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The inflationary model was proposed in 1980 by Alan Guth as a solution for the

horizon problem and the flatness problem.
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State equation:
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Scalar field

Inflaton

Action:

State equation:

Asymptotic behaviour:

Small coupling parameters

Large

V(¢ = 0) = constant
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SUPERSYMMETRY

Given any generator G = B4 Q;
B = b« Kpyxb+ gl Ky *g; Q = ¢ *Kyxb+blx Ky, *q:
®—0 ©—6 ®— H—©e
INTERNAL SYMMETRY SUPERSYMMETRY

to

bi(p), bl (q)] = 6;;0%(p —a) ;  [b,b] = [bf,bf] =0
{:(p). ¢} (q)} = d;;0°(P—a); {a.q} ={q',q'} =0
b,q] =[b,q"] =[bT,q] = b, ¢"] =0 (2)
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Given any generator G = B4 Q;
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SUPERSYMMETRY B e i o

Given any generator G = B+ Q;
B = b s Kyxb+q' x Ky *q; Q = ¢ *Kpxb+blx Ky *q;
INTERNAL SYMMETRY SUPERSYMMETRY

Graded Lie algebra:

[Bi,Bj] = ic};B [Bi, Bj, By] + [[Bj, By|, Bi] + [[Bx. Bi], Bj] =0
Qa,Bi] = 5°.Qs [Qa, Bi], B;] + [[Bi, B;]. Qa] + [[B;, Qa], Bi] = 0
{Qu: Qs} = asBi- {Qa,Qp}, Bi] +1{[Bi,Qal, Qs} — {[Qs, Bi],Qa} =0

{Qa.Qs}. Q4] + [{Q+. Qa}. Qa] + [{Qs, Qy}. Qa] = 0



Given G a group of bosonic symmetry. If:

1. G contains a subgroup locally isomorphic to Poincaré

2. For M>0, particles with m<M are finite.

3. Non trivial and analytic S-matrix

G is a direct product of Poincaré and an internal symmetry group.

PP = 0
[P‘u_, ﬂaﬂjg: — 'i-('np.upcr — 'n,u.crlDu)
[JI nz ﬂ’{ﬁ'cf = 1 ('Ihfﬂﬂ{ﬁiﬂ — Nvo ﬂiﬂ-ﬂ' o nﬁiﬂﬂiy ot nﬁ-‘:’ﬂ’{” P)
[B;,Bj] = icl.By
Bi,P.] = [Bi,Mu] =0



HAAG-LOPUSZANSKI-SOHNIUS

THEOREM

The generators of supersymmetry satisfy the positive metric condition

(HQ, QM) = QTP +1Q)*>0 Q#0
1 1

And belong to the representations (=,0) and (0, =) of Lorentz group.
2 2
1 . 1
[(:2&"3'.: -ﬂ"fp.u} — 5(0;1.1/)5?-62.3-5 ? [(2; ﬂ'fp.y] — —Qbi(ﬁw)i
{Qm,(gg} — 20 (0") 5P
Qi B = [Qf:l P =0
Qai, Br] = (0)]Qaj  [Qa,Br] = —Q%(br);
{Qai, Qpj} = 2€apZiy , Zij = a;B;
(Qa.Q) = —2e,2" . 27 =(Zy)!

|Z;;,any generator] = 0.
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REPRESENTATIONS

ON SUPERFIELDS
Superspace B
Symmetry Group: ¢ = i PHOQ+iQO+ 5\ M L(x,0,0) = e P+H0Q+iQ0

Super-Poincaré

8 coordinates: 4 bosonic, 4 Fermionic



REPRESENTATIONS

ON SUPERFIELDS

Superspace
Symmetry Group: g = i@ PHIQ+IQE+EAM L(x,0,0) = * PToQ+100
Super-Poincaré . . _
P b(x) = L(z)$(0)L " ()
8 coordinates: 4 bosonic, 4 Fermionic
Most general Superfield:
V(z,0,0) = C —ify+i€0 — %QQ(M _iN) + %JZ(M +iN) — 00"9A,,

iB2O(\ — %aé) — i0%0(F — %ax) _ %9292(1) + %DC)
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REPRESENTATIONS

ON SUPERFIELDS

Superspace
Symmetry Group: ¢ = i PHOQ+iQO+ 5\ M L(z,0,0) = ¢v P+0Q+iQ0
Super-Poincaré | | }

i b(x) = L(@)p(0) L (x)

8 coordinates: 4 bosonic, 4 Fermionic

Real Vector Superfield:  [V(6.0] =V(z.6.9) ]
' C=Cl, M=M', N=NI, D=DI &=y gr=\

V(x,0,60) = C —ifx + ix0 — 260*(M — iN) + £60*(M +iN) — 05+0A,

+i20(\ — £0Y) — i6%0(X — $0x) — 56%6%(D + 300).
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REPRESENTATIONS

ON SUPERFIELDS
Covariant derivatives Da® =0

Dy = 0Op, B(z,0,0) = exp(—i008)b(z, o)
D, = %—i(a“@aﬁp, 5(z,0) = A+ 200 —6°F
_ 0 |

& = —35 TH09Na0%  aptichiral Field  Du® =0

®(z,0,0) = exp(i000)p(z,0)

b(x,0) = Al 4200 — 9*F1



REPRESENTATIONS

ON SUPERFIELDS
Covariant derivatives Ds® =0
Du = a,é B(2,0,0) = exp(—ifd8)o(z, 0)
Do = 52 — i(0"8) 40, o(x,0) = A+20¢—0*F
_ 5,
— I —— H n . n —
& = ~gga TH09Na0  AntiChiral Field — Dad =0
®(z,0,0) = exp(i000)p(z,0)
T — iDzé A(z,0) = Al 4 290 — 6*F1
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/ dodOs> f(01,05) = / db / dbay(fo + O1f1 + 02 f2 + 0102 f12)
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LAGRANGIANS

@) = fo+ f106

/dﬂf(ﬂ) = /dﬁfg +/d66f1 = 1

/ dodOs> f(01,05) = / db / dbay(fo + O1f1 + 02 f2 + 0102 f12)

— /dﬂl /(l@g@lggf'12 — le

INTEGRATION OVER PROYECTION OF HIGHEST
GRASSMAN VARIABLES ORDER COMPONENT
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Standard Model particles

YVoOw
YVoOow v
Vv, LV 7
QO U

W quarks
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SUPERSYMMETRY BREAKING

Q. Q"..) = 1QT.)P+1Q.)*>0 Q#0
{Qm Q } — QOJ(O"U) JJD‘u

Enmin = (0| E|0) = Z Qal0)[% = (0[U10).



CHQ, QM. =1QT.) P+ 1Ql.)2>0 Q+#0  SUPERSYMETRY BREAKING

{Qai Q%) = 20/(c") _,BPH_ I
SCALAR POTENTIAL V.E.V
STRICTELY POSITIVE

Epin = (0| E|0) = Z Qa]0)|* = (0|U|0).



CHQ, QM. =1QT.) P+ 1Ql.)2>0 Q+#0  SUPERSYMETRY BREAKING

{Qai Q%) = 20/(c") _,BPH_ I
SCALAR POTENTIAL V.E.V
STRICTELY POSITIVE

?/J v\ﬁ/ \?/

Emm — O‘E‘O Z ‘(2-&‘0 O‘U‘(D

NV AN

supersymmetric non-supersymmetric non-supersymmetric
ground state ground state potential
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O’RAIFEARTAIGH'S MODEL i3

Kinetic Superpotential

. 1 o 1 L
Vo = )‘a@a -+ 5']'?1'(16@(1 - Qp + %gabc@a Qb P

Scalar Potential

1 1 I - 0
U — _FaFa _GI‘IGQ _r"lllal ) V .
grata T telta oY [aoa L

(F)o = (G)a =0
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Kinetic Superpotential A3 = A,

. 1 o 1 L
Vo = )‘a@a -+ 5']'?1'(16@(1 - Qp + %gabc@a Qb P

Scalar Potential

1 1 I - 0
U — _FaFa _GI‘IGQ _r"lllal ) V .
grata T telta oY [aoa L

(F)o = (G)a =0

miz2 = ma21 = m, G§113 — g131 — g311 — g
Equations of motion
Fi = mAy+2¢g(As3A1 — BsB)
G1 = mDBa+2g(As3B1 + B34y)
Fo = mA;
Go = mbBy
F3 = X\+g(Al - BY).
Gz = 294154

2Wmin = A? for [2gA| < m?
(A1) = (A2) = (B1) =(B2) =0
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Equations of motion
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FLAT DIRECTIONS
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Superpotential

fX¢* — Xy

1
2

W(6, X) =
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Superpotential
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fX¢* — Xp?

1
2

W(6, X) =



SUPERFIELD-SINGLET

Superpotential

| 1 .. . ‘ oW - OW 1 - ‘
W(¢, X) = 5fX¢* — Xp* [LIFTERMS > ——=fXo, - =5fob—

Scalar Potential

V(6. X) = |5/6* = 1> + f2X[*|6[* + D-terms



SUPERFIELD-SINGLET

Superpotential Scalar Potential

> | a | 1. . o o
W(6,X) = 5/X&* —Xu?  V(6.X) =516 — i+ f2XP|6] + D-terms

% L. - 2) Y 2 v2 oV N * |
9 (2fo pe)fo+ X9 X = 22X * =0



SUPERFIELD-SINGLET

Superpotential Scalar Potential

W(p, X) =S fXe" = Xp’ V(9 X) =5f6" — 1*|* + £*|X[*| 6 + D-terms
oV L, 2>. 22, % | |

— = (zfP -2 )fo+ fPX%=0 = 2f2X¢? =

¥ (21‘ i) fo+ f2 X% v = 2PX¢ =0

b=0, X>X.=pnu/\f > =2u7/f, X=0

V0, 1/ f) = V(v2/jm0)=0

Non-Supersymmetric Vacuum Supersymmetric Vacuum

Large curvature ~ f|X| Flat direction



FOUR GAUGE SUPERFIELDS

AND TWO SINGLETS

Superpotential

W = fShip- — 1S + X(arAvd— +a_A o)

F-TERMS @

oW oW
— = [fSo_+Xa_A_, —=[5¢ Xay Ay,
9o fSo_ + Xa By JSoL +Xa Ay,
ow , ow |
oA, — Xerd— pam = Xa-ow
oW L 5 OW . .

= foyo_ — =ar Ao +a_A_¢y

as X



FOUR GAUGE SUPERFIELDS

AND TWO SINGLETS

Superpotential

W =fS¢io_ —p*S +X(ayArd_ +a_A_¢y)
Scalar Potential

V = |fSo—+Xa_A_|”? +|fSéy + Xa AL + | Xard_|* + | Xa_¢|”
+|f@+@— - #-2| +layAyp_ +a_A_¢ P + 5(\@+\2 — o P+ [A P — 1A %)




FOUR GAUGE SUPERFIELDS

AND TWO SINGLETS

Scalar Potential
V = |fSé-+Xa_A_[>+|fS¢s + Xar AL > + | Xayo-|* + | Xa—¢ |
+|f@+@— - #-2| +layAyp_ +a Ao + 5(\@+\2 — oI+ [A " — 1A %)

o = 2 [acA—arAypy + f(—12d4 + fo— (o7 + S?) +a—A_SX) +a%dp_ (AL + X?)]
go. = 2lo-A-ardio+ fl=1?¢— + for (62 + S°) + a1 Ay SX) + a2 ¢y (A2 + X))
¥+
oV Lo L 2 2
A 20_(ay Ay ¢y + fo SX +a A (97 +X7))
aV ,. .. - 2 2
7 = 2a4(91(a—A_o_ + fSX) +ar A (02 + X7))
DA,
oV 2 L 2@ .. ..
99 2f(f(¢2 + ¢ )S+(a-A o +a Ao )X)
1%

—~ = 20 A fo S+a (A2 +0)X +a (A1 fo S +a  ATX +a 62 X))



FOUR GAUGE SUPERFIELDS

AND TWO SINGLETS

Scalar Potential
V = |fSé-+Xa_A_[>+|fS¢s + Xar AL > + | Xayo-|* + | Xa—¢ |
+|f@+@— - #-2| +layAyp_ +a Ao + 5(\@+\2 — oI+ [A " — 1A %)

A% I o

dp_ 2f [=10+ + fo-63] =0 > Supersymmetric Vacuum
oV T2 2 - - K

o = 2/ |-+ foro”| =0 Or = O = —=

Do f -1’6+ foi10”] | -

oV oV oV oV

OA_ oA, 9S ax "



FOUR GAUGE SUPERFIELDS

AND TWO SINGLETS

Scalar Potential
V = |fSé-+Xa_A_[>+|fS¢s + Xar AL > + | Xayo-|* + | Xa—¢ |
+|f@+@— - #-2| +layAyp_ +a Ao + 5(\@+\2 — oI+ [A " — 1A %)
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CONCLUSIONS

* The smallest system of interacting quiral fields that exhibit
spontaneous SUSY breaking contains three of them.

* Spontaneous breaking of SUSY in Super-QED gives non-masive
photon and photino.

e SUSY breaking is crucial for the inflaton Flat directions.



