§2. SUSY Breaking

attempt: spontaneous symmetry breaking

define: [H,Q] = 0, but Q|0), QT|0) £ 0

algebra: {Qa,Qp} = 2P| 45

— H = [QuaQ} +QhQa

1
(0H|0) = 3>~ [I Q410 II” + || Qa[0) |I°] = 0 with SUSY

(e

> 0 with SUSY™

potential: V = Z|FZ|2—|— Z|Da|2>0

SUSY exact: F(CDO) =0 and Dq(Pp, PjH) =0
SUSY broken: D =0  D-breaking
(Fayet mechanism)
F #0 F—breaking
(O’'Raifeartaigh)
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a) D—breaking:

chiral /antichiral field with U(1) gauge invariance:

1
L = Z/d2@ V2 4+ he,
+ [de[ereV o + ot o]
+ m [ dPOd >+ he 2k [ d*OV

[SUSY and gauge invariant: V — V 4 x + 1]
(anti)chiral

potential: ®4 ~ ¢4 + OYy + O2F4
V ~ QotBOA, +i9%OX + h.c. + ©26?D

Voo = =[50+ IFy 2+ F 2] kD
~ ID[¢h oy — "o
— m|Fi¢h 4+ Fio™ + Fyop + F ¢ |

Lagrange: D + % [(bj—(b-k — qﬁ’iqﬁ_} + k=0
Fi +me¢t =0
1

b4 o+ )t (2 2)
2

J_
8
0

Vpot

(6464 —020)°
[— (0|H]0) = 0]

VAR =
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spontaneous symmetry breaking:
(Fg) =0
(D) = —k # 0: D—breaking

masses: | m(yT) m

1

2

+ —k
\/m 5 g

m(¢T)

b) F—breaking:

superfield S: action = [d*©STS + f [d?©S + h.c.
= W(S)=fS

— Fg = — ((%fqﬁ) = — f* £ 0: F—breaking

— L= 00> 4+ Prigvr — | fI?

e Mmassless scalar 4+ fermion

e plus constant energy density
V = |f|? < relevant with further coupling
—— mass splitting in SUSY multiplets
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FERRARA-GIRARDELLO-PALUMBO—mass formula

L = Lpin+Ly—V:

Ly = _l O*W W, 1. _i\/§j\a¢. TEd% + h.c

Y 23(/52'3(153' iL YjL 1Ltij%y "

2
_|OW L/ wra, \2 -

V o= 96, t35 (sz' Tz’j¢j> lg = 1]

1.) boson mass matrix:
0%V
_— 2 * 2 _
Lrg = 6i(M@§)ijd; — (Mg)j = 56:05"

Mgie = WiW* s + T (6" T%) + (T) j« (6T,

2.) fermion mass matrix:

(3 A
vaMiz = )T (ﬁTJ% 0 )

3.) gauge boson mass matrix:

My = (¢"T%T'¢)  [IDugl® — (¢*gV")(gVis)|
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Mmass sum rule:

Tr [Mg — 2M?

1/2+3M12 =0

S (-1 (27 + 1)TrM? =0
J

valid with spontaneous symmetry breaking [F—break-
ing and D—breaking with anomaly freedom]|

—— at least one boson mass must be smaller than
the corresponding fermion mass: experimental con-
tradiction

possible solution: RHS # 0 via supergravitaty sec-
2
—— SOft, i.e. renormalizable, SUSY breaking in Stan-

dard-Model sector [via explicit mass terms]
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SOFT SUSY BREAKING

Definition: SUSY breaking operators such that no
new quadratic divergences are generated

Realisation:

e spont. SUSY breaking in “hidden sector”

e mediated into eigenworld via gravity etc.

e apparent explicit SUSY breaking in eigenworld

Execution:

— gauge and gauge-related coupl. unchanged: /\2
— SUSY masses = SM masses

— scalar couplings in superpotential modified

Lagrange density:

L = L[SUSY]+ L[SUSY]
LISUSY] = —m]%|f|2—|—--- sfermions, Higgs

— Wos(¢) — W3(¢) superpotential

1 _
— §Mi)‘7j)‘7j gauginos
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