the excited Z*. The VU of the strong Higgs model is

%
unobservable. Useful bounds on the Z' of the Eﬁ and the Z can only

be obtained by increasing the precision measurements (|aA| < 0.05) of the

longitudinal asymmetry. Therefore, we give bounds on these NSB for

|sA| = 0.02 after seiecting the combination of longitudinal asymmetries
where their effects are optimal.
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1.Introduction:

There are at present a large amount of efforts and suggestions for
providing tests of the true nature of physics beyond the standard model
(SM).These tests are decisive and crucial for a clear guldance towards
the exact direction of high—energy physics, which at present, Is quite
confusing and evem very speculative, One of rhe "almost unavoidable
consequences" of non-standard models (NSM} is the exlstence of one or
more non-standard weak hosons (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)Eb—Super (inspired) strings modebl'z):

The new bosons Z° are asscciated to the extra U{l) or SU{2) gauge group
which arises afier Eé-—breaking. The Z' parameters and interactions with
fermion pairs are characterized by the Eﬁ-—mixing angles 82 and 1
(Hereafter we shall follow the notations In Ref 3} and the parametriz-—
ation in Ref 2)}. No-scale rank five mode]“(SlJ corresponds 1o 92=0
where the couplings are 3-independent. Rank six intermediate scale
mode]s2) correspend to ctrss(!‘a‘2)=(3f8)”2 and sin(ﬂz}z(SJB}*/lwhere for
3=0 and 7/2, we have respectively S: and S3 models. We shall neglect
the small Z-Z' mixing ln our analysis.

b) Strong Higgs-type model:

Thls mode! corresponds to a formuiation by a SU{2)v local hidden symm-
etry of the sU(2), x SuU(2), non-linear realization of the scalar sector

of SM in the large Higgs mass Hnﬂt‘).The associated dynamical boson Vo
has the parameters summarized in Table 1

¢} Composite weak bosons

These bosons are expected “natural” partners of the composite(?) Z-bos—
on. Spin  zero bosons are constrained 1o have a Higgs—typeSI(;)
ar chiralﬁ‘ (E) coupling to fermion pairs in order to preserve light
fermion masses. We shall be roncerned here with the # while the nowilt
certairtly induce unobservable effects in the chiral limit m°=0.
We shall also study the possibility that the preon constiruents of the
scalar {denoted here after as 5 )} are coloured, l.e the P can aiso be

produced via gluon fusion.
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Spin one bosons are best represented by the excited z' and the iso-
scalarﬂ Y-boson. We also study the effects of a possible spin twoe
tensor boson’" °’ T which can have Z-like (T,), chiral (T, | ), tensor
(T, } and pseudo-tensor (TA) couplings to fermion pairs.

Llke the case of splnless bosons, we have also Investigated the one of
coloured constituents.However,with the cholce of scale In the Tables 1
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

-9 - 3 3
NSB at polarized e'e ° and p’p -® colliders.We persue thls comparison
at et p colllder for HERA energies. We shall be concerned for

unpolarized e" beams with the differentlal cross-section :

t
D N X %5
dx d@* !

do

(e” +parton(i) » e +parton(i))

N
do =

(1)
dx dg?

where ri(x.qz) Is the quark or gluon structure function, x is the quark

or gluon momentum fraction from the proton and 02=—t— is the energy
momentum transfer squared of the parton. We use in our numerical anaiy-
sis the Duke-Owens ser 1 parametrization of the structure funct.lonsm).
For longitudinally polarized et beams,we shall deal with the combina-

tlons of asymmetry:

Al:i(RL)= da(e:(“) - da(e:(“)
dU(eL_{_“) + date:“_,)
AL AMY (re—ou)
ARE Akt ) (2)
A__ _AYT (s >-)
A, _A%Y (- >+)

where R{L)= ;—(l t }‘5) s the usual chirallty notation.

In Table l,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.Unpolarized e’ beams:

Our analysis 1s summarized in Flgs 2 and 3 respectlvely for the
electron and the positron beams. Fig 2a , 3a are the behaviour of the
differential cross-section do versus Q:I for x = 0.5, whilst Fig 2b, 3b
give the variatlon of do versus the weak boson mass,for x = 0.5 and
Q2 =2.10§t Ge\iz, Our choosen values of x and Qzare standard values used in
the llterature“) One can notice In Flg 2a,3a that the behaviour of do
remains very ldentical for e'and e beams at large Qz. where In this
reglon the deviation from the SM curve can become Iimportant, One can
notice that spin zero {7) and spin two (T) composite NSB can have
spectacular deviations from the SM predictions depending on their
couplings to gluon or (and) fermion pairs. For definiteness, we have
normalized such couplings hy the weak breaking scale F” = 260 GeV by
analogy wlth the value of t’_IIT which con: oils the non-linear O&-~model of
QCD. However, the scale might be larger or smaller. The effects of ¢ is
strongly controlled by the c;gg coupling. For the range of values gliven
in Table 1, the o effects move from the f—ones to a very net deviation
from the SM prediction. However,in this latter case, the a could have
induced too many anomalous W' W events at the P colllderu). The large
effects of the spin two NSBE are mainly due to the derivative couplings
at the fermion vertices, which Induce a S“ and 0t behaviours of the
cross— section and then dominate for moderate values of { For large
E. propagator effects compensate such behaviour in such a way that the
tensor NSB cross sectlon tends to the SM one.

Let's now fix (Qz.x) and study the behaviour of the d¢ versus the NSB
masses (Flg 2b,3b). By assuming a 30% experimental accuracy for the
measurement of the SM predictions, one can deduce the lower hounds
glven In the first two columns glven in Table5. One can read that there
is no bound on Vu' excited Z' and Z' of the super (Inspired) strings
models. This is due to the fact that these NSB couple very weakly to
fermion palrs. Our results for the Z' agree with the previous ones in
Ref 12).



Al the 30% level of experlmental accuracy, one can only derive signlf-
ieant 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
applles to the T, composite spin two NSB having a parity conserving
coupling with fermlon pairs. Cne should also note that the Y Is stron-
gly constrained compared to other spin one NSB, due to the nature of
its coupling to fermion pairs. The other NSB (Z 17" and Vy) are unobser-
vable for the assumed 30% deviation from the SM prediction.
3.Longitudinally polarlzed ¢" beams:

The behaviour of different combinations of the asymmetries versus Q: at
given values of the NSB masses and at x=0.5 |ls shown in Fig d4a-f.Notice
that the results are not sensitive to the choice of x-values . This can
be understood as the asymmeiry lnvolves ratlo of structure functions.In
Fig ba-f,we give the behaviour of the asymmetry versus the masses of
the NSB fixing (Qz.x). By assuming a deviation of about t 0.1 from the
SM asymmetry, we obtain the bounds In the remalning columns of Table 8.
Like im the case of the unpolarized beams,the lmporrtant deviatlons from
the SM asymmetry come from the composite T, o and the isoscalar vecter
Y. The effects of the V ,
|AA|= 0.1 .Then,we study the bounds obtalned versus the choices of
|8A]. The bound on Z* and V, starts to be interesting for |4A[50,02.We

z%and 2’ remaln again unobservable for

show in Fig 6a, the bound on z° versus (;}2 at x=0.5 for the Atk and
AEL' asymmetries where the z" effects are maximal. We deduce:

Mz. = 200 GeV. (3) ,
In Fig 6b, we glve the strongest bound on 'v'o versus Q . As one can
see, It would be difficult to sign the v, from the process discussed
here or vice-versa the bound on Vo Is very weak:

IM"r z 90 GeV. (4)
We do the same annlyslsﬂ for the z' of the superstrings models, where we
always neglect the Z-2' 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 Sl fs best seen from the

measurements of AEL‘. The Z' of S2 manifests maximally in the A&E while

the one of S, shows up equally for A% and A% The bounds for jaalso.02
at Q =2 10" GeV' and for x=0.6 are (see Flg.7) :

Mz' (51) z 380 GeV

L (Sz) : 360 GeV {5)

Mz' (3, & 170 GeV
These bounds though weaker than the ones from composite bosons are
interesting compared to other available bounds derived from some other
processesu) .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.Concluslon:
We might expect that HERA and a fortiorli an e-p TeV collider with
{un)polarized 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 romposite bosons might compete
with the contact interactions discussed in the llterature“). The two
effects are difficult to be disentangled due to the t—-channel exchange
of the NSB bosons. However, iIf what we know from the hadrens of QCD s
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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Table 1 Feynman Rules |
l.Propagators and boson-fermlon—antl-fermlion:
SpinjParticles Propagators Vertices
0 ) A 1D, {p} f t,.r
______________ tg (v +a ¥y 1}
Scalar s 2 <1 S T''s a5
D {(p)={p™"—-M_)} F
) f
1 SM) 2
H e ¥ !g”v](p) H 1Q,er
Photon 2 -1 » tn
D {(pi=(p”} t
2 L r
LA
NN NN lguubz(p) u 1g 7 (v +nf)5}
Gauge 5 2 <} z
bosan|D _{(p)=(p"-M_ 1} 7
v |4 [}
BN Y -1g,,D, (P} I .1
Vector 2 2. - wvov v lgv?”(vv 875!
D‘,(p)=(p =M,) 7
2 T p P
M Ve p O b
Tensor ’ 1 f
lgtT (v +atr5)
-i'r‘#ypcDT(pJ 7Py P
=1 z ) |T=—2— (7 &, + ENN )
Tuvpa—ﬁtnppnvu+nyanvp anuunpo = Fn ;ukr 7vku 3nuv
— 2 __ 2
nyv__gpu+pppu/p Muw™ g#y+pﬂpu/p
2,21 e - Toy M
Dt(p)—(p MI) k “’1 p2) ok ’u"
2.Boson-gluon-gluon vertlices
Spin|Particles Coupling strength Vertlces
™ .
0 ] Ggg5= ayo affslntﬂw)ﬂs
Scalar BFH 30M2
to be compared to the
technipion coupling
68855——--——2{605
FTI'
24
2 T g, /4nas
3
Fa
a 4 M
Boo 8
F‘l‘l’ FN

‘Table 2 Coupling strengths In different models
Overall
Spin|Particles X Coupling Veetorlal (v} Axial {a)
0 Composlite E
pis) gr=“: 1 (o) e (1)
-~ w
PRy " Y/ /2 t+) 1/ V2
1 Standard
model { SM)
4 e Qr 0
E
[ A S 1 - 2 -1
z z_c059w 3 Ty °r"" (aw) 2z Ta
E, ~Super- u u
6 strings vV, = 0 Ay =80/
Inspired d __ d _ -
v, »==5 (ce+/ 513 58023)14 A, =5 (0 /D /slasaczﬁ)u
B e __ e _,d
z E, v, = (2\':. z.) Ay Az‘
Swzslntﬂw):Sa=sint62):ce=cos(32);Czﬁ=005(2ﬂ)
Strong
Wiggs Su tTy,c-4q, s (1+c S, g!(s g'ynia S,C'rs/t
v . LI R 2172,
0 z =2g g/t tgl+g 7)112)
c=(r1ebt1sC g/ts,5,2 g P /g7+2 TN/ 1an)
g=e/s_ ig’'=e/C_ b, ,=0(-.05) If (g/g’"bc.22(.1)
Sazslntﬂ):ca=cos(a)
C JExelted
[ M_g
m 7 g, =Mz ] vf a:
M n z
° Iso-
s scalay 1 . 2 1 -
: g, 2 (YR+YL) + Qrslnh (9Y) 7 IVR-Y )
Y
e
2 Composite
! !
T, g, Ve iy
Tyia) gy 1 {0 0C1)
Ty () r 1//2 S+ W YE
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Table 3 : Quark subprocess amplitudes

1.Standard model:

o L2 .2 .2 .2
T.o= 2 + + -
%] gy [(s U JH,*+Qn (s -U )Hl]
2] ] n a
L] £~ L= £ 4 q” q° £ £.q
- r tn2 ; 2 14
Ho %1% g la, +v +inZa v )la, +v ) ATAT I na v,
0= —5= + g, 5 t e,
D;- Dz
9 2l
L £ &= 9.9 o £, 50
Ho_ 4 tza v +inla, +v, 1)Za v, 2 'efeh(az+’nvz)az
1= g, 5 te,
Dz D',,Dz
2.85plnless boson S:
2 a2
[ﬂol = ($+U) Hy
o L] 3 a2
£= £- £ & [
» o T
Ho_ .4 ((as v, )+Cn-a5vs)(as v )
2= g, =
b, .
No interference with the standard mode!
3.Exotic vector boson V:
" - A2 .2
Im. |*= 2|ts +u H_ +Qn(S -U )H
1 3 4
2] a a9 2l
£= = £ £ 97,9 ¥ r ¢
Hy g4 ((a, +v, }+Cn23V\V)(av vl ) .\ 32 2e£eq(vv+1nav)v
v 2 v
DV DrDv
£ ¥ fr £ F P 4 q.q q.Q
r r s
. o2.2 2((azav+\zvv)+ﬂn(azvv+av\z))(azav+vzvv)
Fafv DD
N
£ f (2 g2 9.9 ) b,
og v +F - v o . 5 A A
Hae gl (2a v +inla  +v . ))2a vy .\ 22 ,e{eq(av+tnvv)av
v 3 v
by D, D,
A 4 £ f £ £ £ £ q.q q q
bl +r +
+ gog2 _((azvv+avvz) "(azav vzvv))(azvv+avvz)
v D_D

v

4.Spin two tensor boson T:

2_ . . .
Imo ™= (HgT +H_ T )+Qn(H T, +HgT )

) Il ol 2
£ f" Y - -
- - r - - Q .q
Ho_ 4 ((at v, )+;n23tvt)(at ¥ )
5= g, 5
Dy
2 ]
Vs £ £
r i 4.9
Hs- 4 (2al\4r[+,1'7(ar +vt ”23'("(
=8y 2
Dy
2e e (at+rnv4)aq °((é£v£+a£vf)+rn(ataf+v£v£))(aqvq+aqvq)
H._ s2 i ik A el T 2232 - A S B R z°t "zt vt "tz
t b, D 2t DD
ryorT z°T
£ ¥ &t i £ F F £
2e RN q " o Lt 9.49,.,9, 9
HB= g2 £eq(‘t {nat)vt + 2282 ‘((azat \zvt)+Cn(azvt+a[vz))(azat+1zvt)
t zot
D?‘DT DzDT
T 8 -4 .3. 2.2 . .3 .4
1= 3 {§ -85 U+18S U -65 U +U )
Fl‘l
T, _8 s e s 22 aa 22
2= 1 {S+U)(S-U){S ~-6SU4U )
F?F
- . L2 L. 2
Ta= A (s+U)(s -4s5U+U )
Frr
Ty= 4 (s-0)°
"
With
- o
Dx=thx

Q=(-)+ for {antl)quarks

n={(-)}+ for (positron}electron

T={~}+ for (left)right handed !epton beam and
£ =0 for unpnoiarized beam.
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B

- - s - - e "‘E’;’ “ . - Thlde, o —-— o
4.5pln two tensor boson T:
la, (%= (H_T +R, T )+Qn(H T, +H,T,)
2 5671 7°3 62 "8 4
2 2 £t g% o2
"5 a ((8t v, y+{n2a VtJ(a[ v } fauble 6 :Lower mass timles In Gev for glven couplings by assuming.
=By D2 the deviations 4{do)> 20o% and [4A[|=0.1 from the SM predictions
T
Particles Unpotlarlzed Polarlzed
2 2
£ £ £ £ - + LR RL LR RL LL RR
B g (2agv +tnta; +v. )yzalv] e e a2l ALl Az Al Az, Ay
6= g t t e Tt
t D2 E, s / / / / / / / /
T Based :
s, / / / / / / / /
y; £ g t e £k £ 6 F e r
2e e + v Q,,.9
M g2 20t gt ¥inv da, . g2, 2((azvt+atvz)+(n(azat+vzv[))(agvt-i-atvzq) < Sy / / / / / / / /
t z%t trang
DyDT DzDT Higes Vo / / / / / / / /
cisein|g / 230 / 200 / 200 220 /
2e,e (vieZnal)vd 2ecalalevivhye ftea V! 9,9,.49,49 a0
Hye o2 77*#7q 7t tE L, ,2,2 ISAP Y tnfa,vio+a v )}a a'l+v v ') > ", / " 220 270 200 / / 280
f zot o =
D.D. DD . o / ' 280 360 / 260 320 290
: Soepy| 710 850 650 780 630 770 820 /
T Py -4 _3. 2.2 PR R | e ~
1= 3 {S ~-65 U+185 U -6S U +U ) oy H N 820 980 750 / 730 1000
F -
n o " " 1000 1190 / 930 1100 1010
T. 8 - - - - -2 L. .2 Spln 2' / / /
2= 3 {(S+U)(S-U) (S -65U+U ) 1 / / / ! !
P ¥ 550 610 860 650 420 / 590 740
, R seint g 460 250 440 620 720 240 / 650
T, 4 LT nE e e 2
3= 2 (S+U) (8 -4sU+U 3 Ty 1220 1910 1060 1450 2440 3190 2610 2760
i T, 680 1080 740 990 1320 1630 1930 1650"
Tye 3 (é_["“;, T, 670 1480 19907 1820 2670 / 1590 | 1920
P2 Ty 710 1400 | 2400%| 2410 / 3480 | z21re | 2610"
%ith +)We have taken the strongest bound on these masses.However,due to the
=;—M2 M-behaviour of these observables,there also exlst 2 range of lower mass
X X values where these NSB may also be mlssed {(see the Flgures).

Q=(=}+ for {anti)yuarks

7={=}+ for {positron)electron

C=(=}+ for (left)right handed Iepton beam and
{=0 for unpolarized beam.
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Fig.2: Differential cross section for unpolarized electron beam for
X =0.6 : a) versus Qz at flxed M, g™ 300 GeV
b) versus the NSB mass at fixed Q°= 2 10* Gev?

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

Flg.4 a-f: Behaviour of the longitudinal asymmetrles defined In

2
Eq.(2) versus Q° al glven values of X =0.5 and M, ., =300 GeV
B

Fig.6a: Bound on z* from Afk' and At¥

and x =0.5

versus Q° for |AA| =0.02

R.Riickl,DESY report86-022,Topical Furopean Meeting on the Quark Fig.6b: Bound on V, from A% versus g2 for [AA| =0.02 and x =0.5

structure of matter,Strashbourg—-Karlsruke(1985)

12)P.Chiappetta and S Narison,Phys.Letr.198B(1987)421 Fig.7: Optimal bounds for the three superstring type models from

13)F.Cornet and R.Rlickl,Phys.Lett.184B{1987)263 the longitudinal asymmetries:
14)F.Gilman and P.Franzln!,Phys.Rev.D35(1987)865; 2) A%5 tor s, by AY¥ tor 5. and o) ASF for s
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