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Theoretical "merits* of SUSY:

um

• SUSY cLlgebta Is only non-trivial extension
of space-time symmetry In relcctivlstlc
quantum field theory

• Local SUSY^ supergretvlty
(hope for a finite ihmrsf®f qmwt

• Superstrlngs (+) fermlons

SUSY helowMPUinck

theorems

From these follow the specific motivations
for weak-scale SUSY

Super symmetric extension of

Standard Model.

Eliminates quadratic divergencies
of scalar Hic/qs Heidi.

Mass of an elementary sccLLar field would

* be

SUSY is, the beStwtty we know thout render

even MH;99S «H w e i l k
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5USV =̂ ? CoLnceLLation cf quadratic divergence

t g ^ ^ t f o «ev) ^ h ^ 9 S <O ft,r o

states
of SU(2)xU(t) I

derived' consequence of SO SY breaking

L%,perlmer)tai hint; gauge coupling unification

Extra, bonus: good candidate for cold dark

(.lightest SUSY pcLriicle. L$Pis stable If
R? Is conserved )

Mew 0" complex eoupll



SUSV can solve hierarchy prohlem
a.n©l co.n stabilize Mlggs mctss

If Nature Is SUSY €ut weak scaie,

LriCtlJevcutroniupQrasctectjjwill detect
SUSY (*.nd H^g^s) particles

At LHC: £U$Yparameter determination
only within spe^cbftc models will bs>
possible.

At an e*e~ linear Collider with

71^ 500GeV-l5TeV
detection of SUSY particles
precision defermina^tian of the
pet ret meters will he possible.

3 r

be light.

L5P =T̂  dark master
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At tree levei fcw/o free pctr«.meters:

i

VVe t a t e m. ;«dBpen<lerti: of ^ 0 etc, not restricted

1-lcop rad. corr. In Hlqqs sector
are Importanhj (Am «̂, « ^
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SUU)*U(1) breaking:

Works i f
Top ametrk Loop:
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Spectftc mechanism for Hlgqs
in hadronlc reactions
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MSSM Higqs Search
at LHC

fet-»bH+, W

Wh/tth, h-»TK
,h-»bb

LEP 2000

50 100 150 200 250 300 350 400 450 500

(GeV)

In MSSM: 5

Neutra.1

states.

pseudosc«l<tr-, CP-



Basic principle of MSSM particle searches:

conserved

SUSY particles produced in pairs

Lightest SUSY particle is stable and

only weakhj interacting (like neutrino)

A SliSY parttcte decays into LSP and
ICnown pctrKeies (maybe £^ cascade

Signal for £U SY : Events with

missing energy -momentum catrled
bhe invisible LSR

Machines:

e+e-: LEP, SLC.e+t-LC (NLC^LC, CLICJESU)

pp: Tevatron p-p / IHC , Elotsairron, VLHC
e-p; HERA7 LEP/LHC

Strategy:

.for£xc£££mc£_eyenit$ . for characteristic
fiti€il states (cempcLred to Sli prediction)
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USX oi hadron colliders

p-p : I evatron, W-lieV (CERN S

C,

H [ ^ j t f L
larqest" cross sections of <xll

SUSY pcurtlcles ' Barnsii ei al., Zccer b

Glut no cf; squarks dfj &eccx,\f Into
charq i,r)os ^f €Knd neatra.llf)05

(LSP) IS rectche

Also assoaated production

PP-* 9
*1r

L

be detectable cut LHC If
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Signatures of ff q pccirs :

(LSP)

\etsf large

jets, W±'$/ Z°'5 Hisses} reduced

\ v -
leptons (isolated)
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Signatures of q q

t large pT

jets.W 's Z*s.HLggs^s reducedpT I
r *
teptons (isolated)
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Run *]&\ Peak Luminosity ~ 2* I
iSmonihs =^ WDph~1

Main Injector; £*> \tf%cm'1 $-\ Uun"T';

CDF D<t> • proposal upgrades carried out

Ideas how to bridge time between LBPandLHC:

r) I-Stretch'" ^ 10ffa"1 2

? Increm#ntat CDF ami D^ upgrades?-

mass recuch expected:

18
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Production Xseciions in pp:

* 1D 5-^ . -7

~ 500 GeV: &** SO pb

Summed, over flavours

U

Resu its depend on <bet*U8,Uke

structure functions etc

Gev: * ~ ISpb ^^ 10£
 e

Strong dependence en s ocnoi m» «.
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SUSY production LHC
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M first Indication for SUSY
In events with jets +
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Indirect SUSY Searches

Contribution s of virtual SUSY particle

to precisely measured ofeservabUs

b in

\

2x10"* < 8R(b-»Sf) < 4.5

g-2 of .miAOn: recently measured BNL

(exp) =
= 11 85 (<&)*• tO" f 1

Eleclrrtc Dcp^e Mo went of e And.
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Constraints from relic j(°«dtenstfry [WHAP]

on mSUGRA p(xrcx.meters
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Constraints from relic o{
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dimensions

MooLej prototype

, Q.K.dvoullN- Arkctdl- Hcumed, S.

ity acts intf+S dLlmensionOsl btdk

ifii — extra, dlmenzlbns/

with &, RitcUas

SM fields restricted to h~&lm> brccne

Mewton's

4ffb • * *

*
19

In /f-dlm space-time: PUnck ma,$s M?r
1>2*10

mass Mo

no ierarchy problem
32



More precisely. =

3 nm

We could have MD^ITeV for £<>Z.

Expect dBvla,tlons from Newton's La,w
s*na,Ll r. For r ^ 1wm experlmenta,liy not
tested.

^s strong force In h+S di
on tine b rane Its effect Is dllute,<L hy

of hhe bulk.

Compactl'ficcdtlon
of ^ra,\>i
^iccited in the.

Other models:

q^ dLtmen$l®ns (P£D);
a n d SM f^eloLs in the

W also

model:
hdS with two branes a,n& scalar fhltLIn balk

:*f gravity on "Plctnck
Strength of gravity onTeVbrane redM.ce4_
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4.2 Extra Dimensions 111-93
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Figure 4.2.1: Total cross sections for e+e~ —* 7G â  y/s — 800 GeV as a function of
the scale M& for different numbers S of extra dimensions. These signal cross-sections
take into account 80% electron and 60% positron polarisation [14]. The three horizontal
lines indicate the background cross-sections from e+e~ —> z/1/7 for both beams polarised
(solid), only electron beam polarisation (dashed) and no polarisation (dot-dashed). Signal
cross-sections are reduced by a factor of I.48 for the latter two scenarios.
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Figure 4.2.2: Determining 8 from anomalous single photon cross-section measurements at
\/s = 500 Ge V and 800 Ge V. The sensitivity shown corresponds to integrated luminosities
of 500fb'1 at y/s = 500 GeV and 1 ab~l at y/s = 800 GeV with 80% electron and 60%
positron polarisation with a cross-section at 500 GeV equivalent to Mp = 5 TeV if 8 = 2.
The points with error bars show the measurements one could expect. The smooth curves
show the cross-section dependence on y/s for the central value of the 500 Ge V cross-section
measurement under the hypotheses of 8 — 2,3,4,5 and 6. The vertical lines adjacent to
the 800 GeV measurements indicate the range that would be consistent within ±l(j with
the 500 Ge V measurement.



-S(A,r\&ru,rr\ model
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.6 4
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Figure 4.2.5: The cross section for e+e~~ —» n+fjT including the exchange of a KK tower
of gravitons with m* = 600 GeV. From top to bottom the curves correspond to k/Mpi —-
1.0,0.7,0.5,0.3,0.2 and 0.1.
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Two classes of

(i) Emission of r®
plus I6K modes

Modification of SH
by exchange of vi

KK modLss

LHC f

5.1 TeV,
i

KKstoutes
seen in detector c

DetcuUed. analyses of M ? 4 4 r distribution
to dir t^utsfc E^«ss 5 ^ a ^ r e frOr S y s y
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There are good, pro
that we will find tn
new results I

3?
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