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ABSTRACT

We compute cross sections for the production of
spin % leptons in proton-proton collisions, under general
assuﬁptions on the coupling of these fermions with ordinary
particles. _If the compositeness scalé is 1-5 TeV and for masses
in the range 50-500 GeV these particles will.be within the reach
of Tevatron and SSC colliders. We comment on possible signatures

of such leptons.

" *present address: Center for Theoretical Physics, Massachusetts
Institute of Technology, Cambridge, MA 02139,
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The standard model of strong and electroweak inter-

" actions,”is in remarkable agreement .with the present experimental -

results. However the 1arge'numbe;'of parameters introduced
ad hoc in the theory}~can:be considered as an indication df the
existence of some-ﬁéQ‘physiCS'beyond the standard model. In
this larger context some of these arbitrariness would be reduced
or tightened, as occurs in grand unified theories, composite
medels, superst;ing theories, etc..

:_{f pgture,. at a deep_e:r ;I,gvel, chooses the Qgssib_i.l_ity

in which the fermions are composite, and the constituents are

_binded by a_fogbe_similar to the strong intergctionffbrce,_we

would expegtiifar,ggamplg,ﬂléptoﬁ; of_$pin %f _Aqtﬁally, there
is no experiﬁeptél:evidence agﬁinst spin %-lep;pns of moderate
or- large mas&eg_t@agses up-ﬁoﬁfew_GeV‘s can be.ruled out from
the resulfs.of_refe‘ collide:s1).

:Thisrwork is devoted to thersdey:of the production
of spin % leﬁgons]in,ha@rgnic collisiqns7_=We_shall make use of
phenomenolqgicalVelectrbweak curreﬁts in qrde; to describe the
coupling of these leptons te the:s;anqéfa electroweak vectob
bosons. The reason for doing so is that Qé_do not_h&ve‘:
renorma;izablg_theories desg;ibing-;he_intéractiqn of spin_%
particles. .

_“‘ We adoét three different phenomenclogical Via
] - H :

currents involving spin 3 (¥} and spin %.(Kﬁ) fields,_cmﬁis&ﬂm

with the Rarita-Schwinger theory:
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where qr= p14-pz, and the mass scale A should be related to

a compositenessrscale, or to the.spin % lepton mass (if we assume
them fun&améntal). The currents {1a} to {l1c) are built up with
operatoisrof increasing dimensioﬁality.' Other forms (with same
dimgnsioﬁ)-could be found,.but it is possible to show‘that they
can be réduced to the thrée'aboﬁézf"We assume’ that the different
electroweak vector bdsons;couple‘to:thé currents {1a)-{1c)

I-II-IXIL
u,i ]
and &, which can be different for- each vector boson (hereafter,

Vy'(vf'=”A”,Zu,Wu)' with strengths «c,

accordiny to - J i

these constants will be referred as Cyr EY, Cpr Eps O

We ‘shall be considering a scheme identical to that

and éw).

proposed by Lopes et al.‘, assoéiating fo each usual lepton
doublet-(u,ﬂ)1/é a spin % doublet (N,L)3/2 which carries the
same leptonic number. ~Furthéfmore we do not allow intergenerational
transitioﬁsiin ordérItb'eliﬁiné£e1fiavor changing neutral
currents which are quite constrained by low energy experiments,
We will sfﬁdy”the pfodﬁctidﬁ of a spin El lepton in

2
hadronic'cdllisions through thé Drell-Yan mechéniém as a resuit

S .4,

"of the following subprocesses (depicted in f£ig. 1)

(2a)
gg'’ -+ Wo» L7 v (2by

We compute the rapidity distribht;on at y=0 for
the process pp - Liﬂ.;(Lt (;))+-x. This qnantify gives a good
estimate of the total cross section, because the rapidityk
Aistribution is flat in the considered range. In terms of the
quark distribution functicns {fﬁ) and neglecting thé spin %

lepton masses the rapidity distribution is wiitten as

: 1
p+La{Lv) . .
do |P _ |l =y 23 ~ a
E y=0 _ = 2 E J dT[fp( T) f (VT)] quqj(f)LR(L\))
ij M2/5 .
) (3}

where 0O{(8=T1s) Iis the total cross section for the subprocesses

{2a) or (2b) and M is the spin % mass. For the quarks .

" distribution functions we have taken the set 2 of ref.3,

whereas the cross sections for the subprocesses (2) computed .
for each current (1) are listed below,
For the neutral current subprocesses {2a) we have
‘ 2
~F {1-1)

8y, = (Ra/9) (T+10n+n% {4a}

sn
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and

A =

where ¢, (¢
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(Aa/9A2)'“_Tn)(2+n} A ' - {4b)
4, s01-m*
= (Aa/IA7) e {1+2n) . T (4e)
e2/4n .
M2/§
2e.,(cc -+c é )
(c:‘; 3) + — g X 5.(3-40) +
[(S—M‘z) +I'ZMZ]
: (cz+c2)(c )

2

’ (3}

2 §
{(S MZ) + FZMZ]

A) is the vector {axial) coupling of the guarks

to the electroweak bosons

[+4 =

obtained

1 [1 . 2
—_—  —— w ~ Qsin 9] '
51nGWcosBW 2 3L W
SLnGwcosew 2 T3L

For the charged current subprocess (2b} we have

6.
- 2.2 : :
afc +& ) : A " ‘ :
432sin” 0, [(8-M%) {rrwl\%ql
: 2 2.2 :
J11 (/AT (o)) 52 (1-m3 2,
8y = — —— 33 = (2-n-n") .,
432 sin” @, D80 %+ T ML ] :
. (6b)
(a/aty (c2+el 3 4
LITT W 5 {1-n)
Oy = 3 2.3 2.2, " - (142n)
4;32 sin GJ - [(s—.l\‘.lw) + PWMW]
: (6c)

As expéctedt the non-renormalizable phenomenological
theory lead us to cross sections that violates unitarity. An
estimate of the.values of é'rup to which the cross sections (4)
and {6) are meaningful, can Se'obtained by imposing saturation
of the unitarity bound. 7

We have obtained the following range

of energies for each type of current (I, II and ITI):

current Y~-Z : : W
I § < 0(10 J{M /B) .§. < 0(30 )(M /c)
II & < 0(10 )(MA/BVZ &< 010 )mn/c‘/z
III 8 < 0(10 y (2 /B) 3:7‘-' 8 '<.:;0(10.]}(M A /c)1/3 Y

where B -énd C are given by




_ 2 .2 2, 2 2, .2 I
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and wé have taken sin?@w'=-ﬁ.226}. Above these values we have

aééﬁmed that the cross Saﬂﬁons_for the subprocesses fall as

1/8 . We have checked that our numerida; results do notlchapge

in a signifiéanf way,_ip:the_fgnge-of massgs and énefgigs

cpnsidéred, evéh if we ail;w é.deviatien'from thié.behavior.
Our results are depiéted in Figs, 2 to 6. We have

assumed -

c# =. e '

EY' = 0 ’

c, = AEZ = e/sinew- R
°y = —-EW = e .

and we havezé;sorpeglected the .s =%, lepton masses in the
calculaticn; Tbe cfoss sections of the nepﬁral channél
'dqminateé.fd} eﬁéféies és high asrfhe one ;f.the Tevatron {sece
Fig..éitd 4y, Bt ehergies-thaf‘will be reached by the proposed
- superconducting~super-collider (SSC) both events are of the .
same order. .

The currents assoqiated to operators of lower

of this last u

.8.

dimensionality dominates at low energies, but at energies of
0 {10 TeV) thé sifuatibn.is'EEVersed: tﬁé.uufrents I and IXI
become more important. We also observe a crucial dependence
on the scale A for these.two currents., For A ~ 0 (1 TeV) we.

have a real possibility of detecting spin % leptons at enefgies

of the Tevatron and 5SC. This is true when they couple to the

electroweak bosons through currents II and IfI, but if VA
increases only current I will be cperative. In any case, for
L masses up to 500 GeV, a large number of events/year should
Be expected iﬁ the.existent or planned hadronic colliders thus
permittiag the observatién of spin % leptons.

Thé lepton L éhpuld be searched through its decay
into a real weak boéog and a iight lepton (£ cor v) if L[ is
heavier than MW , or by lopking directly tb one event with
three charged ieppops‘in one hemisphere and.a single charged
lepton in the other hemisphere., For example: suppose that the
spin % lepton.is of the muon type and that is is produced_
through reaction CZaj-with_subsequent decay into a u plus a
lepton (%) péir

aq _? Loyt

_ l—» TR Ay

If the leptonic pair TR—£+} are muons the spectral distribution

+ 0,
: 15(4), for current I,



ar ) 2
1 1 _ 20 2 ({x”
rT ax (Lu->3u) = 3 X [12 x+lJ

. where the muon mass has been neglected When compared to - M-,

“and: x = 2E/M (E is the energy of the outgoing u+). These  kind

of ‘events. may offer a quite distinctive way to look for a
possible spin % lepton,

if spin % leptons are found at high energy hadronic
colliders, with a large. number of events, it may be interesting
to measure o£her quantities as the transverse momentum distri-
bution, etc., enabling a more precise determination of the
couplings c; and éi .-~ For this reason, we give in the.

appendix the invariant cross sections, from which these quantities

can easily be computed.

In conélusion, if the compositeness scale is of the .

order of 1-5 TeV, the observation of spin % leptons will be

within the reach of the Tevatron or the SSC if the spin

p| o

particles have masses in the range 50 GeV< M< 500 GeV. The
most promissing events are those in which there are three usual
leptons in one hemisphere and another lepton at the opposite
hemisphere. The measurement of the invariant mass distribution
of the three leétons and the spectral distribution of the
lepton having the same charge as the one in the ohter hemisphere
will give a definitive signal for the production of spin 2

2
particles.

.10,
APPENDIX

We give here, as a matter of completeness, the
invariant cross sections for the subprocesses (2).
For thez neutral channel, and.each one of the

currents (1), we have

gg - 40‘4 {A(s-M2)[s+-“~_ (Mz-—s-t)] + %'smz-zt—s)} (AN

Irs 2M2
A IT 22
gg = =& 7 (s r-; ) {A[Etz - 2t(M%-s) —s(Mz—s)] +
s M
+B's(M® - 5= 2t)} i (az)
L ATXI o s . :
X e 2 L ongen?)? {(S—Mz)(sM2—2St) - 25t2} (a3)
- .3ms M~ I . . L ) T :
where
aie Sy S5 Cg EZZ 52 _';'ZCA'(?Z”C\; +-Egi‘_‘z) §(§aM§)
A 2.2 2 A a2y 2
[(S—MZ) + I‘ZMZ] [(S—MZ) +I‘ZMZ]
For the charged channel, we get
agt - o 1
dat

x
. 2 2,2 2 . 27 -
.7211 sin® O, [(s-M“}" + Ty Myl

x {(qﬁ+é§} i%ﬁ [2n52.—t2_;t5(3‘ﬂ)] —_?éw(n-—l —2t/5)}

(A4}

~a
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agt! _ a ] {1- n)2 .
dt 144% sin2 @w n {(S M% 2 + I'zMé]
« Jic2ee2y [ (14 26781 00-m) + 2¢2/8] - 25 (1 +2t/s-n}}
Wow o o . LA o
(AS)
2.2
ggTHL B aley+e) (l_n)z 1,
dat B . 2 22 2,2, - _ 3
) 1447 sin® 0, E(; MO+ QTMWI__sn
x [II—n)(ns—Zt) - 2t2/s] ) - ’ (as)
AEKNOWLEDGMENTS

We are indebtéd to FAPESP (é.F.N.)¢;CNPq and FINEP
(G.C.M, and A.A.N.} for the;r financial support We thank the
Instltuto de Fisica Tedrica (S.F.N.) and Depto de FlSlCa
Matemdtica -~ USP (0.J.P. E. and D. 5.) for thelr kind hospltallty

Thls work . .was partlally supported by the- UNESP ~IFT contract

L12.

REFERENCES

The cross section for production of a spin % lepton in_e+e_
colliders can be found in W. Alles and V. Alles Borelli,.
Nuovo Cimento 35&, 125 (1976), and J. Leite Lopes, J.A.
Martins Simoes and D. Spehler, Phys, Lett. 948, 567 (1280).
D. Spehle;, Ph.D. Thesis, "Proprietés de possible leptons a
spin 3/2" (1982), C.RLN., Univ. Louis Pasteur. de Stfasbourg.
E. Eichten, I. Hinchliffe, K. Lane and C. Quigg, Rev. Mod.
Phys. 56, 579 (1984).

J. Leite Lopes, D. Spehler and J.A. Martins Simdes, Phys.
Rev. D25, 1854 (1982)f- Other possible decays of spin %

lepton and their respective spectral distributions can be

found in this reference.



FIGURE CAPTIONS

Fig. 1 =~ Drell-Yan mechanism for the production of a pair

spin %-—spin %'leptons.

Fig, 2 - Rapidity distributions at y=0 for processes {2a)

and- (2b),at #E = 540 GeV, and for different currents,

Fig. 3 - Rapidity distributions at vy =0 for the process (2a},
at s = 2 TeV, for currents I, II and III with

different values of A.
Fig. 4 - The same as Fig. 3, for process (2b}.
Fig. 5 - The.same as Fig. 3, for ¢¥s = 40 TeV .

Pig. 6 - The same as Fig. 5, for the process (2b).
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