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Maxwell-Einstein-Scalar Theories
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| T D=4 Maxwell-Einstein-scalar system (with no potential)
H:= (F*GA) :
- ' [ may be the bosonic sector of D=4 (ungauged) sugra ]

*G i 2 5 L . .
Alpr - srAae - Abelian 2-form field strengths

static, spherically symmetric, asymptotically flat, extremal black hole
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reduction D=4 D=1 :effective 1-dimensional (radial) Lagrangian

) 1 BH effective potential
Veh (¢. Q) = —EQTM () Q.

Ferrara,Gibbons,Kallosh

d2U QL V,

dr? BH
Euler-Lagrange Egs.

dﬂft QEJ SVBH

dr? g Ol -~

Attractor Mechanism : 9,Vey =0 & lim,—,_ ¢ (1) = ¢} (Q)
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conformally fat geometry AdSs x S? near the horizon ds3 qB R~ Tdtg BQR (d?" + T"Qdﬂ)
B-R "
near the horizon, the scalar fields are stabilized purely in terms of charges
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Bekenstein-Hawking entropy-area formula for extremal dyonic black hole



Symmetric Scalar Manifolds

Let’s specialize the discussion to theories with scalar manifolds (target spaces) which are

symmetric cosets G/H
[ N>2 : general, N=2 : particular, N=1 : special cases ]

H = isotropy group; linearly realized : scalar fields sit in an H-repr.

G = (global) electric-magnetic duality group [in string theory (over Z): U-duality];
Abelian 1-form sit in a G-repr; non-linearly realized on scalar fields

G is an on-shell symmetry of the Lagrangian,
I.e. it is a simmetry of the equations of motion only

The vector of 2-form field strengths (F,G), as well as the BH e.m. charges
sit in a G-repr. R which is symplectic :
ICunm =1 € Rx,R; (Q1.Q0) = OV OY Cryy = — (5. Q4)

0. I symplectic product
- (% &)

G C Sp(2n.R): Gaillard-Zumino embedding

(generally maximal, but not symmetric)

Dynkin, Gaillard-Zumino




* symmetric scalar manifolds of N=2, D=4 sugra [all but T3 model]
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symmetric scalar manifolds G/H (including symmetric SK spaces of N=2, D=4 sugra)

The G-representation space R of the BH e.m. charges gets stratified, under
the action of G, in U-orbits (non-symmetric cosets GI# ).  Ferrara, Gunaydin

¥ is the stabilizer (isotropy) group of the U-orbit = symmetry of the charge
configurations, it relates physically equivalent BH charge configurations

each U-orbit supports a class of critical points of Vg , corresponding
to specific SUSY-preserving properties of the near-horizon geometry

When # is non-compact, there is a residual compact symmetry linearly acting

on scalars, such that the scalars belonging to the
“moduli space” #Imcs(#) (symmetric submanifold of G/H)

are not stabilized in terms of BH charges at the event horizon of the extremal BH
Ferrara, AM

The Attractor Mechanism is inactive on these unstabilized scalar fields,
which are flat directions of Vg, at its critical points.




symmetric scalar manifolds G/H (cont’d)

The absence of flat directions at N=2 '2-BPS attractors can thus be explained
by the fact that the stabilizer of the 72-BPS orbit is compact : #=H/U(1),

where H is the stabilizer of the scalar manifold G/H itself

The massless Hessian modes, ubiquitous at non-BPS crit pts of Vg, are actually
all flat directions of Vg, itself at the considered class of crit. pts.

Black hole entropy is independent on unstabilized scalar fields

Thus, the flat directions of Vg, at its critical points span various “moduli spaces”,
corresponding to each class of extremal black hole solutions




+» Duality Orbits of symmetric N=2, D=4 supergravities [all but TA3 model]

%—BPS orbits

non-BPS, Z # 0 orbits

non-BPS, Z = 0 orbits
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*» non-BPS Z\neq0 moduli spaces of symmetric N=2, D=4 supergravities

Ferrara,AM
% T dimg, R
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Nota Bene : these moduli spaces are nothing but the scalar manifolds

of the corresponding theories uplifted to D=5 [real special geometry]



let’s reconsider the starting Maxwell-Einstein-scalar Lagrangian density

R 1 1
L= —5 T 59ii () Oup* ! + ifﬁz (©) F,L?VFEW + Ras () EWPUF;:;FPEJ

1
S8vV -G
...and introduce the following real 2n x 2n matrix (n = number of Abelian 1-forms)

I —R I 0 I 0 I+RIT'R —RI!
M = _
0 I 0 I —R I —I 'R I!

M =M MCM=C

By virtue of this matrix, one can introduce a (scalar fields
dependent) anti-involution in any Maxwell-Einstein-scalar
gravity theory with symplectic structure :

() == —CM(e) N 4
2 — CM CM . (CQ — _JId Hans Frudenthal
T (p) = ()CM(p) = (1905-1990)

Freudenthal (duality) map




Let us evaluate the action of the Freudenthal map on e.m. charges (vector Q)
at the event horizon of the extremal black hole

Attractor Mechanism o vy, =0 < lim, . " (1) = ¢5(Q)

Bekenstein-Hawking ¢ — % =7 VBH|s vy —0 = _E‘QT,MHQ
entropy N

By defining the matrix M at the horizon : ~_lim M (p (7)) = My (Q)

——00

one can define the horizon limit of the action of the Freudenthal map on Q as

1 0S8 .
limr—,—o§ (Q) = Fu (Q) = ~CMpQ =—C df; = Q.

:--.,2 P -
S(Q) =3%u(Q) =-9
This is a non-linear (scalar fields independent) anti-involutive map on Q (hom. deg. = 1)

Bekenstein — Hawking entropy is invariant under its own symplectic gradient :

- 1 _.0S
5(0) =5 (3u(Q) = 5 (2¢52 ) = S(@)
This can be extended to include at least all quantum corrections

with homogeneity 2 or 0 in the black hole charges Q Ferrara, AM, Yeranyan

(and late Raymond Stora)



Lie groups of type E, : (G,R) R ST

Garibaldi; Krutelevich;
Borsten,Dahanayake,Duff,Rubens;

. . . Ferrara,Kallosh,AM;
<+ the (ir)repr. R is symplectic : AM Orazi.Riccioni

ICp v =1 € Rx,R; (Q1,Q2) = QY QY Cyn = — (Q2.Q1) ;

symplectic product
¢ the (ir)repr. admits a completely symmetric invariant rank-4 tensor

E” KM"JVFQ = KI[."L:L'VPQ} =1 = [R x R xR x R]s (K—tensor)

\1, G-invariant quartic polynomial

Iy = KMNPQQMQNQPQQ =: €|y, = Spr = ™/ |14]

% defining a triple map in R as
T:RxRxR—=R (T(Q1,02,03), Q) = Knnpo QM OY 0F 0F

it holds (T(Q1,Q1,Q2),T(Qa, Q2,Q2)) = (Q1, Q2) Kninpo Q1 QY 0F QF

[the 3rd axiom makes a group of type E, definable in terms of Freudenthal triple systems |




All electric-magnetic (U-)duality groups of D=4 sugras with symmetric scalar
manifolds and at least N=2 supercharges are of type E,

N=2
N G R
G R
3 @ (3 +n)
> | @)
SL(2,R) x|SO(2,n) (2,2+n) 4 /9/(2,]@) x SO(6,n) | (2,6 +n)
/f
SL(2,R) 4
/5 SU(1,5) 20
Sp(6|R) 14/ /
SU(8,3) 20 6 S0*(12) 32
SO*(12) ;/
8 ET{T} 516
Er(os) 56
“degenerate” groups of type E;

Li(p,q) = (I2(p, q))* Spu = m\/|l4(p,q)| = 7 [I2(p, q)| -



In supegravities with electric-magnetic duality group of type E-,
the G-invariant K-tensor determines the
Bekenstein-Hawking entropy of extremal black holes

Spr = T/ |14] I = KunpoQV QN QP Q% = e |1,

The K-tensor can generally be expressed as adjoint-trace of the
product of G-generators (dim R = 2n, and dim Adj =d) :
n(2n +1) d

¥

Kynpg = — 6d Upnta)lPQ — n(2n + 1){CM{PCQ]|N

The horizon Freudenthal (duality) map can be expressed in terms of the K-tensor

~ o/ |1 2 N
Su(Q)um = Qu = ;5‘5{@)' = EmKMrNPQQh Q" Q¥

Borsten,Dahanayake,Duff,Rubens

In this class of theories, the invariance of the Bekenstein-Hawking black hole entropy
under horizon Freudenthal duality map reads

1, (Q) = I,(CO) I, ({Ca IE;ESQ)I)




The non-transitive action of the split form E; on its 56-dim. repr. 56 gives rise to a generic

. L S ) E.
(open) orbit  E; < R+ which is a non-compact real form of = £7 « GL(1)

EE,@) EG

regular pre-homogeneous vector space (PVS) of type (29) in the classification
by Sato and Kimura (77) :

(29) (GLQ) X B, O® 45 V(1) ® V(56)).
(1) H ~ By, (1) degf =4, (1) f(X)=T(@,y) —EN@) — pN(W)

— 1(T'(x,y) — &n)* (see (1.16), or Proposition in §95).

A PVS is a finite-dimensional vector space V_together with a subgroup G of GL(V)
such that G has an open, dense orbit i [Sato,Kimura; Knapp]

PVS are subdivided into two types;according to whether there exists a homogeneous
polynomial f on V which is invariant under the semisimple part of G.

In this case : V = 56«(fundamental irrep. of G=E,), f = quartic invariant polynomial I,
H= isotropy ilizer) group = Eg

Manifestly E; -invariant expression of the quartic invariant 1, of the 56 of E, :

well before (°77 = almost contemporary to sugra) the expression introduced by

Ferrara & Gunaydin (‘97)! | o oL (0) O (a)
L (5.9 g0, 41) = — (p"a0 + p'as) *+4 |qols (p) — p"Is (q) + { | f;pE N ;iqw H




simple groups of type E, of sugra almost saturate list of irr. PVS with invariant deg 4

G v n Isotropy algebra Degree
0 4 N=2, TA3 model
sl(3,C) x sl(3,C) 4 N=2 magic on R
|5 7
5[(3,@) 16
6
5[(2 IR 5.10
5l(2,C) x sl(2,C) x sl(2,C) 5
191(1,C) x gI(1,C) 6
s1(3,C) 4 N=2 magic on C
3|g5,51(3,C) x s0(2,C), sl(2,C) x s0(3,C)222
spin(7,C) 2
g5 x sl(2,C),sl(2,C) x s0(3,C) 24
|s1(5,C) | 4 ?
s1(6,C) . N=2 magic on H, N=6
182 X8, :
sl(3,C),gl(2,C) 22
f5,50(8,C) 36

Cq 4 N=2 magic on O, N=8

In sugra, n can be associated to the # of centers of the multi-centered black holes

[ Nota Bene : here only irreducible PVS (with G simple and complex Lie group) are considered ]




—> classification of groups of type E, ? in progress....

Some advances in rather recent papers,
e.g. [Garibaldi, Guralnick]

- |4 dimV  chark | &G Vv dimV  chark

B, A1 2n+1 #2 Ay A +p' A (12 1) 4 =p#0 p=2:TA3 model
D, A 2n all ' _—7

A, 2\ 3 £ 92

5 A3 20 2
3 ;’hg 5 all
3 Az 8 2
/C ¢ half-spin 32 '
/ Er A7 /56/2

known simple Lie groups of type E, occurring in D=4 Maxwell-Einstein
(super)gravity theories
[ exactly the ones occurring in the Sato-Kimura table ! ]




Some Hints for the Future...

** Freudenthal duality map for non-symmetric proj. special Kaehler manifolds

[deWit, Van Proeyen; Alekseevsky, Cortes, ...]
and relation to cubic T-Algebras [Vinberg, Cecotti] recent devs. : [Alekseevsky, AM, Spiro]

*» D=5 : «Jordan duality map» for black holes and black strings,
groups of type E¢, PVS , and D=5 Maxwell-Einstein (super)gravity

Borsten, Duff et al.
% Freudenthal duality map for intrinsically quantum black holes

(«small» orbits)

s extension to multi-centered (extremal) black hole solutions:
work in progress [Yeranyan; Ferrara,AM,Shcherbakov,Yeranyan]

“ new groups of type E, and exceptional/orthosymplectic Lie superalgebras

* into the quantum regime of gravity [U-duality groups is over Z] :

Freudenthal duality map for integer, quantized charges ?
Borsten, Duff et al.,

% (super)string/M- theoretical realization/interpretation of the
Freudenthal dual map : s#7, a MystEry....




M Posta n Lite X E Aless Branchinc n Litera @ The T PII: 0001~ W Cliffo | class G real f “ liegre report10v lie alge > -+ v - X

& C Q8 https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=a marrani%: ¢ ® Cerca Y M O =
~
New feature:You can now claim authorship of your papers Learn more. X
Citation Summary
Exclude self-citations &
Citeable (® Published ®
Papers 140 104
2003 2022 Citations 3,057 2,734
I
h-index ® 30 29
Number of authors —
Citations/paper (av 21.8 26.3
Single author 6 /paper (av)
10 authors or less 140 Papers — Citeable — Published —‘é
60 55 S
50 [}
50 L
41
Exclude RPP " 37 A
Exclude Review of Particle 30
Physics
20 16
140 15 14
10 8
4 4
0 I
0 1-9 10-49 50-99 100-249 250-499 500+
Document Type Citations .

Any help/advice in finding a tenured job will be very much welcome !




55
KEEP
CALM

AND

STUDY GEOMETRIC STRUCTURES
AND SUPERSYMMETRY

Tusen TakR !




	Diapositiva numero 1
	Summary
	Diapositiva numero 3
	Diapositiva numero 4
	Diapositiva numero 5
	Diapositiva numero 6
	Diapositiva numero 7
	Diapositiva numero 8
	Diapositiva numero 9
	Diapositiva numero 10
	Diapositiva numero 11
	Diapositiva numero 12
	Diapositiva numero 13
	Diapositiva numero 14
	Diapositiva numero 15
	Diapositiva numero 16
	Diapositiva numero 17
	Diapositiva numero 18
	Diapositiva numero 19
	Diapositiva numero 20
	Diapositiva numero 21

