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CCECYOLCSY IS RREALLY N-EDEDY

The point of this note is to exhibit something that can be dons with
i-cocycles that couldn't be done with the old contour integral formaliem.

Recall the projective spinor integrals
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Ie there & non~trivial contour? At first sight it looks as though we ‘would
intezrete over =, and then do the (},p) integration. But this is erroneous:
Por ) has to pase through all possible values in the course.of the (),N) integration,
including')z@. But when X»p , the n integrel contour is pinched.}There'a no sense
in which the numerator(f.))can be said to "cancel" this pinching. Numerators camnot
affect the existence or‘non—ezistence of contours, which depend only on the
hoxologzy of the integration space with singular regions removed.



Instead, consider the follbwing; Patch m space by 'u_‘ - i“ | “-\?O),

Uy {xlwpzel, Wy=inlwygo}
and define
Frn= (XP\(W)Y‘(‘R_PY' o Ual,
Sy (p Y) ln.(s)" (xx)" v Wany
fa = G (n.¥Y (x2Y"' o UynWL,

Fi means

Noke £\ .cg-g ¥ 311\1\ + ?3‘(\:. > [*vestricted hu;.

so that W e have defined a 1-cocycle; hence the
pranch-contour (see TN2) is well-defined,

am ' 4 : Branch~contour.
5 '?u_ LA gu N.dn % “',M N.4n ., The section Y,; has
‘ to avoid f and Y
X h\y but need not avoid A
¥ 23 LY
=~ girilarly for the
Provided 7\-#{3 s the branch contour can be transformed other two segments,

2 AR = An
é)?z“ g §(“m‘“ (““ n covess(2)

It )\:‘3 we cannot make this transformation - but the branch contour
8till exista perfectly well - there is no "pinching". So we find the

- cocycle to extend the expression (2) in a well-defined wavr to the case

2 n(!, » @nd hence to give us & way of obtaining a non-trivial result for the
integral (1)° i

The cocyecle can only pefform this extension because the numerator
factor?ke is whet it is. If the p in this numerator is considered as a
parameter, and is displaced infinitesimally, the cocycle structure disappears.
This 18 in complete contrast to contour integration of functions in the old
vay, where we can always argue that small variation of parameters must
preserve the existence of a contour. ‘

So we have here the example of something manifestly finite (it‘e <111
compact integration) which only exists when & certain parameter condition
is met. This 1s exactly what twistor integral theory needs! For insteance,
1t's now logically possible that there can be a twistorial inner product
for massive states which exists only if the two masses are equal and is then
manifestly finite., This is impossible in the old scheme. Again, another
mejor stumbling-block in twistor integral theory has been the fact that
twistor diagrams involving both a massive in-state and a massive out-state
couldn't have contours - eontours were always pirched between the singularity
at infinity of the in-state and the singularity at infinity of the out-state.
But it now appears that when such integrals are in facf finite, there are
enough nurerator factors (involving the infinity twistor) te allow a
refornulation in terms of cocycles in which these numerators “eancel” the
pinching. It was in fact a simplified version of this problem that led me

to consider the integral (1).
Andrew Rodges
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Twistor Construction for Left-Handed Gauge Fields,

This note is concerned with generalizing the twisted photon construction
(see TN 1) to non-Abelian gauge theories. First a brief outline of gauge theory (for
more’ deteils, see Abers & Lee, Phys. Reports 9C,!1 and Cho, J.M.P.16, 2029), Let G be
a Lie group and {LJ} a matrix repré\éentation of its Lie algedra; suppose that the I‘j

are nxn matrices. 4 gauge potential §a = §g L;j is an nxn rmatrix of 1-forms which
ie a linear combination of the I J's. The corresponding gauge field Fab is defined by,

Fop =2V, 961;] +[§a ’ ‘Eb] ’

and is said to be left-handed 1ff F* = %eabcd ch = =iF., o Such a field autozati-

cally satisfies the Yang-Fills equations
a a
v Fyy + (8% 7, ] =o.

The gauge field may be pictured geometrically as a connection on an n-dirensional

complex vector bundle V over complex Minkowski space-time CM. The connection tells
one how to propagate & vector Yy eV along a curve Y in CM: the propsgation law is

(v, +d)v=0, (1)

- where v~ is tangent to v and where ¢ is regarded as a column n-vector, so that éa
aots on ¥ by matrix miltiplication.
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If one propagatés y round a closed path in CN, it does not, in general, 5.
return to its original value: in other words, the propagation law (1) is not integrable.
But suppose we restrict attention to closed curves which ‘

(a) can be continuously shrunk to a point without crosaing singularities of @ ]
(v) 1ie in totally null 2-planes in CM (of the type having tangent vectors of the
form g* o', with v fixed and gt arvitrary).

Then it is mot hard to show that (1) is integrable, provided the gauge field is left-
handed, In fact, this integrability characterizes left-handed gauge fields,

Let us assume that tb is holomorphic in the future tube CM » The space
of totally mull 2-plenes in CK' is ,juet PT'Y, Consider the space K of pairs (Z,}),
where Z is a totally mull 2-plane in C!‘. , and where ¥ i8 a section of V over Z, satis-
fying (1) . If the gauge field is left-handed, then there is an n-complex~dimensional
fexily of such sections. It follows that K has the structure of an n-dimensional vector
bundle over PT'", So, sterting with.a left-handed gauge field in CM', we've built
a vector bundle K over PT*4t is possible to think of K as & deformation of the space
of n twistors, all of which are proportional to one another). The cruci&l point ias
that ¥ contains, in its cozplex structure, all the information about ‘the gauge field.
Given X, one can reconstruct éa 3 one way of doing this is as follows.

- A

Let us suppose that TPT"is covered by two patches U and U and that X is
deterzined by the transition matrix £(2). So f(z) is an n xn matrix of twietor functions
korog. of degree zero and holomorphic on Unt. Write r(x%, A') = f(i T s ‘,)
Then for fixed x, c(x R ) is holomorphic on Wn\i, -rhere ¥ and W ars two patches

"covering the m-sphere, Row "split"® F as follows:

(", m,) = UB, m,) BGE, ) (2)

A A
where H and H are homog. of degree zero in m, and holomorphic in W and ¥ respectively,
It is always poesible to find such a splitting, prox;ided that the bundle K, restricted

to the line in PT'* corresponding to x°, is enalytically trivial, It is now a simple

matter to derive the gauge field: the matrix H™' A

AAY H turns out to have the form
é“,(x ). This defines &a(x) and one can check that 1t is indeed a left-handed
solution of the Yang-Y¥ills equations. The splitting (2) is not unique; the choice of

a particﬁlar splitting corresponds exactly to a choice of gauge for 5&"

Rerarks. (1) The hope is that this technique will enable us to find new solutions of
the Yang-¥ills equations, in perticular solutions of the pseudoparticle/instanton type
(see e.g. Belavin et &1, Phys. Lett. 59B, 85), which have been in fashion for the last
few years.

(2) The encoding of the gauge field into the vector bundle structure expresses
the way in which the gauge field interacts with other fields. For example (roughly
speaking) a holomorphic cross-section of K gives rise (via contour integration) to a
wultiplet of zero-rest-mass fields on CH+, vwhich are coupled to the gauge field in

the correct way. A 0! . 2 ! ,L\J l




) 6e A Review of Hypersurface Twistora.

¥e shall consider two types of fields: 1.Electromegnetic (in a flat bzackgrourvl)1
end 2. Gravitational ; and two types of hypersurfaces: &. spacelike and bo null.

Case {8, Given a spacelike hypersurface X in ¥inkowskl spece, let @ ve its complexifi=~
cation, Projective twistors are representsd in M vy totally null 2-planes, which
vintersect €{ in hypersurface twistor curves (see [1],pp 392-3), The tangent vector to
one of theasé curves has the form nAB' o ,,f\" where n® is normal to .4 ; knowing w,,
exactly (not just its direction) gives one & non-projective hypersurface twistor.
Usually the m-spinor is teken to be parallelly propagated along the twistor curve ({1,
equation 5.14), but in the presence of an electromagnetic field F,, = 2V[a §b] ve
replace this condition by

: o B,fr (VAA' -19§M,) , =0,
where e is some number (the "charge" of the twistor). The non—projective hypersurface .
twistor space constructed in this way has the structure of a line bundle over the
projective space. The projective space remains flat,i.e. & subspace of CP3.
Theorem? The. information contained in this line bundle is exactly that of the magnetic
field B_ = F* ap ™ b o In other worda, there is & natural 1=t correspondencet between

1ine bundles over ﬂ"lﬂ,g) and vectors B in €4 aatiafying div B = O.

Case 2&. The definition of the hypersurface twistor space is given in [t]. An &nalogous
result to the above theorem is not known, although it has been conjectured that the
information contained in PJ(f)is that of By = Cacde ebdef n® nee Sparling looked
at the case of Schwartz;child, with Xbeing the hypersurface t=const.; he showed that
the hypersurface twistor space is flat,

Penrose con;jectures in [1], p388 that holomorphic functions on :f(,f) can be
used to generate flelds on C.{ satisfying constraint equations. One example of this
ip that & function homog. of degree -4 leads (via contour integration) to a field
¢A']'3' on C4 satisfying
$ppr = O

vhich is equivalent to the constraint equations div B = div B =0,

Case 1b. In the case of a null hypersurface, there are some choices to be mace. First,
the hypersurface & may be either topologically trivial or of the "null cone" 'type (i.e4
with topology Rxsz). Second, the twistors entirely on £ may be elither omitted or
included ( cf. [2], p301-2). Let us consider the case where § is the null cone of a
point and where twistors entirely on A& are omitted. If Fop = qSAB Eprge * 43}.'8' €.n
is a spinor decomposition of the em. field into left- and right-handed parts, then
Theorem- The information contained in the non-projective hypersurface twistor space

is that of the null datum ¢, = ¢,o o* o, and hence that of ¢b,.. (Eere ot is the
epinor pointing up A.)

’
L.

1 14 is possible to generalize the electromagnetic construction to non-Abelian
gauge fieldss ef. the construetion for self-dual gauge fields elsewhere in this TN.

P I

e e e —— o A b 4 3+ A AT P T 4 R

S o



1 e Rttt o et s et} et et

s e e e

A

Case 2b., In this case, the hypersurface' twistor space has the additional structure
of a scelar product, defined in exactly the same way as for J* ([2]1,p307; [1],p398).
This gives rise to a Kahler structure on CY(X), but very little is known about this
structure (except in the special case when £ = 3"'), If the null hypersurface .(f
is shear-free, then PJ($)also has the structure of a bundle over CP (assuming that Af
bas topology R =S8 ) For example, in the case of 3"' Pg(j’)ia & bundle over the
projective asymptotic spir-space ([2],pp302—3)

Exasples. (1) pp-weve 8% = 2 du dv - dt a3 + 2 u(v,7,%) dv2, with hypersurface

v = constant.

(11) Reissner-Nordstrom de° = (1-2m/r+e2/r2) ave + 2 dv dr - 2(d92 + a:ln%d?z),

wvith hypersuface v = constant,
In both these cases, the twistor space J({)turns out to be flat. It is instructive to
consider the propagation of fwistors from one hypersurface v=v, to a neighbop;ing one
V=V, following & programme similer to that which Penrose uses in the case of an
izpulsive plane wave ([2],pp270~3) It turns out that the propagation is dasoribed
by the continuoua unfolding of & canonical transformations

at _ _ 2H
av © Ttz ¢

where the Hamiltonien H is given by

- — L3 —ar 20— 2'-wr2?
In case d) ¢ H(’V, i“) 2, ) = z* 7t | (’U', EYi J Z7 )
—3

| ' = -2 1 AR
in case Gy : H(v2 Z.) = 2im AU +VZ A7 U

g% =1 =3 =3 — o 5% t ot
A=3(FaTp-22F _2'2%), U= 2°%2 T
In case (1), the vanianing of the Ricci tensor implies that H has the forn H = gt s+ m ’

 where E'(v,2,2) = Z g(v,Z) and B = B (cf.[2], p273). But .in case (11) it is not

cbvious how to characterige the v%ishing of the Riccl tensor.

Finally, let us consider the %—space ’H(X). Assune that X has the
torology Rxs . 3{'(3) may be defined ae the space of shear~free sections of C_J& s or,
equivalently, as the space of compact holomorphic curves in IP:J'(J) belonging to a
suitable hozology class. It follows from a theorem of Kodaira (see[3]) that, provided
the curvature of the space~time is not too Severs, :H'(J)has the structure of a 4-dimen-
sional cocplex ranifold, It also has & natural conformal structure (two points of :H'(J)
are gaid to have a null separation iff the corresponding curves in IP'J(J) intersect).
This conformal structure is & genuine quadratic one (proof in [3]) and is right-
conforzally-flat, In general, it is not clear whether there exists & natural metric.

In the special case when £ 1is shear-froe, the bundle structure of TPﬂ(J)
enablea one to define a connection on 3{(4) vhich is compatible with ite conformal
structure (deteils in [3]). So one gots & Weyl geometry. It seems very likely that there
existz a righi-flat metric in this case, but this remains conjectural,

References. [1] Penrose in Quentum Gravity.

[2] Py, Reporta § 2. ~ Q,waa 1 ww(.



8.

The Integrated Product of Six Massless Fields

It's well known that for four (acalar) tero-mass flelds, two of positive
and two of negative frequency, we have

Scl“x ¢, () &, (%) ‘ﬁs(“) G ln) - e
. N’
toe —ve

An analogous result for 2ix fields (three in, three out) ie:

Jore quapioned a4

et A —vt

c‘ ‘n g

Proof (long) is done only for elementagx etates. Resulte in my thesis show tha—_]
it's sufficient to consider

{c

< ] .
Sd * [u— p,)‘]z(t——f,)’g‘l-'t‘)l]z u""‘)l:

Coaputation, using Fourier transforms and the *k result, shows that this 1s

P, O SR
- - N
' + | v N [] + ti
10 4, 4, % 4,
and the statéd result follows from this. , : -

The interest of this result is that it should be possible to replace (say)
¢.¢1 by a pessive 1n-state,¢%¢z by a massive out-state. We would then have
(a seslar version of) the Permi L-particle vertex. Recent observations on
‘cohomolgy nake this seem & credible and useful progrem,

The analogoua problen for eight masaless fields is much tougher, and a
result has not yet'beon establisghed.
Andrew Bodges
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_ Thie gives rise to a messive scalar field (,bbt) oL

¥ore on the Tniversal Bracket Factor (see TNii)

Ve can define "elementary” (scelar) eigenstates of mass by the two-twistor
function: 15 , '
. ” M N
=) Cl-9 T0-3)  aq
Fl%, 2) =
Qﬂt

— E¥S A NS 7 _\MS
AB ) :
.(v.z ) ( ) (é) §IATRS

K

where C is the contour (in the s-plane):

dee—

~ 3
IRARA CHE R

H “’(MTTT)")
Al -py (“’)

[X})
vhere H is the Hankel function order n, and wvhere D "> A‘ 8\ .

—
If =0, this can easily be seen to reduce to

' ] R .
F(K) 2) = K—%‘g‘“" 4 Which is essentimlly the simplest way
v Xz | AB '

» z v '

massless

of writing the usual scalar "eleu-entery"Lfield with a two-twistor function

=

However, it would be more saltisfactory to have a formulation in which
the value of the mass plays some role in the singularity structure. Formally-,

| ' “ 3] ) ‘
F (% R é) = ,{ A enjoys the required properties, where
—

A Xxz— 5m?

[_7‘3 represents the Universal Bracket Factor, with essential property } D] [i]
)

' —(A)
R.P. mentions in TH1 that the expression —
(—x)
vhich is involved in the U,B.F., ie &n asymptotic series for the function
< . ~w
Ex) = e’ely) = { —¥ —logn rx— X E S olw .
220 A4 W

S0 it's encouraging that this E function can be related to the Hankel
function. In fact, :

m(2\(\Av) ) §> E(\«z*‘-’z-)al

rud 2

N
vhere r is: o

—(uv)h
Can anyone make the whole thing work?

Andrew Hodges.
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LINCARIZED SCHWARZCHILD 1IN A 2-TwISTOR FORLDALISH

In TN 3 the gravitational potential hab for linearized

Schwarzchild was derived from the twistor prescription

hoanrag' = (.«zm)»tfzw Xey_ 9" G(2, %) L2 Q)
' pYAG] QXBS
where G-(Z,)b is homogeneous of degree (—2—2) The purpose of this note

is to show how we can generate linearized Schwarzchild, using the more
satisfactory prescription:

Iy j2 1
haa'es' ’m»f(z 'azs"’x“axr)(z"azn"x" ) ( X)dZad X, (2).

where agalne‘(Z,X,ls homogencous of degree (-2 ). (2) has the following
advantages: (a) it automatically gudrantees the e Donder gadge
condition Va(l’l.l,"%wg?l“)s O whereas (1) does not; (b) it does not
require the rather artificial symmetrizations of (1); {¢) it is‘in a
form directly analagous to the electromagnetic potential prescription
iRR' (2‘“)'0'%& azn“XAgxn)FdZ,dx(soe page 22 in TN 3)3 (d) the actual
calculations are more transparent - the integrals giving the components.
of}\_‘a“l being much easier to evaluate than in (1), (they become in fact
Just the same integrals that are involved in the electromagnetic case).
We use the same twistor function ior prescription (2)

as was used for (1), namoly

b Ea'(gﬁ
G (2, x)~ C4udTM) T2 (T (3)

(Z'X)*
whoreﬁ is the inverse of the angular 'monmntnm iwistor, and
x (2 x’- Z'x%z Xp-ﬁ-z,)() If we write 9 "( 2 ‘XG'L) then
ﬁx AB azﬂ IXA
Soot& =Sy 6= g ﬁ.{ 'H “““ Sov G = S10rG= 0 &)
Note: if we took G_-. lﬁxlo -_z__r_'_ . (which generates the
zx zx

ZX AAWAINAY FI
same spaco ~-time field as (’5)) s then SAB'G‘ l‘ﬂ("{.‘;“ (Ol =
where F(Z, X) ig the function which in the eloctroma;,:notic scheme
generatns the potential for the Coulomb field (sve page 22 in TN 3).
. ‘ From (4) and (2) we obtain, using an S'XS contour for

the integration:

M

,"00'00'=l\||‘u"°‘j'~io'a§'=kon’co‘ I with all other components zerq. The
o]
twistor function (3) thus gives rise to a tensor kd,"‘""‘(d,l (5)
Now the linearized Schwarzchild i‘ll(’tl‘lc in cartesian coordinates is,
[« 2] I J
XX
hd)- an e a: where Qs Y « This does not satis{y De-
et Jv©
o hop~ Va3~ Veda
Donder. However if we make a gauge transformation h.ab- ab b~ Vb
where ; M(O —-,"'__,"‘z) ' thenh = 2M ll o which now satlsfles
{

o7

Ticholes P Fell.

m .
De-Donder, and is,agreement with (5).
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I LH) - LHE) = DY 8-1% 3, 41Ty 1) 2w .fgmig%‘%gswigg%*ié.:@
GJLL’F\M{ 3 tequ, Cau‘z/\\.w. & neak ‘&‘ik%u-t do Sp.m\ws)dtmlw 'XFOQ% p e ‘
C»m'(lﬂ?c. Cahwm, M\A 3-swfae S PN W Lottt aw Sp faswe T and wag k. .—&,,;,:k
\,W‘Q condikado W The abeve fashing, T4 3 (= Sp) u magiviad crmpler, o o antin
Shs of dhe aboue 29 mugt ke -kauw{ &S, A happns < 7,\;0 <> T b shew fice
' . ’ \.})M&’ \‘C\u-\ .

ek ek E

R L e e L



12.

:The 'Twiﬂstor Co‘uw«olo&g’of Local Her'cé ‘POtM\ﬁ&lS':

This note examines seveval of the we((—((mwu 'Orofcfties of .
Hevtz - tjpz Fétwtizls frov a shea{‘ theoretic . vizwro?n_t - us‘ms twistor .
cofiomologicel tu'}mizues. . S
, A;[g. An exact Stquence for Hertz potentials. A7 few e|emen1~ar0 e
facts and  definitions will be reviewed -Firsg. IS a ?ieloq /dk(x) on Min-
kowsk? space satisCies the Zero rest mward [2,v.m.7] 2guation VA% =0,
then 2 Herte Fomﬁzl Jor P’;q is. Je('.mﬂ to be “a. Jolutim 7"”0( e e
the wave esuation V%= 0  such  thek & .= o P, R r)xeorm(i)cdu___.-_h._.__.
 be proVeo( to the 2{{ect _that [oca[/j a T can a[waﬂs be ‘f;lwoé R
_which szﬁ;ﬁes the re uirel cm%’t;m«s. Thew is some Jaus g__frm/omm e
7Y LN

| An the Heica of the fhw /)VR” for  of the %Vm:ﬁrmat:‘m’)w——'*

VR ?‘T i M'za/e'? , Than ;{Q restzing .unc’?ﬁzn\cjez, /orovia/-"nj fhat €7 ’ -

Q 5z-t£s{-'es the 2.9, 2sugtion Z ’ fb‘,": o , . e
72/'5 /'rform.ztim can be synthesized neatlu iw ,8 Sheaf Huoretie. . .
Fashion. The fo//owing three sheaves are introduced - 7~ the shoa§ of .. _.

.dvcm; o{ sr'mor fiaus szti:ﬁin Wm'?j’g ° 3 Tifﬂ' ~ the sLeqF o{ o
':\Jm«s of spivor fislds setis§ yin D:Y”f’=' 0 5 omd E4 ~ th sheaf of
Qerms of sr'ntof f‘.ews :a'l:isfa‘-nJ Vﬂ% =o, It 2 sfrﬁ'h*ﬁrwav’oé e
mattor to prove  that the u.fzﬁow; cited wn the previeus .0
Faraaraﬂ; armounls L the ﬁct that the sepuence

o— Y P s o . A)
i exzct . Here o 4o simply  the  daclusion. map ,  whereas B A
the hea hmontov-fl»{sm ik induces #{z differentizl Maff?inj

O .?*3'YA‘“_“’ VM")‘M o docal sactions of WA,

exactness. of “the sepuence Lt z&uiulent G the fo([ow-‘..n_..._;‘w-...
,iﬂj set of  thrae conditions ¢ .
(3 the map oL ia iniﬂ-cfiv-ﬂ-.“,

(b) the eonposition  Bed vamishas ... ..
, ‘ ©  the wmap g Ao swrqective,
Eah of thew.  cond) tions ie sz-r.l'sfiué: @, since . X 4 MMPJJ the.
- tuclusion map (), sine sections of 3% satu‘s(g the 2.vm, nzuzﬁmi
.M(,Q (c)’ ot accoun of the poc‘a( exis towe  theonesm fbr Her'rz laotmtials,.. e
Rk was wentiond  parlion ™, - e
I, Setuences Lor hiéher spins, A similer but sowewhst wore ..
imtricete  rasale a”olias‘ in the case of higher spin B My Lelds, For « e
,sri»-i fww ﬂﬂs nﬁ's-foi:a Maxusllt azua-tfms_.vﬂﬂﬁpg =0, 2 Horta .. .
- Facutizl Lis a. f:coQ 2 sl w?tic'h - satlsfles .. the -~ wave. eguztion end
e st That By = %ﬂ,%,”)‘"_"’ oA this case  thoe also enists em
e Simteramediste™ potan tial Vg = Voo 3‘_’_'17_'_,._»71.«7::7@. satisfies_¢the Aph-

———
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) . ;) .. a.e’ ”' LR - Ce . N ~‘ &"' . ) . - .- -~
ﬁ_}‘tton(, i V ’)V 8 T o, . TAL‘JMG‘L fruc[om A g4 . A ,of two aést’ﬂctu.,.u__‘ .
e sorts, Firse. thow i the transkormation VA8 —p pAE ?”‘, with _

' a? . 4
—_— Vea' "= 0. Sudka Transﬁr"ma'h'an, presewves  both T and ﬂgg o s

___.m._,.*‘-.éTkM.ﬂtm.Le. the *Tansfe;rmztim 'f‘”s .——_,‘f’f‘ﬁ; + Vﬂla €, how € ic .
2 scz‘ar,.hsu’odlcth. - e = °0; thic ie suet the “uswz| ? electro-

e mzﬂnetic . qaual . tramstormation . throa[uci-nS q’orro)winm sheaves

e e JPRUZ Variows .{y‘iews Using z motation /-atwm;[ in the stule of tle ,
*.ﬁ*_sri».‘_l/z._m.cau,.ﬁ. the -fo owinj saf of sxzct sczumm Lo oéc:hw/: e

§or .

033 W YT
et O C——3 B PV, +&,, +0
v Note  that i the  second of these  two sequencet am BRLrE _ towat
;_'__,-__.-.Ia pLars cofmsf‘m%"\? b the af(‘oﬁ'r;'mz/ ferm P-’—f e+, w%f‘c"h -
e Mraves Vg -Lavw'isz wndon ¥ framsﬁrmafim ’)‘“”‘3 —-—’"}"": *V%P R
e lhere € ik ame complex constznt(+). ‘

- II. A contour Entesr’.zl formula for Heets rotwtinls‘ From

. twistoy pemt of view, Herta rotmtials can be obtain_cﬁ by smeans

e of a contoar. Inteqrel wathod | In order o rroapm & v galﬁ
SRR P2 4 s'of«v« Va, & twistor fwmction €29 Which i ;wmaowous of do-
e AN 72 L7hom )] s meed in e f;%winj contour Afv‘tadrz( forowuls

T hore pepatar

e W here S},u, %ﬁz op#rutor ot wd A - T de?', £ seendicd

,‘-,.,..garﬂvwwmt shows that ﬂ@, safx‘s-ﬁes the  £rnm, eouztions. To ﬁrm

<

it R'Hertz ro-c'wﬁa.l forﬁ, , tale @ "s)oirior—vz(d” /w/mqor/ﬂn‘c ]Cimcﬁm
e fR(Z“), Which . hom (-2), and férm e o
N N O §ear .

e a&ﬁmtiativ‘;&, it 4 2452 Lo Ve)u‘f _ﬂnzt ,)w‘? “ 2 anrra fotﬂ«-f,‘;/.

SN <) ﬁ!ﬂ Iz/‘ovﬁ g thal iy

R’-n-F . i some frﬂe‘&m aVao‘/«é/ﬂ— in

SN 73 sracificatiw of £7, for the tnvariance of f wmdon the transfornma -

o 9 7% i raa/iél ascortainable | whow 3(2") e
;ﬁnlm«:rf}ﬁc fmﬁm :?*«

LW 3 . o . , o i
R A =;%,7§1r”3 av

o T hia Mf)\uumfor ?év’;‘, aqaim & stendand "foﬁv.vmla "for g 2
e .f;‘t.(a,é y-hemce it -fo“om . that 3«4

/7
el 4e ltvm(—ﬁ. This ‘tl‘d?\_sfc;rwzfim om £% Gnduce s
/7 L ’
Y- 'carr.asra-n 81\3 'rvn\sforwzfim on /)ij yg'lk?\ is J;th LJ «)‘4”.._.;.71'1', ?‘f,

nm.

frqu PN f‘ﬂf iM.aeucth Jﬂz, propR)L,.,. .

B s ———

b s e it b <t St
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ey ek il

DR T S SO S

. ,‘cohmolu“ca\ interpretation for . the. resules . wventioned i I,IL, and
DAL, e ls mecassarsy, o imevodwer several  shoaves on . twiseor srecn'(?;-.,.w...w.
Oy ... the sheef o Quums of ko\aworfkia,,fmc_ﬂws,___wmc"k
0”{7@),.»'1‘{,\1 sluq-f of wams of iori'ml.j s,o‘mov*- leMuQ 116]0,—-«“-___._.-_,*
oo e movphie funetions , hem(a),
et O (M) eae the sheaf of qovs o€ M)oriwﬂoé...srimr: valued,
e e e, 'hofmorﬁvic Sumetions., hanm (M) o o
e D O (M) g the sheaf. a{dens af..»w)a‘ﬁw-eoa_s'ohor,-:. Va[mﬂ«ea.......m__..__.____
e e e %olowvof,ﬂu‘oj {Mctiws L Which . ane ham(ﬂ—ri). Md@‘_
e e, Satls gﬂﬂ = o0, [ie, 'F:q s be ok ke
o B R garm g,s £ » with £ heowm@).] Note ,_th.z-t,(o?' Olnet)
o daa sabshe§ of GL(RY wo. o
. C e Gi','(‘ﬂ) vss. The ..shnf of Mws o . leorpu'c,.fmticns..‘.of’:‘.ﬂ.‘.___,._.n_
‘ o Wy aleme (e, fumctions  which szﬁrfj‘ Hf=0), .
e e o WG are hom (MY .
Hiﬂ“lﬂ M£ wéfxezg yalines ”‘G'DAS of thewe sheaves con he —meth )

s Varions w-js, and  will be “dewotok wiivg an czneéJou; Motz tien.,

. T Twistor .coi\owolaéy_gmrj_. In order to obtain &

e,

S T u——

us-.-na thue sheaves  a nwwmbeor of 2rgce sagusnces can ba eo

strmeted § 0 the  amose “fzrlmie:u' of . +theie seguences 4o e
o——0E)—+0"-D > ptv—30 |, . [l

whare of a0 the iwsd'ecfim mafp cmsi.;t'.gﬁ, of jmulf«')o[l'cz-r{on ~b3 . ‘Wﬂf,‘ end
B 4 the jec tion Ay .emsisting of contraction with 3'17',91. s othe
Composition Poxt =0 follws from the triviel spinor i/a«rieﬂ "y =0, The ____
idza mow ik form the 2x2ct cokomo 299- s_@z;u_z_gt_cg/_(f}mocizta[ with the

. sheaf 2 usnez above | nelztive. to & ..m('j’)abor&aal & of -sorme Line im M‘ach‘m .
. . kK .
istor spact . Simee. H™ (whow = # 1) wamisher , over o?, for Lhewe sheaves , . .

ke mln mon— trivial s:.swwi of o ,cowo/odg'szzum turns ol 2o éc,_
o H(, O ——> W, O Ca)——> W, e ) ——0 [D]

TL\‘L ,p&wawtx, of 1’{\2 &rouf) Hi(o‘fjﬁ'(—s)) corfﬁslot‘mdz '5- @m' Aeetiong of ...
2 shea€ §.ﬁ' oven  the MJ;M of  Minkowsks s pace coru-sranj:n X,
Smilarly , de elomenti of B, O1C2) ad HY(H O¢0) carmro.«f Lo
. hcal aections  of  the  sheaves ;“/f"‘, ond i P w,l.c-ﬁv.l./v(”. tht(ma e
4 vary At usnzl comstrnction of 2 sheaf can be a”ohua Lo e
. AZctions and onﬂ'aai-na! Horts - ‘ootw't'tz‘ sepuonce. [AT ie vecoveud .
CIn the  case  of. a,‘:.cfromagmtism., 2. pair. of xlaebraic .
Anact‘.stzw«es" of .. sheaves _of  ewistor. Sunctions _can. be. . construeted, . .
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A P, %2 S AN "oty —o

[ > O —E Do) —vo .

_:j:.;Hm -rh:.mars u(m[ '9  :.vw. . dlﬁnzn( vi«'. the ‘s‘ame 'n(ammm u before ;.
____w__mi-th_,mala { ic,,mufta’/o/icaﬁoﬂ . ba n‘f"rr") and 7 4 contraction wItR i .
e iThe 2ract coMo’odj azgunced obtaiveble from  thee  sheaf skputacee
e ! wne ;. e o . ; o . -
i 0= HH (X, O —— H ¥, OB ——H 'Y, 0 ) — 0 o
I | [F1
e jo—rH(E, O@)——H(X, ON——H (¥, O (-)—— 1Y, OC)—r 0

r/‘\.____._ - . - — - R - . e e+ e
IRY NNV

e, N(‘:Q we have .z little surprise 3 “'1zat.ica. 14\2 way in LJMJ\“ H«szact -
_.coho'molosj 524 Wonce. picks up the sxtra. town . HGEOE), sinee  thea

R brour dra gt vamish, In fact , H'(,0@) 2 C |, and +he catra toum
......... iqris\na hene corm,sromls ,Mu.iuln to the additional Srwedot which

e e Tarrsurs n «lia&ram [B1, T,\L co\om«:lo\xn qv‘ov\rs .rruriaj i Ju'aaram

i e [F] give wigl to the spaces of loca! sectioms of the sheavas arquriuj
e e, i.«m o(iadram [8]. fss,w.tiz“j the same sort of ena‘ssis goes tiroua
oo Kot highn spinms . ~ Xane Hughsten

o Gellowing the_paceors anggostad by spience [C] n Ao spin o er

151 .‘

..... oo Notes, .. .. L . o
i) .See avction 4. (¥ Zero Rest-Mass Forentials™) in Pemrose (19¢5) Gor & .. .
cmrmeee | proof  of the Local existence theorewn or Herte - type. potancisls,
) I fact, as indicated in Pewrose (1a48), 2 snificiad condition

s

,(\;;,‘.‘_m...y,for the 2xistomer of. @ Herte potential 15 that +the vegiom

] en B dhe fald B, s alegmuﬁ Thonld  Aave Vwiﬂ«imj Firsk

e e e '..em@ s.eumoa- howmoto Youps (i,e. Iﬂﬂ,.,si'm l cvwctaag N{' he such
£ 37vF r3 .

[ s 'V & any 2-sphore can be shrult to @ pomt) Thus, if 77 w1 Such

. Ao resson . then the  sxact sapuenes [R] cam loe _ mc{.fw[ sty 7(‘:2,

BT .fo'elﬁ).\"}ﬂ exact segusnce o-f'.srmu. of sections even. W 2. . ..

] o [, B (MY I (W, B0 .

0 3) The nelation Liw«rlies’ ther da Fot@mtizf VY i o(r'vu\?ma—fue

ey (@ gange condition ), and ie ,oure(zj (&ft'Zmuf&(!;,) T—Z\af-(:d-) pecry =0,
o A T et difftendl L ace that for raih spin. s a.,j;adrm similar. .

_.,.,.A.,_-w“i.“i?‘ [B]. i obtained . Each mﬁm.o&adrzm i camfo:al of @ sik of 2s
e e | RXREE. sc&uvwc-uj end shows .. a ('cascacle”wtb{ A5.. various Focwckal,, .
e _‘fia‘ols.-_.uiua.. Jmn?to- dhe _bastc 7'1...:51'-4»4,, Eah Fom'tial L.
| ~has_a__contzin _amench__of '4,‘.Gau6¢_,§rulam,_;n_.its, o(-‘;,ma(.', andl
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+hta frzza(em ) M)C@zcuj i the structure of  its accow,om:,i'nj. e
L Bract segusnee. [ Cf. Penurose (ass) | Scotmile. on p 18 ] e
5) Since the sheaves sppearing here all imvolve  howmo fumctions |, .
fkeﬂ can  he r.qura(u@ as b.szﬁ ias—'mzi @) Jlrut(@ on twistor
. Space, as sheaves of J\amci ondous Functions , or (b) on Projtlct.‘\m_
twistor spae , gs _sheaves of ARs of. ho’low!orfh{c cross - sections

e ot ¢ e ey S e

} of contaisn laﬁé“ﬁs([uloz‘ag e integon n). For an Mr‘icit

Caccomk | ase Grigkiths wnd Adamis (1174) , pp. 42-44 . This reference.
' aso contains, Mciv[mf[3,~ on pp. 51-55 @ proef of the useful rosule thal . . .
: CHY(ET,000) mentishes , wmlsd g w0 aud m30 ) or q=1 and mé-T-2 gand

thae in thee cases HO(RT,0M) ic duoworphic  with the spaee o
. ,,.o/:}o-,m.'z/s of &jru, 1 in Mo hemogemeons coordimetoe for BT, k.
. H(RT, B0 ie duomorphic with the E; of H(EF7, OC-r-n-%)). I
& 1§ a sepuence of sheaves o—r A2+ B-Erc—> 0 over'a space . ..
i O X e gxact , thew it Sllows as  a well-bmown  theover +hell  there
. wvhists 3 ”"ff“‘b 8% HT(X,_C)——r HNiCX,R) :qllug i&z”;onﬂecting @ o
- )lw-oﬂorfﬂi;mﬂ, ad tht the  sopuiemce f°'~'§-"HT(X,R)——°—‘l>H’”(X’,B)-———1-"W
CHTX,O B W D e il pxact . Thic i e T enact
) Calww.oloo:j sn.?/um", [ For 2 proof , ace Sfam'ev‘ (1aes) , cmartm 4, e e
. azction 5. The theoram thew is givem. for. W""’ﬂj , vathor thaw con- .
lnowlolo “ Ld 1L mt‘l-‘(lficu(t to make the mecassar al’ustMluﬁS.A e
34 > _ | 3
. Th Pmof is alse :Sww in Gunnin Cl166)) as 'Theoveuw 1, an 24~ ...
frmdg Oucid and wd'ajaUL bob/c, which I Pighl recommend, ] _Rafur‘,i'nj e
A back *r s:.zu.arML‘ [ﬂ].mohr, motL Hfjuﬁ,forf... M\d M\j;”\ 72 °‘F Mul{au’sl{;_ P
. spaxe, e mnocizted oxace ca?wmolod:]”snzum‘ .contains xdz s@;mlwff R

V e Sinee B, TAT,E) , it Sollows . that _HY?Z,é") ia e “obstruction” ... _
N o rtistimee of Hontz prtentials for 2y Solls . defrad o W, ten .
et e e e OA), g‘»z[:l on U . i deeswe | admit. a. Herte /vo,twﬁu( s[éf:mz \7/«’19‘:/( ——
U en T will have as jes. Intasg wndon 8% some pon-vonishing elowedt of H(,3%), .
i e D In the cases. of. B 00-9) el _HY(, &?'I)D,fkt.f&fresi‘uhf;ve, cocyeles are Toy/
b directly imto the bosic .‘cmtouv*_,inndrnl‘,fo,m«ulas,,(m & Cbranched comtour” 5 see
L R%s accowt in TN2). Howowtn, iw the. case of HI(Y S w’)mﬂ. actuall o0d

et Mo the contons 'mfzaml formulz . is . ﬂxo.._’lm-'i\ns:.,, of an. 2lowant o N CHEEM__

e undin the oprration Dy . Thin aives an alomend of H(H, QO .. In Fack,.
L RUZ e = HI G OnEED), a5, follows Srom e exact. shaaf. saguomce 0=
e GD A OB OD— 0, b He .M«cﬁ._ucﬂwmloaj _saguomen,
s ard ta Gl HTCK, G ) 20 Sor_all 4
: CRefSeramens, e
: ,_...._.m_‘_.Gunnms, R.C. ,AJ.‘iéb;_u.Lﬁctums on Rigmann Sm’f'm.,‘,‘ﬁr:imtm U, Press .,
o Tenrose, R.,.1865, . Prec, Roy. Soc. A 284, 151,

o Gritgiths, P, and 3, Adims, 1974, Alacbraic and. Analytic Grometry o+ Princeton . Fress . _
Sperion, Z.H, , 1964, A 'Szbmic To,r’oloﬁ:?, Me Graw - RVl

[PPESEIEY
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SJ’DN fowoﬁts MQ'TRE_\!ETOR COW‘LWG COEFF'ffEW_S

. Sfo’h networks oave « 3"4«‘9"\4:.0“ method for
dcqhnj widh \/oun3 S)Immc}ro';Crf for SULCY—
dhat s, wedh orera.-’-iam’ of combining mnd srli#:»j
Anﬁu'nr rmomenta in non-redakivisdyie gnantum mechanics,
Recall #hat o6 1£4V7u%s & pst 1E-453 442 &
cre tha ':"f“‘md(:lowh N
than basis states |jmS> b an ombibrary Spin ) aystem
cowny be contdructed From ‘Qmmg}rf'zxd products '

®4 - - (A 2)
Lg $

states of e spindt system,

r Naprntr™ eyt
., rE ~$ s
whive 5350, me I8 :

Aw'",‘s,mm‘)'f"“" rqp.‘“s-k rerusu-'l' &ompvs:lw‘-
states with cancellodion of dodal spin  (Fow exarmple

L/
. OB
K "€an €¢®: 8 s e geglar pavt of k“").
Heve we are using dhe invariance of 4he J‘b—’-u”y ot -

» (1)

‘y’nmc*:‘ 2"?:\10’- €A8 c.’e ‘3 J‘L( g 'S SUC‘) ) 0

In order +o W‘”‘Pw‘t ‘M:C .Vt‘:"'vr (—ouP':WJ coedfecra it
o We‘jner o effrciant {'3" 3"’: ::'g D:V:.\gm u.m,ol:J-;.,(,‘
o Fhree Spiny Yo wmbine 4o 2evo, we §imply
unst«-’f 4he rrodmc«’* s—k&c |

35

':).Ml’ U\J"‘;v lj;h't;} =

v

. .-. ':*s.‘ . ."g"s..
whave Jis =3, w2

e e v i
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and thew n'orly au}.’cyomone}v.’zgr:_ Co‘t',' €'s
o re dwu 4 Jo a scalav. For uumrh, {
r-avu-&roéols }0

a

d %
-}:.
+ 0~

¢

-

uuc N I)v&hds iw Mo gl;arau, ri—rl&!‘h‘f

] : e’ .
€ang A‘ Ql ' Jﬂ\' -H’.h'
A

be MrMnAA “—DnVCNL’I‘h' urrgp M'( lowcr o'no‘-"q
e ‘ndlicated ag wp omd down Pﬂ-—k’n‘, verdveal
Chd-scomen"‘f Of An exprestion ) 0
| ' 3iye )y
We now wnote Mt (v M 5&&«%\4 fh-"u ~y)
Wrrtss:on

!

Sine wvevy €A‘3 cdovm Hed hag an inda ot e uP
emel o Hhe 1e8t muwit have M other ot dhe Duww end
LO“l‘ervﬂ‘SC 4 wonld ke Sy\ﬂwe-‘vlzed)O '/WIC also %d’




‘ < 19,
|"}'&*)3 ) 4)'5 Svre A*’Mm.-o.‘ b/ j‘s.

, "h.u, P . whrknj uu-’w\..b.w vcd»aﬂ 4o &M’Lv
Md‘ 'n"w&u—.v rvorer Mrn-.l-z-.-’-ocn

Filvst we mm‘l’ U arm're ol vvc.)oluso(

meYhod more amz,o Ore mokivakion fov s
wotadvon 5 Hhat i ca‘w"wv" T B Bes sued as

| Jmeru = éac, ﬂ m

uowavcr (.M*wn 503h rvolo(&an: owise o-‘ we
-ns.;"‘ Mok sra.pl\u.«( wrusswns vetain thelr

ut;w‘- 47 Mof.er wove 3(.0«»"\( J,C-mea-\wns
‘V\ an’-\m‘m M& “4\'\*

R =-m ot D @

J €Econ Jg .A: - €mn - €an €g¢ £ T = €Eaw

5»)\‘ we 4ulm Jf"wv'nu'"g Mese rpb.(ups by S:m‘o']
.daor-’va '”\e r—ouvankm o‘f in}voo‘hdn‘, an w)va ne’gJ-‘vc_
S'o'gh into our :&ano( éﬁ'aoram for each sppcarance of

A\ & 07033:”;' om of B\ 'S con-l'n.vancm"' U f

I4 5 wot LfliwnM K thow , in -‘mx" J‘AJ‘ Mese 4wp
Sign convendions cre 3u"‘-¢1&0~+ b ensive et M
}o,olva-cdl? ¢7mn.(on7" SJ-vm-ll o‘-ﬁérams uv—rcf’mw! 4o |
ML Same -q-vcmo»J" syo»or SXpresfipm Cr'wdu! Crossing§
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