Il SUPERSYMMETRY

1. SUSY Algebras und Multiplets

¢ = complex scalar field 1 = fermionic bispinor

L = 0,¢*0 ¢ + Pridr conserved fermionic charge:

invar.: ¢ — ¢ + © %y, current: jo = [(dé")v"9YL],
Y — P — 19O o charge: Q. = [ d°% j2(t, T)

[©: const. infinit. bispinor] = Qo =0

invariance also valid for interacting fields:
>, —. gs 2 2
L= 10us? +ridps, — [mss + 22
1 _
— §(mF + gpP) YL + h.c.
symmetric under
® — ¢+ @Lch
. c gs 2
Y, — Y —iP@Op ¢ — <ms¢+§¢ )@L
IF g¢ = g and mg = mp
SUSY: 1.) corresponding field d.o.f.

2.) identical masses
3.) identical couplings
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Supersymmetry Algebra N = 1:

minimal symmetry realization
Qo = lefthanded Weyl spinor: v5Q = —Q

graded Lie algebra: | {Qa, Qs = {Qa,Qg} =0

{Qa,Qp} = 2 Prag

[QOM ]P,u] O

1
[(Qa, Mpv] = E(Uuu)aﬁQﬂ

Poincaré algebra

_ 1 -
spectrum: [Myw, Qo] = EQB(JW)M: Mio> = J3

012 — 03

— _ 1 B 1
J3Q12=C1.2 (J3 + 5) — (1 generates spin = 5
1
(21 annihilates spin = 5
9 1
Q> annihilates spin = S
1

Q> generates spin = —
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Intermezzo: Poincaré algebra

]]\/I[U/ — CUM]]D]/ — ZU]/]]DM _I_ Zlu]/
J (Mo3,M371,M15)
J? = L(L+1) (L=1¢45)
ed. ouw = %[’y“,’yy] — Dirac spinors
1
ZMV — EO'ILLV
- _1(& 0
> = 5(0 5)
= 5 3

spin = —
P 2

[derived from S(A)y(z') = exp(ied) ¥ (x) with infi-
nitesimal rotations A and & = 7 — € x 7]

Poincaré algebra:

[]M,ul/a]MpJ: —
[(Muv, Pl = guplPu — gupPu
[P/MPV: = 0

gz/p]]\/l,ua — g,up]]vlz/a — gyg]]\/l,up + g,uU]]\/Iz/p



Multiplet Structure:

particle multiplet: |\),

3y

anti-particle: | — A), =\ — 5>

Classification: N = 1 supersymmetry

[ 1
supermultiplet |S,S + 5]
1
chiral 0, —
| 2.
1
vector —, 1
12
3
graviton —, 2
12
: . . ~i=1,...N,
generalization: Qa=1,2 ;

(@i @5} = {@0. @} =0
{QL, Q%) = 26i; Prag

. N
maximum: | — Amaz) - - |_>\maaj + §> = [Amaz)

consist. FT: Mg <2=—>N <8



Multiplet structure:

1 3
Theory spin=0 spin:§ spin=1 spin:§ spin=2

N=1 1 1
N=2 2 1
N=3 1 3 3 1
N=4 2 4 6 4 1
N=5 10 11 10 5 1
N=6 30 26 16 6 1
N=7 70 56 28 3 1
N=8 70 56 28 3 1

particle content of multiplets in extended supergra-
vity theories that contain a graviton

1
Theory spin=0 spin:§ spin=1

N=

I
A DN
e e e

ZﬁZ
A W NN B

gauge multiplets
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Superspace: S ®
Tp
= (29,21,22,23) 2= (2:0,8)
©=(0,0) y =2z + 1000
O = (@17 @2) O = (@17 @2)

Grassmann numbers: {@Z-, @j} =0=02=0
f(©) = f(0) +© f(0)

B,
) f(©) = f'(0)
[d® =0 [dee=1
metric: ©4,0, (a=1,2):
02 = 0,0 = "e,0, = 20,6,

= -—0le; - 026, =0,6! + 6,62

(612 — 21 — 1)
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SUPERFIELDS:

translation operator:
G(x;©,8) = exp [i (—zP + ©Q + OQ)]
G(0; 0, 0NG(x;©,0) = G(«": 0",

O'=0+ e
e'"'=064+ 9o o= (1,&
v =2—-i[0cO - 00O o= (1,-¢
differential representation: P = 10
o _
— 0

superfield: combination of fields belonging to the
same supermultiplet to a unified field

general [scalar] superfield with spin < 1:

®(2;0,0) = ¢(z) + OyY(z) + Ox(z) + ©%F(x)
+ ©G2N(z) + ©0,6VH(z) + ©20X(x)
+ ©%0a(z) + ©282%D(x)

16 real bosonic fields: ¢, F, N, Vy, D
16 fermionic fields: ¥, X, \, &
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powers of superfields are again superfields

® reducible [spin = 0,3, 1]: irreducible parts —

SUSY—-Trafo:®(z;©;0) — G(0; e e)P(x; ©;0)
= P(x+&£O0+660+7)
(6 = —i[ec©® — O0o¥€])
= P(z;0;0) + 6

o> b
6P =E0P + ez + ez = 56(2) + Oy () + -+
dp(x) = ey(x) 4 ex(x)
dp(x) = oelidp(x) + V(x)] + 2¢F (x)
ox(x) = 5‘6[ia§b(£€) — V(x)] + 2eN(z)
SF(z) = —%Gw(x)ag—l— ex(x)

ON(x) = %eaai(w) + ea(x)
oVu(x) = ea,;\(:r;) + a(z)oye
—I—%@’/[ea,/&mb(:c) — XOuovE]

SN(z) = EéD(w)—I—%@V(a:)]—I—i&“eaF(w)

Sa(z) = e:QD(:c)—%c‘?V(a:)] + i0EIN (z)

5D(z) = %eaax—%aa(a;)ag

chiral superfield: ¢, vectorial field: Vi, A
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CHIRAL SUPERFIELD
side conditions: projection on irreducible ingredients

D= % + i®0d : SUSY-invariant {D,Q} =---=0

chiral superfield:
Dd_ =0

antichiral superfield: 5

ch+.=o Dz%—l—iaéa
solution:
P_ = P(x+i1©00;0,0) is general chiral super-
) field
D = —i©Oco0dP + i©co0dP =0

®_(y) = ¢(y) + V20u(y) + ©2F(y)
[y =2+ i©0O)]

5 = V2et
5 = /2[icedp + eF]
§F = —/2i0yoe

[y — y + 2100, ©® — O +¢€,0 — © + ¢
[FF = non—propagating auxiliary field]
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VECTOR-SUPERFIELD
superfield = hermitesch: Vi =V
gauge trafo: V. — V4 (x+xT) — minimal field content:

Wess—Zumino gauge
[x(V) = (anti)chiral superfield: ® — e 9XP, dF — Ddie9X]

V = —00,80Ax) +i920X(x)
— i®20A(z) + ©262%D(x)

AM(CU)
A(x) = vectorino field

vector field

D(x) = auxiliary field [non—propagating]
field strength:

1_
Va — _ZDQDQ,V
= iXa— ©}|25,"D + (o) F*|
2 ya
- © (Ua)aaA |y:a:—|—z'@aC:)

D3=D3=0 = DV,=0 (chiral superfield)
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ACTION:
SUSY and [U(1)—]gauge invariant:

S = SV —|— Sm —|— SW .
1
Sy = Z/d6z VaVe 4 he.  gauge field part

S = /d8z dTedV o matter 4+ gauge int.

Sy = /d6z W[®P] + h.c. superpotential:
m 2 )\ 3
W =—o& —P
2 + §)
1T masses

[d32 = d*z d°© d?8, d°z = d*z d°© — d*x]

LAGRANGE DENSITY

L = £V+'Cm+£W:

Ly = —%F“VFMV—I—%XZ'@)\—I—%DQ ~ D?

Lo = |Duo|? + Prilir, + iv2g[d* A, — dA[C]
+ gl¢I°D + |F|?
1 0PW— OW >

1
V= 5D2 + | F|?
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1.) D(x), F'(x) are non—propagating auxiliary fields:
oL _ oL _ oc
oD OF  OF*

D = —g|¢|?

>
g 4
Lp=-L
D 5 9|

quartic coupling of scalar field is
fixed by gauge coupling.

— MSSM: Higgs q34 coupling determined solely by
gauge int.

ow oW™

== F=-—
el elog

2.) supersymmetric particles interact in pairs. Mul-
tiplicative quantum number:

R = (_1)3(B—L)—|—25

R—parity = 441 for SM particles
—1 for superpartners

—=> production in pairs, LSP stable
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