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Jhisilalke..

* Concentrateson resultsfrom recent data and expected sensitivities ...
Direct searchesfor particlesin/beyond the SM
Many having gone from preliminary'to published'
Indirect constraintson physics beyond the SM
Se Pippa Wells' talk for precision measurementsin SV

* Will NOTdevote (much) time to future prospects, since covered in other talks
LHC : SArcelli, ERos, M.Sanders
LHC — LC working group : G.Weiglein
LC studies: SHesselbach

* Impossible (of course) to cover everything
183 relevant abstracts submitted to PS03 alone!
Selected topicsand recent results
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Collider ExperimentsiDominant

@e*e- collider

@ s$=91-209 GeV

@ L 900 pb-Y/expt

@ ALEPH, DEPHI, L3, OPAL

@ |ast data in 2000
@ analysesconverging

@ pp collider

@ s=1.8-2TeV

@ L 170-200 pb-t/expt
@ CDF, D@

@ 2009:
L 4.4-8.6 fbY/expt

@e p collider

@ s=300-320 GeV
@ L 130 pb-Yexpt
@ H1, ZEUS

@ |ast data in 2000
@ 2006:
L 1fbYexpt

.. and the LHC iscoming ...
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Standard Model healthier

than ever ...

BUT ...

?

°* Jructure, generations, ...

~excited fermions
~|leptoquarks

~anomaloussingle top, rare decays

* Scales, hierarchy

~large extra space dimensions

~uper-Symmetry ([RP-Viol

°* Higgs bosons
~in Sandard Model
+in MSSM / 2HDM
~exotic Higgs, FCNC [
~ [ittle Higgs

aftion)

SNl
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Excited Fermionsf=f\aat=>aq0)

SM observation:
3 distinct fermion generations
hierarchy of their masses
similarity in electric charge and weak properties

could be compositeness/ substructure (“preons’)
consequence: excited stateswith m(f*) 100 GeV

Phenomenology (Hagiwara et al.):
f,7,(f) relative coupling strength to SU(2) , U(1), ,(and SU(3),)

compositeness massscale
Xsec dependsonm_and f/

>, * W, Z HERA, LEP
..many f* searches... 9 W.,Z ,g |HERA, LEP, TEVATRON
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1= Examplele’— eV, vi—>a\/)

pair production at LEP
e

single production at LEP
[+ 2

single production at HERA

e e,

v Z W

CDF-Il also e*
search in contact

term production
(U.Baur, M.Spira, P.M.Zerwas)

M_ >785GeV '

.. Similarly for u* and t*...

:—\ T T
|> P b f—+f
@ 10 [ ..... ZEUS Prelimiga -
e f == LEP Combin { irect)
i _ LEP Combingd |nd|rect) _
é - —— HA1 indirect constraints from LEP
10 2L ==+ HERA-II (1 fb " 4 B !
E = TeV.-ll 21b7); Py :
[ === LHC (100 fb)je e o = 85/0 o+ o o pmmmem .
— - s ™ ] ‘
3| . > G
s> X ’Af;‘
g Il
al T A
10 . 'i‘l”"N«“’!” 1 1
100 150 200 250 300

e* mass (GeV)

.. Similarly for v* searches ...

..epatHERA ...
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22¢ Bxampled(o=>0\,06~>00)

single production at HERA single production at TEVATRON o
€ o q s W from dl-jet Mmass spectrum

for f=f'=f =1and :Mq*:

M_ > 760 GeV (CDFl)
775 GeV (D@,))
940 GeV 2 fb

Y R ST S T T Y S T T T S S .
50 100 150 200 250 ... quark substructure regime

q Mass (GeV) of hadron colliders ...
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3 Examples leptoguarks

A Zarriec i

Motivation; Observed symmetry between lepton and quark sector

Solution: Leptoquarks (LQ), proposed by several theories
coloured spin 0,1 bosons with baryon and lepton number

Buchmdller, Rickl, Wyler (BRW) classification popular: Soin | charge Q| fermion Nr. F|
Scalar +1/3, 2/3, 0,2 0,%,1
Vector 4/3, 5/3
: < R R TR RITTLs HERA indirect
1 HERA direct - SCALARLEPTOQUARKSWITH F=2 (S, ) ‘ ’
KRS 4’# 20308
~ 2000:‘? 4@4 ’ﬁ Lo
LQ %‘%o‘o}g{,@}' 9 Q
y
€ q = n SN 5 £ 1
10 7/ oo L3indir. limNit
Tevatron pair prod. v/ AN Preliminary
indep. of i ot
now 1% and 2" gen. ZEUS Umit LEP indirect
L
' ; - H1 dlrectllmlt
. 4 (e p) :
g DO limit LQ
i, D T L e e OV N oo 1 O e M L oL
2 fhreach - 150 175 200 225 250 275 300 325 350 375 400
M, ~250-325 GeV ¢ M, , (GeV) e 9
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HighpallepionsiatHERA

J.Ferrariclo

H1(118.3 pb™) Positron obs/exp Muon obs/exp combined
P> 25 GeV 4/ 1.49 £0.28 6/ 1.44 +0.26 10/ 2.93+£0.49
PZ > 40 GeV 3/054+0.11 3/055+0.12 6/ 1.08+£0.22
ZEUS (130.1 pb™) Tau obs/exp
P> 25 GeV 2/ 2.90 + 0.59 5/275+0.21 2/ 0.12 £ 0.02
P* > 40 GeV 0/0.94+0.11 0/0.95+0.14 1/ 0.06+0.01
H1 ZEUS
% 2 Combined Electron and Muon 2 10 T Ioi ‘zéué(;;r“al.;sz;-r;ng
= 10 _ < i O sw i
E Ndm—{ls g i 0O Wonly ]
Lﬂ M, = 124417 Qo 1 E_l l l ------- Single Top MC i
10 F 5
1 =
-1
10 I
10 = - \-‘ . %% 10-3> i !'.T | pp e Loy
0 20 40 60 80 0 20 40 60 80 100
PX (GeV
P/ GeV r (GeV)

* Interpretation:
FCNC single top production, at LEP (=107 fb), HERA in SM small

»anomalous contribution in SUSY, exotic quarks, multi-Higgs doublets, ...

stopology at HERA: high p_positron / muon + large missing E_
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top-decay at Tevatron Zn

0.8
single top-production at HERN

Lgl g

W.Z ”:‘}!:f:‘]‘

u b

Anomalous;Single-Top;Produciion

ZEUS
AR LR RN R

Ky Yz €Xclusion region

ZEUS (prel.) 94-00

Ktc"{zvtcz =0

> M,,,=170 GeV
—> M, =175 GeV
——> M,,,=180 GeV

0.6

——> Excluded by CDF

single top-production at LEP
8 lg

7 CDF/D0 (2 b ™)

> ZEUS (11b™") /H1
N > LEP prel. (Born-Level)

> H1 (prel.) 94-00

é\{..l..l...l

0 0. 0.4 0.6 0.8 1

Hvl anomaly
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Se anchiierBdia, Space Dimensions

Wl Setrielers, Fadel Agile,

[LAntoniacdis, S.Velz

G 1(r1) 2(r2)[ r ]
Task: solve hierarchy problem, v dr, dr, s \1 eXp g
i i _ 17 ) — _~ Yukawa modification
l.e. why is Mp|/me 10*" GeV soo000 large ~ -
A proposed solution: 10°F "JLong, J.Price hep-ph/0303057 -

» gravity and gauge interactions unify at weak scale M
@ observed weakness of gravity at distances 1mm _

dueton 2 (6in string theories) new spatial imensicl)arllsw-
@ gravitonsmove freely in all dimensions |

@ SM fields localized to 4-dim. space-time BT
@ curled-up/compactified dimensions of radius R

10°

10"“-—
Kaluza-Klein towers of periodic energy/masslevels _ |
r R gravit. potential from gausslaw in (n+4) dim. / .
r R V-~1r :
closed universe

G

n=1 R~10%cm excluded KK

n=2 R~100 m-1Imm 7?7?77

n=3 R~3nm

> @
? SM
N.Arkani-Hamed, SDimopoulos, G.Dvali (ADD)
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Se anchiierBdia, Space Dimensions

Indirect effects (virtual graviton) Direct effects (missing energy, mono-jets)

G > | DELPHI \ 016
G KK 5 5 = Background
KK %100 - oy
= B
L 50
My @
i SO .o O ST jo

0

q Z,W,y,f ol SM 25 50 75 100 125 150 175 200
Missing mass (GeV)
fA;" Z,W,y,f &9 9.7
Mg

3] 3 ¥ LI IIII L] T lIlfﬁf‘llgE F‘i:tll‘ﬂ ]:)lilrl.l‘lel[ll?lilli"lsl LELLELA III g ]-0 4 e+e_ _> ’Y G DELPI_H
o L _ > = * . % HPC+FEMC acceptance
:! | e @ p HC dala Y5=T19 Ge\f | e &’pHCdata vs:msﬁﬂ‘u;. : &) Vs = 181-209 GeV
B, | — M580GeV =+l | — M =T70GeV =t o
T - M_=610GeV  h=1 | MET30GEV =1 & 103
"‘b 2 = combined limits: = combined limits: 2
% = M =820 GeV =+l R M =520 GeV  }=+1 'g 95% C.L.
o M =780 GeV  h=—1 - M_=780 GeV  i=—1 9 10- Limit -
N 4 _— + E g MD:‘E%TW
| + - wl ¥ 0 Muz‘B.SQTeV
- - n=4
| H1 | H1 6
n ] LI IlIlII - 1 11 IIIIII 3 1 11 1 1 IIlIIII 5 1 11 IIIIII T (] | ] 1
10 10 10 10
Q2 (GeV?) Q2 (GeV?) 04 06 08 1 12 14 16 18 2
. . TP . = M, (TeV
typical limits: LEP / HERA : M_>0.7 - 1.2 TeV DELPHI: M " > 1.36 TeV ">
Tevatron-I|,lI: MS >0.8-1.3TeV R<0.26 mm
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Se anchiierBdia, Space Dimensions

@ Di-muon channel

@ |n Randall-Sundrum model only one compact ED

e Warps space-time by e

A naLozs®

@ Di-electron/photon channel
actually use massvscos *

DJ Run-Il preliminary

coupling k/M_

2 bt

900 GeV

CDF1 (110 pb™)

di-EM (e, )

Ms> 0.85-0.94 TeV

CDFI (87 pb™) |Mono-Jet/ +MET Ms> 1.0 (0.6-0.7) TeV for n=2 (n=6)
CDFII (75 pb?) |di-e,  Jet k/ Mg limits in RS

D@-1 (127 pb) |di-EM (e, ) Ms> 1.2 TeV

D@-1(78.8 pb™) |[Mono-Jet +MET Mp > 1.0 (0.65) TeV for n=2 (n=6)
D@-II (120 pb™) |di-EM (e, ) Ms> 1.28 TeV

D@-11 (30 pbY)  |di- Ms> 0.79 TeV

... Interpretation in several different models ...
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Search fon Branoensandl Radiens

® Branons brane fluctuations (in ADD)
@ Gravitation scale MFand brane tension scale f

@ Gravitons for f MFandbranonsforf MF

0
e e ( Z7)
@ Spinlesslocal fluctuationsin RSmodel: radions
@ Mixes with Higgs, couplesdirectly to gluons
@ Recycle model- and flavour-indep. Higgs search
allowed
246 GeV
/(. Higgslimitsm_> 58 GeV
gravity mad l'? d g . g
exp'ts SN1987A lon masslimitdependson mixing and _
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TNunnernearnr, C.Schwarienoerger

SUSY Moddls

Mechanism of SUSY breaking unknown: different models

Models are used to guide
the analysesand to
expressthe results

in a predictive framework

Lightest SUSY Particle, LSP:
MSSM: lightest neutralino
GMSB: lightest neutralino,

world via gravity
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Siep/ Shetiem.Sealches

e'e® b'b® bc? bco, e'e® t't® bl*nbln

Tevatron
2 1 Tevatro

2fb™
220 200

~ o~

s similarly 160 GeV stop-massreach for qQq ® tt® ccP, cco,
@ Run-1l analysesongoing ...
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ChargineandiNeutraline, lbumiis

Limits on the
lightest SUSY
particles (LSP) in
the constrained
MSSM.

M > 46 GeV/c?

... new Di-/Tri-lepton

results from Tevatron
forM~> 300 GeV/c? soon ...

assumes SUSY-GUT (SU(5), SO(10)) relation : M _=5/3tan* M,
drop GUTrelations (unification via string theory) no collider boundson M~

m- 5GeV c? m- 100MeV ¢’

= if LSPis lightest neutralino -ﬁfr(.l)m SN1987A
= responsible for observed CDM relic density

=+ respect LEP2 limits on charginos, sleptons, sneutrinos

D.Hooper, T.Plehn (hep-ph/0212226), Bottino et al. (PRD 67,063519 (2003)) H.Dreiner et al. (hep-ph/0304289)
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Z= Sghalatthe Jevairon

°*improved -finding in Run-II
°searchfor e
° also being analysed ...

° finding Z IS milestone In
USY and Higgs searches...

... Smilar for D@ ...
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Seanch e SMiEHIggs:Bosen aitlEP

dominant
Higgs-Srahlung WW-Fusion ZZ-Rusion

m, Vs m,

2461 pb™* (536 pb* above 206 GeV) of LEP data
mainly H bb, also H

combined all channels, all energies, all experiments

NEW:

full reprocessing (all)

final detector calibrations, alignment constant,b-tagging tuning ...

new generators (DELPHI), more MC statistics (all)

precise LEP c.m. energy propagated (all)

upgradesfor (some) analyses
rejection of beam-related background (ALEPH 4-Jet)
revised analyses (OPAL): jet-pairing (4-Jet) and ANN (Emis)
backwd extension of analysesdown to bb-threshold (DELPHI)
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SV HIggsiSeanches aikllER (cont:d)

confidence level for signal+
background hypothesis

masslimits: m (GeV) >

experiment expected observed
ALEPH 113.5 111.5
DHEPHI 113.3 114.2
L3 112.4 112
OPAL 112.7 112.8

The final word from LEP:

aatmh

> mass limits:

obs. m,_> 114.4 GeV
exp.m_>1153 GeV

CERN-EP/2003-011
submitted to Phys.Lett.B

115 GeV about 1.7 excess

compatible with SM Higgs boson
aswell aswith background-only

confidence level for
background hypothesis
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SV HIggsiSeanch —Siatusi@ue

P \Wells

95%upperm_limit

m, 91 3 GeV

m, 219GeV |(95%cCL)
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SV HIggsiSeanch atithe devainon

Irmproved Undersianding due o Data

Process SHW 1998=  Xsec '03 Ratio | AnalysigsQ2  Ratio comment
HZ (115 GeV) [ 315\ 382 122 [ 286\ 0.91 nr. events
HW (115 GeV) \ 239 278| 116 \ 208 0.87 for 1 b
b 4.34 1.73 04 1.99 0.46 |[from CDFdata
Wbb 9.45 3.59 0.38 4.34 0.46 |[from CDFdata
z 1.82 2.36 1.3 2.93 1.61|PYTHIA 6.125 + K=1.34
WZ 1.45 1.79 1.45 1.84 1.27|PYTHIA 6.125 + K=1.34
tt 3 6.53 2.18 5.48 1.83|average of NLO calc.
qtb 0.31 0.8 2.62 0.68 2.22|NLO calc.
tb 4.7 0.49 0.1 0.35 0.08|NLO calc
QCD 25.06 17.3 0.69 11.16 0.45|from current study
total bgd 50.11 34.59 28.77
Sgnificance 0.78 1.12 0.92

@ assumes mostly running with Run-1IB silicon tracker
@ assumes Jet-Mass resolution of 10%,
SHW 1999 CALreso. assumption metin Run-1IA
*improvement mainly from sophisticated analysistechnigues
* ~50% less luminosity needed compared to 1999 with updated Xsec
@ ~28% less luminosity needed with realistic trigger efficiency,
QCD ... Bgd from data compared to SHW '99
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2

year baseline design
2003 0.28 0.3
@acombined ll, ,| channels 2004 0.59 0.68
@ no systematicsincluded 2009 0.98 1.36

enoh WWchannel;impactsm > 125 GeV
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2-lHiggsiDeukletMoedels

t for example:
MSSM

g, MCOS a

p fermiophobic for a=p/2
I.e. might couple only
to bosons,
not to fermions
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CP-Consenving MSSViEHIggsiScalci

from hA searches from hZ searches

mass limits: m > 92 GeV/c?
m _>91 GeV/c?
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CP-Consenving MSSViEHIggsiScalci

M.Carena et al. hep-ph/0202167

Now also LHC-inspired scans:
2 gluophobic (gg ® h suppressed)
a small a_. (h ® bb, tt suppressed)

» modified M_ _ , reverted msign

@ ... improved calculations ...
M.Frank et al.
A.Brignole et al.

B z-width, Yukawa searches, decay indep. Higgs

] excluded

OPAL preliminary

WWh with h

small

OPAL preliminary

bb

eff

tth with h ~ bb

gluophobic

h bb suppression
out of LEPreach ...

...and even more
benchmark scans
done ...

...to be combined
by LHWG ...
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CPVielatine MSSVI Higes Sealnch

o Trilinear couplings A break SUSY and Arg A

@/CPviolation in Higgs sector: | (A.Pilaftsisetal.)
A, h, Hnot eigenstates
new eigenstatesH , H, H,

s Arg A, Omotivated by baryogenesis
e benchmark with large , Arg A , smallM_

@ mixing and coupling suppression

... search for H1 and H2 in HiZand HiH,-



Chargedi Higes Bosonsil

J.C

b

Vel

2

H

in 2HDM type-Il: down/up fermionsto H / H,
satbornlevel: m, >m, ;withrad.corr.can have m_ <m,

@scalarH (signal) vector W (Bkgd)
@ assume (3 channels) Br(H c3) Br(H ) 1

WW-ba;kground \

~ 4 In L32000)
2500 pb™ 277

& NOowW 2.4

... hew results (oaPHI, oPAL 13) tO be combined ...
EPS03, 21.7.2003 Arnulf Quadt —Searchesfor New Particles- Page 30




Chargedi Higes Bosonsil

Br (

@ |n 2HDM type-Il external constraints from Br( e
(OPAD :m  >1.28tan GeV' ( )
@ Complements earlier study of b - X 2 Am

m > 1.89 tan GeV

In 2HDM (type |):
@ H"® W*A® dominates for tan b>1 if kinem.allowed
@ search in LEP2 data also for
H'H® WA WA ® qqbb ggbb _ _ o
H'H ® WA WA ® Inbb qgbb ... typical exclusion limits (DELPHI) ...

HH® th WA® tnqqgbb

m, below
bb not
covered =gy,
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Br B KI | 0.68 o 0.04) 10 °
-6

BABAR: B
(88.5 + 0.9) 10° BB pairs

@in SM via penguin diagrams

@ can be modified by SUSY particles Br(B K I | ) (140 0% 021) 10 °
theory: 0.8 —2.01 * 10 -°

3
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Eermmiophehic, HiggsiSeanches

e In 2HDM - type | Higgs coupling to fermions g, ~cos can go to zero

(® " fermiophobic Higgs")
(in SMBr(H g »0.1% for m =90 GeV)

~sin®( )

~cos*( )

At SM production rate
m_>109.7 GeV (obs.)

m_> 109.4 GeV (exp.)
@levatron-1/11 > 80 GeV




Deukly:Charnged HiggsiBosensiH

J.C

b

Vel

2

H

hoh 7610 °Gev ‘M,

h 5010 °Gev M,

ee

...search for same-sign multi-lepton events ...at LEP, HERA, TEVATRON ...
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Sngle H Preduction at HERA

@ recent excitement (2002) from high mass multi-electron eventsin H1

\exprmt selection | Data SM

H1 2e M > 100 3 0.25 0.05

H1 3e M > 100 3 0.23 0.04
ZEUS | 2e M > 100 2 0.77 0.08
ZBUS | 3e M > 100 0 0.34 0.09

@ no excessin ZEUS
@2no excessin -channel
2in dedicated H ee search
1/0.34 events
@ something else ... ?
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Deukly:Charnged HiggsiBosensiH

2 fb™: > 150 — 200 GeV

Vs 2

DEPHI ( any lifetime)
L3 (e, no lifetime)

@ lumi measurement ok
@ would change angular
distribution

@ very forward e might
get lost
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Conclusions

°* Expect physicsbeyond the Sandard Model ...
~we are groping in the dark —where will we find it ?
°* Fundamental scale / structure

~BEW  TeV M ..next5to 10 years
° Experiments: will tell ...

~model-independent searches

~ searcheswithin numerous models

~rare decay measurements

~ precision EW measurements

~a lot more sensitivity in our hand (HERA-II, Tevatron-II, LHC ...)

i

* New physics at/from TeV scale
~due to EW-symmetry breaking / Higgs sector

(Tevatron, LHC, linear collider)
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PDecaymode-and BavoeurindependentHiges
M.Bgorigxer o

c?= %/ Mh2 *Br(h,A hadrons)

cross-section exclusions: |
k<0.1 @1keV<mso< 19 GeV ... also OPAL, ALEPH ...

k<l @ m_ < 81 GeV

... LEP analyses being finished, to be combined ...
absolute mass limit for SM

coupling strength
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Litlet Higgs

@in SM gquadratically divergent loops
in Higgs massrad. corrections
@ fine tuning problem to 1% can be
addressed by SUSY ...
cancellation of loopsone by one
(top-loop dominant)

in little Higgs theory:

@ Higgsis pseudo-Goldstone boson
(from global symmetry breaking)

@ left-handed SU(3) triplet

@ three right-handed quark singlets

= puilt-in SU(3) symmetry enforces relations
between couplings

m ~ 900 GeV -2 TeV
Arkani-Hamed, Cohen, Georgi

|

t
b,
L

(te)

-~ _cancelstop loop divergence atone-loop
= gauge and Higgsloopscancelled by new bosons

)/ ¥
(&)

new quark

(bg)

rl.Loger, EFOS

experimental search:

h+t, W+b, Z+t

@ pair-production of charge 2/3 quark

* single production of new gauge bosons
guantum nrs model-dep., mix with W,Z
*new scalars, m=100 GeV -2 TeV
often additional higgs doublets ...
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Kramer et al.

CDFII MLQ > 230 GeVin eeqq (72 pb?)

MLQ > 107 GeVin qq (76 pb™)
DA-II MLQ > 179 GeV in eeqq (41 pb™?

MLQ > 157 GeVin qqQ (41pb?)
...reach up to M, ~250-325 GeV (2fb™) ...
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lHimitsien RRPVielating GIVISE

C.scnweargnogrger

LEP: R conserving SUSY HERA: R violating SUSY

@ HERA competitive with LEP for '111 1
2 improved sensitivity from HERA-II
2 first limitson independent of

', squark masses




