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This Talk. ...

» Concentrates on results from recent data and expected sensitivities ...
v Direct searches for particles in/beyond the SM
» Many having gone from “preliminary’ to “published'
v Indirect constraints on physics beyond the SM
> See Pippa Wells' talk for precision measurements in SM

*  Will NOT devote (much) time to future prospects, since covered in other talks
v~ LHC : S.Arcelli, E.Ros, M.Sanders
v LHC - LC working group : G.Weiglein
v LC studies : S.Hesselbach

» Impossible (of course) to cover everything
+ 183 relevant absiracts submitted to EPS03 alone!
+« = Selected topics and recent results
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Collider ExperimenisiDomincant

@ e*e" collider

- @ pp collider @ e p collider
@ys =91 -209_]GeV 2Vs=1.8-2TeV @ Vs = 300-320 GeV
@ L~ 900 pb'/expt @ [r ~170-200 pb-'/expt |z~ 130 pb'/expt
@ ALEPH, DELPHI, L3, OPAL » CDF. D@ @ H1. ZEUS
@ last data in 2000 @ 2009: @ last data in 2000

@ analyses converging [z~ 4.4-8.6 fb' /expt @ 2006:
j£~11fb/expt

.. and the LHC is coming ...
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Summer 2003

easurement it jomes_of ™o .
" S 6 » Structure, generations, ...
)

[
m [GeV] 91.1875+0.0021 91,1875 |

I, |GeV]  2.48952+0.0023 2.4960 m
oy, [N 41.540 + 0.037 41476 ——

’’’’’

-~ excited fermions

20787+ 0.025 20742 me—

% ooma-ooums ovos = - leptoquarks

E 22 L ~ anomalous single top, icie cecans
= » Scales, hierarchy

Nam St sa e ~ large extra space dimensions

5 o (&) 0232 001: 0. |
My | GEV] 80.426 + 0.034 80.385 —

S e T | ~ Super-Symmetry (7= Violaifion)

a * Higgs bosons

standard Model healthier ~ in Standard Model
than ever ... BUT ... - in MSSM / 2HDM
= exotic Higgs, FCNC [5 = g1

- ile Miges
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Excited Fermions (f*— fV,

SM observation:

* 3 distinct fermion generations
* hierarchy of their masses
« similarity in electric charge and weak properties

= could be compositeness / substructure (“preons”)
= consequence: excited states with m(f*) 2 100 GeV

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

A compositeness mass scale
Xsec depends on m  and f/A

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

pair production at LEP
€ 2

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_. > 785 GeV '

.. 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 2 o A 'i‘l”"N«“’!” 1 1
100 150 200 250 300

e* mass (GeV)

.. similarly for v* searches ...

.. ep at HERA ...
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2:° Example (g*—>aV, g~ gg)

single production at HERA single production at TEVATRON ..
e 9 9.7 W from di-jet mass spectrum

for f=f'=fs=lcmd A=M :

q-’
Mq* > 760 GeV (CDF,II)
775 GeV (D®D,])
940 GeV 2 fb!

ev

TR A TR T G I (T R .
50 100 150 200 250 ... quark substructure regime

q Mass (GeV) of hadron colliders ...
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3!° Example: leptoquarks

- NZelfrize il

Motivation:
Solution:

Observed symmetry between lepton and quark sector
Leptoquarks (LQ), proposed by several theories
coloured spin 0,1 bosons with baryon and lepton number

¢ HERA direct

e

SCALAR LEPTOQUARKS WITH F=2 (S )

| KALAHHANN A

q

Buchmuiller, Ruckl, Wyler (BRW) classification popular: Spin | charge Q| fermion Nr. F| p.
Scalar £ 1/3, 2/3, 0,2 0, %1
Vector 4/3,5/3
SRS SEBSBEEBEESBIEL HERA indirect _,

K 7 5}%’:33:‘%‘:?&3 35058 o
é, gt NN
e q - — . . § - 2 q
10 /o L3indir. linN
Tevatron pair prod. 2 prefiminary
indep. of A s .
now 1¥ and 2" gen. ZEUS Umit LEP indirect
Lv - &
' ; - H1 direct limit
q 10 (e' p) F
? DO limit LQ
i, ! e 0 e T e L L e o e e
2 fb'reach : 150 175 200 225 250 275 300 325 350 375 400
M, ~250-325 GeV ¢ M, . (GeV) e g
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oions ali HERA

—~ J.rarrelriclo)

H1(118.3pb™) 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
P > 40 GeV 3/0.54 £0.11 3/0.55 £0.12 6/1.08 £0.22
ZEUS (130.1 pb™) Tau obs/exp
P > 25 GeV 2 /290 *0.59 5/2.75 +0.21 2/0.12 £ 0.02
P > 40 GeV 0/094+0.11 0/0.95+0.14 1/0.06 +0.01
H '| ZEUS T
% 2 Combined Electron and Muon 2 10 o Ioi ‘ZEUS (;)rr‘el.)‘ 9400
= 10 _ < i O sMm i
E Ndm—l_ls g i 0O Wonly ]
Lﬂ M, = 124417 Qo 1 E_l l l ------- Single Top MC i
10 - ]
1 =
-L
10 4
10 . ==X . = 10-37 i !.T | O LBy
0 20 40 60 80 0 20 40 60 80 100

X PX (GeV)

» Interpretation: Sl OEY
FCNC single top production, at LEP (~10° fb), HERA in SM small

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

» topology 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
. 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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Search for Exira Space

Task: solve hierarchy problem,
Le. whyisM_/m_ ~ 10" GeV soooo0 large ?

A proposed solution:
» gravity and gauge interactions unify at weak scale M

* observed weakness of gravity at distances 21mm

due to n 2 2 (6 in string theories) new spatial imensilorliswl
. . . . o -
@ gravitons move freely in all dimensions .

@ SM fields localized to 4-dim. space-time
@ curled-up/compactified dimensions of radius R
= Kaluza-Klein towers of periodic energy/mass levels

r < R gravit. potential from gauss law in (n+4) dim.
r>R V~1/r

Dimensions

S AVISENGETSIEGE S RAG U6l

LAnNtoniclclis, 95.v=2]=2

—

- Gp(r)p, (7))
1 1 2 2 —r,lA
1fdr2 [1-|—(xexp e ]
"2 = —
~ —  Yukawa modification
Newton
107+ J.Long, J.Price hep-ph/0303057 -

S 1Gﬁ

101

107}

10°

il I
4

) ] "-h 1
10° 10 10 10°° 10"
/ A (meters)

closed universe

n=1 R~10"cm excluded §GKK

n=2 R~100um-1mm ???

n=3 R~3nm D @ i
? " SM
N.Arkani-Hamed, S.Dimopoulos, G.Dvali (ADD)
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Search, for Extra Space Dimensions

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

> | DELPHI L oYG
G %
G KK OIOO o -sjgkground
KK QT
2 i
L 50
MD SIS
i hasan. ad. oSN T
SM/ o

=
-2

q Z,W, v, 1 =N 25 50 75 100 125 150 175 200
Missing mass (GeV)
fA;" Z,wW,y,i €49
Mg

(2] 3 L] LB ) Illl L] T l-[lI:{-fE‘llgE lEl:tll‘:] ]:)lil‘.llllel[ll?lil[l'llsl L] IIIII g ]-0 4 e+e_ _) ’Y G DELPI_H
(s} R _ ) R " . > HPC+FEMC acceptance
:E [ e &P NG dala Tg=A19 Ga¥ | e & M dala vs:msﬁﬂ‘u;. : 8 Vo= 181-200 GeV
"Jb | ™ M_=580 GeV'  A=+1 | M =770 GeV'  A=+1 00
T M_=610GeV  }=—1 [ M=T30GV =1 & 103
"‘b 2 = combined limits: = combined limits: 2
.,'g = M =820 GeV =+l R M =520 GeV  }=+1 'g 95% C.L.
B M_=780 GeV  i=1 s M_=780 GeV  i=—1 2102 Timit -
41 g § M, = ‘1.i36 TeV
e o e 4 “ 1, = 0.84 TeV
+ 11 0 MD=b.59TeV
L 9 =4
. H1 | H1 6 .
ﬂ I 1 lllIIII:3 1 1 IIIIIII 4 1 i1 'l 1 IIlIIII 3 'l 1 IIIIIII 4 1 11 1
10 10 10 10
Q2 (GEV‘E} Q2 (GeV‘E] 04 06 08 1 12 14 16 1.8 2
. T = M, (TeV
typical limits: LEP / HERA : MS >0.7-1.2TeV DELPHI: MD(n 2 > 1.36 TeV "oV
Tevatron-1,ll: M_>0.8 - 1.3 TeV R <0.26 mm
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Search, for Extra Space Dimensions

a2 Dij-
Di-muon ChqnﬂgLun e o e @ In Randall-Sundrum model only one compact ED

» Warps space-time by e?* = coupling k/M_

10°E

% - SM+Additional Background G’): B
% 10° 3 SM:ED:::: :::m;v‘: A - ICDF Run 11I Prehmmar‘ly (?2.pb )
@ f SwiEtemefia =50y | N Randall Sundrm Graviton
6' ik _95% C.L. Excluded Region .
1 < in dilepton decay mode
; m <«” '
E EE 0.06 | ]
10-2[) 100 200 . 300 400 500 - 2 fb-
Diu Invar. Mass(GeV) _—
@ Di-electron/photon channel
actually use mass vs cos 6* !
[SM Prediction| D@ Run-Il preliminary 300 40 500 600 900 GeV
Graviton mass (GeV/c 2)
o’ CDF-1 (110 pb™") |di-EM (e, Y) M; > 0.85 - 0.94 TeV
Em I CDF-1 (87 pb™") |Mono-Jet/ y +MET Ms > 1.0 (0.6-0.7) TeV for n=2 (n=6)
4 ED Signal | ] - —
018 CDF-1l (75 pb™') (di-e, yu, vy ,Jet k/Mp limits in RS
1w, 0"925‘65'; 10° D@-1 (127 pb™) |di-EM (e, 1) Ms> 1.2 TeV
® iBery200 g0 0 ¢ 10’ D@-1 (78.8 pb™) |Mono-Jet +MET Mo > 1.0 (0.65) TeV for n=2 (n=6)
s, GeV
) " 4, [D@-1I (120 pb™) |di-EM (e, 1 M; > 1.28 TeV
:gj; 00'?2;,5% D@-11 (30 pb™) |di-p Ms > 0.79 TeV
0 200 400 goo O “8

diEM Mass, Gey ... iInferpretation in several different models ...
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Search for Branons and Radions

* Branons 1= brane fluctuations (in ADD)
a Gravitation scale MF and brane tension scale f

» Gravitons for f > MF and branons for f < MF
+ — A A 0
= e e -nm(ylZ")
o _ @ Spinless local fluctuations in RS model: radions
L3 Limits on the Brane Tension » Mixes with Higgs, couples directly to gluons

- @ Recycle model- and flavour-indep. Higgs search
= o allowed OPAI'I Pre.linli]liw ; L | II| T T T T IIII T
N wf 2 pror—mre T 70 = 51““ - OPAL Preliminary o
80 | 1.5 3 Iﬁﬂ I'.';"_Iu = --- expected £l
e é: | = observed
= L 15 50 E
60 | 0.5 | E
Y 08 H & J
= EXCLUDED 05 il
40 B 5 {20
-1.5 3 ! 10 7
20 -:Iom- R <0.01 4 2 i 4 0 RS S
W 001<R<0.05 ) 10 10 246 GeV 10° 10°
| 005<R<125 = | A (GeV) o (GEX)
/04 50 100 150 200 : —
] f (GeV) Higgs limits m_> 58 GeV
gravity n

Radion mass limit depends on mixing and A_

exp'ts SN1987A
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Super-Symmetry. Models

AR AZZUITTVIANY EGREIN NG G EINCROTINSHI ESSEIEICI
TNUrinizencnn, Cocnwanznosicss

SUSY MOdel S <= symmetry between fermions and bosons

-+ cancels quadratic divergences in higgs mass
Mechanism of SUSY breaking unknown: different models | -+ fine tuning problem

R = (-])25+38+L - hierqr_chy pr_o_blem
P = coupling unification
S Spiﬁ peyona : anaara 0qe -
B: baryon number
L: lepton number Supersymmetry
MSSM

(124 Param.)

constrained

Gauge-mediated MSSM Models. with Models are used to guide
SUpErsmmeny, (6 Param.) G the analyses and to
Breaking Models - > Violation

GMSB (RPV) express the results

p— gra (+ 45 Param) in a predictive framework
m Pare '

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

Vv N\
charged slepton

world via gravity
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Stop/Sboitom,Searches

+ +
eve— brb— by, bx1 ete— t—> bl*v bl
150 ~110
% 7 ADLO Preliminary § ALO Preliminary
g125 8 100
= 7 90
100 | 5 I =
v ,
| ®L ﬁ 80’,
75 ®%°¢oa’ l
,?"’ N 70
SOy 60|
B @088 Tevatron
Byinn 2 ] 501 -/ Tevatro
0760 80 100 120 140‘ 220 07760 80 100 120 140 200
sbottom(GeV/ ¢ ) stop (GGV/C )

s similarly 160 GeV stop-mass reach for QQ — t't— ¢, c°,
@ Run-ll analyses ongoing ...
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Chargino and Neuiralino Limits

&3105.---|‘--|---

% tanp=2 u=-200 GeV 7
ZE-D; 1041 ADLO s> 2065 GeV ]
~ .
=

103 /f_‘—i
102 ] -
101

100 2

Excluded at 95% C.L.

99 = . . : .
200 400 600 800 1000

interpret.

M (GeV/c2)

Mx,’2 103.5 GeV/c?
for I\/Iv~> 300 GeV/c?

ADLO

Combined

Higgs{

my,
I top

Charginos (large m)

Higgs }
Sleptons

<1 TeV/c®
=175 GeV/c*

rcludedar95%CL.

1 2

5

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

M ;> 46 GeV/c?

... hew Di-/Tri-lepton
results from Tevatron
soon ...

assumes SUSY-GUT (SU(5), SO(10)) relation: M =5/3 tan*, M,
drop GUT relations (unification via string theory) => no collider bounds on 7

mF>5 GeV [ c*

= if LSP is lightest neutralino

-+ 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))

m;>100 MeV [ c*

= from SN1987A

H.Dreiner et al. (hep-ph/0304289)
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Z — 35 Signal afithe levairon

» improved t-finding in Run-li
» search for t=evv and t=>hadrons
> dlso =uvv being analysed ...

* finding Z = 1t is milestone in
SUSY and Higgs searches ...

... similar for DD ...

45: T T T T T T T T = i"""|"'|"'|"""'|"'|"'.l""l":
40F CDF Run 2 Preliminary (72 pb-1} ] ]4; CDF Run 2 Preliminary 2
355— % _E 12 72 ph—'1 =
c5E | L1721 = ¢ 8fF ] Z- 1t E
& 20F I [T jet—1fakes 3 3 oF Ml jet— 1fakes 3
15E W 7Zee E - B 7 ee =

3 —_— 3 4 E [ -
10 1 E - [ =
5E 2 2F ‘“‘ i -
of NN . - of =1 SN AT ]

0 1 2 3 6 7 8 9 0 20 40 w0 80 100 120 140 160 180 200
Nerack Mle+1+FET) (GeV)
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Search for SM Higgs-Boson at LEP

dominant
. Higgs-Strahlung g . WW-Fusion = ZZ-Fusion =
\/ \‘\/
\ A
H} \\ Z \\
H - 11
VA W s Z s
l’ I’
/'\ /'\
(&4 Z € v € €

my,< Vs— m,
2461 pb™' (536 pb' above 206 GeV) of LEP data
‘mainly H = bb, also H - =t
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)

eupgrades for (some) analyses
>rejection of beam-related background (ALEPH 4-Jet)

>revised analyses (OPAL): jet-pairing (4-Jet) and ANN (Emis)
>backwd extension of analyses down to bb-threshold (DELPHI)

>III

Branching Ratio

-
o

' kinematic wall

4 Vs =200 GeV

o (pb)

N (s=192 GeV)

4 B

10 ‘ e
85 90 95 100 105 110 115 120 125
m,, (GeV)

-2 : |
10900 105 110 115 120 125 130
M,, (GeV)
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SM Higgs Searches at LEP. (cont d)

Rkl ~ confidence level for signal+ mass limits: mh(GeV) >
© 1 1 background hypothesis experiment expected observed
ALEPH 113.5 1115
10 '2; DELPHI 113.3 114.2
' on L3 112.4 112
- - B OPAL 112.7 112.8
0’} The final word from LEP: R ets
al: > mass limits:
10 fud‘it‘lé‘i(‘)&'iﬂé'iﬂs‘ilo 114 116 118 120 Obs mh > ] ]44 Gev
2
) myy(GeV/c) exp.m_>115.3 GeV
= | LEP
Q 2.30 1.70
- l satm_ ~115 GeV about 1.7c excess
7/ 0.09 - compatible with SM Higgs boson
¥ - as well as with background-only
10 -2 7 _ gbserved : :.;
== e iabl ool asnans
3o
07 confidence level for

-so 8 90 95 100 105 110 fls 120 background hypothesis
m,(GeV/c?)
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SM Higgs Search - Status Quo

- P2l

B ~1000 : . : ,
. hie o ke = [ N pEesss 95% upper m_limit
3 Adj, = <) & | indirect Higgs-Mass from EW-Fit
. — 0.02761£0.00038 Emsw g | i (exp. uncertainty and 95% upper limit)
' L - 0.02747£0.00012 i : | |
& - Without NuTel = I . . Higgs mass exclusion (95% CL)
] . | from direct Higgs searches at LEP
o
=<
=]
2 -
0 Excluded N\
20

m,=91"% GeV

m, <219GeV {(95% CL)
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Tevatron Luminosity and Prospects

300

DO & CDF Integrated Luminosity

[ through 13 July 2003 |

—+— CDF Delivered (from 9 Feb 2002)
-=—DO0 Delivered (from 19 Apr 2002)

—+ CDF Live (from 9 Feb 2002)
200

-+- D0 Recorded (from 19 Apr 2002)

222 223
195,/ 198 508

258
248

232

100

Tevatron
Shutdown
3-17 June

[ Standard Mode]
"BR(h

170-210 pb™' M
recorded —

G

snt)

G ¢ @ Y 60 & QW d"’»‘b s"’«@ «»"@ \sf vg(&'b @'@ sf o &'@ 80 120 140. - lm' ' 'mn' ' 'zm
102 M, [GeV]
i a(pp - H+ X) [pb] : SHW'99
= ombined CDF /DO thresholds
0 £ Vs =2 TeV 's 107 L -/ —
EEQ“'}H b
TR T use HZ and HW *% 30 i
e — . with H—> bb,WW S
T g o o gz, e i -1
= Hgg Q. ond Z—> I, Z— Vv, RS Sl
162 b Ize- Hz W- v E
E Hi : 2 ip™
L : o —— 95% CL imit
107k 210 F — 30 evidence 3
i .g — — 50 discovery
—a | | , A ) . | . ) . | . ) . A . . . = x 1 i 1 it 1 i 1 L 1 L
' 80 Joo0 120 140 180 180 200 80 100 120 140 10 BO 200
My, [GeV]

Higgs mass (Gev/c?)
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SM Higas Search at the Tevatron

Irnofovzd Uriclarsicaricirie) ciz o Delicl

Process SHW 1 %\ Xsec 03 Ratio Analysi).'a.L\ Ratio comment
HZ (115 GeV) [ 315 382 122 [ 286\ o9 Ar. events
HW (115 GeV) \ 239 278  1.16 \ 208 0.87 for 1 fo’!
Zbb 4.34 1.73 0.4 . 0.46|from CDF data
Wbb 9.45 359  0.38 4.34 0.46|from CDF data
zZ 1.82 2.36 1.3 293 1.61|PYTHIA 6.125 + K=1.34
WZ 1.45 179|145 1.84 1.27 |PYTHIA 6.125 + K=1.34
Tt 3 6.53 2.18 5.48 1.83 |average of NLO calc.
atb 031 08| 262 0.68 2.22|NLO calc.
to 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
Significance 0.78 1.12 0.92

» assumes mostly running with Run-lIB silicon tracker
» assumes Jet-Mass resolution of 10%,
SHW 1999 CAL reso. assumption met in Run-lIA
» improvement mainly from sophisticated analysis techniques
» ~50% less luminosity needed compared to 1999 with updated Xsec
*» ~28% less luminosity heeded with realistic trigger efficiency,
QCD ... Bgd from data compared to SHW '99
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-

Int. Luminosity per Exp. (fb )

Combined DO/CDF Result ol

Tevatron Higgs Sensitivity Groap June 2003 Update

-
o

. Lreliminary

Siy8¥Higys Workshop-

G DISE
3k Evid

overy s
ence

SLEL

CExchttston-

100 105 110 115 120 125 130 135 140

Higgs Mass my (Gel)

@ combined Il, vv, Iv channels
@ no systematics included
@ no h > WW channel; impacts m > 125 GeV

SM Higgs Search alithe levairon

SUSYMiggs Warkshop -
(98:90) A
£ ,
& 1oLl Ll | ]
—!-—1{1. " P4
2 [ L L
= /| Sodiscovery
‘% 1k = - Joevidenoe |
% R i 95% CL exclusion
= 80 A00 120 140 160 180 20
my (GeV)

5c discovery
3c evidence

95% CL
exclusion

luminosity projection (fb')

year baseline design
2003 0.28 0.3
2004 0.59 0.68
2005 0.98 1.36
2006 1.48 2.24
2007 2.11 3.78
2008 3.25 6.15
2009 4.41 8.57
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Higgs;Searches alithe LHC

- 9.Arcsll

E J e ¢ theory progress:
S . jLacwet S S HE" i NLO ttH S.Dawson et al. '02;
B0 10 i & VEBF, combined . LA W
= riovoa il BT ' ; (also pt and n) W.Beenaker et al.01
e ’," h < G NLO gg = yy (bgd) Binoth et al.'00
/1{ NNLO gg = H Harlander, Kilgore '03
i 4 Anastasiou, Melnikov '02
Ravindra, Smith van Neerven '03
1 @ VBF discovery potential NLO bg - Hb Campbell et al. '02
for 10 fb™!' at m, > 135 GeV \l;lVNLCZ)be —»dH T Harlander, Kilgore '03
) H- /H production Ciccolini et al. '03
@ with others m > 120 GeV
, @ coupling studies ongoing - =T
' 0 w0 e w0 2w _ _
m, (GeVic) % w b L=20fb-1 MA= 130 GeV
# n =
E L= 30m" N E;[“:Yi b} Q 250 @ B 30
= {no K-factors) o H = 228 o 41 ﬂ o
B ATLAS H o= W™ - v C @ A+H signal
= gl 30 WRT! G>) 200 ® DY background
ﬁﬁ’ s -,-ﬂ:mmﬂm L 450 ott background
@ full mass range > 5¢ "
= with 30 fb™! o
?10 120 130 2140 15 160 170
= br(h,A > ~3 x10 but 6 ~ tan
( uu) = o) B_] M. . (GeV)
- expect dM_ /M _ ~0.1% for 300 fb
y = attan>20:T  >o(M,)
T 120 140 160 180 200 . .
m,, (GeVic') measure the width and constrain tanf
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2-Higgs: Doublet.Models

+ +
Two Higgs Doublets 11, H and 5 physical states  H, = &, = (qbl ); Ho = o = ( 2 )

0 o0 ¢0 ¢0
2 CP-even neutral Higgses h ', H my < myg 1 2
1 CP-odd neutral Higgs A°
2 charged Higgses H+
Free parameters: tan 8 = vy /vy (VEV ratio) couples to typel | type ll | type lll | type IV
« (mixing angle of h, H)
13 Higgs mass parameter ‘d-type’ leptons P, P, P, P,
Ap common trilinear
Higgs-sfermion coupling u-type’ quarks P, P, P, P,
free level: mypy < myz < myg ‘d :
-type’ quarks P P P P
rad.corrected: my < 130 GeV type' q 2 1 1 2
+ +
e * Z e * A \\ .
Z Z for example:
e h e h
“Higgsstrahlung” “Associated Production”

ohz =sin’*(B — a)ofMd | |orha = cos* (B — a)AaSM I g, <COS &

= fermiophobic for a=m/2
I.e. might couple only
to bosons,
not to fermions
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CP-Consening MSSM Higgs.Search

so far 3 benchmark scenarios:
@ no stop mixing
amax m

@ large u (suppressed h = bb)

\CDF/b(b -1l (150 pb™")

g

~ 200 puaB 88200 CeV Licliminz E | Jm max]. .
1;3 o ~ LHWG summer 2001 : :
> 180 — Mg gy=1 TeV
S 160 N 1Bl [N — M,=200 GeV |
<140 | u=-200 GeV -
= 120 | my,=800 GeV
120 i / EEEEE VA | Stop mix: X =2M i

b
.
Y

.................................

------

60 "
\ icall
20 - G - — my. (GeV/cT) 1 E;C%g%d
060 70 80 120
from hA searches from hZ searches 0 100 200 300 00
imite:- 2 2

mass limits: m > 92 GeV/c m,. (GeV/c )

m_>91 GeV/c?
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CP-Consening MSSM Higgs.Search

M.Carena et al. hep-ph/0202167

Now also LHC-inspired scans: _WWh with h - bb . tth with h - bb
% gluophobic (gg — h suppressed) s Jo .+ IR i :
MSSM SM - a0
asmall o (h — bb, 1t suppressed) “t
» modified M_ _ , reverted p-sign o %
@... improved calculations ... L S
M.Frank et all. 2L
A.Brignole et al. i "
B z-width, Yukawa searches, decay indep. Higgs e . e
M, [GeV] M, [GeV]
| excluded small o, gluophobic
OPAL preliminary OPAL preliminary
T T E b B, & @ [ h = bb suppression
= 1 7 - [ Gluophabic out of LEP reach ...
10 - = 10
g . ' ... and even more
- benchmark scans
done ...
1 1| ... fo be combined
by LHWG ...
0 200 400 o 400
m, (GeV) m, (GeV)
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CP-Violating MSSM HiggsiSearch

s Trilinear couplings A break SUSY and Arg A #0 infroduces CP violation

@ CP violation in Higgs sector: | (A.Pildftsis et al.)
= A, h, H not eigenstates
= new eigenstates H , H, H,

a Arg Au= 0 motivated by baryogenesis
» benchmark with large y, Arg A , small M
@ mixing and coupling suppression

SUSY

111‘ ?
~ e~ [GeV]
th A T
0*
0, <05 - T
Z % h H A
-0+ E v
hit A

... search for H1 and H2 in HiZ and HiHi

Z°-width or

00
model-indep

90
h-searches

s 180
S 170

tanp

unexcluded
regions
at low m_ l

10

OPAL preliminary

_—

Theoretically
inaccessible

S0 100
my, 1GeV)

T | T 1 T
MSSM CPX

Theoretically
inaccessible

50 100
my, 1Ge¥)
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Charged Higgs Bosons H*

2 in 2HDM type-Ill: down/up fermions to H/H ¢ B
» aft born level: m_, > m,, ; with rad.corr. can have m,, <m,,
@ scalar H* (signal) < vector W* (Bkgd) Tz
s assume (3 channels) Br(H —c5)+Br(H —>tv)=1
€ H-
dI.ﬂ ) -1
'S:'i_ T me———— m: L3 preliminary
= : s LEP 189-200 B g s S
| (11— Expetted background Br(H—1v)=0
s | PV BriH—nvi=0 106.
: o N WW-background o \ L |
B I - ™ \ m,, (GeV/c)
I ' 815 — ~ 1
- | < LEP 189-209 GeV 40 In L3(2000)
! J 2500 pb-.I :: : 1 :;"-- - - __/’-\ \/:.
LE | . . -1_—5 v o
6\ + " - . 1.3
b R DL_:.]Lﬁlé]|.|j1|.ulj.l.l?£l.lItslﬁlllla!‘lilllyju —_ .
charged Higgs mass iGeVic) iy, (Gevich) 10 —_ now 2_40 2
E —  Observed +lo band
] = Expected +2 band
10 . . :
70 80 90
my, = [GeWV)

.. hew results okeLpHI, oPAL, L3) O be combined ...
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@ |n 2HDM type-Il external constraints from Br(t

(OPAL) : m +> 1.28 tan B GeV'

*» Complements earlier study of b—1 Vv_X

m +> 1.89 tan B Gev

m
H 9
r L
T~ ,"' B
\T_

b

In 2HDM (type I):

@ H" — W™*A° dominates for tan p>1 if kinem.allowed

@ search in LEP2 data also for
H'H — WA WA — qqbb qqbb
H'H — WA WA — Ivbb qgbb

H'H >t WA - 1vqgbb o g T
Py 70 tanP=1
= 1 —  M,=80,M =12 = E
= 60
!
0.8 . = 50
0.6 - 40
0.4 ) m, below 30| __observed limit
» « « expected median
0.2 bb not 20 ;
covered g = y ]
e | e o e e L
010 S i i 40 60 80
tanp M+ (GeV/c")

... lypical exclusion limits (DELPHI) ..

[am 10 = ] )
E M = 50 GeVic’ .
10 /
=——0Obz=erved
== Expected
1
-1
10 |
ip 2h ;
40 60 80
M, * (GeV/c®)
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BABAR : B
(88.5 £ 0.9) 10° BB pairs

Search for B > K I* I

}+

P‘{,Z _ v

@ in SM via penguin diagrams

H X

~ 0
& X

@ can be modified by SUSY particles

b wer s b wSt s b

W Ct

5

- ML.Corl/21Y
Combined B— K[ [ fits
Br(B—KI"17)=(0.68")17+0.04)x10~°
! theory: 0.3 -0.69 * 10 -¢

|

0
5.2 5.22 5.24 5.26 5.28
m, . (GeVie*)

= 70

Events / 0.006 GeV/¢?

Combined B— K ["[ fits

201 ) Preliminary |Br(B—K"1"17)=(1.40"3,%+0.21)x10"°
“ ' theory: 0.8 -2.01 * 10 -¢
=150
§ “»—Il—'
3'10“-
. <2 30
W s¢

0 | | | |

52 522 524 526 5.28
i (GeV/ ¢?)
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Fermiophobic HiggsiSearches

- D), Helel=r)

@ In 2HDM - type | Higgs coupling to fermions g~ cos o can go to zero
(— fermiophobic Higgs')

aln nic Higgs decays (in SM Br(H - i) = 0.1% for m =90 GeV)
o R e i}
o? 0.9
=
E":' 0.8
0.7 Z‘ T %
0.6 h
0.4 € . o 70
6 o ~ sin“(3-o) DELPHI
0:1 £ E¥ preliminary
i 1] 20 40 60 80 100 120 140 16;/[ ll“1?0(}9 ‘2;))0 Z* h "T
E LEP Combined ., A b 20 f
? %%‘% ; &0
’l': 'k ? = * byt
5 2
2 Excluded Region .~ G ~ COS“(3-o) &0
2 . Iy
g At SM production rate
£ m_> 109.7 GeV (obs.)
£ m_> 109.4 GeV (exp.) /2 :
:~\-smvlll lrnl i’l:lf'_i:-.lrlll rjiﬂ.‘ — — TR o ki n . J|_
Wi @Tevatron-1/11 > 80 GeV 1’ R - PO
LHWG-(2002) W, (GeV) LEP-I M), (GeVie')
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Doubly: Charged Higgs Bosons H™

- J.Cll2vels

Motivation:

in LR-symmetfric models = large mass for right-handed Majorana neutrino
— small =0 neutrino mass via see-saw mechanism
= right-handed weak force ?

in Higgs triplet models — generate small =0 neutrino mass

- precict IFGES @UBH EHEGEARIGES, ™ ) - 100 GeV

decays: H™ - I' I (dominant), lepton-nr. violation
H"™ - H + gauge boson (negligible)

H++

h —A
limits on Yukawa couplings from !
@ muonium conversion (u'e” > u'e*) i h,,<76107°Gev "' M,
a avoiding (g-2)u contributions h,,<50-107°GeV ™' M,

...search for same-sign multi-lepton events ...at LEP, HERA, TEVATRON ...
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Single H: Production aiiHERA

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

et H*+

Vot

q q

H1 PRELIMINARY

‘E 10 2 ® H1Data 115 pb ‘E i 3&\ exprmt | selection | Data SM
é % ;g:fs E & Hl |2eM>100| 3 | 0.25+0.05
10 - : _p~ Hl [3eM>100| 3 | 023004
| L8 i T ZEUS |2eM>100| 2 | 0.77 +0.08
i - ZEUS |3eM>100| 0 | 0.34 =0.09
- 10 Lz @ no excess in ZEUS
10 & = Z % @ no excess in uu-channel
'. : = " - - -
B 77 o = s in dedicated H:* - ee search
10 ° 2 ce 10 ==
0 50 100 150 0 50 100 150 1/0.34 events
M;; (GeV) M, (GeV) @ = something else ... ?
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Doubly Charged Higgs Bosons H~

single production at HERA t-channel (Bhabha) gi LEP
e ot e €
et H™~

pair production at TEVATRON

q Htt et e
@ lumi measurement ok
0.9 @ would change angular
7 L Juded ;fi& Icgi]l?]?Th Scattering distribution
5]
2 (0.5
q H—— :
CDF-II (e,11), D@-II () 031
2fb': > 150 - 200 GeV
0.2
pair production at LEP single production af LEP
e H++ :
001
e
.2 "’\/E/Z 0.05 : 2
. 0.03 r . 1 et et
e H....c, L L] —_—
OPAL (e,u.7; no lifetime) 80 10 120 140 160 f 4 o micht
DELPHI (z; any lifetime) @ very forward e mig
L3  (e,ut; no lifetime) MH (GeV) get lost
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Conclusions

» Expect physics beyond the Standard Model ...
~ we are groping in the dark - where will we find it ?
* Fundamental scale / structure

~EW < TeV- M) ... next 5 to 10 years
> Experiments: will tell ...

- model-independent searches

~ sedrches within numerous models

- rare decay measurements

~ precision EW measurements

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

i

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

(Tevatron, LHC, linear collider)
EPS'03, 21.7.2003 Arnulf Quadt — Searches for New Particles - Page 37




Acknowledgements

@ Many contributors both directly and indirectly to this talk,
including

+ New results and plots

+ New combinations

+ Suggestions about what to show

*+ Suggestions about what NOT to show
@ All mistakes and inconsistencies are minel
@ |n particular, thanks to (not a complete list):

F.Bedeschi, G.Broijmanns, D.Dannheim, Herbi Dreiner, E.Gallo, J.Hobbs,
G.Landsberg, H.Logan, C.Mariotti, S.Mele, P.Newman, T.Nunnemann,
C.Rembser, A.Schoning, R.Tenchini, M.\Wegner, T.Wengler, A.ZarnecKki

... and many more ...

EPS'03, 21.7.2003 Arnulf Quadt — Searches for New Particles - Page 38



e €t
’,Z F,,_u.
€ H
ogoz0 = k- opg,,, 70
-
g
£
=)
1 &
] sy |0 L ... apes
10 & (CL=95%)
2
l“ .-'6 | I Y Pl e | Ml T | IS T
107 10 20 30 40 50 60 70 80 90 100

Decaymode- and Elavour-independent Higgs
- Ml.Boorziclir o

m.0 (GeV)

cross-section exclusions:

k<0.1 @ 1 keV < m, <19 GeV

k<1

@

mso < 81 GeV

absolute mass limit for SM
coupling strength

G{hZ)fGS M(hZ}*Br(Hehadmns}

-1__ +2¢ bands o

€ a4 € 0.4
1.9

zZ* h 4.4

(- z € .9

c?= 0" / ™(h2) * Br(h,A = hadrons)

L40

4 L3 data 189GeV < Vs < 200GeV

4 Flavour independent search tor hiZ Delphl 1998-2000
hA — hadrons

Preliminary

m, (GeV/c?)

,_
(=
(=]

1087 |
.'i:;

]
o

60
— observed
=2 e expected 40
T 11 bands

I ' | ! | ; | ) I b & : ; K
60 70 80 o0 100 110 20 40 60 20 100 120 2[4(1
m [GﬂV} m, (GeV/c™)

... also OPAL, ALEPH ...

... LEP analyses being finished, to be combined ...
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@ in SM quadratically divergent loops
in Higgs mass rad. corrections

@ fine tuning problem to 1% can be
addressed by SUSY ...

= cancellation of loops one by one
(top-loop dominant)

- \“\ )
\ nggs’f mj, ~ )
L ‘ (200 GeV)

top| gauge higgs

I

@ Higgs is pseudo-Goldstone boson
(from global symmetry breaking)

2 left-handed SU(3) triplet

2 three right-handed quark singlets

in liftle Higgs theory: (
(2¢)

-+ X, cancels top loop divergence at one-loop

=+ gauge and Higgs loops cancelled by new bosons
= puilt-in SU(3) symmetry enforces relations
between couplings

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

(D)

new quark

y
x,)

experimental search:

* pair-production of charge 2/3 quark
y=> h+t, W+b, Z+t

+ single production of new gauge bosons
quantum nrs model-dep., mix with W,Z

* new scalars, m=100 GeV -2 TeV
often additional higgs doublets ...

EPS'03, 21.7.2003 Arnulf Quadt — Searches for New Particles -

Page 40



1* gen.

Search for first generation
scalar LeptoQuarks

CDF Run Il Preliminary, 72 pb-1

Br(LQ->eq) x Cross-Section (pb)

0.25

0.2

0.15

0.1

0.05

2pioguarkiSearches al the Jevairon-

Kr&mer et al.
Theoretical cross section, Phys. Rev. Lett. 79, 1997

CTEQ4M, Q = m(LQ)
CTEQ4M, Q = 0.5m(LQ),2m(LQ)

CDF Upper Limit, 95% CL

m(LQ) > 230 GeV/c 2

| | 1 1 1 1 1 |
240 260

280

! ‘ ! 1 1 | 1 !
300 320
m(LQ) GeV/c*2

1 | 1 1 | ‘ |
200 220

CDF-II MLQ > 230 GeV in eeqq (72 pb™)

MLQ > 107 GeV in vwaq (76 pb™')

D@-II M _ > 179 GeV in eeqq 41 pb™)

M > 157 GeV in puqq 41 pb?)

.. reach up to M _ ~250-325 GeV (2 fb™) ...

2"¢ gen.

DJ Preliminary
—a— yu+jj Data

D £ pu + 2 jets (weighted)
[ ScelerlQ. M, =160GeV

41 pb, p=1

Entries / 20 GeV

-,
100 200 300 400 500
i Invariant Mass [GeV]

] 3
8 I\ D< Preliminary
d 5L \\\ B = BF(LQ,~pj) = 1
D_' 2 RS — NLE‘I cross section
e EFFOT Band
[ s N e LO cross section
1.5} ' :"=.,__; --------- 95% C.L. upper limit
R T
1
0.5
i i g
140

EPS'03, 21.7.2003 Arnulf Quadt — Searches for New Particles -




Limitsion RP-Violating GIVSB

G CHWENREREIGET

LEP: R, conserving SUSY HERA: R, violating SUSY

et G(LSP)

» HERA competitive with LEP for )\'m ~ 1

2 improved sensitivity from HERA-II
2 first limits on independent of
A, squark masses

H1 e*p preliminary H1 ep preliminary
; 7 .52.5
;(.:i 140 < 2.25 — mg=m, +1GeV
Z'Em 2 e Mp=my +5GeV
120 i 175 = ol m_=m,_+ 10 GeV
HERAIl: 15 m-=m, + 15 GeV

= | 5 M
100 1, My =05 . 495

1 95% CL

80 - 0.75

W g
-----
»

GMSB, j=1,2 - 05| i

GMSB, j=1,2

.....

tanp=15, <0, N=2 tanf =15, p<0, N=2
60 X4° not NLSP - 025
e Tt CERTUt Ve D VS e e Vit o T YW 00V W 1 [ T e T e
60 70 80 90 100 110 120 130 14 4 50 60 70 80 90 100 110 120 130 140
m, (GeV) m, (GeV)
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