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Parameters of the MSSM

SUSY-conserving sector

. 92, 93 i

SUSY-breaking sector
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Unconstrained Low-Energy
SUSY is not Viable

• No conservation of lepton numbers Le, LM and LT

• Unsuppressed flavor-changing neutral-currents

• New sources of CP-violation in conflict with experimental

constraints

The MSSM is a phenomenologically viable theory only in

tiny "exceptional" regions of the full parameter space. That

is, there needs to be many a priori unexplained small (soft-

SUSY-breaking) parameters in the model.

In the bottom-up approach, one attempts to assess the

viable parameter regimes and deduce implications for the

fundamental theory of SUSY-breaking.

In the top-down approach, one looks for simple theories

of SUSY-breaking that yield acceptable low-energy SUSY

parameters.
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Electroweak Symmetry Breaking and

Low-Energy Supersymmetry

The Minimal Supersymmetric Standard Model (MSSM)

• Add a second complex Higgs doublet

• Add corresponding super-partners and allow for all possible

supersymmetric interactions (consistent with B and L)

• Add supersymmetry-breaking (subject to experimental

limits on super-partner masses)

Electroweak symmetry breaking is radiatively generated.

t 2 3 4 5 8 7 8 9 10 11 12 13 14 15 16 17
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Constraining SUSY—Top-down

Models of SUSY-Breaking

Gravity-mediated SUSY-breaking

• SUSY-breaking effects mediated by Planck-scale physics

• The minimal model (mSUGRA) assumes a universal scalar

mass, mo, a universal gaugino mass, m i / 2 , and a universal

.A-parameter, AQ at the Planck scale. In addition, the

parameters /i and B can be traded in for the Higgs vevs,

Vd and vu, with a two-fold ambiguity in sign(/i). The W

mass fixes v\ + v\ = (246 GeV)2, while tan/3 = vu/vd

remains a free parameter.

• Use RGEs to predict the MSSM spectrum. In particular,

Ms = {gl/9l)M2 , Mi = (5^2l/3^)M2 ~ 0.5M2

^3/2 ~ 1 TeV; ^3/2 is irrelevant for phenomenology.

17



Anomaly-mediated SUSY-breaking (AMSB)

e**JL

A model-independent contribution to super-partner

masses (and ^4-terms) arises from the super-conformal

anomaly of supergravity.

If tree-level gaugino masses are absent, then

Mi

where bi are the coefficients of the MSSM gauge beta-

functions: (&i, 62,63) = (33/5,1,-3) .

Gauge-mediated SUSY-breaking (GMSB)

SUSY-breaking effects mediated by gauge forces

generated at intermediate-scales (between mz and

^3/2 ~ 1 eV-1 keV with phenomenological consequences

18
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Science Times
TUESDAY, JANUARY 5, 1993

315 Physicists
Report Failure
In Search for
Supersymmetry
The negative result illustrates
the risks of Big Science, and its
often sparse pickings.

By MALCOLM W. BROWNE

Three hundred and fifteen physicists worked on the
experiment.

Their apparatus ineluded-the Tevatron, the world's
most powerful particle accelerator, as well as a $65
million detector weighing as much as a warship, an
advanced new computing system and a host of other
innovative gadgets.

But despite this arsenal of brains and technological
brawn assembled at the Fermilab accelerator laborato-
ry, the participants have failed to find their quarry, a
disagreeable reminder that as science gets harder, even
Herculean efforts do not guarantee success.

In trying to ferret out ever deeper layers of nature's
secrets, scientists are being forced to accept a markedly
slower pace of discovery in many fields of research, and
the consequent rising cost of experiments has prompted
public and political-criticism.

To some, the elaborate trappings and null result of
the latest Fermilab experiment (seem to typify both.the
lofty goals and the staggering difficulties of "Big Sci-
ence," a term coined in 1961 by fr. Alvm M. Wemberg of
Oak Ridge National Laboratory. Some regard such fail-
ures as proof that high-energy physics, one of the biggest
avenues of big science, is fast approaching a dead end.

Others call the latest expcnmeM a ttsafaMhough-
inconclusive, step toward gauging the ultimate basis of
material existence. The difficulty of science is increasing

Defenders see the experiment as
useful though not decisive in
gauging the nature of matter.
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OPAL
^ . 4 0 0

g 350

400

130 200

F I G U R E 22. Exckusion regkaas at 95% C.L. in the (M2,/i) plane with ro0 > 500 GeV for (a) tan/3 = 1.5 and for
(b) tan/3 = 35. Exclusion regions vaBd for all mo for (c) tan/3 = 1.5 and for (d) tan/3 = 35. The speckled areas
show the LEPl excluded regions and the dark shaded areas show the additional exclusion region using the data from
-^s = 181-184 GeV. The kiae»aitkal boundaries for xtxT production are shown by the dashed curves. The light shaded
region in (a) extending beyond the kinematical boundary of the XiX~ production is obtained due to the interpretation
of the results from the direct neutrauno searches. The light shaded regions elsewhere sfeiow the additional exclusion
regions due to direct neutralino searches and other OPAL search results (see [6]).

OPAL

F I G U R E 23. The 95% C.L. mass limit on (a) the lightest neutralino \° and (b) the second-lightest neutralino £2 as
a function of tan/3 for mo > 500 GeV. The mass limit on V2 ' s f° r *he additional requirement of m^o — m^o > 10 GeV.
The exclusion region for mo > 500 GeV is shown by the light shaded area and the excluded region valid for all mo
values by the dark shaded area.

30



Lc

BNL

= IUS1

1/ Lf f 41-0,SL K /o - / o

re&*Ue. ?Js

. k er

31



/ • \

I/& dKK

aA§ fno

x=
\ l \

= - * \

A

r/

32



4 '. pz: O

so is re<J.

TUs,

Y prefep

33



Qur o

v{f keif ih mrij

of

a

< |

U)

(it)

f e*

We nouj -hJe a. bne-P

of *fU

of

iss /a

as

of

k
f

rs

-for

34



Higgs Searches at Future Colliders

At e+e- Colliders (LEP2 and NLC)

Zh°, ZH°

e+e~

At the upgraded Tevatron

qq -> Vh°, VH°

where V = W or Z decays leptonically and h°, H° —> bb

gg ->

At the LHC

gg

search strategies depend on region of m^-tan/3 plane
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CO.
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LEP 88-209 GeV Preliminar

Theoretically
Inaccessible

10

LEP 88-209 GeV Preliminary

20 40 60 80 100 120 140
m. (GeV/c2)

100 200 300 400 500
mA (GeV/c2)

Present status of the LEP Higgs Search [95% CL limits]

• Standard Model Higgs boson: TRH > 113.5 GeV

• Charged Higgs boson: mH± > 78.5 GeV

• MSSM Higgs: mh > 91.0 GeV; mA > 91.9 GeV

At large tan/3; supersymmetric radiative corrections can also

have a significant impact on the Higgs branching ratios.

Example: the dominant decay mode h —» bb is suppressed m

some regions of MSSM Higgs parameter space.
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combined CDF/DO thresholds

95% CL limit
3a evidence
5a discovery

100 120 140 160 180

Higgs mass (GeV/c2)

30 fb- i

•10 fb- i

2 fb"

200

The integrated luminosity required per experiment, to either exclude a SM Higgs at 95% CL or discover

it at the 3<r or 5cr level, as a function of the Higgs mass. These results are based on the combined

statistical power of both experiments. The curves shown are obtained by combining the ivbb, vvbb

and £~*£~bb channels using the neural network selection in the low-mass Higgs region (below 130 GeV)

and the in the high-mass Higgs region (above 130 GeV). The lower edge of the bands is the calculated

threshold; the bands extend upward from these nominal thresholds by 30% as an indication of the

uncertainties in fr-tagging efficiency, background rate, mass resolution, and other effects. v

ife.
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95% CL Exclusion, Maximal Mixing Scenario

100 150 200 250 300 350 400
MA (GeV)

5<J Discovery, Maximal Mixing Scenario

WKk 20 fb*1 • • 30 fb'1

150 200 250 300
MA (GeV)

350 400

M.C&cena
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95% CL Exclusion, n=-A=1.5 TeV Scenario

100 150 200 250 300 350
MA (GeV)

400

5c Discovery, }x=-A= 1.5 TeV Scenario

100 150 200 250 300 350 400
MA (GeV)
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Significance contours for SUSY Higgses

Regions of the MSSM parameter space (mA, tgp)
explorable through various SUSY Higgs channels

> 5a significance contours
two-loop / RGE-improved radiative corrections
mtop = 1 75 GeV, mSUsY = "»TeV
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liscovery contours of various MSSM Higgs signals from the CMS experiment
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Figure 8: Regions of the parameter space (MA — tan/?) covered by the 5cr
discovery contours of various MSSM Higgs signals from the combined ATLAS
-f- CMS experiments after 3 years of high luminosity run of LHC [17].
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Implications for the MSSM Higgs sector [Carena, Haber,

Log.::Ji, and Mrenna]

Contours of <5BR = [BRMSSM - B R S M ] / B R S M in the

tan/3 plane for different MSSM parameter scenarios.

50
No Mixing

8BR
b .03-.06
W.08-.16
J.08-.16

Maximal Mixing

0.2 0.4 0.6 0.8
i=-A=1.2 TeV, Mg=.5 TeV

MA (TeV)
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igure 3: Total cross sections for various sparticle production processes by pp collisions at
/£ = 2 TeV.
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Signal
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Estimates of the discovery reach of various options of future hadron colliders. The signals have mainly

been computed for negative values of //. [from H. Baer, H. Murayama and X. Tata, in Electroweak

Symmetry Breaking and New Physics at the Te V Scale]
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