STOGIES AND SUPERGRAVITY

( a few scenes from 35+ years of work and
friendship with Luciano)




RANDOM FACTS

FIRST PAPER: MAY 1984
LAST PAPER: AUGUST 2009
28 PAPER, 2000+ INSPIRES CITATIONS

A teatime mishap; ‘|l don’t regret cigarettes but | do miss a
Toscanello”; a Death Valley trip in a dismal pea-green
Oldsmobile Delta 88; diverging opinions over Poussin:“a
color-blind painter that can’t draw’ [me] vs “a most
profound philosopher-painter” [Luciano]; Meeting at NYU
on September |2 2001; burning down the NYU
(guest)house...
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THE FIRST PAPERS: PARTIAL BREAKING OF
SUPERSYMMETRY (WITH A CODA)

TWO INTO ONEWON'T GO, S. Cecotti, L. Girardello, M.P.
Phys. Lett. B145 (1984) 61

No breaking of N=2 SUSY to N=I exists in N=2 supergravity in
Minkowski spacetime

AN EXCEPTIONAL N=2 SUPERGRAVITY WITH FLAT POTENTIAL
AND PARTIAL AN EXCEPTIONAL N=2 SUPERGRAVITY WITH
Phys. Lett. BI168 (1986) 83, S. Cecotti, L. Girardello, M.P.

Phys. Lett. B168 (1986) 83

Breaking of N=2 SUSY to N= in N=2 supergravity in Minkowski
spacetime!?!

Understood in: MINIMAL HIGGS BRANCH FOR THE BREAKING
OF HALF OF THE SUPERSYMMETRIES IN N=2 SUPERGRAVITY
S. Ferrara, L. Girardello, M.P.

Phys. Lett. B366 (1996) 155



N=2TO N=| SUPERHIGGS |) DOF COUNTING

Graviton N=2 massless supermultiplet [helicity (multiplicity)]
[£2(1),=£3/22), £ 1(1)]

Graviton N=| massless supermultiplet

[+2 (1), +3/2(1)]

Spin 3/2 N=1| massive supermultiplet

[£3/2(1), £112),£1/2(3),0(4)]
ADDITIONAL DEGREES OF FREEDOM ARE NEEDED:
N=2 vector multiplet [£1(1),x1/2(2),0(2)]
N=2 hypermultiplet [£1/2(2),0(4)]

THEY PROVIDE THE NECESSARY HELICITIES FOR THE N=2TO
N=I| SUPERHIGGS AND FOR A CHIRAL MULTIPLET



N=2TO N=1| SUPERHIGGS 2) DYNAMICS [the 1984-1985 story]

The Kaehler potential is K = log(F, X! + F,X") with (F;, X") a
holomorphic section of a symplectic bundle over the manifold of
the n vector multiplet scalars
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N=2TO N=1| SUPERHIGGS 2) DYNAMICS [the 1984-1985 story]

The Kaehler potential is K = log(F, X! + F,X") with (F;, X") a
holomorphic section of a symplectic bundle over the manifold of
the n vector multiplet scalars

The X’ and F, transform into each other under electric-magnetic
duality and this duality can be used to find a duality frame in which

X!, I =0,...m are projective coordinates of the manifold and
F, = 0F(X)oX'

A local Lagrangian for hypermultiplets exists only when
they are electrically charged under the vectors of the
vector multiplet

For any prepotential F'(X) and any local N=2 Lagrangian

EITHER 2 OR NONE OF THE SUPERSYMMETRIES CAN BE
BROKEN IN A MINKOWSKI SPACE BACKGROUND

SO, HOW DOES THE EXCEPTIONAL N=2 EVADE THIS?



THE ANSWER WAS UNDERSTOOD COUNTLESS
TOSCANELLI LATER

The X’ and F, transform into each other under an
electric-magnetic duality and this duality can be used to
find a duality frame in which a prepotential always exist.

But this duality is broken by the hypermultiplets. To couple
them to the vector multiplet one must choose a particular
duality frame in which all their charges are electric.

In this frame F(X) MAY NOT EXIST



THE ANSWER WAS UNDERSTOOD COUNTLESS
TOSCANELLI LATER

The X’ and F, transform into each other under an
electric-magnetic duality and this duality can be used to
find a duality frame in which a prepotential always exist.

But this duality is broken by the hypermultiplets. To couple
them to the vector multiplet one must choose a particular
duality frame in which all their charges are electric.

In this frame F(X) MAY NOT EXIST

In fact the exceptional N=2 model we found in 1986 has

X! = constant
so they are not even coordinates



THE BESTSELLERS: GPPZ [with M. Petrini and A. Zaffaroni]

NOVEL LOCAL CFTs AND EXACT RESULTS ON
PERTURBATIONS OF N=4 SUPER YANG-MILLS FROM ADS
DYNAMICS, JHEP 12 (1998) 022, hep-th/9810126

Nonperturbative RG flows between conformal fixed points from
holographic duality and a holographic c-theorem from the null
energy conditions

CONFINEMENT AND CONDENSATES WITHOUT FINE TUNING
IN SUPERGRAVITY DUALS OF GAUGE THEORIES, JHEP 05 (1999)

026, hep-th/9903026
Nonperturbative holographic RG flows to gapped IR fixed points

THE SUPERGRAVITY DUAL OF N=I| SUPER YANG-MILLS THEORY,
Nucl. Phys B569 (2000) 45, hep-th/9909047
N=1| perturbation of N=4 flowing in the IR to a holographic,
strongly-coupled theory in the same universality class as N=1| pure
super Yang-Mills



KEY POINTS
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Super Yang-Mills theory defined on the conformal boundary of AdS;



KEY POINTS

Type IIB string theory on AdS5 X S5 is dual to the SU(N) N=4
Super Yang-Mills theory defined on the conformal boundary of AdS;

The fields of N=4 SYM can be collected in a chiral superfield
SV = g4 QU9+ F - 0'6™6’ + ... . containing no &
here[,J=1,.4, [I[J]|~A, A=1,.6



KEY POINTS

Type IIB string theory on AdS5 X S5 is dual to the SU(N) N=4
Super Yang-Mills theory defined on the conformal boundary of AdS;

The fields of N=4 SYM can be collected in a chiral superfield
SV = g4 QU9+ F - 0'6™6’ + ... . containing no &
here[,J=1,.4, [I[J]|~A, A=1,.6

Chiral gauge invariant operators
Tr S ... §4r
The lowest component has conformal dimension A = 7 at any gauge

coupling, even in the strong coupling limit for which the geometric
type |IB supergravity description is valid



KEY POINTS

Type IIB string theory on AdS5 X S5 is dual to the SU(N) N=4
Super Yang-Mills theory defined on the conformal boundary of AdS;

The fields of N=4 SYM can be collected in a chiral superfield
SV = g4 QU9+ F - 0'6™6’ + ... . containing no &
here[,J=1,.4, [I[J]|~A, A=1,.6

Chiral gauge invariant operators
Tr S ... §4r

The lowest component has conformal dimension A = 7 at any gauge
coupling, even in the strong coupling limit for which the geometric
type |IB supergravity description is valid

Tr SUSPr contains 42 scalar gauge invariant operators of
dimension A = R <4

THESE ARE THE SCALARS PRESENT IN THE DIMENSIONAL
REDUCTION OF 10D TYPE 1IB SUPERGRAVITY TO AdS;
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SINCE THESE FIELDS EXIST IN THE DIMENSIONALLY REDUCED
THEORY, THE STRONG-COUPLING STRONG FLOW CAN BE
STUDIED USING N=8 5D SUPERGRAVITY

In SYM the deformation of the Lagrangian is
Ly_y + xagTr pP"7 + yy Tr 2727

20 operators of 20 operators of
dimension 2 dimension 3

In N=8 5D supergravity the deformation is found by solving the
classical equations of motion of the Lagrangian containing the
metric and the scalars. Schematically:

Ly—g sugra = R(&) — Gpp(x)D,, " D"y — V(y)
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To preserve 4D Poincare symmetry the ansatz for the metric is
ds* = dT?* + e*?Dy  dx"dx"
while the scalars can depend ony on the radial coordinate T
The equations of motion are

d <G dy¥ > d¢ dy? oV
dr\ " ar T T T 0P
Gy = 8nGsT),y (5D Einstein equations)

Conformal fixed points obey d’¢/dT?* = dy"/dT = O

THE NULL ENERGY CONDITION VMGMNVN > 0 specialized to
our ansatz and to the null vector V¥ = (¢=?,1,0,0,0)

implies d*¢/dT* <0 m m

The central charge in holographic theories is ¢ = (dgb/dT)

-3

HENCE THE HOLOGRAPHIC C-THEOREM dc/dT > 0
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We also showed that the holographic RG flux can end on a
nontrivial conformal fixed point because the equations of motion

d dy? dgb dy¢ oV
ar\9roar )+ g =

dT dT dT dl’  0dy

describe the fall of a particle in a potential —V with friction
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We also showed that the holographic RG flux can end on a
nontrivial conformal fixed point because the equations of motion

d dy? dgb dy¢ oV
77 Grogr ) + 4 Ore g = 5

dT dT dT dl’  0dy

describe the fall of a particle in a potential —V with friction
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components A’



THE SUPERGRAVITY DUAL OF N=1 SUPER YANG-MILLS THEORY,
Nucl. Phys B569 (2000) 45, hep-th/9909047

Write N=4 SYM in terms of N=1 supermultiplets. They are:
1) a vector multiplet V with field strength W = D?e~"D e"
with first component 1%
2) 3 scalar multiplets ®!, 1= 1,23 with fermionic
components A’

Ly_,+m, ]JdZQTr ool

is a relevant, N=1| preserving deformation of the N=4 Lagrangian
Choose m;; = 5 m to preserve SO(3) c SU3) C SO(6)

The scalars in the 10 of SO(6) decompose under SO(3) as
10 - (O+1D)+3+1
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We kept SO(3) unbroken so we can set to zero all the scalars that
are not SO(3) singlets

There are only two such (complex) scalars in 5D N=8 SUGRA
) m , whose boundary value is the source of 5, Tr 1/A’

2) 6, whose boundary value is the source of Tr A*1*



THE HOLOGRAPHIC DUAL

We kept SO(3) unbroken so we can set to zero all the scalars that
are not SO(3) singlets

There are only two such (complex) scalars in 5D N=8 SUGRA
) m , whose boundary value is the source of 5, Tr 1/A’

2) 6, whose boundary value is the source of Tr A*1*

Since supersymmetry is preserved there exist a supersymmetry
transformation that leaves all bulk fermions invariant.
So the equations of motion describing the evolution of the metric
and scalars in the radial coordinate T can be replaced by the

condition 0¥ = 0.
This gives a set of first-order differential equations in T

dy 10w d 1 3 2
A , _¢ =——W, W= —[cosh e  cosh 20]
dT 2 0yP’ dT 3 4 \V3




THE EXACT SOLUTION IS

V3 1+AeT
m(T) = —log

> AT m(T) — \/gAe_T for T large

The decay at large T corresponds to a nonzero source for the
operator sourced by m;; : TrA'A’



THE EXACT SOLUTION IS

V3 1+AeT
m(T) = —log

> AT m(T) — \/§Ae_T forT large

The decay at large T corresponds to a nonzero source for the
operator sourced by m;; : Tr /A’

| 1 + Be™>!
o(T) = —1log

> T RoT o(T) > Be™!  forT large

The decay at large T corresponds to a nonzero expectation value
for the operator sourced by ¢ : Tr A*1*

This operator is the N=1| gaugino condensate

Quite different VEVs than at weak coupling, where they lie on a
circle!



| could have described many other papers written with Luciano and
many collaborators, who often became also good friends but these
examples should suffice to give a glimpse of the range of his interests

Collaborating with Luciano was always fun and instructive. | never felt
like a student, not even when | first met Luciano in via Celoria to ask
him a thesis in 1983. In fact it was often the opposite. Luciano never
ceased to be genuinely pleased to lear something new from his
collaborators

The one thing that Luciano taught me, and | am sure all others that
worked with him, was to look beyond the confines of our own circle,
be it a research group, a department, or even a country, and look for

worthwhile ideas and problems far and wide. He had a “nose” for
finding good physics problems that is vey hard to imitate... Maybe it
was a reflection of his good taste in many other aspects of life
besides physics —Poussin excepted, of course!



Luciano would have been horrified in seeing himself described as a
teacher imparting lessons about life ex cathedra and in fact his
favorite method was rather an “invisible hand”. He was more like Pat
Morita teaching Ralph Macchio in Karate Kid
[Luciano would never get this reference, by the way]

| count having known and worked with Luciano as one of the great
strikes of luck of my life. Sergio Ferrara and Luciano share the
greatest responsibility for the path followed by much of my scientific
career

The number of former students collected here today is proof that his
low pressure, Zen-like teaching method did work very well indeed.



It doesn’t make much sense to address directly a dead fellow atheist,
but let me say it anyway: Thank you for the time we spent together
and all the great memories, Luciano!




