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Supersymmetric Lagrangians, Kahler geometry and SSB

@ Superspace and chiral superfields: y™ = x™ 4 i0o™4,
% = Z%(y) + v20x*(y) + (00)F*(v)
o Lagrangian: £ = [K($%, ®7)]p + ([W(cba)]p + h.c.) —

L = g 50mZ0" 2% — ig, X5 Dx® + - wa X%

1 1 _ _
— =D, DsWx“x —EDaD—WS(O‘)‘C —gO"BDaWDBW

2
@ Kahler manifold - Kahler symmetry:
o 0 5
805 = 57a7555K + TB =878 + Rups = 8505 o

@ SSB < (0|H|0) # 0 — vacuum energy is the order parameter
O V=g, ;FF =g PW, W5 = W, W
@ Goldstino:
OXa = —V2Féat... = —V2(F)eot... , 0aV = (DoaDgW)WP =0
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Basic concepts of Supergravity
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Simplest Lagrangians & SSB

o Geometry in terms of &, #
@ Pure supergravity Lagrangians .& = —% [d208% + h.c —
1 1 v 1 a 1 abcd (7 = o > T
L = —ieR — gel\/ll\/l + geb b, + See (Va0bDethd — Va0pPDctba)
@ General form, Kahler - Weyl symmetry:
2

- - K
Z = 1 /d2@2é"{3(@_@ - §,@) exp(—L) + K2W} + hec.
K2 8 6 3

= —le/d2@<§%+/d2@2£{—é(@@— 292);@r W} +...+he

@ Scalar potential: V = exp(K)[gaB(Da W)(DB W) - 3WwW] =
gaBFO‘I:_B —iMM = exp(%)[gaggagg — 3]

e Gravitino mass term: my, = (exp(¥4/2))

o Goldstino: dn = const. + ... only if (¢4,) # 0 or (V) ~ (F,) #£0
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Basic concepts of Supergravity

Superconformal formalism

@ Extend Poincare supersymmetry — superconformal symmetry
@ Use chiral compensator superfield — n + 1 chiral superfields with
components x' Q! F!

o General Lagrangian:
= [#(X,X)lb + [W(X)]F + [fa (X)X P

o Kahler manifold: G,;7=A)7= but Kahler symmetry?

axfaxf
© Break superfluous symmetrles
e D — gauge: N = — K2 = -3M32
o Parametrization with U(1) symmetry: X! = Yx/(Z%),X; = Yxi(Z.) —
projective Kahler manifold, Kahler symmetry restored

H = 73|n[7% ;f/

o After the complete gauge-fixing: conventional supergravity Lagrangians
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Basic concepts of Supergravity

Superconformal tensor calculus

@ Distinguish chiral compensator superfield Sy, define Z = 50_12(50)

o Useful identities:

50

[AZ]F +h.c. = [/\;0 ]D + (surface term)
0
N-Z-2(Z)]f +hec. = [ZZ(N + /‘\)] p + (surface term)

o Example: [N % - S2]F + h.c. = [SoSo(A + )] p + (surface term)

o How to write Lagrangians: e.g. R + R? models

Z = —I5Silo + (g ‘f’ )SoSalo + (W (5 )r +1c.)

o Gauge-fixing: fix Sg suitably, most common choice: Sy =1
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Motivation and the Volkov-Akulov Lagrangian

@ Fermionic and bosonic d. o. f. do not match

@ Brane dynamics: String Theory
@ Low-energy phenomenology of supersymmetry breaking
o Supersymmetry breaking scale (|F|?) = Méygy, k> = 871Gy = M%%
@ Low-energy breaking: Goldstino component of the gravitino dominates
with mg < Msusy,, sGoldstino becomes superheavy

© Inflationary Cosmology

@ Supersymmetry transformations: 6’ = 6 + £ — can set 6 = K\
1 - -
Oe N = ;5“ —ik(A™ME — EaMN)OmA”

o Using A2 =02 — ik20mAa? X + ik Aa?0m A, construct Lagrangian
(Volkov - Akulov 1973)

D?:—idetA:— L

. L m Y mYy 2
52 5.2 2(/\0 OmA — OmAd ™) + O(k7)
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Non-linear Supersymmetry

Constrained Superfields

o Chiral superfield X, X? = 0 (Komargodski-Seiberg 2009) —

X(y.0) = 22(y)+ V20G(y) + (00)F(y)

o General Lagrangian (without derivatives):

= [XX]D + ([fX]e + h.c.)

G2 G2
—fF—l—fF+—8“6 ( )+/8 Go"G + FF —

— _f2 i 7222 27292 292 ~2
L = 1i0,65"G + 5 C°PG 16f6GGaGaG
1

. . 2 _
— equivalent to Volkov-Akulov Lagrangian for f* = 55
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The coupling of Non-linear Supersymmetry to Supergravity

The geometrical description of the coupling

@ The coupling:

&L =—[(1 - XX)SoSolp + ([(FX + Wo + %TXz)Sg]F + h.c.)

with Kihler potential: K = —3In(1 — XX) = 3XX
o Kahler symmetry:

KoK =K-=3X+X),W—-W =e*Xw

@ The geometrical formulation, A = f 4+ 3W:

o & 1
L' = -1+ X+ X)SoSolp + ([(IX + Wo + 5 TX*)e* S]F + h.c)

1% 1 %

= [(_5570 + Wo - ﬁ(So

~ 2)?)S3]F + hec.
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The coupling of Non-linear Supersymmetry to Supergravity

In terms of component fields

@ Using the constrained chiral superfield X, X2 = 0:

& = /d2@2£{—2(@@ — %%)(X)_( — 1)+ X + Wy} + hec

@ Using the constrained supergravity multiplet %, (Z — \)? = 0:
&= —/d2e£%+/dzezgwo+h.c.

— both have the same physical content: (we use the unitary gauge)

e Gravitino mass: ms;, = [Wj
@ Cosmological constant: 0 if A =6Wy, A =0 or f =+£3W
@ Final form:

11 I -
=9 = —EeR + EeEQde(dJa&b@ci/)d — Ya0pDcta)

—eWopa5?P 1y, — eWoth,0°Pay,
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The coupling of Non-linear Supersymmetry to Supergravity

Without imposing constraints (1)

@ Alternatively, consider the Lagrangian

L= [<_1‘% + W + lp(z - )\)2> Sg} +h.c.at p = o0
0 F

= 7 = —[b—S5— §]D + <[a — 21/)52]1: +h.c.>

@ Scalar potential: V = m {3(A% + A?)(b+ AR) — 2apAgr}

o —b<AgR<2 , b>0

Q (V)= <§T};> = (%) = 0 = no minimum & sgoldstino does not
decouple

Q <%> = (37\/’> =0 and (V) =0 only at p — oo = sgoldstino does
not decouple
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The coupling of Non-linear Supersymmetry to Supergravity

Without imposing constraints (1)

o ldea: f(#) supergravity

n_|(_1Z 1Lz z 3
7 [( 250+W0+2p(50 )2+ 550 F(S)|)S; FJrh.c.é

1 _ _ 1 1
R {(1 - ;(5 + 5))5050} +{[(WO + Ep(,:/ A2 ;F)Sg’]p . h.c.}
D
@ Leading behaviour of the scalar potential V for p — oc:
4
V = &|F"(F' — \)|*> — consider minimum for F/ = X:
@ Scalar mass: my = %3(,://)2
@ Cosmological constant: A=6Wy or A=0

@ Solution:
3W 1 2W.
F(6) = doWo + A(& — do) & 5 (6 — do)* + 1=

Q SSB: (|F%|) = \ K/2,/g93D- W‘ iy \f|w0| £0,
mz > = ((Wle K/2> = — | W

5 (06— +...
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