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NSAC Long Range Plan

 What is the structure of the nucleon?

 What is the structure of nucleonic matter?
 What are the properties of hot nuclear matter?
 What is the nuclear microphysics of the universe?

e What is to be the new Standard Model?

Neutrino physics

>  Precision measurements: 3-decay, u-decay,
parity violating electron scattering, EDM’s...

What can they teach us about the new Standard Model?



The Standard Model of particle physics is a
triumph of late 20th century physics

ELEMENTARY

PARTICLES e |t provides a unified

framework for 3 of 4
(known) forces of nature in
context of renormalizable
gauge theory
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The Standard Model of particle physics is a
triumph of late 20th century physics
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“Maximal” parity violation
Conserved Vector Current
CP-Violation in K, B mesons

Electroweak R
_ Kk + Quark flavor mixing
(Fwea Lepton

QED) universality.....




The Standard Model of particle physics is a
triumph of late 20th century physics

ELEMENTARY . L
PARTICLES * Most of its predictions

have been confirmed
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Parity violation in neutral current processes:
deep inelastic scattering, atomic transitions
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The Standard Model of particle physics is a
triumph of late 20th century physics

ELEMENTARY

PARTICLES * Most of its predictions

« W, Z9

1 11 I

* Higgs boson

New particles should be found

have been confirmed

 3rd fermion generation
(CP violation, anomaly)

Not yet!




We need a new Standard Model

Two frontiers in the search

Collider experiments Indirect searches at
(pp, e*e, etc) at higher lower energies (E < M,)
energies (E >> M,) but high precision

LANSCE, SNS, NIST

physics & atomic physics



Outline

.  SM Radiative Corrections & Precision
Measurements

. Defects in the Standard Model
lll.  An Example Scenario: Supersymmetry

V. Low-energy Probes of Supersymmetry

e Precision measurements ~_° Weak decays
« “Forbidden processes” * lepton scattering
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|. Radiative Corrections & Precision
Measurements in the SM



The Fermi Theory of weak decays gave a i
successful, leading-order account “
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Fermi’s theory could incorporate 8
higher order QED contributions




The Fermi theory has trouble with
higher order weak contributions
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Weak radiative corrections: infinite

Can’t be absorbed through suitable
re-definition of Gg in Hgee



All radiative corrections can be incorporated in
the Standard Model with a finite number of terms

Re-define g
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Gr encodes the effects of all higher order
weak radiative corrections

1 H
= T Ar_depends on parameters
Hn
Cu 1927° of particles inside loops




Comparing radiative corrections in different
processes can probe particle spectrum
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Comparing radiative corrections in different
processes can probe particle spectrum
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Comparing radiative corrections in different
processes can probe particle spectrum
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* Precision measurements
predicted a range for m,
before top quark discovery

*m,>>m,!

e m, Is consistent with that
range

e It didn’'t have to be that
way

Stunning SM Success



Global Analysis

Measurement

Al

m, [GeV] 91.1875 + 0.0021
r,[GeV]  2.4952 + 0.0023
On.y [ND] 41.540 + 0.037
R, 20.767 £ 0.025
Ag 0.01714 + 0.00095
A(P.) 0.1465 + 0.0032
R, 0.21644 + 0.00065
R, 0.1718 L 0.0031
AN 0.0995 + 0.0017
Ag” 0.0713 + 0.0036
'ql::-

A, 0.670 + 0.026

A(SLD) 0.1513 + 0.0021
sin“07(Q,,) 0.2324 + 0.0012

efi

m,, [GeV]  80.426 + 0.034

[y [GeV] 2.139 + 0.069
m, [GeV] 1743+ 5.1
sin8,,(vN)  0.2277 + 0.0016
Q,,(Cs) -72.83 ¢
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Agreement
with SM at
level of loop

effects ~ 0.1%




| | LEP
Collider Studies SLD

. | Tevatron
Effective Z couplings
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« FB asymmetries = 4, 4
= t polarisation = 4, and A, separately
» SLD (polarised beams) = 4, {and A, A;)
» Asymmetries = gy/g, R. Clare, UCR

» 7 partial decay widths = gi; + g7
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Collider Studies
The LEP Heritage
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Collider Studies

Hadronic Cross-section
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Collider Studies

Comparisons of results

T T, A Tt U P A Ay S B e e e st S = PR e 4

ALEPH —— 91.1893H).0031
DELPHI —B5— 011863 H).0028
L3 —T— 0 1. 1894H). 0030
OPAL —— 91.1853H.0029
LEP i 011875400021
common: 0,017
Dok = 2.2/3
!J'I.ISI I!J'l.l!ill | 91.2
m; [GeV]
ALEPH = 0.0173H0.0016
DELPHI —i— 0.0187+0.0019
L3 | —S—  0.0192+0.0024
OPAL ——— 0.0145H0.0017
LEP —P- 0.0171+0.0010
common: 0.0003
v2/DoF = 3.9/3
0.015 0.02 0,025
Abl
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Collider Studies

Quarks vs Leptons
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Collider Studies
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Global Fit: Winter 2004

Measurement Fit |QMees_qfit,meas

x> per dof T
=16.3/13 m,[GeV] 91.1875+0.0021 91.1873

r;[GeV]  2.4952+00023 24965
Orag[ND] 41540+ 0.037  41.481

R, 20.767 = 0.025  20.739
Largest contributions to y from AY 0.01714 = 0.00095 0.01642
Agg R, 0.21638 = 0.00066 0.21566
A, (from SLD) R, 0.1720 = 0.0030  0.1723
ARP 0.0997 = 0.0016  0.1037
ASE 0.0706 = 0.0035  0.0742
A, 0.925 = 0.020 0.935
A, 0.670 = 0.026 0.668

A(SLD) 0.1513 = 0.0021 (0.1480

ob . ‘ my, [GeV] 80.425:0034  80.398
Arg and A, pull in opposite Iy, [GeV] 2.133 = 0.069 2.094
directions (concerning effects on m, [GeV] 178.0 £ 4.3 178.1

mH) .
o 1 2 3

Robert Clare UC Riverside Sub Z Workshop May 12,2004 36



II. Why a “New Standard Model”?

* There is no unification in the early SM Universe
* The Fermi constant is inexplicably large
e There shouldn’t be this much visible matter

 There shouldn’t be this much invisible matter



The early SM Universe had no unification

Couplings depend on scale
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The early SM Universe had no unification

Present universe Early universe
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The early SM Universe had no unification

Present universe
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80 |-

A “near miss” for
grand unification
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The Fermi constant is too large

Present universe Early universe
l 100 i l
80 | Standard Model ~ Unification
Neutrino
G, would or mass Dark
shrink ol Aetter
20f - g / High energy desert

/1 | / I
og,, (1! 1) Planck scale



The Fermi constant is too large




A smaller G would mean disaster

The Sun would burn less brightly

p+p—d+e +v, [~ Gg2

Elemental abundances would change

Pt e <>n+ v, Tfreeze out GF_Z/3

Smaller G =»

4
1+n/p L\)/Iore He, C,

B_ exp(— ey ] Y(*He) = 2P
p kT




There i1s too much matter - visible &
Invisible - in the SM Universe

Visible Matter from Big Bang Nucleosynthesis

I’IB —I’ll—9 ~1 010n7 Measured abundances

SM baryogenesis

Insufficient CP violation in SM



There i1s too much matter - visible &
Invisible - in the SM Universe

3
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), _pM/ L.
No SM{andldate E | ¥
[ {'MEB
Dark =0
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There must have been additional
symmetries in the earlier Universe to

* Unify all forces
* Protect G from shrinking

e Produce all the matter that exists

e Account for neutrino properties

e Give self-consistent quantum gravity



. Supersymmetry

* Unify all forces
* Protect G from shrinking

e Produce all the matter that exists

e Account for neutrino properties

e Give self-consistent quantum gravity

30f4
Yes

Maybe so

Maybe

Probably
necessary



SUSY may be one of the symmetries of
the early Universe

Supersymmetry

Fermions Bosons

€rr> Y r  C— éL,R ) q~L,R sfermions
gauginos W,Z.,7,5 e W, Z.y,g
Higgsinos H ,ﬁd > H .H,

~ 0 Charginos,
» A neutralinos



Couplings unify with SUSY

Present universe
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SUSY protects G; from shrinking

y \ Pnew

H N\ ) H H° Q H°

A;@EAK~@—@+10gtermc

e

=0 If SUSY Is exact




SUSY may help explain observed
abundance of matter

Cold Dark Matter Candidate

XO Lightest SUSY patrticle

Baryonic matter
Unbroken CP Violation

phase / _____ R H

Broken phase



SUSY must be a broken symmetry

Superpartners have Theoretical models
not been seen of SUSY breaking
SUSY Breakin
M, >>m, ’
M q = m, Visible | | Hidden
World World
M, >M, ,,

Flavor-blind mediation



Minimal Supersymmetric
Standard Model (MSSM)

LSM = LSM o I-SUSY o Lsoft
M+ M
L.« Qives M= M

contains 105 new parameters

How Is SUSY broken?




How is SUSY broken?

M

/

Flavor-blind mediation

Gravity-Mediated (IMSUGRA)
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How is SUSY broken?

M

/

Flavor-blind mediation

Gauge-Mediated (GMSB)

/ messengers
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Mass evolution

dM’ 3 .
—L:—ZaaCaf . ' = In\ny
dt a=1
M, gaugino mass
Cc{ > () group structure
M. INCreases as ,Ll decreases
M.

Increases faster than MZ (Cé’ > ang :O)
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Sfermion Mixing

2
L M)

M’ = g ~2J
LMLR M

Y ;mf(,utan,[)’— Ar) Q<0
n kmf(/’lCOtlB_Af) Qs> 0

fL’}R g ]’;19}2



MSSM and R Parity

R=C)""C)
/

Matter Parity: An exact symmetry of the SM

SM Particles:

Superpartners:



MSSM and R Parity

MSSM conserves £, — vertices have even number
of superpartners

Conseqguences

~ 0
= Lightest SUSY particle (Z ) Is stable —
viable dark matter candidate

= Proton Is stable

= Superpartners appear only in loops



