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Excited states of fermions can exist if leptons and
guarks are not elementary particles but composite.

Excited fermions are considered as spin=1/2
and isospin=1/2 particles and coupie to gauge
bosons according to their quantum numbers.

Both left-handed and right-handed components of
excited fermions are weak isodoublets.

SUL3IXSUL2)xU(1) symmetry is still respected.

Excited fermions would decay into an ordinary
fermion and a gauge boson.
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(hagiwara,\emamiia,zsppsnfeld)

Left-handed fermions couple to right-handed
excited fermions.

Coupling strength and scale of compositeness are
free parameters of the model

3 couplings: f for SU(2); f for U(1); fsfor SU(3)

1 —«
Lint = —Fpot’ f?m’*” + 4 f — Bm,+ fb G® | Fr+h.c.

2 MU

» Field-strength tensors associated to gauge fields SU(2), U(1) and SU(3)
* SM couplings
» Coupling strength between f* and bosons from SU(2), U(1) and SU(3)




Usual Assumptions

FOR *,v* SEARCHES

f=f' -> forbids v*-> vy
f=-f -> forbids e* ->e vy
in both cases fs=0

FOR g* SEARCHES

if fs~ f,f -> q*->q ydominates largely.
As far as fs is not too small,
Tevatron sets SEVERE limits on g*



EXCITED FERMIONS PRODUCTION MECHSSNISN

at HERA

48-120 1/pb at center of mass energy 300 GeV
~15 1/pb at center of mass energy 318 GeV

Selection based on :
photon or electron ID

MIssing transverse energy
hadronic jets.



HERA auparimanhﬂ distributions
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EXCITED FERMIONS PRODUCTION MECHSSNISN
at LEP

Photon, electron
and muon ID

T reconstruction

Pair
Production

Missing mass and
momentum

hadronic jets
(mass and momentum)

Center of mass energies
up to 209 GeV and
luminosity around

500 1/pb
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LEP auparimanml distribulions

= OPAL
E_ DELPHI = 90— T T = 100 — T 1 T T
3 S s £ (a) eey S [ ey
= =0 E_ i BO — —
3 ¥ . g
- = =0 B [ g
E— a0 ; a0 -
E 30 B
3 wi ! ; .
is -10 -5 0 5 10 15 1o L j T . r L
Discriminant Variable “o 50 100 150 200 “0 =0 100 150 200
_ m,, (GeV) m, (Cze¥)
;_ - 12.8 -—
= E 20 E
= ?é 17.5 %5
= E s E
= =28 =
E— 10
= 7.5 . -
E_ 5 i el ||| .
E I R R L 1y 2": F Mﬂ‘ﬂﬂ ) §idh
15 -0 -5 o 5 g 15 o S0 Loy L50 200
Discriminant Variable my, (GeV)
3 3 30 H
: 107¢ c) » Data L3 d) e Data L3
Ea)D. g::igmund L3 5 D. ggigmund L3 || Background 15 [] Background
[ [ Fadk (f=1 L ¥=is
L 19— vwwWW(E= ) O S vWWW(E= ) [] e¥e* — epvW ) } [ w*u* — pyww (F=1£)
2 >10 2k L o 20 w
' o . 2 Q 10f
S Z E
- 5 5
5 E :
= B Lm 10 m
n10 3 84 5k
,_I_r‘—l-\-\-lLL,—L—‘ : 1 : — ’_LI_L'_:-’_‘—I—HT— 0 —l JM%J-— | 0 = 1
40 60 80 10 120 120 140 160 180 200 80 a0 10 110 80 90 100 110
M;; (GeV) M; + M, (GeV) M,, (GeV) M, (GeV)

PATA Ch gcnroﬂ (,Lgreemen't wilh SM ex /Lec?fal.'t&cmj



< XCITED FERMIONS PRODUCTION MECHSNISN
at TEVATRON

proton antiproton collisions
Luminosity of 109 1/pb at center of
mass energy of 1.8 TeV

Results coming from the analysis of events
Wwith two high pt jets in the final state



Tevatron auparimanml distribulions
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Hi e a'nalysis'
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DEILPHI prelimi nary
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Mass of excited quark smaller than 770 GeV excluded

at 95% C. L. for f_s=1



INDIRECT SEARCH: Spin 3/2 excited fermions (L3)
and limit from final state with photons
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CONCLUSIONS

NO:-EVIDENCE.-of:excited fermions

Masses excluded up to “100 GeV for charged
excited leptons or excited neutrinos and up
to 770 GeV for excited quarks (f_s=1).

Compositeness models start to be-in
a difficult position
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