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1 Basic definitions

Nuv = 77“” = dlag(l, 71, 71, 71)
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2 Identities
ota” +ovat =29*1, Gto” +a"c" =201
Tr(o#a") = 2nt”
0100078 = 20857, (0™)ai(04) 5 = 2eapesy o ()°%(3,)% = 2620
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3 Super-Poincare algebra for N =1 SUSY

[P*, P"] =0

(M, P7) = i(P'n"” — P'y)

(M, MP7] = i(MPn"? + MY — M1y"® — M7y
[Qa MM] = ()0 Qp, [Q*, M™] = ()% Q°

(Qa, Pu] = [Q%, P,] = 0

{Qa, Q%) = {04, 0%} =0

{Qa, Qa} = 204, P,

[Qa, Ti] =0

[QO[7R] = Qaa [Qd;R] = _Qd

4 Extended SUSY
{os, Qspt = 20Z[3PM5§

{04, Q) = €asZ*B, {Qaa, Qsp} = EQB(ZT)AB
5 General superfields

S(x",00,0%) = @+ 00 + 0x + (00)M + (00)N + (05”0)V,, + (00)0X + (00)0p + (60)(60) D

3S = i(eQ+€Q)S = i[S, eQ + Q)]
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Qo = ~igga ~ aal g Qo =g + 000y

Dy = 0o +i0%,0%0,, Ds = —04 — i0%c" 0,

{Dy, Dy} = —2ic . 0,, others zero

y* =zt +i0c") = Dgy" =0

6 Chiral superfields
Da® =0
O(y,0) = o(y) + V200 (y) + (00)F (y)
®(x,0,0) = o+ V200 + (00)F +i(05"0)0,,p —
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7 Vector superfields

V(z,0,0) = Vi(z,0,0)
- %(99)(]\4 —iN) + 05"V,
+ (00) (A - %aﬂaﬂx) + (@0)0(—ir %aﬂaﬂx) + %(99)(9&) (- %auaﬂc)

V(2,0,0) = C + iy — iy + %(99)(]\4 +iN)

Vs V4i(A=AT), & e 240

_ _ __ __ 1 __
Viwz(z,0,0) = (05"0)V, +i(60)0X — i(00)0\ + 5(99)(09)D
Field strength:

Wo = —=(DD)DoV = —iXa(y) + 0aD(y) + (6" 0)a Fru (y) + (99)0568“;\5@)
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8 Lagrangian

ot h.c.) +gv‘D

L= Zqﬁe?qﬁ@i‘]) + (W) o he) + (F@)Wow,)

ow
F-term scalar potential: V(p)(¢) = Z ‘
i

. 1 2\ 2
D-term scalar potential: V(p)(¢) = 3 (* + Z il il )

9 Supersymmetry breaking

Q.|0) #0, Qul0) #0
2
D (QaQl, + Q1Q,) =4E = broken SUSY if Eyqc > 0, unbroken SUSY if Eyqe =0

a=1
F-term breaking:  (F) #0 = (dp) = (0F) =0, (d¢) #0
oW |2 9 .
Ve = ’8— = |F|* = VF > 0 for F-term breaking
¥

O’Raifeartaigh model: K = ®/®;, W = g&, (92 — m?) + M P,
D-term breaking: (D) #0 = (0A) =€(D) #0

Supertrace: StrM? = Z(fl)zﬁl@j + l)m? =0
J

10 MSSM
vector superfield  SU(3)¢ x SU(2), x U(1)y  spin-1 spin-1
G (8,1,0) gluino g gluon g
w (1,3,0) wino @ W-boson WH#
B (1,1,0) bino b  hypercharge boson B*



chiral superfield SU(3)¢c x SU(2)p x U(1)y spin-0 spin-1
UL U i Ur;
Qi = g (3,2,%) squarks ~L quarks g
dr; dr; dr;
VLi 1 i Vi
L= r (1,2,-3) sleptons t leptons -
er: €r; €rL;
UiR (3,1,-3) anti-squark g anti-quark ;g
dir (3,1,1) anti-squark d}p, anti-quark d;g
€iR (1,1,1) slepton €} lepton &;r
HY . . HY I
H, = (1,2,—3) Higgs Higgsino _
Hy Hy Hy
oy . Hf o (H
H> = (1,2,3) Higgs Higgsino )
HY HY H3
Wep = (Ya)ijQiHotrj — (Ya)ijQiH1drj — (Ye)ijLiH1€R; + pH1 Ho
1 _ T
Wrp = 5)‘ijkLiLjéRk + NijrLiQjdy, + ki Li Hy + 5)\;/]'kuRidede
R-parity: R = (—1)3(B-1)+28
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