I the

united nations

educational, scientific a bd us s a I a m

rgiason international centre for theoretical physics

N,
&)

international atomic
energy agency

SMR.1317 - 12

SUMMER SCHOOL ON PARTICLE PHYSICS

18 June - 6 July 2001

PHENOMENOLOGY OF SUPERSYMMETRY

Lecture V

H. HABER
Department of Physics
University of California at Santa Cruz
Santa Cruz, CA 95064, USA

Please note: These are preliminary notes intended for internal distribution only.

strada costiera, | | - 34014 trieste italy - tel. +39 04022401 | | fax +39 040224163 - sci_info@ictp.trieste.it - www.ictp.trieste.it






VIII (oﬂ/sﬁ'ﬂﬁmx/mé ,77¥E MS’-T/‘?

7_'(2— M gglw paravre fea goun ﬁ Subte,, V’;“°f°°[°s

In 1l pre vious boc ue, we. cons b tod 46 W/ RY

But to ampliy 45 prasentrtron, Haver degrees of
freedom wee Sypressesd

”.({ % MSSH, (;N}% Hace Wﬂﬁ;’k\f of ZVM.éJ and

@/?«LV‘L«(; [Wa#w&&.ﬂr: 4,4,4: 112,3]

Q, — QD 12 subscacpd indiceter whek r“f‘/-.w |
Q —_ f:/\ ﬁ”“"swﬁééa/cauféu £ A// “'d/Z .
2 v

m5= Bu e B-term”

@nw,[z'w; He :F;#od ~-T)s X 7!e’m_

Since e MSSM Fouge grovp omfacns a UC1) 146"‘0’“, 1 could InfroOkcs.
o aSociated Fayet -Tliopovtss term fand parameten 87 T choose

fo ot 1Zr 7erm . Prefwnaé/y/ I doer not arise «p’ SU(3)xsUl2)x UL
«s e breken Sué/mup Ob/ Semme non-abel.an fvzual (/4}74@/ Jroup.

Tlee erlstE & by ~f%armw&éﬂé% 1 7em At Pdes 26t o T-7 A é
Hew by 2 320 of free Byel, oFf remacs 2610 fo W orders en
jpertor bation 1 »47. (Conversed, f Tr 7T4F0, flee 1s ally one

Foror mabiastion ot de-lop orden. Bt it s quadruhiolly dversent ()



l Parameters of the MSSM |
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Unconstrained Low-Energy
SUSY is not Viable

e No conservation of lepton numbers L., L, and L
e Unsuppressed flavor-changing neutral-currents

e 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) |

e Add a second complex Higgs doublet

e Add corresponding su’per‘—partners and allow for all possible
supersymmetric interactions (consistent with B and L)

e Add supersymmetry-breaking (subject to experimental
limits on super-partner masses)

Electroweak symmetry breaking is radiatively generated.

700 ETTTT T T T T T T T T R T T T T T T Ty

. Running Mass (GeV)

Eeis [SURVY FURTI PRI SWUTE INETE FRUTY FROTE IRUTITUOT:
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log,,Q (GeV)
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| Constraining SUSY———Top-downA I

Models of SUSY-Breaking

Gravity-mediated SUSY-breaking

e SUSY-breaking effects mediated by Planck-scale physics

e The minimal model (mMSUGRA) assumes a universal scalar
mass, myo, a universal gaugino mass, m; /o, and a universal
A-parameter, Ay at the Planck scale. In addition, the
parameters 1 and B can be traded in for the Higgs vevs,
vg and v,, with a two-fold ambiguity in sign(u). The W
mass fixes v2 + v2 = (246 GeV)?, while tan 8 = v, /vy

remains a free parameter.
e Use RGEs to predict the MSSM spectrum. In particular,

Ms = (g5/95)Mz2, My = (5g;4/395)M; ~ 0.5M,

e my/y ~ 1 TeV; gs/2 is irrelevant for phenomenology.
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Anomaly-mediated SUSY-breaking (AMSB)

Randall amd Sunderom
Givdice , Luty, Murayame and Rattazec

e A model-independent contribution to super-partner
masses (and A-terms) arises from the super-conformal
anomaly of supergravity.

o If tree-level gaugino masses are absent, then

where b; are the coefficients of the MSSM gauge beta-
functions: (by,bq,b3) = (33/5,1, —3).

Gaugé—rﬁediated SUSY-breaking (GMSB)

Duie, Nelsen Mcl Shirman

e SUSY-breaking effects mediated by gauge forces
generated at intermediate-scales (between mz and Mpy,)

e mgz/2 ~ 1eV-1 keV with phenomenological consequences

18
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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 included-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 gadpgets.

But despite this arsenal of brains and technological
brawn assembiled 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 trap and null result of
the latest Fermilab experiment iseem to typify both.the
lofty goals and the staggering difficulties of *“Big Sci-
ence,” a term coined in 1961 by Dr. Alvin 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-jatest-experiment-a-
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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FIGURE 22. Exclusion regions at 95% C.L. in the (M ,u) plane with mo > 500 GeV for (a) tan8 = 1.5 and for
(b) tan 3 = 35. Exclusion regioms valid for all mo for (c) tanB8 = 1.5 and for (d) tan8 = 35. The speckled areas
show the LEP1 excluded regions and the dark shaded areas show the additional exclusion region using the data from
/s = 181-184 GeV. The kinematical boundaries for ¥7 ¥ production are shown by the dashed curves. The light shaded
region in (a) extending beyond the kinematical boundary of the ¥ ¥ production is obtained due to the interpretation
of the results from the direct neutralino searches. The light shaded regions elsewhere show the additional exclusion
regions due to direct neutralino searches and other OPAL search results (see [6]).
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FIGURE 23. The 95% C.L. mass limit on (a} the hghtest neutrahno %1 and (b) the second-lightest neutralino §3 as
a function of tan 8 for mq > 500 GeV. The mass limit on %3 is for the additional requirement of Mo —mgo > 10 GeV.
The exclusion region for mg > 500 GeV is shown by the light shaded area and the exchuded regxon vaha for all mo
values by the dark shaded area.
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| Higgs Searches at Future Colliders I

At ete~ Colliders (LEP2 and NLC)
o ecte™ — Zh°, ZH®
o ete™ — AOK0, ACHO
‘ At the upgraded Tevatron
e g —» Vh®, VH®
where V = W or Z decays leptonically and h°, H® — bb

o gg — RO, BHHO, bbAO

At the LHC

e gg — h®, HO A

e search strategies depend on region of m 4—tan 3 plane
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Excluded
by LEP

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

e Standard Model Higgs boson: mpy > 113.5 GeV

e Charged Higgs boson: m g+ > 78.5 GeV

e MSSM Higgs: mp > 91.0 GeV; ma > 91.9 GeV

At large tan 3, supersymmetric radiative correctigns can also

have a significant impact on the Higgs branching ratios.

Example: the dominant decay mode h — bb is suppressed in

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

—
o
N

30 fb~

10 fb™

o 2 fb™!
95% CL limit
: 30 evidence
: 50 discovery

—
@)
(@
1

3 II]II

integrated Iluminosity/expt. (fb™)
o

80 100 120 140 180 180 200
Higgs mass (GeV/c?)

The integrated luminosity required per experiment, to either exclude a SM Higgs at 95% CL or discover
it at the 30 or 50 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 éubl_),_ vibb
and £1 27 bb channels usfng 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 b-tagging efficiency, background rate, mass resolution, and other effects. N

lq'om 1he Té'/afmr\ [I'/lag.f A/orkfnj @fou,o ﬁelbc;r'é
M 'Cﬂ‘“ev\a, TJ. Com-oa.g/ H.£. Haber and TD.Hobbs etal.

1
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95% CL Exclusion, Maximal Mixing Scenario
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Significance contours for SUSY Higgses

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

® 50 significance contours
e two-loop / RGE-improved radiative corrections

eMyop = 175 GeV, mgysy = 1TeV

1 1 I 1
hH >yy; hH »ZZ* ZZ »4¢*; h,H,A > pu for 105 pb-!
e —
H™ »tv;AH »tt »ep andZh; A »Zh »Z€bb for 104 pb™!
E no stop mixing CMS -
50 |- o i
20+t .
ol
c 10 -
© N .
ST Wh,ith>yyl
I _‘ 3-10% pb™! i
e e
2r B
| a-zn ~:
1 I B , 1 IVl D | N N S T A
0] ' 100 200 300 400 500

‘igure 7: Regions of the parameter space (M4 — tan 3) covered by’ the 5¢
liscovery contours of various MSSM Higgs signals from the CMS experiment

13].
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Figure 8: Regions of the parameter space (M4 — tan 3) covered by the 5o
discovery contours of various MSSM Higgs signals from the combined ATLAS
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Implications for the MSSM Higgs sector [Carena, Haber,
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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 u. [from H. Baer, H. Murayama and X. Tata, in FElectroweak
Symmetry Breaking and New Physics at the TeV Scale]
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