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Calorons in the Weyl gauge
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We demonstrate by explicit construction that while the untwisted Harrington-Shepard calprisrmani-
festly periodic in Euclidean time, with a perigél=1/T, when transformed to the WeyA(=0) gauge, the
caloron gauge field\; is periodic only up to a large gauge transformation, with the winding number equal to
the caloron’s topological charge. This helps clarify the tunneling interpretation of these solutions, and their
relation to Chern-Simons numbers and winding numbers.
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Instantons have many important applications in particleholonomy, characterized by a nontrivial Polyakov loop at
physics[1—6]. They may be defined as classical solutions tospatial infinity: 7 exp(f4dtAy), and the expectation value of
the Euclidean Yang-Mills equations that minimize the Yang-A, at infinity plays the role of a Higgs expectation value
Mills action within a given topological charge sector. Ex- [15-17. Thus, it is simpler to discuss first the Weyl gauge
plicit instanton solutiong 7] can be found by solving the for untwisted calorons which have a trivial holonomy.

first-order self-duality equation In discussing S(P) instantons, it is convenient to use a
radially symmetric ansatz forfii8]. Here, we adopt the con-
1 ventions of[19] for the symmetric ansatz for the &) in-
Fuv=5 €urpaFpa- @ stanton fieldA,, = (0%/2i)A2
At zero temperature, instantons provide a semiclassical de- a P21 o XiXa XiXa
scription of tunneling between classical minima of the Yang- i~ _rZ_Eiaka"' T Sia~ r_z +A r2

Mills potential that are connected by large gauge transforma-

tions [8,9]. At finite temperature, the simplest instanton X

solutions are the untwisted “calorons” of Harrington and A=Ay )
Shepard 10]. These calorons are solutions to the self-duality r

equation(1) that are periodic in Euclidean time, with a pe- _

riod 8= 1/T equal to the inverse temperature. At first sight, itwhere Ay, Ay, ¢4, and ¢, are functions ofr = \/ﬁ andt
may seem puzzling that a periodic solution, WAQ(;,»{: only. The charge 1 instanton for ) can then be expressed
—,8/2)=AM(>Z,t=+ﬁ/2), could describe tunneling from one in terms of a single functiom(r,t), with the ansatz func-

sector to another since the gauge fiélg is the same at tions in Eq.(2) given by
either end. The answer is very simple but illustrative, and

does not appear to have been spelled out in detail before. In Ao=drInp
the Weyl (A,=0) gauge, which is most convenient for de- Ae—g |
scribing Hamiltonian processes such as tunneling, the coor- 1 olnp
dinate gauge field\, is not periodic; ratherAi(i,tz + B12) _
¢1=—rdglnp

is related toA;(x,t=—8/2) by a fixed-time large gauge
transformation whose winding number is equal to the integer =1 |

; i ¢o,=1+r14,Inp. 3
topological charge of the caloron solution. Here we present a

s!mp_le explicit construction of this gauge transformation,tnen the gauge field described by E¢®),(3) satisfies the
y|9Id|ng the Weyl gauge form_of the cialo_ronl. We ConCIUdeinstanton equationl) if p satisfies the linear equatiohip
with some comments concerning the distinction between theio For the zero temperature, charge 1, instanton if25U

caloron 'solutlons and th.e sg—f:alled “periodic mstgntons”the functionp(r,t) can be chosen:
studied in[11-14. For simplicity, we concentrate in this

paper on untwisted calororjd0], which are related to tun- \2
neling between sectors of different Chern-Simons charge; we p=1+ ) (%)
will not address twisted calorong5—17, which involve re+t2

tunneling between different flux sectors. Twisted calorons

are important for Yang-Mills-Higgs theory with symmetry This form corresponds to a single instanton located at the
breaking, and especially for understanding the monopolerigin in R* and with scale parameteér. This choice is
content of the theory. The twisted calorons have nontriviaknown as the “singular gauge.”
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To facilitate the transformation of the gauge field in Eq.
(2) into the Weyl A,=0) gauge, we use the fafi8] that
the ansatz fieldg\y, A1, ¢4, and¢,, which appear in Egs.
(2) and (3), transform in an Abelian-like manner under a
particular type of S(R) gauge transformation on the non-
Abelian gauge fieIdAM=(oa/2i)Ai. Namely, if the gauge
transformation matriXJ has the special form

- , 5 - f a - f
U(x,t)=e‘("2)f(“t)x“’=cos(§ —i(x-a)sin(z) (5)

then the SW2) gauge transformationd, —>A =U" 1A U
+U~ 1& U, has the following effect on the ansatz functlons
Ao, A, ¢>1, and ¢;:

A0—> AO AO + aof

AlHAl A1+(9 f

é1— ¢, =cosf ¢, +sinf s,

hr— b= —sinf ¢, + cosf ¢». (6)

Thus, to achieve the Weyl gauglzgzo, we simply need a

gauge transformatioU(i,t) of the form in Eq.(5) where the
function f(r,t) satisfies

(90f:_(9r |np (7)

For the zero temperature, charge 1, instanton witfiven by
Eq. (4), this leads to

r

t
f(r,t)=|7+2 arctar>rr -

t
T+ 2 arctan——
Jré+ )\2)
(8)

r24+\?

where we have chosen the constant of integration so that

f(r,t=—)=0. The arctan function is understood to take

values in the[ — 7/2,7m/2] branch. The gauge fleldl,\
Weyl gauge has the ansatz for(®), with ansatz functlons

¢1, ¢2, Al, (andAO 0) given by Eq.(6).

The tunneling interpretation of the instanton solution be-

comes evident by noting th#t is pure gauge at= +. At
t=—oo,

AR(X,t=—00)=0 9)

while att= +oo,
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o

] 2ar
SN

W

r

2mr

W)

r2

A3(X,t=+00)=

€jakXk

XiXa

—_—

272 XX,
(r2+)\2)3/2 r2

=(WtgwW)? (10

where the static gauge functi(W(i) is

X- o

. (1D

oL iRf(r =)o LT
W(x)=e = exr{| m
Thus, ag goes fromt= —« to t=+, the instanton gauge
field A, in Weyl gauge interpolates between the pure gauge
A;=0 in Eq. (9), and the pure gaugd =W 15,W in Eq.
(10). These fieldd\; are neighboring minimén fact, zeroy
of the classical Yang-Mills potential

= % f d3x B3B2. (12)
From Egs.(9) and (10) we see that these two minima are
related by the large gauge transformatiigx) in Eq. (12).
Furthermore, the fixed-time gauge transformation in &d)

is W(x)=U(X,t=+x), where U(x,t) is the (time-
dependent gauge transformation used to transform to the
Weyl gauge. To evaluate the winding number of the fixed-
time gauge transformatiow, we note that if a gauge trans-
formation has the fornw(x) =e~ (/297 then the wind-
ing numberN is determined21] by the values ofy(r) atr

=0 andr=o»

N=

247Tzf d3x €ijk tr(W_laiWVV— 1(9]WW_ 1‘9kW)

1 _ .
=~ 5-[g(r)—sing(n) 1/ 13

Thus, for the gauge transformation in Ed.1), we find N
=1.

Having reviewed this familiar tunneling interpretation of
zero temperature instantons, we now turn to finite tempera-
ture instantons, or “calorons.” At finite T, the Euclidean
time direction is compactified onto the finite interval
e[ —B/2,+ BI2], where 3=1/T is the inverse temperature.
The manifold is nowR®x S, rather tharR?. Instantons are
solutions to the same self-duality equatidn, but the gauge
fields, being bosonic, satisfy periodic boundary conditions
[20,3] on the Euclidean time intervak 8/2,+ B/2].
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The untwisted Harrington-Shepa(HS) caloron solution
is consistent with the ansatz form described in Eg@s.and
(3). The only change is that the functigi(r,t) become$10]

) )'(27Tr)
2 sinh ——
PN AL

2\ B 27TI’) r(ZﬂTI’) S(Zﬂ't)
cosh ——|—cog —
B B
122 sinhr
2 r coshr —cost

where we have defined the convenient shorthand:
=2ar/B, etc. Note thap in Eq. (14) satisfiesp=0. The
caloron solution given by Eq$2), (3) and(14) corresponds

r t
7+ 2 arctancot g tan —
2 2

f(r,t)=

N2sinhr + 2r_( 1+ coshr_)
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to an infinite line of zero temperature instantons, each of

scale\ and each at spatial positior=0, lined up along the

t axis, with periodB. It is straightforward to check that in the
zero temperature limitg— o), the expression fop(r,t) in

Eq. (14) reduces smoothly to that in EG}), and we recover
the zero temperature instanton. At finite T, the caloron solu-
tion (2),3 is manifestly periodic int, A,(X,t+8)
=A”(>_€,t), sincep(r,t) in Eq. (14) has periods.

To explore the tunneling interpretation of this caloron so-
lution, we transform it to the Weyl gauge. Once again, the
Weyl gauge can be attained most easily by using the abelian-
like transformation propertie) of the ansatz functions in
Eq. (2). The required S(2) transformation matrix has the
form in Eq. (5), with f(r,t) satisfying Eq.(7), andp is now
given by Eq.(14). The solution to Eq(7) in this case is

(N2—2r?)sinhr —\?r coshr

+
T/sinhr (4N2r coshr + (N +4r2)sinhr)

t
x(w+2arcta tar(— ————————— —
2 \/sinhr(4)\2r coshr + (\*+4r?)sinhr)

| a5

where the constant of integration has been chosen sd that= — 8/2)=0. Note that this functiorf(r,t), and hence the

gauge transformatioti(i,t) =exf—(i/2)f(r,t)x- o] that transforms the HS caloron to the Weyl gauge, is manifestly periodic
in t, with period 8. It is straightforward to check thd{r,t) in Eq. (15) reduces smoothly, g8— o, to the zero temperature

function in Eq.(8).

Given the functiorf(r,t) in Eq. (15), the caloron field#\? in the Weyl gauge are obtained simply from E¢®. and (6).
To investigate the relation of this caloron solution to quantum tunneling, we evglﬁam: +BI2. Att=— /2, the ansatz

fields satisfyA;=¢;=0, while ¢,=[1+r4, In p(rt=—p/2)],

wherep(r,t=—p8/2)=1+ (TZIZr_)tanhUZ). Thus,

N2 tanr(w—r) - 7T—rsecﬁ<w—r)>
Z?( X,t=— g) - ﬁ)\zw A — A €iakXk - (16)
Br3( 1+ Wtam‘(ﬁ> )
For low temperatures,
A?( X,t=— g ~ —§A2W4T4eiakxk 17

which is nonzero, but which vanishes at zero temperature, as IfQEdAt t=+ B/2, the expression foﬁf‘(f,t= +B12) is
more cumbersome to write out, but it is completely specified by the ansatz(®rwith

?ﬁl(r,t=+§ =sinf(r,t=+§ &, r,t=+§)

~ B B B

¢>2(r,t=+§ =cosf r,t=+§ ¢2<r,t=+§)

~ B B _ B E

Al(rat—"‘a —ﬂrf(l‘,t—-i-z (19)

and wherd is given by Eq.(15), and ¢, is as in Eq.(3).
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We now ask howA3(x,t= + B/2) is related toA%(x,t= — 3/2). Since the ansatz functions satigfy(r,t= — 8/2)=0, and
bo(r,t=+ BI2)=d,(r,t=—BI2), this shows thah®(x,t=+ B/2) andA?(x,t= — B/2) are related by a gauge transformation

Ri(i,t=+é =Wlﬂi(>2,t=—§ W+W~1o,W (19

2

where the static large gauge transformaﬁN(o?) is

) , o (N2—2r2)sinhr —\?r coshr L.
W(x)=e (RN 0= —exg g ————— (X 0) |. (20)
r \/sinhr(4)\2r coshr + (N*+4r?)sinhr)
|
US|r_1g E_q.(13), the winding number of this gauge transfor- X (0, by — Ay cby) (8, hpt Ay y) XiXq
T T T2 CGiakX ia T T
mation is Bi= 2 €iakXk T 0 2
_ (1- ¢f— )
1 =" + XX,
=——|f r,t—+é —sinf r,t=+§ =1 r XiXa 22
2 2 2

(21) 1t is straightforward to verify thaB2(x,t) is nonvanishing at
t=% B/2. The magnetic potential enerd{?2) can be ex-
_ pressed in terms of the ansatz functions in Egs.and(3)
for all inverse temperaturgs and scales.. [sinceV is gauge invariant, it doesn’t matter whether we use
Notice that Eq.(19) shows that in the Weyl gauge the he original gauge or the Weyl gauge
gauge field#\; arenotstrictly periodic. Ratherd, is periodic
up to a large gauge transformation. This fixed-time gauge % 5 )
transformation isW(x)=U(x,t=+ 8/2), whereU(x,t) is V=277J0 dr{ 2(d,p1—A1¢p2)°+2(dr pa+ A1)
the time-dependent gauge transformation used to transform
to the Weyl gauge. So, just as in the=0 case, the initial

and final gauge field®;(x,t= ¥ 8/2), are related by a static
large gauge transformation of unit winding number. But at
finite T, these initial and final gauge field§(x,t= T 8/2) At zero temperaturey(t= ) =0, since the zero tempera-
are not pure gauge. This means that the tunneling at finite Ture instanton is a pure gaugetat +«. But at finite tem-

is not betweerminimaof the classical Yang-Mills potential peratureV(t= + 8/2) is nonzero, even though it approaches
(12), but between fields of higher potential energy. With thezero asB— . It is straightforward to evaluate numerically
ansatz(2), the corresponding magnetic field strengtiiaad in Eq. (23) for the zero and finite temperature instantons
since the instanton solution is self-dual, this also gives theliscussed above. In Fig. 1 we plot the potential energy as a
electric field strength

. (23

1
+ 5 (1= -3’
r

35

/ === t
P -3 -2 -1
=7 2 2 7t -
- FIG. 2. The potential energ{23) as a function ot =27t/3, at

FIG. 1. The potential energw:g) as a function oft, at zero finite temperature. The dashed line is for scale parametet,
temperature. The dashed line is for instanton scale parameter while the solid line is forn=2. Note thatV does not vanish att
=1, while the solid line haad =2. Note thatV—0 att==*o, as ==*q, as the Weyl gauge solutions are not pure gaugé=at
the Weyl gauge solutions are pure gaugé=at- . +BI2.
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FIG. 4. Plot of the functiorK(r) in Eg. (27), in the singular

FIG. 3. Plot of the Chern-Simons functi@S(t) in Eqg. (26), in gauge at zero temperature, as a functiorr.ofhe instanton scale
the singular gauge at zero temperature, as a functidn Bie in-  factor\ has been scaled to 1.
stanton scale factox has been scaled to 1.

transformation properties of the respective terms. For ex-

function of Euclidean time for the zero temperature instantorample, under a gauge transformation of the foi&y the
for which p(r,t) is given by Eq.(4), and in Fig. 2 for the Chern-Simons term changes as
finite temperature caloron for which(r,t) is given by Eq.
(14). — 1
We now consider the instanton’s topological charge and CS=CS+ FJ d® € d; tr(g;UUTAY)
its relation with Chern-Simons numbers and winding num- .
bers. Recall that the instanton charge may be expressed as 1
+

1 J'd3Xeijktr(Uflé’iUUflﬁjUUﬂ&kU)

4 2472
Q: - 32772 d"x E,uvp(rtr(F/Lvarr)

B 1 (= d )
=CS+ Efo dra[(¢2—l)5mf+¢1(cosf—l)]

= f d'xa,K,,
1 (= d )

where —EL dra[f—smf]. (28
K,=— ize‘uyp(rtr<AvapA(r+ ;AVA,,AU) (24) ,IAt\IIDS a simple but instructive exercise_ to check that this_ non-
elian transformation law agrees with the transformation of

Eq. (26) under the Abelian-like transformation§) of the

This leads to a natural separation of Q as ansatz functions, provided one includes #igterm inC (t)

q . d [22].

Q:f dt_CS(t)Jrf dr—K(r). (25) For the instanton solutions studied in this paper, one can

dt o dr evaluate numerically the functior@S(t) andK(r) in Egs.

(26) and (27), in the original gaugg3), and in the Weyl
gaugeA; whereA,=0. At zero temperature, with the scalar
function p(r,t) given by Eq.(4), the functionsCS(t) and
K(r) are plotted in Figs. 3 and 4. In this gauges(t=

In terms of the ansatz fields in E¢R), the Chern-Simons
term, CS=[d3xK,, is

_ 1 * ’ ’ 2 2 '
CS(t)= ﬁfo dri 1y papr—Al(1— d1— )+ 1]

CS
(26) )
while
0.8
1 . . 5 o
K(r)=z dtf — 1ot dobp1+Ag(1— 71— d3) — b4 ]. 0.6
(27) 0.
Here ¢' and ¢ denote derivative with respect toand t 0/2
respectively. At zero temperature, thdantegration in Eq.
(27) is from — <0 to + o0, while at finite temperature it is over - = 5 y t

[ —B/2,+ B/2]. Note that bothCS(t) and K(r) are gauge
dependent, whil& itself is gauge invariant. Also note that FIG. 5. Plot of the Chern-Simons functi@S(t) in Eq. (26), in
the last terms in each @ (t) andK(r) cancel one another the Weyl gauge at zero temperature, as a function he instan-
in the decompositior{25), but are required for the correct ton scale factoh has been scaled to 1.
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-0.25

FIG. 6. Plot of the functiorK(r) in Eq. (27), in the Weyl gauge
at zero temperature, as a functionrofThe instanton scale factar
has been scaled to 1.

+0)—CHt=—2)=0, andK(r=0)—-K(r=0)=1. Thus, in

this gauge the entire contribution to the instanton ch&pge

comes from thé&(r) term in the decompositiof25). On the
other hand, in the Weyl gauge, the functid@®$(t) andK(r)

PHYSICAL REVIEW D 63 085004

FIG. 8. Plot of the functiorK(r) in Eq. (27), in the Harrington-
Shepard gauge at finite temperature, as a function=02#r/g.
The scale factor has been chosen 1.

At finite temperature, the situation is similar. The only
change is that the scalar functipfir,t) is now given by Eg.
(14), and the t integration in Eq27) is over the finite inter-

are plotted in Figs. 5 and 6. In the Weyl gauge, the entire/d [—B/2,+B/2]. In the Harrington-Shepard gauge
contribution to Q comes from the change in the Chern- (3),(14), the functionsC(t) andK(r) are plotted in Figs. 7
Simons number. Also note that in the Weyl gauge the Chern@nd 8.(These plots, and those in Figs. 9 and 10, are for scale

Simons number is an integer &t +o; this is because dt
=+ the Weyl gauge field is pure gaufigee Eqs(9) and

parameter\ =1. For different), the plots have the same
form.) Once again, in this gauge, the entire contribution to

(10)], and for a pure gauge field the Chern-Simons term ighe instanton charge comes from the chang&(n). The
equal to the winding number of the corresponding groupcorresponding plots for the Weyl gauge are in Figs. 9 and 10,

element. The time-dependent gauge transformatldn
=exp(—(i/2)f(r,t)§<-5), with f(r,t) in Eqg. (8), that trans-

and we see that the entire contributionQacomes from the
changeCg(t). From the fact(19) that in the Weyl gauge

forms from the original singular gauge to the Weyl gaugeA;(t=+ B/2) is related toA(t=—B/2) by a static gauge
can be considered to have a t-dependent winding numbéransformation of winding number 1, we know that the dif-

N(t) that, from Eqs(13) and(8), is a step function in time:

1
N(t)= 7 (1+sgr(t)). (29

ferenceCY(t= + B/2)— CY(t=— B/2)=1. But it is interest-

ing to note further that in the Weyl gauge the Chern-Simons
number is an integer at==* B/2, even though the gauge
field is not a pure gaugésee Eqs(16) and (19)]. At t=0,

the Weyl gauge Chern-Simons numbegisas is the wind-

This is consistent with the plots in Figs. 3 and 5, since théing number of the gauge transformatioitx,t) that connects
middle term in Eq.(28) vanishes in this case. Thus, in the the HS gauge to the Weyl gauge.

Weyl gauge, the Chern-Simons number provides a meaning- |n conclusion, we have demonstrated explicitly that while
ful label for the distinct classical wells of the Yang-Mills the HS caloron solution is manifestly periodic, so that

potential. Att=0, the Weyl gauge Chern-Simons number is

1

gauge transformatiobl(i,t) is also3 whent=0.

FIG. 7. Plot of the Chern-Simons functi@S(t) in Eq. (26), in

3, corresponding to the sphaleron at the peak of the barri
between neighboring wells. The winding number of the

A (X,t=+BI2)=A ,(X,t=—B/2), when transformed to the

QWveyl (A,=0) gauge, the gauge field is periodic up to a large

gauge transformation, A(x,t=+B/2)=W 1A (x,t=
CS
1
0.8
0.6
-3 1 2 3 °

FIG. 9. Plot of the Chern-Simons functi@S(t) in Eq. (26), in

the Harrington-Shepard gauge at finite temperature, as a function dfie Weyl gauge at finite temperature, as a functiort_=e127rtlﬁ.

‘t=2xt/B. The scale factor has been chosen 1.

The scale factor has been chosen 1.
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K Weyl gauge fieldA; (t= + 8/2) differs fromA(t= — B8/2) by
T 5 5 t T a large gauge transformation, as we have demonstrated ex-
~0.05 plicitly in Egs. (19),(20). This difference between calorons
and periodic instantons also manifests itself through the fact
-0.1 that the calorons have nonzero topological charge per period
-0.15 (the explicit ones studied here have=Q), while the “peri-
odic instantons” have zero net topological charge per period.
-0.2 For low temperatures, the periodic instantons can be approxi-
~0.25 mated by an infinite chain of alternating zero temperature

instantons and anti-instantons. Indeed, this is particularly
easy to see in the quantum mechanical double-well potential

FIG. 10. Plot of the functiorK(r) in Eq. (27), in the Weyl . T L .
(r) 9. (27 y case(30), owing to the remarkable elliptic function identity:

gauge at finite temperature, as a functior?evawr/B. The scale
factor has been chosen=1.

— BI2)W+W15,W, whereW is a fixed-time gauge trans- s t = ™ E (—1)"
formation with integer winding number equal to the cal- N 2K’ nZ

oron’s topological charge. This gauge transformatiéaon-

nects different Chern-Simons-number sectors of the classical ™ B
Yang-Mills potential energy, just as is familiar from zero Xtan?‘(z\/lTVK, (t_nE))' (32)
temperature. However, the caloron solution in Weyl gauge

interpolates, as goes from = §/2 to +f/2, not between HereK'(v)=K(1—v). This leads to the simple interpreta-

classical minima but between classical gauge fieldacf- tion of the periodic instanton in E¢G30) as a series of alter-

zeropotential energy. nating instantons and anti-instantons. The zero temperature
Having understood the tunneling interpretation of the HS,. 9 ' P

calorons in the Weyl gauge, we conclude with some brieiIlmlt corresponds toy—1, in which case the periog
comments concerning the difference between these calorons ar_ld E._>0' _and we approach the usual zero tempera-
and the “periodic instantons” studied {11-14. These are ture kKink-like mstantqns. But, on .the full .p.enod
very different objects, but the names can be somewhat corg-_ B/Z"[:}/Z]’ thg sn fun_ct|on reduces topair of an anti-kink
fusing since calorons are themselves instantons that are p@od_ a k_mk. This gxplams why the net t(_)pologlcal charge per
riodic in Euclidean time. This distinction, and some of its period is zero. Itis only on the half-perid®,8/2] thatq(t)

physical consequences, have been stated cleafli/lin but approaches the familiar zero tempera?ure in;tantqn:
we reiterate these distinctions here in the light of our Weylzt?‘”h¢/\/§)- By contrast, the HS caloron is a periodic sum
gauge calorons. The “periodic instantons” are most easilyof instantons(and an HS anti-caloron is a periodic sum of
introduced in the simple context of a quantum mechanicafNti-instantons nota periodic sum of alternating instantons
model; for example, a double well potential=(g? and anti-instantons. Indeed, in Yang-Mills theory there is no

—1)%/4. This captures most of the essential physics. Thiémown exact “periodic instanton” that is an exact alternat-
potential model has well-known instanton soluti¢@s] that "9 chain of instantons and anti-instantons, although approxi-
are periodic in Euclidean time mate chains of this form have been extensively studied

[11,5]. This difference between calorons and periodic instan-
tons can be reconciled because even though the caloron so-

2, t lutions are manifestly periodi¢y,(t+ 8) =A,(t), since this
q(t)= /—sr(——K ;V), (30 is a gauge theory, thd, are not all independent physical
1+v vit+w fields; when we transform the caloron to the Weyl gauge we

where snk;v) is a Jacobi elliptic functiof24], and the Isee that the tcoo;dlnat$ f'el(\if'\} arr1e pertlr?dtlc only u? t? a
modulus parameter9v=<1 is related to the energy by arge gauge trantormation. Ve nope that our explicit con-

(1 1\2 2 . . . struction of the Weyl gauge caloron fields helps to clarify
o d(lz éztlz(d'_(;;;;): é.(tTisglg;) Iut\lltsk?:rzretrr]r; anggzt(%gerl this important distinction between calorons and “periodic

— 4T+ vK(v), andK(») is the elliptic quarter-periofe4]. ~ oantons.

Physically, these periodic instantons correspond to tunneling

from one well to the next, and then back again to the original G.D. is supported by the U.S. DOE grant DE-FGO02-
starting position(since they are periodic By contrast, the 92ER40716.00. G.D. also thanks Balliol College, Oxford,
Weyl gauge calorons describe tunneling from one classicahe Theoretical Physics Department at Oxford, and the
well (characterized by Chern-Simons numbegrd®the next CSSM at Adelaide University, where this work was begun.
well (with CS=1); they do not tunnel back again, since the B.T. is supported by PPARC.
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