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and
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There is no systematic way of studying dynamical symmetry
breaking. In supersymmetry in particular, while it has been shown
that fermion condensation can provide dynamical breakingl, no model
has been shown to give rise to fermion condensation.

Recently arguments have been given that Galilean approxima-
tions to relativistic theories can provide reliable information? on
spontaneous symmetry breaking. These arguments are supported by
the analysis of the Goldstone model3, the Higgs model# and the
Schwinger mechanism®, whose essential features are conserved? in
the Galilean approximation.

We have therefore studied the Galilean limit in supersymmetry.
Here the situation is somewhat different from that of the above-
mentioned models. The key point in those cases was to obtain the
Galilean approximation by contraction (velocity of light ¢ » w) of
the Poincaré group, while conserving all the other symmetries of
the Lagrangian. (charge symmetry, chiral invariance, gauge invari-
ance,...). But now the Poincaré algebra is a subalgebra of the
supersymmetry algebra, and its contraction implies the contraction
of the whole supersymmetry algebra. This contraction is presented
here in the simplest case, in which all the particles are massless.
In such a case the relativistic theory undergoes a dimensional
reduction to 0 + 1 dimensions?, i.e., to quantum mechanics. We
have supersymmetric quantum mechanics with chiral invariance for
the pure Wess-Zumino model, and with non-Abelian local gauge in-
variance for Yang-Mills theories. An additional internal 0(3)
invariance arises from dimensional reduction.
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. The 0 + 1 dimensional field theory that we have obtained is
“not tr1v1al but it can: obviously be solved, "possibly by Aum&pi a1
methods. We will confine- ourselvethPPe~b@éshOWLng!that ispontaneous
mass generation in the Wess@Zuminoﬁm@dglé and-gauge or sypersym-

metry breaking in the Fayet model’ are reproduced in the limit.
This adds confidence to the possibility of obtaining reliable in-
formation on symmetry breaking by this method.

Finally it should be mentioned that a quantum mechanical model
of supersgmmetry, exhibiting dynamical breaking, has been constructed
by Witten“ and further investigated by Salomonson and Van Holteng.

As we will see, however, this model cannot be obtained as the limit
of a relativistic model, and therefore its mechanism need not be
relevant to relativistic supersymmetry.

THE LIMIT FOR THE WESS-ZUMINO MODEL

The Wess~Zumino Lagrangian reads

= - 2 _ iom 2, 1 %

£ = |au¢[ ich By + [H|? + ‘/E(H+H )X +
(1)
+ SL07H + ¢*2H¥) - 1g(oD, by + 000y ),
where
Loy

s at iy (2)
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and { is a Majorana spinor.

This Lagrangian is invariant under the supertransformations

S =vV21ic¢ WR

Sty = Ba=(leiyg)e + SH=(l-iy,) (3)
wR =z ¢/§ +iy.)e + 5_7: -iy le

SH =/2 1 Esz

and, for X = O, under the chiral transformations

§¢ .= -iad
5¢R = =i % wR (4)
§H = 2igH
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If we perform the limit ¢ » « leaving the fields finite we
break supersymmetry. This is conserved if we rescale ¢ according
to

(b = C® (5)
This yields
. {o) 2 * a2 P
£ 5+ 2 = 19,97 + Y 13,0 + [H|Z + /_2'(H+H )X +
CHroo
(6)
+ ge(©?H +9%25%) - ige(of, v + 0 T 0. )
> L¥R R™L
with the constraints
I = SKllJL =0 (7)
These constraints are Galilei-invariant and under these con-
straints so is £(0), It is convenient to introduce Pauli spinors
by the definition
1T x°
1!), = wwex ]
L
V2 =
(8)
\IJR = -];- I OZX*
) f-2- -k‘o_zxﬁ‘ |

In terms of y ﬁ(o) becomes

(

; . 1
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(H+H*)X +
Ve
+ gel{o?H +o*2H%) +ge(oxo, X + 0% Fo,x*)

We can now perform the limit on the supertransformations (3).
Expressing the Majorana parameter ¢ by the Pauli spinor n according

to
n
€ = [c n*] (10)
2

and using Egqs. (5), (7) and (8) we obtain

cdo = mx* - nto, X

cdy ialtcp(n--ozn*) + H(n +02n*) (11)

c8H = --iat(n*ozx* +nx*)
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It is easy to check that these transformations close, N
giving time translations on the fields, and that they leave ﬂ(o)
invariant,

The limit on the chiral transformations is obvious and gives

S = -ioeg
o)
Sy = i~ (12)
X 2X
SH = 2igH

The form of the limiting supertransformations (11) shows that
supersymmetry breaking can be discussed in terms of the auxiliary
fields or of fermion bilinears as in the relativistic case. As in
the relativistic case it can also be shown that for X # O the chiral
multiplet acquires a mass. This can be seen in the following way.
Since the fields in the ¢ > « limit are space independent they do
not carry momentum, so their energy (being at zero momentum) should
be interpreted as a mass, Now, while for X = O the excitation
energy starts from zero, for X # 0 it acquires a gap equal for
bosons and fermions,

The above can be more clearly seen by quantizing £(o). The
canonical procedure gives rise to the usual ambiguities due to the
possibility of different ordering of non-commuting operators., These
ambiguities can be avoided if the Hamiltonian is given as the

anticommutator of the spinorial generators, whose relativistic
expression is

J° = 2%{3 3 ¥ o (Hy. +H¥p ) (13)
06_- OCM)]'_,-'- 0¢‘~I)R'—Y -Q)L"‘ lllR } o

where % is an arbitrary parameter with the dimension of a length

that we 1ntroduce in order that J has the dimension of (energy
den51ty)

For ¢ + « .
0 97 ;
Ja+ro= l7__—2_[)(8 cp+0'2)(3 cp -1H>(—1H0)(] ’ (14)

and eliminating the auxiliary fields and introducing the canonical
momenta

(15)
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3
3
Q = - &--, [ﬂ'*x -l-‘ﬂ'()'z)(* ri(& +gc,cP*2)x +
G & (16)

. X 2 %
+ L{wm +gco)0o;
75 TEe7 10X’

It is now convenient to introduce dimensionless scalar and spinor
fields SPi and &

v = —— (- 10 )
1/52,3A¢‘T2' v

(17)
= —13 &-.(F, 026*)
27 V2
which satisfy canonical commutation relations
ur - R _\- ' * ' - .
LCPi""j] = lﬁij ; (87,8} =1 (18)

In Egs. (17) Z is a dimensionless parameter while A has the
dimension of an energy.

The Hamiltonian density is

4 - [o% LA lo 1o 1, 2 _ 2 2
H o= {Qoz’Qoe} = 9-;-5 = 21r1+21r2+2gr (cp1 CP2+X0) +
(19)
R ) ) o TS
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&, = 8,4% , 8, = (20)
3
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By performing the shift
o enl
v, =%, + o (22)
with
0? = -X, (23)

0

(note that X0 can always be taken negative)
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we get
1 A1, 1, 1 421 2 ~%
H oz o = {5 +=T =T+ =P +m +
23 Z {2 1 22 21 2 2 &
v 2g (017 +0)? 4 282X, 9 ol +0?) + (24)
2r 1 2 r L T | 2
+ 22 0 +2g 9l ~2g wlg*é + 28 © i(g*q é% -EG i\}
ro ra r rT2 27 2
with
m = ZgPV-XO (25)

We see that for X, # O bosons and fermions have an energy
spectrum with a gap m. The chiral multiplet has become massive.

We finally comment on the Witten mode18), whose Hamiltonian is
H:E(p2+ W2 (x) +0 M}
2 5 dx

where a, is the Pauli matrix and W(x) an arbitrary function.

Witten has shown that if W{(x) has an even number of zeros
dynamical symmetry breaking occurs.

In order to compare the above Hamiltonian with the Hamiltonian
(19) let us observe that the two spin states can be put into
one=-to-one correspondence with states of 0 or two fermions.
Witten's Hamiltonian however contains a single boson field rather
than two, and requires a particular relation between the quartic
bosonic term and the Yukawa coupling which is not realized in the
Hamiltonian (19).

THE LIMIT FOR YANG-MILLS THEORIES

It is most convenient to use the formulation of supersymmetric
Yang-Mills theories in the Wess-Zumino gaugel©O, In component
fields the gauge degrees of freedom of the vector multiplet are
eliminated from the start.

We will not report on the relativistic formulae which can
be found for instance in the work by de Wit and Freedmanll, but
we will give directly their Galilean limit. For the Lagrangian
we have
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(o)_ 1 a,, a #, la.a
£ G = :(iDt,Ak) (thAk) + A 12Dt>\ + ED D% +
1 2 o b.c 2 i a .b a* C*
- L—}(gc) (beAiAi) - EngbcAkU\ 0k02>\ + (26)

WA .C
+ A 020k>\ )

a . : : : :
Here Ay are the magnetic potentials and A% is a Pauli spinor. The
covariant derivative is

a _ .a a .C

ﬂ)’cb - <Sbat ngch (27)

s 4C . . . a ,a g a
with V7 the electric potentials. All the fields V~, A, A% and D
are of course in the adjoint representation of the internal Sym-

metry group. The spatial index k has become the internal index
of an additional 0(3) invariarce,

We must mention, however, one ambiguity in the derivation of
Eq. (26). This is related to the possibility of choosing that the
product gc should remain finite for ¢ + «, or that g should be
finite, This second alternative is the correct one in the coupling
of Yang-Mills fields with massive matter fields in non-supersym-
metric theories where the fields are x dependent, while the first
one appears to be "natural" in the present case, although the
possibility of keeping an x dependence in this case should also
be investigated.

The limit for the Lagrangian for the matter fields gives

(o)

£y

, %
= (ﬂ)t®)+(i)tw) +‘x*iﬂ)tx + B H? 4

/ 2/1 A0+ a b
+ (ge) (L A o) (LA @) + gch X o Lox +
(28)

*
+ b . LAt a +
+ gcoL, @D - igc(A” @ Lax-+K 90,LX -
*
% a % .8
= X L ®0,A" = XL PAT)

In the above equation Ly are the generators of the internal
symmetry group in the representation of the matter fields o,. ¥
and H, so that the covariant derivative is

, a
ﬂ)t = 3 + 1chaV
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The supertransformations are

*
csV® = —i(nFA? + @)

*
cSAT = -i(n*o O,Aa + No ckka)

~

a
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*
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The Lagrangians £(°) and 2(9) are invariant under the above
supertransformations and under the gauge transformations

a a b.c
GG(G)A = fbc A6
And _ o8 nbac
GG(e)D = fb%’D ] . (32)
§.(8)V® = = =(D_0)
G gc t
§.(0)82 = £2 aPC

G i 7 “be i

and analogous for the matter fields.

The commutator of two supersymmebry transformations gives rise
to a time translation of parameter § (eze +E€,€, ) plus a gauge
transformation of parameter g Ay = _21 oko €*+c c 0 €, A, We give

2 k k ’
as an illustration, the follow1np equaflons

[c8, 108, 10" = -218,(E A )V

[csl,cszjxa = -aigo(ﬂ)tma - Zié‘!': (5, A, 2 (33)

. R
[061,062]<p = -21goﬂ)t¢ - 21;; 5G(gkAk)w
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Since the structure of the supertransformations and of the
Lagranglan is the same as that of the relativistic models, Fayet's
model” conserves in the limit its feature concerning the breaking
of the gauge symmetry or of supersymmetry. The quantization of
the gauge Lagrangian models can be performed by evaluating the
anticommutator of two spinorial generators as in the case of the
Wess~Zumino model, It happens however a new feature related to
new constraints coming from gauge invariance. This requires a
detailed discussion which will not be given here,
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