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% Outline

m Covered in other talks
| m Leptoquarks (B.Straub)
?f.fi. m Large Extra Dimensions (G.Bernardi)
% . m Excited Leptons (M.Antonelli, L.Bellagamba)

& = Covered HERE:
L m Extra Z" Bosons (LEP)
- m Non-commutative QED (OPAL)
m Contact Interactions
m e'e > vy (LEP)
meq <2 eq(HERA)
m ete > ff (LEP)
m Doubly Charged H** (OPAL)
h m Technicolor (OPAL)
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LEP e*e and HERA ep cross-sections

preliminary

LEP

m Standard Model tests at
highest energies
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% Experimental Systematics

i = HERA: inclusive
measurement of do/dQ?2:
'ﬁ m Resolution effects on
steeply falling 6(Q?):
Q2%2=4E_E_ cos?(0,/2)

= Energy scale

systematics:

AE.TE, = (0.7- 3)%
= Scattering angle

systematics:

AB, = (1- 3) mrad

= Luminosity
S AL/ =1.5%
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Vs = 172 GeV

‘é L3 m.c.
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(Kinemat. fit)

¢¢¢¢¢¢

MUONS
(angles)
- IGIOI | I8|0I | I1CIIOI | I1é0I | I1AOI | I1éOI | I1é0
s in GeV
+ -
mee 2>y

b :
5 m Conversion Prob. (~0.5%)

= e*e> e*e” background

Experimental Systematics (2)

e YZ f e‘ 'yZ<f LEPZ:
s T
Do e

m e*e” >ff: (new w.r.t. LEP1)

= Rad. Corrections: (~.5% each)
— Low-mass pair radiation

— +s"definition (ISR ® FSR)
— > hep-ph /0007180

= \Vs” reconstruction (~1%)

m Backgrounds (esp. qq, T7):
— WW (and Z2)
— 2-photon (yy =2 X) physics

Run: 16249, Event: 18045 .
Date: 2 November 2000, Time: 07:57:38
¥ . e /\ . - PHiaNEN {/_
; e [ T
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% Signatures of New Physics

m e.g. 1981 at PETRA and PEP (2 years before UA1):

?ﬂ'i . I 1 SPEAR PEP PETRA TRISTAN LEP
% significant non-zero Az 1 Jiwrc sirs  oceio mawy  eis
: 7 ® MAC OJADE 4 TOPAZ
! at '\/S MZI3 ] B MARKII AMARKJ ¥ VENUS

¢ PLUTO

due to y-Z interferenc&_s-:

Aty

(@A - V) d x (A - g“\«') (QV)? _ e'e —-u'u
gﬂ&_g] v '1 i ' 2 % I % ' ' ! | % 1 5 T | ! !
small (+0.02) large (+0.75)Acg 0 50 100 150
Vs [GeV]
| NB: Maxima Az = £0.75 at s = (1+(g,/2)%?a.,/a) M2 independent of I',

considerably lower than M, for large enough charge*coupling ratio:
(94/2)%a,/0. =1/ (16sin?0,,cos?0,) = 0.35
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Limits on extra Z" Bosons (general)

—

preliminary

o o o
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Forward-Backward Asymmetry
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1 Vs7s>0.85
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LEP 1 lineshape :
Ou(Z-Z) < 4x10-3(L3)
—>Assume No Z°-Z Mixing
Ou(Z-Z) =0
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“ Limits on Extra Z" Bosons (special models)

ICHEP, Amsterdam, 27.07.02

= GUT E(6) > SU(5) x U(1), x U(1)y:

linear combination Z = Z cose + ZySinb;

T superstring-motivated n- model sme —\/(5/8)
a
?;ril m Left-Right (Symmetric) Models SU(2) xSU(2)xxU(1)s,
% linear combination Z" = W3p0, c + Bg_ /(20 g)
¥ = = Sequential Standard Model (Z" couplings same as Z)
1y - LEP combined | LEP combined
Limitin | CDF |LEP preliminary preliminary /
Model | (GeV) | (GeV) 800- 800 /
X 595 | 673 | _ B - F
v [0 [am|Ze S | P /
£ ; ‘\'\ = /,/’/
n 620 |434
L-R sym | 630 | 804 w\/ ]
i SSM 690 1787
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'Fuzzy Space Scale” Ay.in NCQED

Non-commutative space-time geometry
m Regularizes divergencies in QFT: Snyder (1947)

?ﬁ; ¥ m Renewed Interest: Quantisation of strings with background fields
Connes, Douglas, Schwarz JHEP02 (98) 3, Seiberg, Witten JHEP09 (99) 32

m Uncertainty relation

[X, X,1=i8,, with 6, cl/A%fundamental scale (of fuzzy coords),
- naturally ~ 1/M2,,, but possibly ~1/TeV2(large xtra dim)
o m Only NC-QED (w/o quarks) constistently formulated

= Non Commutative QED

Z  Axis of
m Selects prefg;'red direction(s) in Space: 1 earth
= CE .
Electric part: 0,=(0,,,0,,,0,; )= 1/A%\ cg° E?i;‘(ztg;”
m Modifies e*e” > yy according to
—> > S
A do/dQ = do/dQgy(1- sin? sin(p e 75 —) A=
where direction (n,§) is fixed, but unknown '
X
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OPAL limits on Ay

M = Data: 5235 e*e"> vy events, <\s>=196.6 GeV,
background <0.3%

3 d g 4
? o/dQ t t g 0.5 [ 2
?ﬂ"i Iab(nlab( ):E1ab(t) 5 o : J iF”#Tﬁ%}lF +f++t"t
act fit fAr - =QN° } + + + +f+ f{} ++E
P : o180 03 .
1 B L E o OPAL preliminary E
L, E ° B OPAL preliminary 02 F ee > YY)  cosf < 0.6
o i < 160 = P e 01 L N=0° Apc>169 GeV
150 | 1 £ e 1 = 90° A]]\] =153 GeV
1= i fris # 8  3 | IIIIIIIIIIIIIIII
140 | ] 0 90 180 270 360
130 — excluded 5 7 ok T | | | —— ¢ [deg]
: P O % | OPAL preliminar
12007795 30 45 60 75 % E B W(; l '
R 1 [deg] 2
for nspace=900 Ane> 142 GeV
10 —
850)TeV+ (2.2 s.d) f
‘ﬁ egrated do/dO(ngp,ce): 5
L Ayc > 142 GeV (=1.4x10-8m)
m) 2...\”.|...1.H1...
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Contact Interactions (theory)

®m General description of New Physics in Lagrangian
: ’ m History: '
. . ry Vo e” % \g/ <
*i [ PN \ /M3,
N - ‘
|- 2
£ Lo —m— - [Prr pr]eryuve]
Ty = Fermions: 2 -
23 L= 2 I pieatellfnGl  my=-1,0,1
2,7=L,R i
LEP: 92 HERA:
+ ~7\2 # - ~T%§ 4
.e '//I/' q,f q \\\\ “//l q
e % "o iA +
m Bosons: b ] : § N
0.J.P.Eboli, et & e b
‘a AANatale, € !
. S.F.Novaes,
SLR271 e Ggcl/A2 G ocl/A3 Ggocl/Ag
(1991) 274 & b y Y
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o Contact Interactions (e*e- =2 yy) _LEP2 w”ﬁ
9 do ) s ) as ,\,\'*‘"\5 Photon

= Modified ) = e Aglaat,
: Cross- do do s?
o L4 sections: E)T - E)BornJrszmxg’
?ﬂ'i da) B da) 5 s*m?2
;é = Observed df2 5 df2 o EE
at LEP: I P R B L T U LN B N B
) B [ ALEPH s +0.4 GeV L3 Vs — 0.4 GeV LEP preliminary
: E e ® «v E D?LPHI\IS+02 GeV *OPAL Vs 0.2 GeV ]
PE | Experiment | cross-section ratio | : ]

ALEPH 0.953+0.024 1 foeees # -----
DELPHI 0.974+0.032 i + + |

L3 0.978+0.018 0.8 E
OPAL 0.999+0.016 SRR
global 0.982+0.010 i l * published o preliminary |
e e 1 g g g ege T e p e g o g g g i ] g i el G
- Limits (95°A)CL): 0'8180 185 190 195 200 205 £ [Geé;o
m A>1595GeV =A, >392GeV alaS.Drell (Af4=a/2AH)
Y = A, > 831 GeV

# = A> 23GeV
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< Contact Interactions (HERA: e-u, e-d)

S ZEUS
Tagh.. zZusre)secoe’ | W Fits to various combinations
| — A'=65Tev of n;;, consistent with APV

?ﬂ'i ¥ i | ./ “ Onew™ V4 ~ 5.59weak ™ e
; 2 = Leptoquarks: g,., /A=A o/M o

1 ZEUS (prel.) 1994-2000 etp
" : e : — Coupling structure 95% C.L. [TeV]

5 K ° Q® [GeV'] 7% nfh wi mEm MEL MiR R i A™ A
L, % HERA | H1 VvV tn +n 4+n 4n tn +n +n 4y 70 6.5
W i D it B Ui e kil R AA +q -4 —f +Hj +q - -5 4y 3.3 4.6
LL I : i i gf;v) ';_éTev) VA o/ s e s/ e/ I 34 33
LR — 1 4 23 |28 X1 +7 -7 +q - 4.0 2.7
RL —t 4 18 | 3.2 X2 +7n +n +n +7 4.7 A7
RR b : — 1.9 | 3.2 X3 +7 +1n 47 +7 43 4.2
vV el 54 |51 X4 +n 47 +n  +n 56 5.6
AA H=e=t— 39 |25 X5 +n +n +4 +n 48 4.8
\Iff - e, g 2_9{ z'z X6 +n  —q +n —n 26 3.9
& b —a—i ; !
LR+RL et 41 |43 Ut +n - 41 3.6
| U2 +7 +n 58 5.3
FEPEPEPE EPEPEPEPE EPEPEPECE EPECECET EPEPEPECE BPEPECEE EPECE U3 +n +n 58 5.2
05 -04 -03 -02 -01 0 01 02 ol s g g
h e/A® (TeV ?) Us in 1y 60 5.5
1o U6 N — 28 3.7

®m Limits on electroweak quark radius:
ry, < 0.7x10-®m (ZEUS), 0.8x10-'®m (H1), 0.6x10-"®*m (H1,r=r,)
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,_, Contact Interactions (LEP: e-q, e-Q, e-l)

= Models considered: = LEP Data used:
S Ve [ L RR R RL|W A vo Ao| all 2f measurements, e.g.:
L | £1 0 0 g | £ L1 B o 26 FLEP prefiminary
3 i TRR 0 +1 0 0 1 =l eEl 0 024- R, (SMcinpuy
?ﬂ- R | O 0 +1 0 | +1 F1 0 +1 022l .
o nrL | O 0 o $1|4 31 @ 41 ozl N
"i 0.18 —
- 0.16 -
; = Measures all kinds of oubwrmaros 1
E E e-f combinations, e.g.. s0 00 120 140 160 I18(\)/ "0
, Iy > _ s (GeV)
e'e” - I e'e” —dd ee > bb .
LEP ‘ LEP - LEP preliminary 5 1 }LEP preliminary
preliminary prgliminaiy LL IS E AP (SM. cinputs)
Model A A Model A A ; E os- Ars
LL = - LL i RR _ <Iﬂ 0.6 }
RR W ——
lﬁ? el B e— {
VV EX LR — 0 ;(.f
Og RL — 02? | “IS'NSﬁ,‘?zLQS | |
AO 1 [TeV] vo  e——— 80 100 120 140 160 180 200
I LI I LI} I LI B I rrria I I rrri I rrri I rrri I rrri I Ao I::I ‘\/S (GeV)
20 10 0 10 20 -20 -10 O 10 20 | L
‘ 15TeV A A" 15TeV

i » Limits on electroweak radii:

r, < (0.2- 0.4)x10-8m
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&1 Search for Doubly Charged Higgs (via Cl)

m H**appear in various beyond-SM models
m Higgs triplet, Gauged U(1)g_, (SUSY) L-R models
m Decay below WW threshold to like-sign leptons,

'.fg_ri naturally flavor violating
‘% m Couplings model dependent, not generally « mass
£ = Indirect search in Bhabha scattering (OPAL PN 502)
4 E‘ = High mass: limits from Contact Interactions ... . —
; glARR=heeIM(H++) 21‘5_'“""'I"'"'|"'|'+'_'|'+--|'---
L ee—ee
e- et ig“‘ - 1 Vs = 207 GeV
“513 - ]
Q1.2 — ]
e’ e . L ‘ —— + ]
= Mass ~ Vs: explicite MC modelling | [ | ]
modified cos 0 distribution : =
09 - 1
e ; e , :
: 0.8 r .
‘ E H“ 01 ft—. 9:% ::.l.(l‘rorri:itﬁtoa]l(lata o
ih i : 2 4 o 95% cl. from it to 207 GeV data E
€ ' e

e.g. for M(H**)=130 GeV: h,.=—0.00410.00% T a T o T
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Search for Doubly Charged Higgs (direct)

m Possible single proqlruction processes at LEP

e

e 3 e
H |

WlE gt
+ + + T‘ZE

€ € €

m OPAL search for single H** production

m 3inclusive ,l“-jets w/o ,,I“-ID -
m All decay modes (ee,ep,et,up,it,t7)

m Main backg.: 4leptons from SM

OPAL preliminary

LI R | T 1T ‘ T T T ‘ T T 7T ‘ T T |--I\ T T T ‘ T Iaft\eli a\]-ll (:\uts
j i ! —4— OPAL data 189-209 GeVE
= ™ 1 [ 4leptons .
A signal (e'e b =0.1) | | 3 2leptons ]
; ________________ signal (T+T+;hee:[)-1) i E [ hadrons E
+ + i + r :

80 90 100 110 120 130 40 150 160

Reconstructed mass (GeV)

m Best limits from:
m below WW thresh.: Single H**
m Above WW thresh.: Bhabha
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Technicolor (TC, theory)

m TC: Alternative mechanism of Eweak Symmetry Breaking:
Breaking of global chiral symmetry of technlfermlons

m Broken to Color + Technicolor

:% . = N,=9 Technifermion Doublets - ,,walking“ TC-coupling
= | ® Technicolor Straw Man Model (TCSM, K.Lane, PRD60 (99)):
5 = Few free parameters for low-energy ,,walking“ ETC

ergy ,,walking“ ETC
pseudoscalar Technimesons
> Ty or Y o
Ty or Yy 1

et e
ptons «cmass Z_ <
q bg or _ _
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% Technicolor (results)

0.15 |

m(p°r, @) > Vs

= OPAL data E o . R OPAL Prehmmary E 0 25 OPAL Prehmmary il I_:
Vs=200-209 GeV i weyovhy ] o [rEmeobaba ]
. a 0.3 — observed — a is E— observed
W ® Results valid forall ©,,;t [B ... epected | ©
I :
= 02 =
E oas | E

S
i
wn

excluded

&
-

0.1 L

m Model independent | 0.05 |
i limits: o X BR(m;2X)  efugegpupoiapunend,  ogdogrgwik
m Structure from m, [GeV] m_ [GeV]
WW, ZZ and yZ background =
8 140 81 OPAL Preliminary
S N Wxdyobby My=200GeV
= Interpretation within TCSM model: & 120 B9 Do wivm cto0cey -
= Significant regions excluded 00 Bz} 75— babg
= Lower limit m(m;) > 77 GeV
\ forN, =9 80
Y = Lower limit m(r;) > 62 GeV “
independent of TCSM parameters
= Similar limits: DELPHI, Moriond 2001 > > *® T #0200

piw
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% Conclusions

m Percent Precision of SM measurements at LEP and HERA

ot m Rich field for interpretations beyond the SM

g3 2 = Limits extend way beyond Vs (e.g. Z’", Cl)
% m No evidence for fuzzy coords or extended objects at ~10-18m
p m Direct searches constrain special Beyond-SM theories

4 = First constraints on M(H**)>100 GeV from LEP
: E m Lower mass limit for Technipions

m Let's try further at HERA and Tevatron and wait for...
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