LEPTS, 28 Aprile 2000

VERSO IL DOPO LEP

G. Altarelli

*Cosa ci ha insegnato LEP

*|| quadro generale della
fisica delle particelle

*Conseguenze per la ricerca
dell'Higgs e della Nuova Fisica




THE CONTEXT:

AT PRESENT IN PARTICLE PHYSICS
THERE IS A STANDARD MODEL

AND

A STANDARD WAY BEYOND THE
STANDARD MODEL.:

STANDARD MODEL

+ SUPERSYMMETRY
+GRAND UNIFICATION
+STRING THEORY




ALL ACCELERATOR EXPERIMENTS
STRONGLY SUPPORT THE STANDARD
MODEL :

NO SIGNIFICANT DEVIATIONS ARE
OBSERVED FOR

E <100 - 1000 GeV

OR
r>10"%-10" cm

OR WE CAN FOLLOW THE HISTORY OF
THE UNIVERSE DOWN TO

t>10"-10"s

FROM THE BIG BANG

(t(s)=[1 MeV/KT]*, where
t=time,
T= temperature)




® THE STANDARD MODEL WORKS VERY
WELL

DECLARE PARTICLE PHYSICS

e WHY NOT FIND THE HIGGS AND
SOLVED?

| FIRST OF ALL YOU HAVE TO FIND IT!
DIFFICULT: IT ONLY COUPLES TO
 HEAVY PARTICLES

et = e H
\» e.g at LEP: 6_>"‘""‘ik-z,
BECAUSE OF BOTH :

CONCEPTUAL PROBLEMS:
e MAINLY THE HIERARCHY PROBLEM

AND EXPERIMENTAL CLUES:
e COUPLING UNIFICATION

e NEUTRINO MASSES

e DARK MATTER

e BARYOGENESIS




CONCEPTUAL PROBLEMS OF SM

MOST CLEARLY:
e NO QUANTUM GRAVITY (Mp~10" GeV)
¢ BUT A DIRECT EXTRAPOLATION OF

SM LEADS DIRECTLY TO GUT's
(Maur~10'516GeV)

Mgur CLOSE TO M,,

SUGGESTS UNIFICATION WITH
GRAVITY
(SUPERSTRING THEORIES)

POSES THE PROBLEM OF RELATION OF

CAN THE SM BE VALID UP TO M-Mp??

IT LOOKS VERY
UNPLAUSIBLE!!




MOST OF THE CONCEPTUAL PROBLEMS

OF SM CAN BE POSTPONED TO M,;:
(e.g TO THE SUPERSTRING "TOE")

¢ PROLIFERATION OF PARAMETERS

® FERMION SPECTRUM (FAMILIES,
MASSES, MIXINGS)

e ORIGIN OF P, C, CP NON
CONSERVATION

@
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BUT THIS PROBLEM NEEDS A SOLUTION
AT TeV ENERGIES:

THE HIERARCHY PROBLEM

M/Mp,~10"" very unnatural in SM !!

THE HIERARCHY PROBLEM HAS TO
DO WITH THE E-W SYMMETRY
BREAKING SECTOR OF THE THEORY




THE HIERARCHY PROBLEM

e ASSUME "THE DESERT"
® A "TOE" AT A'-MGUT-MPI
e A LOW ENERGY

EFFECTIVE THEORY AT
O(1TeV)

~ IN THIS CONTEXT
RENORMALISABILITY
APPEARS AS A
NECESSARY CONDITION
FOR INSENSITIVITY TO
LARGE MOMENTA OF

O(A).

NOT ONLY A SELF CONSISTENT AND
PREDICTIVE LOW ENERGY THEORY
MUST BE RENORMALISABLE

BUT BEING A SO LARGE

THE DEPENDENCE ON A OF COUPLINGS
AND MASSES MUST BE REASONABLE




With New Physics at Mgyt — My, the renorm.ble
SM/MSSM is only an effective theory

After integration of heavy d.o.f.:

L =0o(AH)L, +0o(A) Ly +o(1) L, +
Ren. part
+o(1/A) Ls+0(1/A?) Lt .....
Non Ren. Part

L,: Operator of dim i
In absence of symmetries or selection rules: ¢,
> o(A*) L,

{,: Boson masses (¢%). In SM Higgs sector
NOT PROTECTED: ¢, ~O(A?)

{;: Fermion masses (yy).In SM PROTECTED
by chiral symmetry, SUQ2)XU(1): A-->mLogA

L4 renorm.ble interactions e.g. YHWA
{;s4: nonrenorm.ble interactions: suppressed

e.g /A PPyl
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SUSY NEAR THE WEAK SCALE

*Many theorists consider SUSY as established
at MPL

*Why not try to use it also at low energy to fix
the SM problems.

*SUSY near the weak scale can:
Solve the hierarchy problem
Explain EW symm. breaking from my large
Readjust coupling unification
Provide cold dark matter

*Perfectly compatible with LEP
Evidence for a rather light Higes
in the pert. region is hint for SUSY

*Possibly viable models exists: MSSM
Softly broken with gravity mediation
or with gange messengers
or with anomaly mediation

*Maximally rewarding for theorists
Degrees of freedom identified
Hamiltonian specified
Theory formulated, finite and computable
up to MP]
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In '89 LEP and SLC started, CDF presented the
first results.

FROM MY TALK AT LP'89 (Stanford):

M,=91120+160 MeV (MarkII,CDF)
M=130£50 GeV (from all EW data)
Sin*0y,;=0.2330+0.0023 #

M,23-4 GeV !!

o, (m,)=0.11+0.01

NOW MORE THAN 10 YEARS LATER

~16 Million Z+ t discovered at Tevatron+.....+L.EP2

M,=911871+21 MeV
M=174.3+5.1 GeV
Sin’0y,.;=0.23149+0.00017
M;;=2106 GeV

o, (m;)=0.119+0.003

ALSO: N,=2.9835+0.0083
my=80419+38 MeV

BUT NO SIGNIFICANT DEVIATIONS
™M "




Quantity Data (March 2000) [ Pull
mz (GeV 91.1871(21) 0.1
'z (GeV) 2.4944(24) —0.6
o, (nb) 41.544(37) 1.7
Ry 20.768(24) 1.2
R, 0.21642(73) 0.85
R, 0.1674(38) -1.3
ALy 0.01701(95) 0.8
A, 0.1425(44) -1.2
A, 0.1483(51) 0.1
Ab. 0.0988(20) —2.3
Asp 0.0692(37) -1.3
Ay (SLD direct) 0.911(25) ~1.0
A, (SLD direct) . 0.630(26) —1.5
sin® 4, ;(LEP-combined) 0.23192(23) 2.1
Aprp — sin® 0,5, 0.23096(26) -1.9
mw (GeV) (LEP2+pp) | 80.419(38) 0.1
1- 2 (uN) 0.2255(21) 1.2
Q@w (Atomic PV in Cs) -72.06(44) 2.5
m; (GeV) 174.3(5.1) 0.1
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STRONG INDICATIOR FROM THE DATA
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There are two fully developed, consistent and
predictive models that explain all LEP data:

The SM and the MSSM

We do not believe that the SM is the full effective
low energy theory, while the MSSM could be
(may be it is only a toy model).

IMPORTANT RESULT:

FOR PRECISION EW TESTS
IF ALL S-PARTNERS ARE HEAVY ENOUGH THE

MSSM --—-->SM[With m, light 0(100 GeV)]

Barbien, Frigeni, Caravaglios

GIVEN PRESENT LIMITS ON
S-PARTNERS ONLY SMALL DEVIATIONS
FROM SM ARE POSSIBLE
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STATUS OF HIGGS SEARCH

STANDARD MODEE HIGGS:

o o ".;-.;3‘7

ﬁbfel?ical limits: If SM valid up to A then:
A"‘"‘ MGUT = MP] ""::" 1355 II]H SISO GBV
A~1TeV --->m, < 500 - 800 GeV

Experimental limits
my =107 GeV
MINIMAL SUSY HIGGS: h, A, H
Theoretical limit:
m, <130 GeV (at large tgf})
Experimental limit:
m, , =88 GeV

Actually m,, , 280 GeV if CP viol. phases
are allowed. Kane.Wang
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SM HIGGS: Data indicate my < 200 GeV
A VERY IMPORTANT RESULT:

e Supports the SM/MSSM case of a fundamental
Higgs vs compositeness

® Suggests that the Higgs and/or New Physics are
around the corner

HOWEVER WE CANNOT EXCLUDE THAT
THERE IS A CONSPIRACY:

THERE COULD BE NEW PHYSICS AT A
SCALE A THAT MAKES THE SM BOUND
INVALID SUCH THAT M, AND/OR A ARE
LARGE

Recently many papers have discussed this rather
obvious point.



In SM at 1-loop dependence on my, is logarithmic

The most sensitive quantities are €, and &,

L =36 Le'g FL-, &b ]—L
e o i el T s
-1,2-107?
“3"'*]?;“\‘;’_ [Lo*aﬁ N
ST L

f, ;are slowly varying and constant at large my

DATA: Log,[my(GeV)] ~ 1.88+0.29

Just in the narrow window
allowed in the SM

107 < My, < 500-800 GeV
or in the MSSM: M, < 130 GeV

This is a very impressive test:
f, ; are exactly as predicted in the SM!




Assume there is no Higgs. Then the theory is no
more renormalisable.

Logmy ----->Log A

A is the scale of the new physics that replaces the
Higgs.

The same coefficients appear in front of the logs,
but the finite terms are modified f, ; --->c, ;.

_3¢&F'mw R f[“’ c,
é-fm L}TL g 3m2+

oy X P w
G

IF ¢,s ARE BOTH NEGATIVE AND OF
UITABLE SIZE A CAN BE LARGER

THAN THE BOUND.

Bagger Falk,Swartz
Kniehl.Sirfin




Suppose we have the Higgs but New Physics is
added that modifies the bound on my,.

Typically this adds to the Lagrangian effective
operators of higher dimension (dim =6):
contact terms suppressed by o(1/A?)

€, ~ 107 Log(my/my) +...+ o(m,*/A%)

Clearly for o(m,/A*)~10" myis
changed by a factor 2-3.

Hall, Kolda// Barbieri, Strumia// Chivukula, Evans, Hoelbling//
Kolda, Murayama

Of course the additional terms must obey
all constraints from theoretical criteria
and from the whole set of experimental
precision EW tests.
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Figure it The top quark mass as func-
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CONCLUSION

Still no evidence of New Physics at LEP2,
Tevatron, Hera...

LEP2 has already excluded SUSY near the
corner (a bit frustrating):

typical m, 2> 100 GeV
limits m. =95 GeV
now I, =90 GeV

The Higgs search continues at LEP2 in
2000 at 2E<206 GeV.

Reach: SM: my<115 GeV
MSSM: m, <95 GeV

For conceptual reasons we remain
confident on nearby New Physics




