Selected tésts 01; the Physics

peyond the SM ati LEP
E.-IL. Navariria / Belegna

= FCNC via single top production
" Compositeness: searching for excited leptons

= Graviton production/exchange and extra
dimensions
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INntroduction

A data samples about 2.4 fio'!
500pb ! per experiment) at s = 189-209 GeV (1998-

i

: combination of all non-Higgs and non-
USY searches at LEP2 — some combinations (single 1,
excited lepions) availoble since 2001 (and still preliminary) —
“New one (extra dimensions) in summer 2004!

— “eqim: restrict the space of the parameters of some
. extensions of the SM
eMaAin searches published by all experiments, but some
analyses still under way
e statistical procedure adopted for the combination of the
different channels (same or different experiments): likelinood

ratio method

F.-L. Navarria - Selected exotica
7 August 2004 at LEP - Rencontres du Vietnam




Flavour-Changing-Neutral-Currents (FCNC) are
known to be absent at tree level in the Standard
Model. Neutral currents such as ete~ — t{ can be
present at the one loop level, but the rates are
severely suppressed.

Single top

In SM: Single Top Production is O(10~")fb
at LEP2 Energies

This opens the possibility of using the
corresponding FCNC processes to probe for PRODUCTION
new physics ! :

~ One loop level in SM (GIM)
. BROU—(y.g.D)+c(u) < 1010

—

Supersymmetry and multi-
Higgs doublet models predict
FCNC at tree level

«CNC coupled singlet quarks,
compositeness, or dynamical
ew symmetry breaking — BR

~ 107

Flavour changing vertices are present in many
extensions of the SM which could enhance the
production of the top quarks.
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Xsection limit at each C.M energy with signal efficiency ¢ and luminosity £

b;: MC background events
s;: Number of signal events
N: Number of data channels

v T it (g 40 )™ S TN - ib,
{ L_\ IIr i - A - '-';r II- t " ngd

obs, Byt [ E
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a

Preliminary (2001) combination,

. . Combinat A4+D+4L+0 t UL b
all experiments have published R "}2;?:’ Vo "{2:-‘;;23“ o f" ) -
final results: A(2002), D(2004), (GeV) | oi™ | oo o | e* e |
189 0.15 0.14 0.11 0.11 013 013
L(ZOOZ),'O(ZOOl) 192 | 041 0.39 0.38 0.33
" ' 3 196 0.38 0.24 0.36 0.20 "
200 0.26 0.24 0.21 0.21
202 0.31 0.40 0.30 0.35
205 0.27 0.28 0.22 0.25
0.19 ). 0.18

LEP Preliminary
“QCD!ISR Correctlons
REERERNEN

ESN excluded by CDF
[ excluded by LEP

LY
[E=] excluded by CDF \:
[ exciuded by LEP

SN

0.04 . 0.06. _0.08
BR(E->yw)+BR{->yc)
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Combined Electron and Muon
‘data =18

Individual LEP expts — final results

Koy~ euz €XClusion region
ZEUS (prel.) 94-00
K Kz B RY B RZ M, =170 GeV ey Veez ™0

M,,, =180 GeV

= Aleph 049 0.42 .041 .140 l\‘

~ Delphi 0.49 0.41
L3 0.43 0.37 .041 .137 .
Opal 0.48 0.41

mt =175 (174) GeV D,L (A,O) 3 ZEUS(1 M)

LEP prel. (Born-Level)

H1 (prel.) 94-00
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Substructure at an
energy scale A

—> Excited leptons /" & 1/°

Compositeness

Decay promptly { :_:F -
' T by :
f; P —> Vil
\ |,V -

| Pair production of Excited Leptons I

" Discovery up to My ~ /5/2

pair production, o0 = o(m®,s), _ : _
e.g. 0.6(0.3) pp m=101 GeV, | Single production of Excited Leptons

Vs=206 GeV for p*p*(v¥v*) > e e v

Control strength of weak/EM couplings
(eg. f=f"no v - v,y f=F noe* — evy)

. : I\ﬁ,\ 1A
single production, o depends /

on f/A and f'/A . e,v
Discovery up to M, ~ /5
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‘ Direct Searches I
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Hierarchy problem M2, << M2,

(~103GeV)? << (~101° GeV)?

Solution (ADD) - D = 3+n+1 dimensional spoce-time

M2PI ~ RN |\/|2+nD

withMg ~ 1 TeV — R =0.3 mm, 10 pm, 30 fm for n-dim = 2,4.,6
(compoactification on aforus (flated) Gy ' = 8 RM Mn+2)

on = | excluded by behaviour of Newton’s law at solar-system scales

ecw & strong tested to ~(100 GeV)! = 10-1°> mm, but gravity tested only to ~ 1
nmm — deviation (?) from 3-dim at small distances

e SM fields on the 3-dim brane, graviton propagates in the bulk — weakness of
gravity, coupling ~ 1/MPI, graviton expanded in KK tower of massive stafes, m
~1/R
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D Graviton emission
i)  Graviton eyxchange

f Angular & E, distribution
- — for ete-» Gy
f; Graviton Gewd

-

Extra Dimensions

a2 R L e

n+2
o ey ro cost
dr,dcosd,  32s T'(n/2) Mﬂ) flry,ces ),

ete 9 single y + graviton

principal SM background
etes > VVy
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e NO deviation is observed wrt SM background
e preliminary combination DELPHI+L3 (with ALEPH

included via likelihoods reconstructed from fitted My's
VS n)’ — OPAL published results up fo 189 GeV

130 <vs< 208 GeV
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_~1000

> 3 iy $ Data

: 800 ‘o

= 200 El BE =YWy

2 Other Background
& oo [] e%e™ =G

8

s
W4/meal

MD=1Tev,n=2

Eventz /| .05

1
0 15 50 75 100 125 150 175 200

Recoil mass (GeV/c™)

=

F.-L. Navarria - Selected exotica
7 August 2004 at LEP - Rencontres du Vietnam



individual experiments

Mp (TeV) (1/01p)+2 Mp (TeV) F (mm) |

" | ALEPH[7] | DELPHI [ | L3 [8] | OPAL [10] = _ _
2 [-0.02 £0.08 Tev > 160 | <0.18

: 140 wl a2t e 3)-000+£022 Tev™ | >120 | <26x10°°

e 2
. R 402 LA t:etd 103408 TeV™®| >081 | <l1x10°®

a2 ; h &

* i U2 b 2 5(-08+33 Tev™"| »077 |<1lx107®
7 hen s b oo 6|-18+152 TeV™®| »066 |<16%10-1
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Graviton exchange in boson
and fermion pair production

M2 = 2/(m\) Md M cut-off

Preliminary LEP Awveraged do/ d cost fete™
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most sensitive is Bhabha scattering
Mg > 1.20(1.09) TeV for A =+1(-1) @ 95% CL
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. Extra Dimensions: lbeyond rigidity

& flatness

L3: ete — fiffy & F1TZ, bronons, new
scalars <-> brane fluctuations along ED
(natural candidate for DM) — coupling ~f,
lorane tension,

-search complements G production:

f >> M, gravity scale => G’s accessible 15,
f <<Mp=>1,f"~

~ -look for E miss., no signal coove SM

- background

elasticbrane f—0 M>103GeV
massless brane M=0 >180GeV

ALLOWED
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EXCLUDED

e
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OPAL: within RS model ("warped” geometry)

spinless infer-brane fluctuation ry — ry + Ar - since

radion r & SM H can mix (same g.n.), at LEP2
ete  — /r or Zh with r,n mass eigenstates

- use o limits from SM H, flavour indep. had.

decaying H & decay mode indep. H searches

-> restrict RS parameter space

-m,, m,. Ay, ~O(1TeV), mass scale on SM brane,

¢, mixing parameter (¢=0, h = SM H)

- rcouplings « My, (reduced by v/(V6 Ay) wrt SM

H) but r couples 1o g

=> BR of h particle to HQ & leptons may e

reduced (h - Q)

m3 (GeV)

- ¢&=0 — SM H mass limit
- £+0 — mass limit generally lower

& decreasing with decreasing A,
(lowest for m>m,)

-forall g, m,., Ay

m, > 58 GeV @ 95% CL (64 GeV)
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o LEP2 analyses have addressed new phenomena
eyond the SM and searched for new particles
e NO NEwW phenomenon/particle has been found, and
exclusion limits have been set af 95% CL for FCNC,
compositeness, extra dimensions efc.

- ofinal results of the individual experiments are now
- avdilable on the main topics, but combinations and
some parficular analyses are still preliminary
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