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The big questions...

Origin of electro—weak

symmetry breaking

Precision Higgs Physics

(if Higgs exists)

Precision SM Measurements

(if nofvery heavy Higgs exists)

Unification of the fundamental forces

Hierarchy of scales

Precision Supersymmetry
Extra Dimensions

New Gauge Bosons

CP Violation and

Flavour

Higgs? SUSY? ...?

Gravity

Extra Dimensions
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Overview

= The status of Standard Model tests
= EW parameters
= high E, jets
= EW symmetry breaking
= Beyond the SM
= SUSY
= LQ,CI,LED
= Z0O
= Future : HERA upgrade, TeVatron II, LHC, LC, VLHC
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Status of SM

In general data agree very well with the SM:

Basic assumption in global fit:
SM provides correct description of experimental data

LEP EW parameters Comparison of SM prediction with the data:

precision
measurements
T. Saeki

5/8/2005

[LEPEWWG '02]
Winter 2002

Measurement Pull édz"ca:—%)ﬁj:i'c";'“s

m. [GeV] 91. 1875 & 0.002A1 -

|
L [GeV] 2.4952 + 0.0D23 -.42 -
T ErF] 41.540 + 0.037 1.63 ==
R, 20.767 + 0.D25 1.05 —
Al 0.01714 + 0.00095 7D -
AP 0. 1465 + D.0033 -53 =
R, 0.21646 + D.ODODBS 1.06 —
R 0.1719 + 0.0031 -1 T
AlR 0.0994 + D.ODIT  -2.64 —
ALS 0.0707 + D.0034  -1.05 =
A 0.922 + 0.020 -.64 -
A 0.670 %+ 0.026 .0B |
ASLD) 0.1513 + 0.0021 180 —
s8I0, ) D.2524 % 0.0D12 EE =
M, [GeV] ED.451 + 0.033 1.73 —_—
T [GieW] 2.134 % D.0ED 59 -
m, [GeV] 1743 5.1 -.08 '
Sare—————

simBlvMN) 02277 £ D.001E 3.0D
Sa-241012 3
Owerall fit probability (quality of the fit): 1.7%
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Jet at high E, at HERA

C. Foudas
ZEUS = Jet data at high E; have been used at HERA-I
P . to test QCD and make precise measurements
oan | a, from Ry, of the gluons and o
oss | R = The detector and theory systematic errors

have been well understood and we have
learned that jet measurements can be made
to better than 10% level if the E; is high
enough (high QZis needed also)

| = Low Q?regime is rich but require more

5 precise theoretical calculations.

— = HERA II will start soon !! One can expect a
L large increase of the high E; high Q2 samples

Qe which will enable us to tag the proton PDFs at
higher x, measure o, BFKL, search for new
physics.
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K. Sliwa

Top physics

SM consistency checks: W mass vs M,m

80.6

SUMMARY OF TEVATRON RUN-I
RESULTS
TO P MASS AND CRO 58 SECTION
combined CDF results from Run-I:

M, = 176.0 + 6.5 Ge V/¢?

;L'E';1 rSIY_DrD.;taT T T T T T /] Results of LEPEWWG
=S EM consistency fits — —+ i = 2
- LEP2, pp Data H—— Oy = 6.5+1.7-1.4 pb (for M=1735 GeV/e?)
80.5 68% CL
- Measurements of W and comb ined DO res ults from Run-I:
> top mass constrain Higgs
8 mass. Fundamental 5
= 80.4 | consistency tests of M =172 11 e V."IIC
= Standard Model
E
o ) Gy =59+1.7 pb (for M=172.1 GeV/c9)
m,, [Ge | comb ined CDF and DO result from Run-E
80,2 | 1143007100 Preliminary
130 150 170 190 210 M =1743 + 5.1 Ge V/ics
m, [GeV] )
krzysetol shwaiofts edu CI52002 Krakow, Poland  Apedl 30-Tvbsr 4, 2002
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IS IT ONLY TOP ?

({CDF PI%ELIMINARY){IUO pb'l)

z © 2
S5t = DR T p— 515
0 0 .

4 4 |

3 b 3 b " i

2 b 2 | i ’ + z

s H s ;E, l_l = 7 _ L]

e ; A “....]"---LL? i 8

y of Top (Ivb) v of Top (jjb) .

% 9 il % 7 F . &
78 £ _ 1
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4 & 4 3 i a 4

3 I el

2 . A1 1 :.:""'5__‘1.!“ -

(13 S T : 1[‘[. - 0 Lol .?"-'::-1-'}1 P

2 a1 0 I 2 0 1 > 3 4
y of ttbar Ay of t and tbar
Rapidity (CDF) and pseudorapidity (DO) distributions of tt
system
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Run II CDF B-physics prospects

= CP violation §
Bo - n'n
= Improved measurement of sin(2p) in Bs - K"K~ 0\ Bs— Den”
B%—J/yKO. ~20000 events ¥ B
c(sin2p3) ~0.05 1 p

By — JAY K,

= Bg mixing in Bc—»>Dgr* sensitivity up
to about
Xs~60 (=23000 events)

Xs~30 in semileptonic decays

= Measurement of y in
B%, — n*tn and B — K*K- decays.

= Use of both decays reduces the
influence of penguins.

= Assuming S/B=1/2 and Am¢=30 ps;
events: 5000(n*n")/10000(K*K"):
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NuTev puzzling result

P.Spenziouris
urtey
e Results
Phys.Rev.Lett.88
sin 0i Y = 0.2277 £ 0.0013 (stat) & 0.0009 (syst)
— 0.00022- (%‘—')
+ 0.00032. £ Sy A8
sin? glon-shel) _ | _ My
® |n good agreement with previous ¢N: sin’ ¢y = 0.2277 + 0.0036
NuTeV measures: iy = !);‘é + ‘] HE.&
{g5TY? = 0.3001 = 0.0014 R’ =g+, 9%
{g5)? = 0.0308 + 0.0011 g =ul+di
Poorr = —0.02 gh = uh+d%
Assuming predicted v coupling, (g§%)? appears low
4/30/02 Panagiotis Spentzouris 12
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NuTeV ( cont'd)

| Asymmetric strange sea (?)

e Our PDF model assumes xs=xs bar

— constrained by our dimuon production data, within
our LO model

= Recent (almost) global PDF NLO analysis finds
Jx(s s bandx = 0.002 (Barone et al., hep ph/9904512)

— suggested as explaining half of the NuTeV effect
(Davidson et al., hep ph/0112302)
- BUT: inconsitent with our dimuon x section (model
independent); driven by high x CDHSW data
»even s sbar=0.002 DOES NOT explain half the
effect if experimental cuts, etc included

4/30/02 Panagiotis Spentzouris 22
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Isolated lepton final states @HERA

N . M a | d en H1 Results 94-00 lsolated Leptons
Electron and huon H H1 Pral et pData | SW expactation H W ‘ Other SM processes
PX > 0Gev 18 fnd4atzs || atedzde 2294058
Dy PX >12Gev 13 5144131 || 4224127 ooz o33
Introduciion PX > 25GaV 10 zazto7s || 2sdtoqo o4atois
F.fr“ = 10 GeV & 09 +023 0 t02a 005 £004

Iq
ZEUS Results 94-00 - Isolated Leptons
¥
ZEUIS preliminary Electrons Muons
5 1994-2000 Observed'expected (W) | Observed/expected (W)

at

etp114pb=! 7/9.9+16(24) 7/46+06(1.1)

SM W Production FCNC Single top Preduction e~p16pb? 3/11+04(03) 0/08£0.1(0.2)

Total 130 pb~? 10/11.0£16(27) 7/544+07(1.3)

Each processes has the same final state:

2 Jets inthe hadron channel

Isolated high pr lepton and missing total pr in the lepton channel i e e st s

ZEUS preliminary Electrons Muons
Anomalous FCNG coupling parameterized by iy~ 1984-2000 eip 130 pb~! | Observed/expected (W] | Observed/expected (W)
lectated Lepions, W and top at HERA Pags 4 P‘I‘f > 25 GeV 1/1144+0.06(1.10) 1/1.29 £+ 0.16(0.85)
Pil‘ = 40 GeV 0/0.46 £ 0.03 (0.46) 0/0.504 0.08(0.41)
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Wick Malder, Marchester Umveraity, DIS 2002

Single tap production

Interpret these kind of events as single top?

Recall Pj'-‘c == 25 GeV H1 report 10 cf 2.82

s and at P;* > 40 GeV ZEUS report D cf. 0.46

ZELIS observe no candidates for single top production and correspondingly set an upper limit
{at 95% C.L.) of ks, < D.257 (leptonic decays only)

H1 add further cuts to separate top production from SM W:

P%Et > 25 GeV, .11'{,.3’ = 10 GeV and only positive leptons!

(Hard b-jet) (Real W) (Very little i in proton)

Isolated leptons ( cont'd)

H1 Single top - leptonic decay

‘ | Electran Channel | Mucn Channel ‘

smated Lepioms, W and fop at HERA Fage 14

5/8/2005
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‘ Data | ] | 2z ‘ H1 Preliminary
PR
= F il aniutinm ® Data (b events|
Total SM 0.75 £ 0.18 077 £ 021 @ F e
v lfe - | _;!_r S
...... e
W only 0.51 £ 018 D68+ 019 X Z
1w b 1
Efficiency IT% 45% o ik i ey
'k i
Ma events in small £~ p data set (13.6 pb_1] 100 150 200 150 300
MievX) (GeV)
cf 0.25 + 0.05 expacted a0
; b ® Datai2 events|
B
w 1 E“’ w
— (920 GeV) < 0.95 pb JE seees Top MIC )
10 b -y
E, <igg ; =
3
10 E | ' | M “I[--[ 4
100 150 100 150 00
MiuvX) (GeY)
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Isolated leptons (cont'd)

Single top - Hadronic decay - (H1)

H1 Preliminary
é After top cuts
o
14 events selectedcf 196X 7B
Nick Malder, Marchester Urmveraity, 0I5 2002
] Efficiency (f — 3 jets) 27%
- Limits on single top - (H1 and ZEUS)
160 180 200 no1 B
M Ge > | ZEUS Preliminary «,,,
s (GeV) | 17 {H1 Preliminary «,,
After all top cuts 08  ||=>ieptonic + Hadronic Decays)
Exclusion limits at 959 C.L. e =}§(Leptorm: Decays)
|-~
Hadronic Channel Tiop (320 GeV) < 0.40 pb 0.6 Z 8
= |-~
|-~
Hadronic and Leptonic Channel Tiop (320 GeV) < 0.43 pb | 2 EXRIHRRR O
i 04| 2 i
vy = 022 . [~
sl *\”'/\/;.EFgPrellmlnary i gy < 022 (H1)
B m, = 174 GeV 1 kty < D18 (ZEUS)
% Z
D 11 i .’I ] 1
D D.2 0.4 D.6 D.8 1
Ky

laoiated Lepioms, W and fop at HERA
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EW symmetry breaking

What we know about higgs?

”
What ,
. B0.6 T T 6
Higgs at LEP e
gg LEPZ, pp Data \ ':,_l —g_xoi?suo_amas e I
. 805 B8%CL L amemmeonz G g F
P.Zalewski = 4 T [
™ ™ [
€. s0s 7 "15 | At95%CL. :
£ my; > 114.1 GeV/c2 %,
2 F )
ana 10 :— i
my [Ge § 5 F
g0:2 ':|14 3[} 1[)[] F‘!'BIirninzl.q.I 0 i 7 Preliminary L
430 150 ‘1?0 190 210 20 100 400 0 :
M [eey] MH Lol 5] :— Bt gﬁ;a::iibar round "_,.-f""-r —
| [omemee Expected signa +bnckgmund ]
10 i Test s||gu.al+ba.clngmund.| Mgt =g g
100 102 104 106 108 110 112 1'14 Hﬁ 118 120
e’ m (GeV/L )
Despite the excellent perfomance of LEP _
= 2.1c excess over background expectation

the Higgs boson has not been found ( yet)
searches have been conducted in many sophisticated
way. Some analysis still ongoing...
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Prospect for Higgs at TeVatron

M. Petteni

Production Mechanism

10F
aipp —> H + X) Ipb| 2 iy U
= wE = 7 Tav q\\,\‘\ i i ASSDClatEd
Y. T g L production
10 . l ;ff-u U !
o = - ~ Gluon fusion B
— 4 I’ I
e & 104 120 a0 160 180 200 il

M, (C{.‘V/::o)

« Main mode of production difficult to trigger on and also to
reconstruct. Swamped by QCD dijet production.

* More promising channel is the associated production where the
gauge boson can be used as a trigger,

« Look for leptons, missing E_ and jets at trigger level.

Michele Petteni, Imperial College DIs 2002

5/8/2005 DIS2002 - WG5 Summary 15



Prospects for Higgs at the TeVatron

Higgs Boson Decay

w | * Higgs decays to bb for m < 135
ot GeV.

e« T T difficult at hadron collider.

» Above 135 GeV look for ZZ
and WW decays.

Standard Modcl
BlRilry,)

] , LB ]
il [ 2 140 (L1 [E1]) i
M, ey

» Two search strategies:

- Below 135 GeV look for associated production with 2
bjets from the Higgs decay.

— Above this limit exploit gluon fusion and reconstruct
the two gauge bosons.

Michele Petteni, Imperial College DIS 2002

5/8/2005 DIS2002 - WG5 Summary 16



Higgs at the TeVatron

SUSY Higgs Workshop

r;- 10 :nrrh:'ned CDIFID{J ll-n'asl-u:uk:lls

B :311} 5~

% |

B {? " o Workshop used parametrised MC.
2 i

B — = 2w e Jet reconstruction, lepton id

510°F . implemented at some level.

© 80 00 120 W0 B0 180 200

Higgs moss (GevV,/c?) * 5 ¢ discovery looks possible for
low mass higgs, exclusion up to
about 180 GeV with 10 fb™',

= Luminosity is critical.

e Room for improvement.

e iy
F Lo OHCVErY Coarrmaurs
gl 1 ' ' ' 1 L L ) T

o — ;
Ma (Gt o)
Michele Petteni, Imperial College DIs 2002
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Run II extrapolations

Snowmass 2001

% 95% lC'L/u;ctj?T:“{l:nu MET + bb:
Run 1 (88 pb™") In respect to run I, factor 1.4 (turn-on) x 1.3.
. (improved geometrical acceptance)
A
> ..
3 Multijets:
o in respect to runl factor 3
C o Runigzie ) effie X1 (_double b-tag efficiency)x1.3.
s*—"—"_' E HW/Z —> ob jj
Stonge et al. '\’a\f;.::);\t::;)'r. o 95% CL upper limit
10_190 100 \110 120 130 140 150 n 1(90.6 po™)

- __.—i—._—_-—.
Higgs Mass (CeV/c?)

= Assuming the same Signal to Background ratio as in RUN-
I, the cross section limit at 95 % confidence level has been
scaled as

27", effic. X 3% 1.3

— .

kﬁh—.—___ﬂ

Eﬁ/.?]/Eﬁ/.?II X ‘/(L R-I/ LR-I)

EW corr.)
> VH)

P EXCLUDED

120 130 140 150
Higgs Mass (CeV/c?)
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SUSY at LEP

N. De Filippis

LSP vs slepton limits

w8 = [83-208 GeV

Conclusions

AL Frelinimary

=m0 Selocs Mo excess was found at LEP experiments compatible with the
- TIVHLE ; : X i

':.f == ’_..-"'"q productions of SUSY particles (NGM:N“PJ

50 Stans e ‘1?

The absence of a signal is interpreted in terms of 95 °5 C L. upper

litnits on the mass of the SUSY particles in the MSSM

w== i rved

S ! We are waiting for physics beyond Standard Model
- | | from Tevatron and LHC experiments
Excladerd af 93% CL !
0 eV el ]
0 & W s W 100
M,

Micola D Filippis OIS 2002, Cracow, 30 Apnl - 4 May
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SUSY Higgs

G. Weiglemn

Effect of: mt — mt+ om, Mgysy =1 TeV — 2 TeV
LEP 88_209 Gev Pre]_i_mj_nar [S. Heinemeyer, W. Hollik, G. W. "00]

mhma"-scenario:

— M —>m,+ Gm,
oL Meusy=1TeV—>2Tev

Excluded

tanp

by LEP

Theoretically A N T (e
Dl 80 30 100 110 120 130 140
0 20 40 60 80 100 120 140
m, . (GeV{CZ) = precise knowledge of ms important!

tanp ~ 1 not excluded

mp > 91.0GeV (expected: 94.6 GeV), 95% C.L.
My > 91.9GeV (expected: 95.0 GeV)

5/8/2005 DIS2002 - WG5 Summary 20



SUSY at HERA

R-parity violating (R/,) SUSY J. Haller

But: most general theory that is supersymmetric, gauge-invariant

and renormalizable has additional term:

R‘p part of SUSY superpotential: Cascade decays

Wpg, = AijieLiLEy + )\;jkLinf)k iy f\%kffiﬁjﬁk
— I — L — B
| a(a) q
" -
% q A’!!
: | | (a) q

¢ Resonant production of single SUSY particles
o SUSY particles can decay into standard particles
(= LSP no more stable)

5/8/2005 DIS2002 - WG5 Summary 21



SUSY at HERA ( cont'd)

Exclusion limits in the phenomenological MSSM

Unconstrained (phenomenological) MSSM:

2
.-g 10 E H‘II * gaugino masses depend on MSSM soft terms : tan 3, u, M3
. i e BRand R —conserving couplingsdependon: tan 3, p, M
@ 10 | ¢ Hidata b S
o 8 # but: sfermion masses are free
a — NCDIS +
S 1} ' (with unc;_-nr)tainty) ——> | Scan in SUSY parameter space:
o g
: .--:--E ] ul T T T T T T
10 ] et 200 GeV squark i i | =7 | ZEUS Peeliminary $4.97
(arb. normal.) i : 200500
el e T by b e b b b g 0 <290
75 100 125 150 175 200 225 250 275 T\-[:'x'f];iUGe\’

M, (GeV) -

i . | tanEv=lU @'\.

n 25 T ]
"g' --- 200 GeV squark]
3 20 (arbitrary norm.) | . ;
| X -300 <1 300 GaV |
15 1V + Jets —|— > | il H:I :JUL;I!»’::E:gfﬁanfmd 2
10 b E 40 W0 IS0 20 10 10 20 2w 1w 1 20 2@
i (d) | M s (GEY) M s (G
5 Ak =
4L ¢ Limits are widely model independent
0 100 N 200 300 * masses VI up to 260 GeV excluded for /\;jl = 0.3
M, (GeV)

& HERA’s sensitivity extends beyond the indirect limits from

low &nergy experiments for ¢, ¢ {see eg.: Dreiner, hep-ph/S707435)

Johannes Haller 8 DIS 2002
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H1 gives limits in constrained models:

160

(GeV)

2140
E

120

100 (7

aof- -

20

B e

40f

SUSY at

| Resulis in Constrained MSSM Models |

common sfermion (gaugino) mass mgq (mlfg) at GUT scale

masses at EW scale given by RGE

Sfermion and gaugino sector are related

=- completely determined by : 1120, 1727 3, i, tan3, A,

minimal supergravity (MSUGRA):

In addition: radiative EW symmetry breaking (REWSB)

= || Is related to other parameters

Hi

tanf=6p<0A,=0

[ Excluded by 11 fora' =03

- for k' = a1

K
ot

NotAllawed
([ No AEWSHar
o LsP=slepton} Booi
1] A0 100 4150 200 250 300 350
m, (GeV)

« HERA sensitivity fol-
lows lsomass curve

s HERA's constraints
dependon A’

= HERA and Tevatron
complement  each
other

HERA ( cont'd)

Results in Constrained MSSM Models (cont.)

Special interest in stop production:
o 1, may bethe lightest squark

= larger partof (1m4, M1, ;2 }-plane covered
by HERA (compared to "\‘;.jl s |

tanPp=61u<0,A,=0,4", =0

%160 g TTTTT L8 Bmit, panpae;
(4]
2140 ‘n"ﬁﬂ_f_zﬂﬁ [ Hi it 325, = 03
E : —S ——— Dt i

120 . T DO limi, j=1.2 -

LOCE T
100 [Ny e

iy

m e
|t

&0 L -

20 Yot 7

20 -%4,%“‘ i
,:,qu Conrrowen S

a 50 100 150 200 250 300 350

m , (GeV)

¢ Masses N{; up to 245 GeV can beruled outfor A/,

—=> HERA competitive to LEP at intermediate m for )\"131

Limits competitive with LEP and TeVatron

5/8/2005
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SUSY at the TeVatron

. R. Stroehmer
= run I analysis are almost all
finalized

Stop pair production

. 160 —
= improved result on searches " BRif > b1 9= 100%
for gluinos and squarks ] _\
500 - 70 :I
450 CDF l ) S 60 '1
400 d "|
3350 o e 4
%ESG 30 B o o
B 200 m[:; ''''''''''' Exelinded FUEP )
150 R XKD
100 — 10°% e 70 40 9 100 116 120 1% i40 1%
Y | % ﬂlmfm{ m; (GeV)

% 100 200 300 400 500 600 Multijets + MET

M (GeVic)
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SUSY at the TeVatron

R. Stroehmer

Many new results
for RPV SUSY

i 4 75
el /et

Ty,
il A
e —
A e S |
-L_:-_r,::.-J-,fﬁ ﬁ_\ '--.‘:!...ﬂ o Moy = 20U -‘{

y [T _-_-::;:;?i'% e Hr—-—h‘k\gﬁ \\_15’_ — N

Searches for LSP decaying into ||/, = © &+

letpon + 2 jets
25
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LeptoQuarks at HERA

J. Sztuk
s - channel
(+) )
e
BRW model
ZEUS B=1/2
p < I F=2scalar LQ S'ﬁ (ew)
ZEUS (prel.) 1994-2000 ¢*p, 130pb™
1
LEP
....... ﬁ}},@
0"
) —— NC only
M <\s s-channel production ///*/7 — ccomy
M >vs s and u-channel exchange + interference
CI approximation s
PP

175 200 225 250 275 300 325 350 375 400

M, (GeV)

Both NC and CC channels considered

5/8/2005 DIS2002 - WG5 Summary
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LeptoQuarks at HERA

J. Sztuk

BRW model
SCALAR LEPTOQUARKS WITHF=D (5, ,,) Generic model
1} ' 5 VECTOR LEPTOQUARK e'd = LQ — €'X, X
won DORun — H1 Preliminary ’p

i > p/ . LEP indir. limit | 145
/- ZEUS limit ;

(e" p, Prelim.) 104
H1 direct limit i

i = (e p, Prelim.) 1os
TEVATRON lim. :

150 175 200 225 250 275 300 325 350 375 400 L

M, (GeV) .

300

5/8/2005 DIS2002 - WG5 Summary 27



Tevatron Leptoquark Limits

= Existing Tevatron LQ Searches S. Mattingly
= pp 2 gg <> LQ LQ = I*Iqq, I*vqq, vvqq

= Limits depend on type of LQ (scalar/vector, generation), LQ-g-l couplings and
B=BR(LQ > I*q)

14 Ganeration CIME Preli q;lirmr}'
. . . Sealar Leptoguarks (1L phs "}
= 1St generation LQ mass limits '
2"
i
1st Scalar Vector Vector
B Minimal Coupling Yang-Mills Coupling
Gen. (Gev/c) (Gev/c) (Gev/c)
1 225(242) 292 345
DZero 0.5 204 282 337
0 98 238 298
CDF 1 220(242) 280 330 :
0.5 202 265 310
220 240

M., (GeVic")
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Tevatron Leptoquark Limits

Vector Vector
2" Gen B ZCE\I/IaI’ Minimal Coupling Yang-Mills Coupling
(Gev/o) (GeV/c) (Gev/c)
1 200 275 325
DZero 0.5 180 260 310
0 98 238 298
1 202
CDF 0 123 171 222
, Scalar _ .Vector . Vgctor .
3rd Gen B Gev/ Minimal Coupling Yang-Mills Coupling
(Gev/c) (GeV/c) (GeV/c)
0.5 209
Dzero | 4 98 238 298
1 99 170 225
CDF 0 148 199 250
5/8/2005 DIS2002 - WG5 Summary
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C

Decay mode :
¢LQLQ —llqq
¢LQLQ —1lvqq
¢LQLQ —>vvqq

5/8/2005

E - - - 8,(23)r 2" gen)

_ _____ Qm{jm.u“,z‘"f‘ pen.}

I
¢ — 1"gen.
N\ LQ Sef - o
05 F
= :_ excluded
0.3 region
0.2 F
01 F
)
DT{I T2 74
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c c
c c
q e

. q
&
Single LQ production 2= o= il
M < s e

e q
c
- - -1LQ

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

£ DO (95% CL), all A

] OPAL (95% CL), A=V4mo.

oﬂ 25 50 75
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etp— utX

Pl =28GeV,Pf =67 GeV, P"™* = 43GeV

5/8/2005

C. Genta

No evidence found

for generation mixing LQ

ZEUS

-~

So [ZEUS (prel)94-00 ep ,
g “ A =0.3

mﬂ_ B, Sl.‘Z eql

£

3

10
M, , (GeV)

For A =0.3 M > 280-300GeV

DIS2002 - WG5 Summary

limits on Youkawa coupling/mass

1401601502.002.2.0240260280300
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P.Deglon

LED search at LEP

ete” — (Y cross-section goes as :

I

n+2
M,

Signature : S

Single photon
Missing energy

Number of extra dimensions

95% lower limits on My (TeV):| 2 3 4 5 6 7
Aleph (189-209 GeV) 1.28 | 0.97 | 0.78 | 0.66 | 0.57 | —
Delphi (181-209 GeV) 1.38| — | 084 | — |058| —
L3 (189 GeV) 1.02 | 0.81 | 0.67 | 0.58 | 0.51 | 0.45
Opal (189 GeV) 1.09 | 0.86 | 0.71 | 0.61 | 0.53 | 0.4/

5/8/2005 DI1S2002 - WG5 Summary [hep-ex[OZ@@OZQ]



Aleph + Delph1 + L3 + Opal
130 GeV — 209 GeV

95% CL lower limit : A= -1 A= +1
ete” - ete” 1.28 1.13
ete” - yy 1.14 0.95
Combined 1.39 1.13

5/8/2005 DIS2002 - WG5 Summary [hep-ex/013'3039]



LED @ TevatI‘On S.Mattingly

Searches for virtual graviton exchange

1400 T T T T
Comparison of the data with the SM predictions - D@ Run | Preliminary Results i
L 10°F lopsl = 1.0 and 1
E F 1200 {(Expected and actual limits are the scme):
-
e i DO (2000) i LEP Limits 5
0?2k Run 1, ]27pb
: =1000
Dielectrons and diphotons ] 8
F E(EM) > 45 GeV ‘_a/ 900 ¢
0 F ¢ Ml<Llorl5<m|<2.5 = E

e =,

(K = 1.34)

F e LL} o 500 |-
LLLLL

10 ? Instrumental backgroynd LL‘_\_‘_L-L\_ 400 > :'3 t'll 5' é ;
n
i .
YT e s w0 s e Direct graviton production
M(EM-EM), GeV
pp—eeX,yyX pp—gG
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LED searches at HERA

S. Schmitt

Limits on large extra dimensions

3 L] L] l'|'|lrr| L] LI | rrlrI'I L] LI | T L rll1I'I'| T L] rll'|l'|'|
= | ® HiepNCdata Gemcer : ® Hie'pHCdata S=iscev
E-E [ — W 580GeV 3=t [ — wemoevaen |
''''' M B0 Ge¥ 2==1 & 1) | s M=THGeV =1 &1 ] , :
il : : “1/] H1 limits on Mg
£ combinad Limits: = cambined Limits: V| 27 Tl
- ce W30 GV dad b e Ma830 GeV dar /= +1: 0.83 TeV

© W,sTH0 GeV a1 b e M aT90 GaV a1 Al A==1:079TeV

ZEUS limits on Mg
A=+1: 0.B1 TeV
A=-—1: 0.B2TeV

[ H1 preliminary | H1 preliminary

10° w0t

]unzieaﬁ Q" (GeV°)
A=+1: 1.13TeV A=-1: 1.39TeV LEP
A=+1: 1.1 TeV A=-1: 1.0 TeV TeVatron, DO

0
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Contac Interactions

" —
e f
Limits on Compositeness models from HERA
A ZEUS HERA | H1 preliminary
| ZEUS (prel) 94-00 &'p
o -1/A% best it value ® +1/4% bast it value A (TeV) Compositeness Limits AT (TeV)
—— allowed £1/A% range a1 95 % C.L T T T T T T T T T T T T
AT [TeV] : ; AT [TaV) LL 23 sramswsamsRnTanand 28
e vy 7.0 i —— H 6.5
e f AR B === 4 RR 23 IFEENTEENRER AR 2.8
VA | 324 : a2 | LR 1.8 ERRsEREIREARRRNAE 32
LL—-LR x1 | 40 : 27 | AL 1.9 e L] 32
LL+RL x2 | 47 e ; 4r vy 54 5.1
LL+-RR x3 | 43 _——— i 42
LRLRL x4 | 56 S co | AA 39 25
LR—FRRXE 4B A1 T 5 VA 29 LTI TTaTa T e e e ey 29
RL—RRXxs | 26 as | LL+RR| 3.7 3.8
ul | 41 = 36 | AL+LR| 4.1 4.3
uz | 58 e — i 53 U W NS TN (O Y SRS N N A N I TN SN |
us | 58 —— : 52 5 D 5
ua 6.4 i L ! 59 £A rrev)
us | &0 ! —e— : 55 : T
ue | 28 i : s LL, LR, RL, RR: stringent limits
0.1 0 0.1 from atomic
+1/A2 [TeV] Ul-U6: assume only u quark
couples

Limits of order 2 — 7TeV, depending on the model
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Contact interactions @ HERA

Sumimary and conclusions

¢ HERA i=s sensitive to physics far beyond its center-of-mas=s

energy, probing the structure of the eu and ed systems

® Explore light quarks +— complementary 1o LEP

¢ Limits on the contact interaction scale A up 4o 7TV

¢ Limits on leptoguark masses (coupling A = 1) up to L4 TV

e Limits on Squarks in f_ SUSY (coupling A = 1) up to 0.75 TeV

# Picbe quark radins dewn 4o 0.7 1077 fm

e Hule cut large extra dimensions up to scales Aes = 0.8 TV
HERA II has just stazted:

o Zollect factor of 10 more data

® Use polarized e to disentangle left and right-handed couplings

18
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P.Deglon
| Contact Interaction Limits @LEP

Aleph + Delphi + L3 + Opal 130 GeV - 209 GeV

ete” - utu o Tt ete” — bb ete” — cC
I'l - LEP preliminary bb - LEP preliminary cc - LEP preliminary
A A é g
(f  — L —
LL 938 165 E " | = A
RR 9.4 1538 a ;
VV 16.5 262 4 e L e
AA 140 21.7 [ — sl ' o e
IR 25 1D — LR —— LR Lt
RL 85 112 i RL — RL
VO 13.5 22.9 —— VO — VO —
A0 132 15.6 * A0 e o =
Sil e i |
A (TeV) A (TeV) Ts eV AT R s ey ey A AR sy

forut: A>85TeV...26.2TeV
5/8/2005 DIS2002 - WG5 Summary [LEPZFFI@q -01]



NC-like final state:
high-energy electron

o " -5 eW — egg

e e — e — eqqg

e e — ey

CC-like Tinal state:

i Tinal-state &= = }Pr

=

i B ® T — 1A —» Lrgq

e e* — W — vrqgq’

® I/ e T,

p remnant

5/8/2005 DIS2002 - WG5 Summary
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Excited Fermions at HERA

No evidence for any excited fermions

-1
~10 ¢ . T = = :
y F e* analysis | T
9 [ ——  H1 (HERA I) preliminary y ] '_"> 1  H1v limits .
é [ < ZEUS Preliminary O i :
~s~s LEP Combined (direct) i ’ 5 -
~ 5 [ « s LEP Combinzd (irlla‘?:ect) E'?,, [ f /f € [ 5 ? +5]
=L | < | .
b I E h _1 —
2 10 o p ;
[ an e E E
_3 I _‘.\.I 3
o i '; 2|
f¥ne. o f=af ] 10 } -
~5d i 1 : ]
. J ]
-4
10 e e e e T 1 L _3
100 150 200 250 300 10 L L
e* mass (GeV) 100 150 200 250
v mass (GeV)
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R': ;2

elastic yy

Elastic yy

Inelastic yy

ee ( resolved y from p)
DY (resolved y from e )

5/8/2005

- Multileptons final states at
HERA

C. Vallee

Multi-electron Event M(12)=130 GeV

elastic yy

[ A WY —

(,\!_'\I/b preliminary

E[GeV] (DCLU)

DIS2002 - WG5 Summary

42



Multileptons final states at
HERA

MASS OF THE 2 HIGHEST-P ELECTRON PAIR

H1 Preliminary Multi-electron Analysis
210 ® HiDaallsph'| = -
g 2] GRJ\:::: P 6 150 2 Lhjcrcmam =500 Ly g0
= G NeDIs 2e| = 4B .
10 +Compton ; <_
the 3 high-mass
2e —> 1 i
pairs have
0 also high P,
W= = o tai e | 0 e e ]
0 50 100 150 0 50 100 150

M,, (GeV) M, (GeV)

et || the 3 high-mass
pairs have a
bwd-fwd

i topology

5/8/2005 DIS2002 - WG5 Summary



Multileptons final states at
HERA

= Multileptons final states at HERA
= C. Vallee

SUMMARY

multi-electron production has been measured in e-p collisions
for electron P's up to ~50 GeV and electron pair masses up to ~100 GeV

good overall agreement is found with the Standard Model

6 events are seen with electron pair masses above 100 GeV

data SM
visible 2e M, > 100 GeV : 3 0.25 +£0.05
= 36 > : 3 0.23 = 0.04

!

LOOKING FORWARD TO HIGHER LUMINOSITY
AND FURTHER INVESTIGATION OF THE EXCESS

5/8/2005 DIS2002 - WG5 Summary
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TeVatron Run II status

\ Live Time Integrated Luminosity | Wed Apr 24 12:15:16 2002
= 25_ :
:
o 20 ‘:
E L = Tevatron is planning to deliver 80pb-1 by
3 15 +: the end of September (200 pb! by the
L end of 2002), but up to now ~40 pb-!
£ 1ol g delivered.
s
5 ; M.Wolter

Jul01,01 Aug3101 Oct3101 Dec3101 Mar0202 May 02,02
a
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LED at TeVatron 11 T.Pratt

ADD model and RS model limits

| [Pl S L LR B AN N T —
= | | derdM 102 < 700 GeV KK graviton | K/Mp,
2 1 Runl €DF 1 (pb/GeV) .
— il i _
?ﬁ]u?- 't..{_ -_______..'hﬁ'.ll.-'!-..- ; _____-é 10 * -
— b SR 5 U 0.5
E|E 1 r *W‘H;___F-"' Tew_ - e ] 10 —6 _ 0.3
= A2 rey
1o e _-_"._ﬁ_'!f-.'-i_: - - 02
T = 108 o e 0
00 400 600 #O0 1000 200 400 600 800 1000 1200
- M, (GeV)
M; (GeV)
~~ 77 Quantum Gravity Model for M, values
® CDF results for dimuon samples
Effective Planck Scale lower limit (95% C.L.) Compactification scales R-! (TeV)
0.9-1.5 TeV Run I £2 0.9 Run 1 at95% C.L.,
1.3-2.5 TeV Run Ila, 1.7-3.5 TeV LHC 1.2 Run II, 6.7 LHC
Range corresponds to number of extra dimensions = (hep-ph/9905311)
n=7-2. (hep-ph/9904234, hep-ph/9909218)
Tracey Pratt DIS 2002, Poland April 02
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Integrated luminosity will be
~1000 pb!

Luminosity will be shared

equally between e*p and e’p and

L and R polarizations

Some data taken at lower CMS energy
for Fand high x measurements

HERA upgrade

A.Metha

High Py Physics at HERA 2

® eTpNC + CC Cross sections

® ¢ pNC + CC Cross sections

® Longitudinally Polarised e measurements
e |1/ production

e Z° and [T]™ production

¢ High Pr jet production

e CC with

e CC with dijets

® Heavy Flavour at high (*

5/8/2005 DIS2002 - WG5 Summary 47



et p NC Cross sections

= 500 pb_1 needed to make significant

improvements
[~ FO -5lar @ -Rcols  © «muc
107 « 500 pb”’'
qof | =TT (+40000) oeoom Ctreemesmen e

B T T —

102 b a2 eaon T — v

10 b oo fam
R

Am DA (7] T ——
-1 e

Em T (a7.8) Jh“!h-.._hh_
10} ~

— MRSH Rk e

-

10! 1 10 1w gt gt
Q% IGev?)
e 2 — 10% u quark precision up 1o r = 0.65

e 10% error for cross section
@2 = 20000 GeV?>

e 5o discovery for deviations DATA/SM > 1.5

5/8/2005

HERA upgrade

Polarised eip CC Cross sections

1D —
o
&
P
-
§, m
i & &p DafaiPretim 16 pb
HQ — £p I =AM GeY
B 'é & £pELBIC)
w
= e=320Ce v (S0pb)
o e
>
® &"pOata i bt x//
— " SN 5300 GiEY A
o a E"pERLRIC)
m3o0Gey (50pbt |
¥
3
o
g
o 2 LY
// S
i | \
P01 .05 .08 04 02 0 0 04 06 05 1

& Look for right handed charge currents
® Any deviation from straight line = New Physics!
{no QCD or EW fits/parameters needed)

® Measurement can already be made with modest

luminosity

DIS2002 - WG5 Summary
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HERA upgrade

Leptoquarks

Future Sensitivity on Scalar Leptoquarks
1 T T T

o i
[ 1] H
0.9 H ]
i f
E 0.8 TEVATROHN : 1 .
4 in
= a7 L=15fb in 1
2 H él.
=ﬂ 0.6 § ::'m E
n :
[+ R g i g E
2 fu
= o E
= H ;
E 03 -
— k=025
o R ed-10
f = k=1p8
24 eu-LG
100 150 200 250 300 350

¢ HERA will continue to have best limits,
especially at low branching ratios

5/8/2005

Searches at HERA2- Summary
model beam best polarization
charge let right
right handed e - Ep — VR
cuments (CC) - (Wgr)
sUSY et ef —
H & Violating T._E,L,E'L,i:[,
BT e =
dr. R, bR
anomalous top | et | tL m
F=1 et 51/2.V0
Leptoquarks EI — ? EE = q
55,
F=" o So Vi
Leptoquarks ey —* Si: g — Sf
E "-'1 /2
Caontact Interaction et various
| Quark Radius | eﬂ: | any
| Large Extra Dimens. | eﬂ: | any
Excited Fermions et ey = fh E; — fi
Excited Neutrinos g er — Vg
eetpore p Lor R? = We needitall

27
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Polarisation in electron rings'

1/2 spin particle in a homogeneous magnetic field

— 2 stable states:
S+ B
St B

U
wo)

e

Sokolov-Ternov (1964): spin-lip synchrotron radiation.

® Equilibrium polarisation:
Wi — Wi

Pgr =
Wi+ Wi

= 92.4%

Polarization at HERA

E. Gianfelice

Spin kinematics

Polarisation (if any ) builds up in the vertical direction,
but polarisation along the particle motion direction is of
interest for physics. Thomas-BMT equation (1959):

2§ (Ax8 ion)
e recession
i :

spin tune =

# of precessions / turn = @ X -y

G=-L[(a+1)B
Mgy g 4
- Tlﬁ B — (a+ l)ﬁxﬁ]

a=(g—2)/2~0.00116

5/8/2005 DIS2002 - WG5 Summary 50



Polarization at HERA

| Polarisation at HERA '

eT beam longitudinal polarisation has been an integral part of the HERA
design. The spins are rotated into the longitudinal direction by an interleaved
sequence of vertical and horizontal bends (Buon-Steffen, 1985).

i .. |

A PN prers e

.

207nm

B Er BT BFE R, BHOS  HHOZ

== BE. D8 '-L' 96.01 G-

e HERA proved the possibility of getting longitudinal

polarisation in a high energy electron ring.

e High longitudinal beam polarisation was routinely

delivered to HERMES
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Polarization measurements
J.Boehme

Charged currents Neutral currents

x—section polarisation dependent
due to Z° exchange and
70 —y—interference

Charged current cross—section depends
linearly polarisation:

» electrons: Gc (P) = (1-P) 6 (0)

» positrons: G (P) = (1+P) 6 (0)

=>vector & axialvector couplings
of Z9 to u and d quarks:

=> precise knowledge of polarisation as
important as of luminosity!
In order to... » ~250 pb~! for each lepton

1 3 = ¢ L
. . charge & polarisation sign
* test SM cross—section, : e =

. L-':'."{EE‘-'J;:'("!i.h\- to i-.*—..- ox t L "‘EI!'- I'!'-.i- l.-!i-_-'l._' W ]Eil.' E 1.'
» search for right—handed charged currents e P>0.5 allows E_‘.-g"ch_"i:'-_;c

extraction of v, v4

... we need OP/P < 1%, otherwise
* ; i o ] 2
dominant syst. error at high Q2!

...highly sensitive to systematic
polarisation deviations!
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5/8/2005

Compton Scattering

» Kinematics described by 2 variables:
» polarangle ® <=> E, (photon energy)
* azimutal angle ¢ =>y (vert. coordinate)

» S1, S3: lin. & circ. laser polarisation

. transv. & long. e polarisation

g~ Zo®* S Zi(E) 002 + S5 (PyZpy(B) sind + P, Zpy(B))

» LPOL: needs only energy dependence

*» TPOL: needs energy and vy, i.e. full 2D cross section

DIS2002 - WG5 Summary
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s [dea: fit double differential x—section
=> no assumptions about:

calibration, nment, res

RIGHT+LEFT

8 10 12 14 16 18

E'I‘ f GeV

analysis not final yet
2 4 6 8 1012 1416 18 * no final systematic error yet

E'l‘ f eV

Polarisation Measurernent (@ HERA 11— 12 Jenny Bihme, DIS 2002, 05/02/02

5/8/2005 DIS2002 - WG5 Summary
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5/8/2005

Polarization measurements (cont’d)

Summary & Outlook

» Longitudinal Polarimeter:

> down to < 1%

The POL2000 group and the HERA experiments
are looking forward to taking
new data with polarised lepton beam!

DIS2002 - WG5 Summary
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G. Wrochna

LHC Status

+ LHC magnets in production
« Exp. caverns well advanced

« Detector pre-assembly
on surface going on

« Detector elements in mass
production

« First detector elements
(some muon chambers,
calorimeter modules)
delivered to CERN

[ HC schedule

+ First beam circulating

April 2007

« First pp collisions

June 2007
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The LHC mythology

6 stories about LHC physics

Odyssey = exotics Sphinx - new physics Olympus = extra dimensions

e ook
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Higgs at LHC

tngM — ITvqggbbbb
mpo = 115 GeV/c?

r-': [ LA I S ) N B B B N B B B | | i B e i e i i i 1 ¢ Dl’_] < 17 < 130 (‘;plx.’/{,,.z:
:>. 5 __ ~ -! __ T ao
& 2L CMS L,,=30fb ] Nous = 38
= | 18 1  DNiego — 3
=20 + ] N = 23
5 I gen. my;: 115 GeV/e” A‘_ﬂ 37 (’
5 | o T3 Npe = b2
15 const. : 13.63 £3.76 ]
- . mean : [10.3£4.14
i \ sigma: 14.32+3.70 ] = results (stat.):
10 T SiB=13%
"3 xﬂ = 2.3
L _ Ay /iy = 13%
0 I TS ST o Y SUTRRY U SRV SO P T, S O S S ] | L : “'L I My = J" ?\.r .ll-

0 50 100 150 200 2Sd _300
m,, . (i+j) [GeV/c?]

mwv
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The future: Linear Collider

K. Desch

|What is so special about a Linear Collider?l

1. Precision measurement of top quark properties

clean well defined initial state kinematics

; = T2 ® mass and width — threshold scan:
electro-weakly interacting initial state

large S/B for possible signals

05

o (pb)

tiny beam spot — flavour tag

flexible tunable beam energy 90 — ~ 1000 GeV i
beam polarisation .

0y =

runnning options (Y, e7vy,e~ e~ ) — M. Krawczyk’s talk

precise high luminosity (several 100 fb_lfyear) 01

excellent detector resolution (focus on physics, not on survival)

1 1 1
346 348 350 sz 354

precise theory predictions (backgrounds,signals at loop level) LA

[Atrtiop ~ T00MeV || AT g/ Toap ~ 0.05

for 100 fb~* around threshold
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i

The "holy grail”:

@ tiny cross section

— need highest luminosity

@ multi-jet reconstruction
— energy flow calorimeter

o use angular distributions

for best sensitivity

for 1000 fb—1 at 500 GeV

K Deosch

5/8/2005

Events

Physics ata Linsar Collider . DI S02 Krakow, 02/061 2002

60% Jet-Energy-Resolution  30% Jet-Energy-Resolution

12
=
]
=
5
4
3
2
1
e 0
0 20 40 60 &0 100 0 20 40 B0 80 100
Dist Dist
Miihlleitner, Gay, Lutz
TESLA TDR

03 T T T
[ SM Dauble Higgs-strahlung: ¢ & — ZHH
o [fb]

0 2 1 L
100 120 140 a0 1i°..0

MyGeV
Page 12

Linear Collid

er

cross section ()

|Higgs Bosons: Spin and CPI

Spin from threshold scan
10 fb—L/point:
D.J.Miller,W.Lohmann

TESLZA TDR
154
10
5_
0 S
210 220 230 240 250

T (GeV)
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FP.Derwent, A.Para
LC Resource Book

(b)

o+ "

\

0™ hypathasls
L]
1

0.4

0.8 3 G 1.6 i

chisquared/df
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Linear Collider

| CP Violation I

SUSY mass parameters may be complex =~ CP-violationg phases:

p = |ulein, My = | My

Triple Gauge Couplings I Phases affect various observables:

o(X1x3): BR(X — xlete ), myp etc.

-2 - . .
0o e _\, U 2 5 Isocontours in complex M7 plane: Production threshold for xgx? production:
F T F ks § W
E af ] G.Moortgat-Pick,KD
: 10 E 1 £ : r . § N
H E frem BB @ 2 ; o £ M= 1000 Gey Amiyz) =30 MEY Agy, =20 = L Ny
i o M ; = [ M=1932GeV b = ISR and b kbl _m.
8 10 e 10 3 ) § 2 E 1.7 GeV Am{zl) =50 MeV E and beamstrahlung Ay =
: : " w =k o, =m0
sl sl LT ns |
0 Luc LC LC LC 0 Luc LC Lc 1LC - E E
Um0 0 15w . 500 1000 1508 TGC’s are a universal s | e ;
E E  Hm=2
precision probe W E aa B £
2 2 E F
0 e 10 2 E E
; K’. ; }"Z for new phy5|cs -15 :— 1 :— um:ln'
5 b F F F Gy ="
ERTNS L Strong EWSB Scale Sensitivity: e e
- ; Lk o
i o ap =0 | 80%+0% | 80%+60% TF o
g 1w = F s F
=k ; Az 54TeV | 8.8Tev am b E
_57 -57 A; 82 TeV 10.7 TeV -I”.III”'.!””.sln””.lz‘l”III|””}Is”Ilslnlllll';ls""u!m”l 0 '...1?“”.:”5 ”.‘”.;;.;”.x!“...;a;;...}L...;!IT;”.“IN.
L 1 3 = : Lt : : ; 5 Re(M,) (GeV) Er (GeV)
LHC LC LC LC LHC Lc LC 1 1 M
S0 1000 1500 S00 1000 1S \/E — 500 GeV, 500 fb—L
(see alzo Barger et al,hep-ph/0101106,LC Rescuce Book)
K Desch Physics at a Linear Collider . DISO2 Hrakow, D2/062002  Page 30 K Desch Physics at a Linsar Collider , DIS02 Krakow, 02/05/2002 Page 19
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Gamma-Gamma option at LC

M.Krawczyk

& & beams with I\':-I= 210Ge Y

- F

% 00 [m=120 GeV T
- FoaW = o B d:

bosf Ly (W, oW o= B =

5 E l"l"'l':ﬂ.'nrin: BOGeV .

E 100

=

I
=

A photon collider based on laser

beams back-scattered from high energy
electrons offers a unique opportunity

to study resonant production of the
Higgs boson in the process yy - H

=
=

20 1 110 1x: 130 140 150
Recomstructed imariant mess GV

[ Process | Number of events | Efficiency |
v =+ h® = bb Te63 40.3%
o8 b
J.=0 412 B.9%
5L =32 4690 52%
oY =k O
J=0 37 0.5%
S =2 4493 0.3%
A[F(h— yvy)BR(h — b N,
[F(h BR8] VWaw oo

[CCh =+ y7)BR(h —» b)) Nobs — Nakga

Without higher-order corrections.
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Physics beyond the TeV scale...

= S, Chivukula, Z.Lalak

~ ™
Black Hole Factories™?
Semiclassical Limit, By, =~ (few)M: _
P Black holes production (LHC)
. through extra dimensions ( n=6)
il R Mgy > 5 TeV -> 1BH/sec
P N S Mgy > 10 TeV -> 3BH/day
e | o
— W= Signatures :
4
H | N 10% hard leptons
Fd ¥ X,
2% hard protons
\_“Gidnir@:rbd'nmnth-?-?h 01082154 Dimepanlos and Landsbers hes-oh 0105295 __)
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Conclusions

= It has been a very interesting session
= we thank all our speakers

= and we look forward to new data from HERA2 and
the Teavtron!
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