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i.e. necessary to include gravity

Gravity supermultiplet (guv HJZ)




D=4, N=1 supergravity
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D=4, N=1 supergravity
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Performing a Weyl transformation &, — € 8,y and

integrating out auxiliary fields one gets canonical form
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i.e. defined by choice of the Kahler potential and superpotential
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D=4, N=1 supergravity

i.e. defined by choice of the Kahler potential and superpotential
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SUSY breaking, F or D non-zero, i.e. <Gi> #0
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SUSY breaking:
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SUSY breaking: Goldstino/Gravitino

Global SUSY:.

Fermion partner of non-vanishing auxiliary field massless - goldstino



SUSY breaking: Goldstino/Gravitino

Global SUSY:.

Fermion partner of non-vanishing auxiliary field massless - goldstino

Local SUSY:
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“Super Higgs" effect

<Gi> # (0, spin 3 Goldstone fermion mixes with gravitino, making massive state
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SUSY breaking: Goldstino/Gravitino

Global SUSY:.

Fermion partner of non-vanishing auxiliary field massless - goldstino

Local SUSY:
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<Gi>¢0, My, = Mpe—G/z

If D=0 +canonical kinetic terms = G;. = —6;, Jop = Oup

V=0=GG =3 suppressed
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(Soft) SUGRA breaking terms:

Hidden sector breaking:
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(Soft) SUGRA breaking terms:

Hidden sector breaking:
W=W,(0)+W,(X), K=¢"g+XX
‘BW xwl|

v [ ewf 3w
focal 00, M 0X M? M?
(X)=xM,,(W,,)=wM,,(6W,, 6X)=w'M,

M) :|FX| /\/§MP = elx‘2/2|w|

. 12
V = (Wa)i(Wais) +m3 00", ﬂe Wi

elrl /2 [u ;,/,(H'Hs)i + (z*w™ + |1'|2u — 3w* )W + c.c.] :

2 2 9
My = My = My,

AO:—x*<F >/M :—x*\/§m3,2
Boz( : —X )x/_m3/2

x+w /w'




Gaugino masses

1 X
£ :5“”[&% +§;P +}

[a0 £, Trw W) +he.

WW, = AL+ H(AGWF“V + )+ 6’ (FWF“V + )

—
P



Gaugino masses

1 X
£ :5‘”’[&% +§;P +}

[a0 £, Trw W) +he.

WW, = AL+ H(AGWF“V + )+ 6’ (FWF”V + )

F
= Ll gy
MP
\/g Universal gaugino masses if f X
m, = TRe(fx)myz the same for the 3 gauge groups

(X gauge singlet)



Dynamical origin of SUSY breaking (c.f. Technicolour)

Gaugino condensate

Global SUSY X
Only supermultiplet containing AA
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Dynamical origin of SUSY breaking (c.f. Technicolour)

Gaugino condensate
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Anomaly mediation

Classical (tree level) SUSY is superconformal (scale) invariant

.. broken by RG logarithmic terms - superconformal anomaly
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Anomaly mediation

Classical (tree level) SUSY is superconformal (scale) invariant

.. broken by RG logarithmic terms - superconformal anomaly
L=l [d'6(-3M3e 7 |0 D + [a26('W + W, W) |+

® chiral superfield, part of supergravity supermultiplet

Consider "sequestered” sector
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SUSY breaking in hidden sector communicated only by common
gravitational supermultiplet



Anomaly mediation

Classical (tree level) SUSY is superconformal (scale) invariant

.. broken by RG logarithmic terms - superconformal anomaly
L=l [d'6(-3M}c 7 |0 D + [a26(@W + W, W) |+
®D chiral superfield, part of supergravity supermultiplet
Hidden sector SUSY breaking induces F-term ® =1+ F,600
My, = Iy,

At tree level, visible sector supersymmetric

~3
CI)3Qv3is — Q .., efc (tree level scale invariance - super Weyl transformation)

but scale invariance broken at quantum level through cut-off



Anomaly mediation
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Anomaly mediation
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Anomaly mediation

BUT, dominant contribution to masses is
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Need additional contribution e.g. "mirage mediation”
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Gravitinos

If gravitinos once in thermal equilibrium then m,, <lkeV

otherwise inflation and bound on reheat temperature ...
Golds‘rino
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D=5..dominates at high temperature
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Boltzmann equation:

+ 3Hn3/2 — <Gt0tVrel > nrzad/—l_ Z n; <Fl>
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Bound on reheat temperature if is LSP

More generally:
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Figure 2: BBN constraints for the Case 1 at 95 % C.L. Each solid line shows upper bound
on the reheating temperature from D, *He, *He, Li, or "Li. The dotted line is the upper
bound on the reheating temperature from the overclosure of the universe.

My Case 1 Case 2 Case 3 Case 4

300 GeV | 1 x 10° ("He) 4 x 10° (*He) 1 x 10® (*He) —

1TeV  |5x10°(°Li) 0 10° (°Li) 3 x 10° (°Li) 3 x 10° (°Li)
3TV |5x10°(D) 4x10°(D) 2x10°(D) 5x 10° (D)
10 TeV | 2 x 10° (*He) 2 x 107 (*He) 2 x 10° (*He) 2 x 10° (*He)
30 TeV | 9x 10° (*He) 8 x 10° (*He) 7 x 10° (*He) 8 x 10° (4He)

Table 2: Upper bound on the reheating temperature (in units of GeV) from BBN for Cases 1
— 4. The light element which gives the most stringent bound is indicated in the parenthesis.



Gravitinos R-symmetry restoration

If gravitinos once in thermal equilibrium then m,, <lkeV

otherwise inflation and bound on reheat temperature ...
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Gravitinos R-symmetry restoration

If gravitinos once in thermal equilibrium then m,, <lkeV

otherwise inflation and bound on reheat temperature ...

Golds‘rino
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If R-symmetry restored at high femperature gaugino masses vanish
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10 m-

Q. ,h*=0.2 16\/ﬁ6 (lolfeVJK " ; (5)] independent of reheat temperature!
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Baryogenesis

GUTs: AB#0+ CP
— (A(B-L)=0)
(A(B-L)=0)
Out of equilibrium v, decays + AL #0 + ol
—> Leptogenesis (A(B—L)=#0)
..now sphalerons (A(B-L)=0) create baryon number excess

Resonant leptogenesis

=T ~10"GeV ?? {—> Sneutrino oscillation

reheat

R-symmetry restoration



