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QED at higher loops

Fourth-Order Radiative Corrections to Electron-Photon Vertex
nd the Lamb-Shift Value.
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» slope of the charge form factor of the electron is ana-

lytically tv.ﬂmfnﬂ —fourth-erder-pertnrbationthoeoryof QED and found
<, to be m2FI(0)=(a/)?[— 4819/5184— (49/72)£(2) +32(2) log 2— (3/4)£(3)] = \>

= (ot/7)*-0.470. Correspondingly the theoretical Lamb-shift value for

the-haxdragen atom is Av(28:-— 2P;) = (1057.90 -+ 0.09) MHz_ ‘“—W

with experiments.

2F7(0) = (2)2(0.48 + 0.07
Appelquist-Brodsky mh0) (W)( |

December 1970 AE = O(a?(Za)*mec?)



Electron Form Factors up to Fourth Order. - I
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Summary. — The explicit results of the analytic evaluation of the
discontinuities of the electron form factors and of their zero-momentum-
transfer values, up to the fourth order of the perturbative expansion

of QED in the electric ¢ 5 ented. Asymplotic
behaviours are disc@sed. The related form of the dispersion relations
for the real parts is givem:

(Remiddi and other have kept going)
(connection to Veltman - Schoonschip)



By 1973 the full SM was completely formulated

|
Losy = —ZF“ F i1y Py (11975-2000)
+|D h|2—V(h) (v1990 -2012- now)
—|-\|1i7bij\|fjh + h.c. (~2000 - now)

passing over our heads (my head)



Contributing tfo phenomenological QCD

1. The narrowness of charmonia
Discovery: Nov 1974

Appelquist, Politzer (1975) and De Rujula, Glashow (1975)
interpret the narrowness of J/¥(1™ ) as a consequence

. , 3
of its 3 gluon decay Iy ~hadrons) _ 5(x2-9) %
'Y —~>ete™) 18w o2

CALCULATION OF THE ANNIHILATION RATE OF
P WAVE QUARK-ANTIQUARK BOUND STATES

R. BARBIERI, R. GATTO* and R. KOGERLER
CERN, Geneva, Switzerland

Received 27 October 1975

the charm scheme) we calculate the

In the framewor gauge theory of strong interactions (in particui
annihilation rates(Qf P wave quark anthuark bound states of JPC = 0“ 2**. Appli¥ations can be made to the decays
of the C = +1 states lyin 2n 1y and v ., to their gluonic - to f" decay. Annihilations into 2y and

the Primakoff productions are also discussed.




Charmonium spectroscopy
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'SINGULAR BINDING DEPENDENCE IN THE HADRONIC WIDTHS OF

1¥* AND 17~ HEAVY QUARK ANTIQUARK BOUND STATES

Tot

ol
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Received 10 February 1976

The annihilation rates into hadrons of P-wave heavy quark-antiquark bound states are calculated within SU(3) -
colour gauge theory (in particular for the charm scheme). An interesting feature we find is a logarithmic divergence
for small binding for the states 1** and 1*~. Implications for the asymptotic freedom approach to the decay rates of

€S are aiscusse

\

Lann(0™™) © Tgpn(2+): I‘am(l.*"') ~15:4:1.

First measured in 1986 at Crystal Ball (SLAC)

Now:
T'(xeo) = 10.5 £ 0.6

F(Xcg) = 1.93 -

- 0.11

F(Xcl) — (.84 4

(+ higher orders in as and binding corrections)

T T2 11t =12:24:1 >

- (0.04

e quantitatively the obtained results for all the C-even P-waves gives

MeV



STRONG RADIATIVE CORRECTIONS TO ANNIHILATIONS OF
QUARKONIA IN QCD
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The significance of the lowest-order QCD prediction for the annihilations of heavy
quark-antiquark bound states is analyzed. The calculation of the leading strong radiative
corrections to the hadronic versus electromagnetic annihilation rate ratio R of pseudo-
scalar quarkonium is presented. In terms of the coupling constant «g, as defined in the
indprat subtraction schemeywe find

R =RO +22.140/7) .
physical significance of thisfesult is discussed by comparing it with the calculation
of the non-leading elfects in ag on the scaling violations in deep inelastic scattering. A
bad convergence of the relative perturbative expansion is found, demanding for its safe
application a value of the relevant momentum definitely higher than that of charmonium

physics.




Contributing tfo phenomenological QCD

2. Beyond the parton picture ‘“Factorisation”

< ASIMPLE ALGORITHM FOR QCD JEIS >

K. KONISHI !, A. UKAWA and G. VENEZIANO 2
CERN, Geneva, Switzerland

Received 16 June 1978

A proposal is made, giving multiparticle (parton) spectra inside quark and gluon jets in terms of the tree diagrams
of an effective field theory. The resulting ‘“jet calculus’ satisfies many consistency checks. A first sample of applications

is given.
@OR SINGLET DISTRIBUTIONS AND MASS DAMPING IN PERTURBATIVE QD
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A TREATMENT OF HARD PROCESSES SENSITIVE TO THE
INFRARED STRUCTURE OF QCD
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We propose a modified jet evolution equation which resums large corrections to the usual
leading logarithmic approximation when phase-space constraints expose the singular infrared
structure of QCD. The modification, which consists simply of a rescaling of the argument of the
running coupling constant, is based on perturbative arguments verified at the fourth-order level.
Processes analyzed by this method include the quark (Sudakov) form factor, the large moments of
structure and fragmentation functions, the asymptotic behaviour of multiplicities and the clustering
of final quanta in colourless systems which occupy finite regions of (momentum and position) phase
space.

(Ciafaloni school in Florence)



EVOLUTION OF PARTON DENSITIES BEYOND LEADING ORDER
The non-singlet case
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We develop a technique, based explicitly on the factorization properties of mass singulari-
ties, which allows one to calculate the evolution of parton densities beyond leading order. We
present the results for the evolution of hadronic structure functions as well as for parton
fragmentation functions into hadrons. Within our scheme the predictions for a particular process

are obtained by convoluting—a—untversalpartomdenstty—with—a—short-distance” cross section

pecific to the process. As an application, we calculate the QCD predictions for the
@dencc of deep inelastic lepton-hadron scattering and of one-particle inclusive e*e™
hilation cross sections. Qur results for electrOproductlon agree with those obtained wi
operator product expansion ering are related to the

corresponding ones in annihilation by analytlc continuation, whereas the Gribov-Lipatov relation
is strongly violated.

A generalisation of DGLAP equation



The faith in supersymmetry
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1897 1925 1932 1973 ?

Weinberg 1976: the “hierarchy” problem
Veltman, Maiani, Witten 1980: may be solved by supersymmetry



GAUGE MODELS WITH SPONTANEOUSLY BROKEN LOCAL SUPERSYMMETRY
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An effective low-energy lagranglan for gauge theories based on local supersymmetry spontaneously broken at an mter-
mediate energy between the-wes rctiomand tie F R scalc 1s obtail e derivation re-general coupling of

Y ang—Mills matter system to n = 1 supergravity. As 1llustrat1ve examples of this framework we exhibit realistic models
of supersymmetric QED and of the electroweak theory with supersymmetry breaking induced by purely gravitational effe

Mp; — oo at fixed gravitino mass



THE MUON ANOMALOUS MAGNETIC MOMENT IN BROKEN SUPERSYMMETRIC THEORIES
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We consider the one-loop correctiors to the muon anomalous magnetic moment in a class ¢f spontangously broken su-
persymmetric gauge theories. We add to the well known contributions frcm photon, W and Z exchange the effects of the
corresponding fermionic superpartners, photino, w-ino and z-inc, and that of the massless goldstino. We reobtain the bound

15 GeV for the common mass of the scalar partners of the muon and the neutrino, as well as an excluded region in the
M — M plane, M being the w-ino mass. Consideration of goldstino exchange gives rise to the new bound d 2 1350 GeV?
for the order parameter d of supersymmetry breaking. The addition of a gaugino Majorana mass is also consrdered In con-
junction with chiral breaking scalar particle mixing, such a mass term leads to model dependent corrections linear in the
muon mass.

SM __ e e e
5 e =11659180.2+42+26+0.2
aS™P = 11659208.9 £ 5.4 + 3.3




UPPER BOUNDS ON SUPERSYMMETRIC PARTICLE MASSES
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Based on the “naturalness” criterion, upper bounds on all superparticle masses as functions
of the top quark mass are derived. These bounds g;ve an ObJeCthC cntenon to test (or disprove)
the idea of low-¢ RESY IRy DEFRFAV: -

< strongly differentiate weakly mteractmg superparhcles hke chargmos or neutralmos, lighter than >

100-200 GeV, from strongly interacting ones, like gluinos or squarks which can become heavier

than I TeV—

dlog(ms3)
dlog(a;)

mp(ai) A= Maz,, 1/A = “fine tuning”



The supersymmetric Higgs for heavy superpartners
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Production and leptonic decays of charginos
and neutralinos in hadronic collisions

R. Barbieri !, F. Caravaglios *, M. Frigeni ! and M.L. Mangano 2
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Accepted for publication 17 July 1991

We st ulti-lepton fina arising from the decay of charginos and neutralinos
produckd in hddromc colllslons at currgnt and future center-of-mass energies. We compare the
signals pré€ rsymmetry with the main Standard Model backgrounds,

namely vector boson and heavy quark production.




Violations of lepton flavour and CP in
supersymmetric unified theories *

Riccardo Barbieri?, Lawrence Hall®, Alessandro Strumia?
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Received 23 January 1995; accepted 26 April 1995

Abstract

As a consequence of the large top quark Yukawa coupling, supersymmetric unified theories
with soft supersymmetry breaking terms generated at the Planck scale predict lepton flavour and
CP violating processes with significant rates.

The flavour violating parameters of thetow €nergy theory ived in both SU(5) and SO(10)
theories, and are used to calculate ¢he rate for & — e7y. The sensitivjty of the search for u — ey
i1s compared with that for x4 — e conVersionin atoms, 7 — the electric dipole moment of

the electron. The experimental search for these processes is shown to provide a very significant
test of supersymmetric unification, especially in SO(10) but also in SU(3).




Precision at LEP (and beyond)

First LEP collisions: August 1989

Vacuum polarization effects of new physics on electroweak processes
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Received 28 September 1990

The effects of new physws on vacuum polanzanon correcuons to electroweak processes can in general be parametrized in terms
of six real constants, in the egle : eing : ew physics. Three of these

'(f:;:;niirs can be reabsorbed in the deﬁmtnons of «, Gg and mg, whlle the remaining three are observables. On the ba@D
s, 1t is shown that all three can be important and should be kept in a model-independent analysis of the data. i
equivalent to treating Ar, Ap and 3% (an eliective Sin Oy 10T on-Shell Z couplings) as independent observables. By now available

data allow a separate model-independent determination of these quantities. Implications for technicolour and supersymmetric
models and anomalous YWW or ZWW couplings are discussed.

€1,€2,€3, (eb)




Where is the top quark?

The corrections growing like powers of m; (and mj )
from the “gauge-less” limit of the SM

Two-loop heavy-top effects in the Standard Model
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Received 23 December 1992
Accepted for publication 10 June 1993

We give a detailed description of the calculation in the Standard Model of all the m? radiative
correction effects to the electroweak precision observables for arbitrary values of the Higgs mass.
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Where is the top quark?
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Currently
er™ =521-107°%, &M =528-107°
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Ciuchini et al, 2013



Miscellanea

NEUTRINO OSCILLATIONS IN THE EARLY UNIVERSE
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We study the possible distortions of the evolution of the early universe caused by the — —_
<)scﬂlat|ons of a standard neutrino (v, v“ or v.) into a hght “stenle neutnno state, a gauge

group singlet v_. ts-on-the-standard-big-t : eSiS-ATeCC °TE

space of the mixing parameters (8m?,sin 20) A sngmﬁcam portion of this parameter space is

thereby excluded, or at least made highly improbable.




What is behind flavour?

Predictions from a U(2) flavour symmetry
in supersymmetric theories *
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(B-decay anomalies?!?!)



Summary

1970-1974 QED at higher loops
1975-1980 QCD beyond the partons
1981-0n supersymmetry

1989-1995 EW precision



