2009—-04—29 Lecturer: Gabriele Ferretti

¢ vector (n components). d¢ =i a®T“¢p where the T® are n X n matrices, and a® is a real para-
meter. We always assume that the 7’s form a Lie algebra:

[Ta,Tb} —j fabere
What can go wrong if this fails? Suppose we want to exponentiate this (going from infinitesimal
to finite).
gl@)=e """ $—g(a)d
9(@)g(8) = g(v(a, B))

If all the T® commute
pla®T? | (iBeT® _ ei(a“r BT _ ivoT™
If T do not commute, y(«, ) gets a correction.

,ya:aa_’_ﬁa_i__“fabcaaﬁc_’_“.
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OLfree = 0, KH
[0c,, 0c,] = translation + equations of motion

Add an auxiliary field F', which is a complex scalar field, to both the Lagrangian and the trans-
formation properties.

SF =iela 1o,

Spo =1%ot ;0,0 = i(a“sT)aﬁuqﬁ +eoF
Off-shell Lagrangian.
Livee =— (0,0")0"¢ —iTa o) + FTF

6L = — (0,0%)e 0ptp — e0G V0,100, " — o Hed, F —ie o)t - F + et ...
¢
[6c1, 0]l ¥ | =0, off-shell
F
0c,0c, = €50¢,1 = before + €061 F
[5817 582]¢ = [Eg; Ela]F =0
€169 = + £9¢1 because of contractions
5o =180 0,0 + 1o F

023020 = 1(07e1) Ot +ie1080040,0



Wess—Zumino

L= ﬁfrcc + ﬁint

Liree =— (001)(00) + ¢160,1p + FIF
Lint=— %wal/]a + complex conjugate + %(b’t/]al/}a + complex conjugate + c $2F + ¢po*F, p>F*

+ boF + complex conjugate + ¢*F +aF + vy F2+U(¢, ¢*)
where U is the most general quartic potential.
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60U =10:¢ + 00" =ey +€T1/)T

Ling=— %1/}%/)& + complex conjugate + %qﬁz/)az/)”‘ + complex conjugate + ¢ ¢ F + dx;fF, ¢2/F*
+ bp F' + complex conjugate + (byF +aF + 7/15"2 + U((%(b*)
5o = B+ bOF ) = = Wi (gl 0,0 — meyF +bedF + biored, =0
P =0
L=—0,0"0 ¢ —iypTaHd,np + F*F +
( - %z/n/) - %d)F - ggin/n/) - %QSQF) + complex conjugate
F is still auxiliary. Still no OF — eliminate F' by algebra. F' only couples to ¢ (not ).

LBoson = — (90)% + F*F — % Fo— mT F*¢* — %&F - %(b*QF*
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This gives
L=—(20)"+|f(O)P = (d)

L= (@0 2 g gy W g
Susy = mass(¢) =m()

Yukawa = — %mpw
: o (YN 2 k2
Quartic bosonic = (2 ) oo}

L=—(00)° — i 16 0, + FF = Ty — Loy F(a — %QSQ) + complex conjugate



Introduce a holomorphic function W(¢) at most cubic (super potential):
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Generalise to N such (¢*, 4%, F*),i=1,..., N. This triplet is a chiral superfield.
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Superpotential W (¢!, ..., V) at most cubic and holomorphic (does not depend on ¢f). Going
on-shell, integrating out F:
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