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Abstracts .

Twistor Newsletter will in fufure include abstracts of twistoi-
" related articles appearing elsewhere. The editors would appleciate
it if the authors of such articles would send us abstracts thereof,

and we'will include those which seem appropriate.
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Codeformations? . -

My aim in this nofé is to 1Bterpret the usual graviton construction
in a way which appears to lend itself natﬁrally to dualization, and to use this
techniﬁue to construct a googly graviton. The eventual bonstruction‘is'
related to RP's work in Tﬁll, and seems to have most of fhe nice properties
he developeﬂ there. (For example, it gives the right answer for Eéuchi—nansen.)
The motivation seems to much clearer, however, and the final result appears
cpnsiderably more tractable than the integro-differential equations of the
earlierarticle.

The'basic idea is to treat a deformation not as a deformation of the
underlying manifold, but instead as a deformétion of the sheaf ¢ of holomdrphic
functions on that manifold. '(GAJS has also had this iden, some time ago.)
Specifically, lqtff be a deformation of a region T in twistor space. T and
T are diffeomorphic; suppose ¢:3’—~T is a diffemorphism between them.
qu instead of considering ?’aﬁd the sheaf O of germs of holomorphic
functions on 1t, we consider the sheaf?§ on T given by

T, 8) =7 (67 (w); 0)

for any U open in T, It is fairly clear that the sheaf 8 over T contains
all of £he "{nformation"” in the deformation; indeed, the ringed spaces (ﬁﬂﬂ)
and‘(T]E) are isomorphic. e

We can now interpret the non-linear construction using the sheaf 6;
without ever mentioning the deformed space Y., TFurther, sincedY no longer
éppears, iﬁ'is fairly clear how to dualize the construction of the metric
(for exampie) from the sheaf 8} 1? we could ohly find a way to dualize the
construction of the sheaf B itselt,

I want to suggest that this dual, which I will write @, is also s
sheaf, and isvglgg a deformation of the sheaf &, 1t appears, however,
that there may not be a manifold J such that the ringed spaces (Qf,d) #nd

(T' Q) are isomorphic - there is no obvious reason why a "codeformation

of a manifold should also be a manifold.



To construct the sheaf @, we first examine the sheaf ©. Suppose the

transition functions for 7 are given by

~ e
2" = 2% 4 L7 _‘%
vE

O\

where g is some (not necesgsarily infinitesimal) twistor function, homogeneous
of degree 2. (This is the case, for example, in RSW's "A Class of Self-dual
Solutions to Einsteln’'s Equations, Proc. Roy. Soc.) A holomorphic function

. A ~
on J 1s given by a pair of functions'ﬁ(i*ﬁ,((zxﬁ satisfying
\ & rS .A ) ) »-a
CEN-0GMN=¢ (2> «x™ AN (2)
The "googlization" of (1) is

2 p) ) - i D
a5 T e T T 2% 3 ({g‘x\]

where E is still homogeneous of degree 2 but 1s now defined on dual twistor
space. The appearance of the commutator is explained in RP'g article in TN11,

This suggests a dual to (2):

24 s |
= - Ty [2° 5 (ﬁxﬂ L=~ (3)

There areseveral problems with this defipitioﬁ. For one thing, the
set of solutons (i.e., sectioﬁs of.gp do not form a ring! Another difficulty
15 that £ = constant, ; = different constant satisfies (3) in the flat case
E = 0. Let me ignore these difficulties for the moment, héwever.

RP shows that (3) can be rewritten

[ G of (
DL e %RB T AT AN A PATE 0

12T (WY

If I assume that f is homogeneous of degree n, 1t‘follows (since L is preserved

under a deformation and is self-dual, and therefore should be preservgq in
the new construction) that Q is homogeneous, and sgince I must have 2 = f when
g = 0, ; is also homogeneous of degree n. Contracting (45 with ?A now gives
(for n # Q)

|
a Omy®

Ty v o f2h gt E (B ave = £02), (<)



term is m=1, and

Thereare new problems with this defnintion, The most serious is that
it is non-local; there are convincing physical arguments to the effect that
the googiy construction (whatever it turns out to be) should depend only on
the behavior of g(ﬁ) in a neighborhood of the liné I. We can recqve; the

locality by rewriting (5) as

- ; . { K
HENES \ {;ﬂ @) £ W T =

- ®Pr® gte = 013)
n bumiy® mep ¢ 9% D2

Y

[agm)
The overall Z-homogeneity of the mth term in the sum is 1 (from the 7 %)

plus n-m (from the derivative term), This suggests that the only contributing

LS

A, \ — | \
Clz) + T %zv. gt R T(?-bo\“ﬁ’*Clz\. \ (LY.

The set of sdlutions to (6) still does not form a ring, because of the
presence of the n in the denominator preceding the integral. However, the
functions of primary interest to us ére the googly maps, which~ére-homogeneous
of degree 1, If we set n=1 in (6) and require the new relation to hold for

all homogeneities, we get

Zt(é\m“""‘;‘i »}f‘? ?«343&\‘?-"0‘“‘““%\, u)
2L ! '

the solutions to which do form a ring.
This equation has a varlety of attractive features. For exauple, the
Z-homogeneity is preserved. Also the integrand is homogeneous of degree -4

in R, as it should be. 1In addition, if % is on I, so that 'i\ =0, we get
L ) .
£ (2)-C(2),
implying that the line I 18 itself not deformed, although no neighborhood of
it need also be preserved,
The googly maps are functions from twistor space to the line I, and can
therefore be thought of as functions from twistor apace to itself, In RP's

notation, they: are given in the flat case by



" | |
2 — 2z = \_ﬁ (=:r'*’5xwz”‘)-

Suppose we conglder maps from twistor space to its dual, using as a

prototype
“
f‘ (2—\ - ﬁ}a

S
This gives 3§ = f\ R so that (7) becomes
W

1?(2\

N .
at variance with RP's earlier result. The quantity of interest, however,

is

L&l}h 2+ (1 s 4‘21 &%40_\4“2 R ' (%)

and this exp%ession is jdenticai to the one evaluated 1ﬁ TN11!
Penroseiproceeds from (8) to obtain the googly maps in the linearized
Eguchi—llansen. twistor space, | where 3 { é\ = \I(F\. g_\”&ﬂ.\?- He has arrvived
at (8) by methods‘different from ours, and takes.for the boundary in the -
integration the four planes characterized by the dual twistors {\

and {?‘ where X is an additional twistor appearing in his construction

RPcongip;esby splitting the quadrilateral generated by these four
planes (wheh intersected with the plape B) into two triangles, one given
by thelpoinfs IaB, 2V n 53 ng, and.Lxr\B, where Lx is the line
in quesiion and is given by 53 =0. Iﬂtegrating (8) over this triangle
pro@uces.an>expression for the googly maps in agreement with the one
derived by Law in TN11,

A possible (moral) objection to this 1sAthat the line Lx mai be some-
distance from the line I, and this i1s at variance with the idea that tne

whéle consfruction should be local to the line i. This suggests that

we replace Lx =1 L£(75 =b } . with the inhomogeneous boundary

\
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{7) now becomes;
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In the case where g is an elementary state, 1t is possible to
interpret the three line boundary by restricting the anélysis to a plane,
and this againproduces the correct result for linearized Eguchi-Hansen.
In the genergl case, 1t is less clear how this boundary is to be inter-
preted; 1t seems that sofie sort of.limit hay be involved. It may also
be felevant that the three lines intersect pairwise (non-projectiveiy,
of course) if and only if g is not on the line Lx. This is suggestive,
since there are 6thep reasons to believe that the googly maps sho#ld be
well-behaved only for spacetime points y where Ly is outside the regioﬁ
of "codeformation," |

Note also that because of the nature of the boundary, we are only able to

define functions from twistor space to its dual (is this a good or a bad
thing?). It is also interesting to note that (9) 18 already non-linear (as
opposed to the material in TNii), Specifically, if £, ? satisfy (9) for a
particular g, and £' and ;' satisfy it for g', 1t is not necessarily the case
that f+£' and £+’ satisfy it for g+g'. The reason for this is that the
boundaries fér the integration in (9), which depend on‘?, will not be the

same in the three cases.

’

Many thanks due to R.,P., P.L., and A.P.H,



AMBITWISTORS AND THE KLEIN-GORDON EQUATION IN CURVED SPACE-TIME

Let M be a complex 4-manifold with conformal structure which can,
séy, be represented by some global complex-Riemannian metric Qith respgct'
to wvhich M 1s geodesically convex, and let N be the associated complex
5-manifold of (éomplex torsion-free) null geodesics. If, by chance,

M happened to be a region in Minkowski.SPQQel'then N would be a neigh—b
borhood of a quadric in A := {(Z}W)éPTxPT“I Z\ = 0} , and so coﬁ9. 

equipped with the sheaf Cy(l)defined by the exact sequence
0’ J—0™ o

of sheaves on PTxFI*, where cﬁ 1s the ideal of functions which

(V) 0{1)

vanish on A; N " ":= (N, ) is the so-called 'first neighborhood of

£ in PTxET®. I wil) glve a qulck sketch here of a generalization of
(1) |

the object N to the case where M isn't flat and then state some

)

results relating cohomology groups of N 'to the solution spaces of
the Klein-Gordon equations for various masses and conformal scaliﬁgs

on M; these results seem to be new even in the flat case.
To start, let V—3N be the rahk 6 vector bundle with fibre at 5’

defined to be the solution space of the following system:

k]

A A B 7j
. - [
) A dph L ¥ X "
D = - I.f.ll:.‘.'.‘-n .
LN Al : Al ]
FA WB n . ¢ B i EB
. A
X, w
and A

"
' “AGEA

~ L GAAT A A
WHERE D is covariant derivation along Yy with respect to =X 7
@ has homogeneity (0,1) in (M ,7)
£ has homogeneity (1,0) in (A , W)
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and Lo
. B A' B! A BB
Q’A : ABA By P A 9 @A' = ABA B.A Xow 9

- B.C.D —~ — B' ¢' D'
YA H WABCDA‘A~A ’ WA, 1=y T oW

A'B'c'D'"

Then there 1s a natural Inclusion j: T'N<» V given by

AA?
T ps

0
JAA

-j(Ja) 1=

°

where a tangent vector on N is represented-by the Jacobi flexd J% satis-
fying the constraint XaDJa=0. .{ Thus (1) 1s just a suped up form of
Jacobl's equation.) V is, incidentally, a conformally invariant objecti

Now, as a sheaf of abelian groups, let
‘ a*’
¢V o ((5,0) € 0 @O | ite = af)

oM

and then give a ring structure by.the multiplication

(f,,0,)(£,,0,) == (flfz,f (p2+f ;)

Then this gives the usual sheaf 0(1) if N = A , and quite generally has
§: oD

V as its set of derivations {(lineaxr maps -— € , for some

vy € N , such that G(glgz) = gl(y)a(gz) + gz(Y)G(gljjle
(1)'

. -
This completes our construction of N

t
This done, we can state a result concerning the Klein-Gordon

equation. Let us call a locally free sheaf of rank 1 ovex (}(1) a
(1)

line-bundle on N'7 and notice that it makes sense to talk about the

restriction of such an object to N to give a.line-bundle in the usual
sense,

THEOREM, Let K be a function on M of conformal welght -2. Then there

exists a line bundle UKI)(O -2} extending’ U(O 2) to (l)for which

H ((}(1)(0 -2))= iSolutions of (C]FK)f o} .

(Proof in IHES preprint M/81/54.)
' Claude LeBrun
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NOTE ON THE WAVE EQUATION N.P. Buchdahl

Let & , Sq~ be generic for the sheaves of germs of smooth

and real analytic (real- or complex~valued) functions regp-
ectively. TFor a constant coefficient linear partial differential
operator P on R", it is well-known that PE(SL) = &(R) for
any open convex subset SL < R". However, it is not necessarily
the case that PsSA(SL) = A (L) ; for example, if Ap is the
n-dimengional Laplacian, then both P = Mg and P = Ag+ 2/t
when n>2 are operators for which P#H(R™') £ & (R™) (1),
{result of Deftiorgi and Piccinini)., Nevertheless, it turns out

‘that for the wave operator [l = ¥i-An it ig the case that

Dﬁ_('RnH) =A( Rn-g—l) : ‘
For Sle R™ open, a function ge &(SL) is real-analytic
iff for e%?h compact subset Ke SL there is a constant CK such

@ .
that /~ p‘D“g\\hlz‘mlotl' y (where [fdl = olj+...+chm and
D i 3*6£~3§"”"‘s:-¢~for = (Qiseeerdme N™: I £(x,t) i

an el&nent of "ogtR™ ) then

@ pov
3 u(x,t) := j\ j (t-s)f((t~8)y+x,s)ds8ds
Tap . S %n iyft=

’M‘«

satisfies du = £, (where a, = area of unit ball in |Rn), and

by using the above characterisation of real-analyticity it is

easy to see that u belongs to J4~(mﬁ*‘)\}

ha '\lﬁ" e f

For twistor theory, the surjectivity of [d on .ﬁF(MI) implies

for example, the surjectivity of v AN, P(MI, JQ-A(B"'}' 9y —

Ml , N5-00) | Uging the fact that MY has a fundamental
aystem of contractible Stein neighbourhoods in GIW\I together
with the exactness of the generalised holomorphic DeRham sequence
on CF (N.P.B,WMN10), this enables one to deduce the exactnessg

“of

T, A E)) Y pE AR ) T F(n #hc_.. o) |

a Tact useful for hyperfunctional aspects of twistor theory.

KKK
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Coupled Propagators

In TN11l, I mnde some remarks suggesting that it might be possible to
generalize the flat-space propagafor construction to produce propégators
coupled to self-dual fields. The basic idea was to use the then new

description of the propagators in terms of constructions on non-projective

twistor space,
This can be summarized by defining non-projective ambitwistor space
Si“ to be that subspace of "®TxW*T  yhere w.ZT=O. d is a fiber bundle

with base T (a deformation retract of S ) and fiber a deformation retract

L

{v“‘/ 7
of C¥, It can be shown that (UL Z\“’E and if we takehﬁ~¢o be the _/f ?\/
o

-~
.4_,

generator of this group, then the natural injection i: z-~0 al{gws'
us to treat k as an element of W(Gi;dLThis element 1% homogeneéys/;f deg{eé

/’ .
zero in its various arguments and corresponds to an element &?&\v(d[';d(p,d“

- ~ ’ .
where JU 1is the projective version of Yl'. The twistor propagators are mow

given by

=3

v 1\/—“ vk € "\1(“’“)( ¥ 5 0(—"'—2.-“—1\\.
i h

f‘? )

These propagators have been described in a variety of places by MGE and

—_—
A
“/‘\(

\I

myself.

What about the coupled cdse? For definiteness, I will consider
propagators coupled to an-electromagnetic field given by a line bundle L
over W, (Other self—dual fields are essentially the same.) The coupled

propagators will be elements
. ,1‘ — » - T -2 _".1\\
b W (¥ x®* ™, 0L rL ;-n-2, ,

where I have used the fact that I is a line bundle over ®*” and have
written O(Lﬁi:;~n—1,-n—13 " for the sheaf of germsg of homogeneous sections

of the product bundle L »{. , homogeneous of degree ~n-2 in each argument.

If I can find such ¢h which vary holomorphically with the line bundle L and

which restrict to the uncoupled propagators if L=0, I will have an explicit

construction of the fully coupled propagators.  The result will be explicit



.

"

only on twistor space; to construct the apacetime form of the coupled
propagators involves integrations which, although straightforward, are
extremely meSsy, and I have not as yet been able to bring myself to do

them.

» The construction of the coupled propagators is very sfraightforward.
s T RS A S e,

SNl TRl N B
Let 1 ‘and rr /be the deformed versions of ‘F and et corresponding to L
el gane v : o : ,

and L respectively., and{\?],l the subvariety of T T where W-2 =0.
ey _ : ,
(This is a well-defined notion, since the projective versions of I~ and

~

J
J* are still dual.) ¥t now follows (as MGE has pointed out) from the

fact that L (and L) is trivial when restricted to any line in K~ that

WL, ;Z) = Wi ). - ()
Letting 'I:_L generate the left-hand group, we have Ttl‘é w Lt?).]_ : 0) and,

since '\:L is homogeneous of degree zero and satisfies (by definition) the

transition relations for :TVLL , we get a projective
kL ey (lﬂ.—‘ ; Oluxi ; 0, 0)).,

Defining U P
DN “

. S
AN CIL IR S WA A @*; 0 (LT nt, nal)

< .
LR,
s Y

proyides us witﬁ the coupled prdpagators.

Ifr 77 1s replaced by any other.vector bundle (suéh ag that in the
Wafdvconstructibn of Yang—Mills fields), the argument is unchanged. The
gpavitationqi éase,is different, since the parenthetica1~argument preceding
1) ma; no logger hold.. ﬁere, the propagators are constructed usiﬁg,
homological results on the deformed projective spaces; this work has been

described elsewhere.

Mast éu_\na\ei/j <
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wast syt by vk of e Joplige. P poblen v # wale Hos dhmd <
W“""ﬂvm 5H :,G/y Immﬁwr%&"»/' /mmex/NMl& Mﬁgc?‘:"m"‘
' fﬁe ctenal lwp space. A

.D,kwn)m: wtt Dend qunwm Me(?mﬁ/;&f] ac/wmla&t/

) W TT and f/“J e 6“‘7‘ fuo. DR (/9;&)5:;-(:”.

D) GucH, and funy €N, Se. Sn B (19270197 195, o

Tim .flu‘? Theew
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The. Sktus ok Affian RBuadlop  in —Tisietar “f“hm:ar
The “ovioted photon  commtenction (Wad [l]) provider o, direst
geomatele,  Ufecpretation  of e right  handed  Meswell fuld  om
smu'vmuca:Mmeaua WFWW‘OMWM
hm cavreopcrrvdm.a region. W'e PT. o Aoxt, ZR™M f Lk oj—
o \mzluc«hé can ha reprecanted  on  hdtomordue  fibredione
(Creenn D]) Tha purpoie "J Hio nrote w b maka %pw Fhea
W tawdwed  and  do poial out o dafielaney v the sdhama.
Briajly The offine bundle  dapeription  ( for o right handed
Meomoell fiatel i fon Aw})mdwm) o oo followst. Suﬂaasa_ Parnr

Ceve WL coreeopondo (Ecwl‘uoml) Pwav_) Lells [3]) ‘o a Ccka-mﬂiotd/a cleass

[§1e H(L" O] Whicth  can e representec. lma o comyele 1653
with.  reppect to o Stein couver TULY o u' < PT _Lw{‘ Ty ba
Hu franoibion funchone Jor  Slab tubor space  (comidaced  ao o
Rine bundle over Yha pjeckive spuaa | with  respect 4o fwi}.  Lar $:
be Hha fdore comdinide ovee Ui G The  lowally frea shaep TCU).
Thus, e hewe S = )T If s & soma Lowal  sastin of

L oY), wetke Sutmd for ha Local Frnchion &wcx&uu-a ¥ ovar Wi,

Covoteuct m o,\ﬁm.n, Lina. bwmcﬁ_a_ corrgppa-mﬂ.uuca to  Game ‘03

Pc&d-\..«% f'dom_ coordinates B om Wi orcording to |

(Es) - %JL(E-«) hene 9 ( (ri.)" mm) 0}
R ~ @ { :

Now suppose  the  offie lae buadle A hes  Frawibion

Functiono (Cc&j "oa,‘)' i ceopeet fo . Tha  Stein  cover fUL,

(o} {
Fhan s assoualed  vesbor  bundle  of Frandedions Vb |
dafinad \ma The tracibion  function, oy, Hr\a othar affine
Line bundle  with  trosdladion bundla V Voo tranddiom
ju\m:iiom 01' He Fove (ZL;, \ct:o:g’) odh  reopect to {U:d cnd

too such busdles  ace FW cqpinatant | Hase dromebion
ey S T )



haca $iand Vi are  hetomophic  om Ui and  fo i
nowhare  zare  on Wi (Atueh [yl), ‘

R:w(go—rducé .. 'Hw. teonnd lon funek o ® 'o,o‘ Lowal  sechions
& tha (non albelion) shaa o**sa'(ﬂuy semi - Lot .op_aa&d
& OFand 6), the potehing redations  beisma cougde  condibie

‘C\r\t’— ’ﬁf\ﬂ— bundla W&Wqﬂ-&nﬁa eV bacovwnes c_a‘oa-wx&w‘a :fru/d.«.rm

Affine  Lline bucdlss o W' P are  thu  dasiyad by

' cbomends o tha c,ﬂum.aa sk Hu o%o).

The  comobruchion  of  the effine Line bedle from G
con thuo be inberpreted. on A mop
H'(u" Otw) — Ry ote) _

Unforbucabely  Thio G0 neb cnjeskive  on Hhe following  ourquimant shive
D gwe Ay d; = ¢ ay and |, concalling tha  a:j's  swee
thagce  aoduare  2ac0, we qek oo global holomorphic  functon
$. Thio muot  be comotant om  Lieo  ond  hica oot be
gfoutly  comobank , aquel Fo R say . The burdle sqiimalinca frasdom
s (a.,, :3) l—s [Q~J M- ayM; +kby ) .
' o 1 |

Py "H«a. Momwell  cane  hare A & obhained jwm Hie elamant
[f] e H'(Y" Otw) , by G Y(ﬁﬂ so  Yha bundle  equitlanca
Arasdon Lo, wibh  ag s T, | |
) e G ey o)+ R S ()
(hans §1 o tha sechion. o} O] over Wo  represented oy ﬁ\mj&mdfon“h)
de Siths) - oG9 — Sucg) + R Til) |
S o -

The  fust two  tems on bha RHS  are juk o coloonedory. The
fradom to chome an  equivalect  oftine  ouedle Tl wfrmpa-nclg
Yo tha frosdoe b mabbiplying  tha w’*wmoh;—z«a Sags  Lf]
and  \acce  Paat by o comfen  numdaar k. The  affice
bundde oy eacodes tha  fltd  wp to 4 conclak sealing.

ln  foer  The Fald valun © ofF o  poik v (Up P scak)
v encomed  in  the cecfrcked bundle All: This v codradidindion
o tha fuisked  photon  Ghare oy sueh cestedbln bs
Yeuwial. ‘
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A dossyiealion Yhaonem. o} Fredrel [5] thowo thae w«wwuma.
hat afice Lno buedhs ouer Lo (¥@P) ama & one o ome
corcen pondonca Lot pm"nh; of tha sperca CPrUipty, Tha €p”
b the T Goacth of nom e $aw wp o seabe  and tha
poiak e Hha e fuld valua.,

"As poabed oub by W LT | evaluadion  of  the :f—m-fl& of
x W a  reclizaton dk Secre Mx\‘ﬁ |

H'(Ls, Ot-1) = WN°(La, OO " = Spoca of syrnmalile N Cedan spmo«s bPaw.
As Plie only Foes  tha elorank o H'(Ln, Slw)
Yo scale,  tha flatd  bawea ek b oonly geea wp To scala.
To obtoin a  schame wu:x encodad  the  fatd by
propecly ova ol cedbext  to bundle Wanwa “Feanafucma fises

B o

bur  thea  oma o el dealing Ltk affen bundles
cad @ o not tha  full coboundeny frasdom.
H(u" ¥ 0).
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A New AP?ROACH To BoSE Awp FERML STATISTICS

’ o . A ,,b)"L'P‘ Huﬁhston & TR Rurd
Per')m‘)s too mulh  attentiort s Levo 1y de sp owQ statistics
Ctlasran - of Fram tiuan Gl theovy ( Pauli 1940, Sdwinger 1951,
Steeater & Wightwan 164 ) Ghich taker e Grom thal “wlan suan ol
suih co«mﬂiﬁm«s e Um os.n_Q on  the nomtusn "QMLQQ' an iucm‘sisteﬂct)_
mmmg,s £ e incornes’ sta-tistics fva- Ao QJ»@; ane qumLQ ,’ 7
Tt wowlﬂ St AMuER Amav Mq‘b(/w“t’\( to look {;T a duwn:tm‘cn(
c,oMs-tmct‘\f,«x shich »Prpo@/\uu. ona covraet SP.;M o»«Q statistics ,—m_‘.'
lotions  ym & Ma.:@ MVQ —e‘uﬁj LIoN . We. ’or‘.u»;k such o cpustruetion
hena A,f?w— 100. 'sru:,‘( carn oe Mu—inﬂ)ww:ti'm o — RS T - mss ~'€R‘<QS.
AlOwwah Me cona is v s'rgc,iqlv)‘mbvi’)\f(‘ lare o resule g :
sutfvet st 'Phl;b'(‘ﬂ -cluit we  wonlfl Efo‘w_t SOV m(g a{- ~la CtQﬂ-q

R 1) do 'ti\nmgl\ VA whaan Intnpetions  ave »EMLOV‘Y(;M.LQ,

Wave Fumetions . For mon- interactin {\t@(cQs It fmfs o '(B\r\o)et
tha.  qpetunn QCLCQ operaters ondl losl cetwac_t‘j & e n- particle
Wave (mt't‘\&ﬂ&, Fr Zor scalar ‘m—tﬁc(e_s) {;r er(a.) ot lants
a twr- podl  Lunctlom ’F(X’,)/) Wil (B AE NSt avass im
e ol I v«ﬁ‘a‘o(ﬂ.) sq-tls{\in,s ' v. ,

X _ y e v _

. D/‘{/\Cx)7> = O Y DA{A(")Y) = 0. ’

TLQ_ moaiﬁ:;«« o€ “’Bo_w. statistics s ‘ th& +la sz -‘
{wvx.e_i\m\ lag s\ﬁﬂmtn‘t , 1.€. " o

‘?ACX)y) = Yyx) .

T Ml canr of  wo 20 VST suass lom—dc(% Lol it

l«ﬂlid’(ﬂ s (s M&qi{vﬂ.)lsaﬂw we have Ao Lie 2gations :
: \X7A'A A---E,?-;-é Cx,’y) =6 , 6#"/‘&\3’?@ C&)’) =6
Tl wo&{;m .,€ Bosa (or Feriﬂ) %‘tq‘tiS‘t'\LS is  thew s

b Mrapa ) = hog s 0O,

b rlms stdm MS +o.l<n~\ wham s ts \@u M( (Bom_ 9-&0((;‘&11&3),

ol e Aaimus syt Dhein s s L odd)- inia vl (Forni sentisties).

The  velation (%) abova s %w:wx(.wie - ﬁ?n sfaﬁmﬁ: o

%\r&,‘lv\p«—ﬂg SRR W Zum-tum ttmovn laoo\cs L AWV N the wav.e

gmni‘tw '6(* W—Paﬁic(_a_ s'tat«_. o0 ‘o( iﬂr\«vwvxl:tl"(_ Cv*es‘O., an-ti-

5&W+rtc_> onm( slwul*tmaﬂous ‘;wu)\c”lqw' £ o-(. e, Syast
b)

SPM ‘Coowﬂi'rwdju.-, r‘;or '-ﬁos.a. (m.sr,) me‘. statistics .

. .MO\‘WI-RCSu(t for Bose S'M'ttsﬁt.s, We  assunt tla vuLo\qum is

'?Mr\}\hq\/’ ut't')\ 7&&. s'fa/vw(mﬁﬁ %Mtstor tso'}mowfrzdsm (PQ'VW‘OSQ |cl'7o|>



8§ 2,28 2.¢ 3 see ‘aKSo Eqstwoaﬁ {3}5! HSR)‘ .
'(Py ,.(9(*234))%{5“*“% wmalitic arm. Gulds o€ helieresy 55,

Shone (Swthﬂt-‘mm(ﬁtk) pAL S M%‘L‘L o CM+ COPM {‘wruvxv._ 'tw‘a&.};
tha  Avuwa rpos‘\*t'\\lk {'m.zmﬁ“bcimx msuwxﬂ 'Gov* {‘t;o:ias, m(ﬂ-ﬂg
on CM? (ft)‘wiuol?\i\ﬁ $w 2§l loﬁ Tﬁbﬁ %al\t’.ﬂ'} .

-~ Comnsiden  the space o SGMtr%‘en.Q pasrs of  wwistovs
X("(Y?’) . lea's spars is & - dinmsusional a(a,,,brm\c_ Varis \VA
sittiv im e q- oltmwsiwq( Pro:\acﬂ\/—% Spate. of. SY Al AL C
bt ytets AoLg’ . Tla o,vumw Lor V‘ is AQPAE.TA‘#‘E&?B;‘ = 0,
8/3 mzi/miv.\in\n‘ both Xo( all Yo( & lie in “Pi Ctof (fm(f ol rwister
5P”’°‘> ~e &"t a  ragiont V:+ < vé . LU:. Q("") cawmﬁa e SftaMoQav‘Q
§)\M€ 'o{‘ +.olsta£ t\d(owdf‘ﬂ«&t {‘MQ-:‘.MS on V"") «obfq}Mﬂ frm (9’(1»4)
on qu L\"_') astretl o, Tl\ﬂ.n et lm\m; e —?e((o»\)h«i& V‘ﬁ_sdtz '

Hz(\/i* ,@'V ("’—"'7->) = {f‘JO—-pnrﬁc‘e states of @turz—analnﬁc_
2o Siells  of 'he(:citQ n (0 iuteﬁmm satisfyimg Bose statisties .

'ﬂa (;orf‘gqrom@:éaj V‘Rsnlt g;\r ‘?QTMM‘NS S somﬂ.ﬁ)\a‘.ﬁ AoV cov -
\o\iu\uﬂ (H: is QMM lon.(o-o), Lvﬁl maﬁi is rn'mqr\mua Is d«ﬁ: +tha
stane ’“’Mewh‘“ﬁ csdmfriuﬁ twister ¢ ace \/.:* can ba usaﬂ —Gr
both Lounions awdl bosons | the m‘:\ Hloreace LuiM:S a il
hotea  of 5\\»{. Thie s micn bocause. 3¢ wm(Q be v Awkwqu
,3€ sastams of "(\MMS ol sdstms o€ lLosons’ ’::g}. to liva en
J\{:(M (_\c}ng‘) ,°-€ tdistor srq/:u.. CS“YMSAWT'«S“—SW MMYOLL , wou(ﬂ
\oa vvxﬁ c('.—(‘—Cicu(t by~ NIQ\ tan guch crtumstanees ),
S_aémmlfv-‘c_ FuMc:t'né««";. To ao.t ® rlmtvsrﬂ— o€ ‘:ﬂ"ﬂ thae lsoWorpﬁsm
Joscilel]  above works ome wmust comsidon pregorties o€ sqmmmetric
»S\wcﬂ&_us ok two ywistors, S»Yrosn, 5@“»‘“) is mowdmous o€ le
SArnA. rae. (m, su.ﬁ) in e variable  anl s sdmi‘vi& , 1.¢& SOC‘)\{J>
= SCY*, X") . Tlan dhere  aaists  a {MLC%M FCA“") (ao'woﬂ.lmuus o€  Aaqrre
woswl ot f(x*,Yé{> = F(X(“Yr')} . Thes s rv??mvs not wﬁmij
b\avioms’ sira  owva  autandl ;Mq(\\y\n. othen  SMavsmETRC cornBimotl ams e
)Q’( o{l Yd éouL:Q lee. MWM'(:\C‘CMV‘&Q WWAT went WM sSnt Samsa
c‘.wgt. MM\ o{ X(‘(Y'b . A F“\Mﬂo‘l cmﬁiﬂ»ﬁ& M‘Q’L}- be
'Kngx[stj , for M‘*Mr‘-ﬁ) St b5 cvrtacnly  sdemmmetric ) b ol
. : 7 8) el LY 8] .
M"M\'QUS—& 'V‘Ll&\'tﬁ,g to X Y? . Howw{x YF>§ Y ca(/t tn -QaEQL ‘d&
caugtrue: ‘o@ aﬂ-(ﬁ(ug'q R tamsor « ol tablean  syaneneeray
o\on)\wco\r +to X(MYl))X(PYU‘)s_(_;((Om)S +his l“'{armo{’ W{%sow'us ouﬂcwc(»ﬁ
t Mﬂ samztrtz MvQLHLoM$ {'MZG.M K two  twistelS  cam
e wxfnss azs a wneti en FCX('(Y?))V J e a —(Tmcucw\ on &4
ranm o'(' \/ ) a—va € s mot\*\.ii{r&_éult o anck (MSIMA twiseas

Cantouy ‘\-Mﬂm\ «{év—mu(a&7 +hg 90mmtv.‘c e ~ tuistor *(Mc:t\ous
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oéo Imﬁu‘Q G«VL visg 7£?— teo ~ thc(a sf:tu_ s«-t-s'(‘n\\a} —B(;QR ‘st«'ctsttcs,

Gumn_-tnca( tle  sttuationt s Swratman —g‘ﬂu\fﬂ R. TL’L

f ts
swaL oq PPO\\me(VQ ram\( T -tw;s-(owrs T ? leus 5’344-_9.
contoins B \w-.oowrt : suLfP»c_eL ? fLaz. s'oa,uz_ oe \oro\lac_tlvx '
gdm-u&c twistors A"‘f 3 ? N tha s'oauuz o rrodozc,mwe. skees —

S Al tyv e Ctwisters o MJL Q y 0 6~ o&w‘«s«wd variety BOT Ty "R
tla SQ e . M‘ok%‘nﬁ o€ ?3 —F; in —Pl Q\\I.DM \03 T§ %YF

TLO .n_-I/wa-t\w —gw‘ Q‘ is T“P TBJ“ Td;wa TLn_ Va\mo.'fﬂ V Is , as
MouQ ;mrluw ot subv«riafﬁ o{ 'P . Nete -tk.ﬂi ?qﬂ.Q‘ =

V N Q (?3 > is rvo\y.u:t:d!& ) e ig-tov S‘MM)
ar‘w&av’\ﬂs with /W\“l’clfil* l 5 R N-T Td? = Z Z?? Ab(f -

ot in V " - CP’)L therne  2xists o wrigwe linp
im (P'S ‘Wrou\71 it 'tl'\nff I»\tehsuts 67" veelse! teica IS AO(F =
XEAYP s F.,.dt i VO then XAYF YEX B ava e

two oints 'm« Q ‘t{l\& N ’fM( Line interngocts | TL!L (ime, s

6&% ow Lo mtwm,t PE okl ‘o‘hj} XD‘YF} , whith ltes  om

e Ko ,v,moe\mc, ot C s‘a,m‘rlwn.*) m P : ' :

Now ws\jmf -}& t\?/“jbu V F:zf 2ach an«f o}/' we

ms*ruck e car\rniroho&\\m csr cm( (.wL 5 aMQ L:j \utMszctmj

s A of e sk Q" we - sbtain  a pair o wegisus

Q) GMQ g):_ £n Q& I§ FCXG(:IF)> " ’(MMG'{.;GV\ aet WLQ

own ‘)/) than !a m\qnomj u(wg ﬂ?\o,, sraqn\( (ML oA "\‘\W’j“'\‘i

umtetion  is on('wu(_ on &U&L —‘P

&m Rts\«lt {x:ov* thw\c qut«sitcs Hvul we nubu-mL omhs Mfwc

—Ewmx.w\s SMD’\ a Qwv\e_ttm NWH% s«-tlsﬁdhs &CX x> =0

S0 is 6'(‘ e {;W‘“ XD‘Y?]G‘ (X(dY@) '{:ﬂf‘ £ R G‘ (X&\(P>

om V& For a fa»wmw\ s{.di e et ‘?(X YD) -to l/mvn, oﬂ.Q

L\Mo PN} W gach \/ﬂnn‘olﬁ. +‘AW€;V"JL G‘.A..m\ust have  2van  homo-
Cs 4

. S\'WUZ. we  ang mww-»vu«Q in % julo Tt g an~

il ('\t)-g &L’”S x[‘_-l\('n ele (‘LLQVom'Q: SM«Q\ (?(M) ff £erumions s

a\\lw loﬁ ﬂL rg‘ l.om)\:3 o Muc_—& 'S 7

& , 7/“ }?f,q \V”ﬁﬂ S "‘/c
'(ve) (m ) -—-——> (%%KM .*____:,, gz(w) N

whora Q (9,;\ P‘) &l&xcv\/)) A;))*)(B V‘iﬂd co\w'w\olm,«j \{“J'-Su\*- s

H (v++J 5‘(271 2,7) {*wo-—’oqrmc‘e states o€ {:Atn\(‘e am\():f;c av;'m
fu_loQS o('\ helw_.tﬁ - ‘L“ ('n (nte&ﬁx() sqtas(?/wtﬁ [’Q S’tq’tls“‘cjg

Compo\o_tagmﬂ cow\o m {acetcm ot s +he UAM@N&_ i:;(‘;xoleFT
= 0 N wavth \""“ = Te (s Interestin +o moete (n ouv 'mctwﬁ_
dad,  oth tWisto r sfm ¢-p s.bo\.u’:tmvd. a.”nqr This laads 0 o
\Ivﬂ{) &wnct Lowﬂt'rncu.( ceuh"uc,t;ov\ or€ e K\QLM rﬁ_fraswtn\t.ow'

For limes i\~ P
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Richard ward C1972#) hos described an eleqant woa
of coding The iuformakion of “u asd Y.M;?-I"(.-(/s (L?e_,q/i»\"'a/
a g(ef\urmcs( +w?>+°t" spoce . 1\« F«c"; g O L.N"J/( s{ruaturt
of ) rcp,c.}s he Jq.v e steotvee € He VH 'FI(.(J iv & natordl

n-ucl mr,iczl w'\-)/, '“\“"J'Vi "'0 TL: V*"\/ Ne le.J-.Lre~.{= J"""',.I"""S
fwistar ;fqu cnco-!ts Ne commection oF an asd tf'u:g‘)‘;me..
Thes wote s Jev»"e‘l s o 11&(r7r+.'om N s cAorn’cs/omw/‘»‘nr.’t.
W e «u&“ A3fUme we are 7{v¢ w.a connetion _—c‘j ®£ ., ()
(yrouf tndices so frc_uc-/) vy w t’:Jo'.-»\ -p am «orf«c;’oo...{:?j +o
U region X op P T, e veeler tpace evVEr - eint o smacetane
°12 ol e jruu/: rr-rr-u‘n-{hf':.“ acts wetll 15 cadled The YM sché
of Me po:nt. : : . ‘ :
[\/jw .rcg,.«“ TL( (A/qf/bt r‘_‘{‘vr(, The Y- M1 (‘.—e_l.l iy rt.‘sfc)t»‘"‘tc/
L/ o veeter Londle ‘7 over XK. The rtv.‘l‘r.‘c._‘}"‘o\.‘ .;7(7 J te q,»‘/
rr-‘jc.,":vc lbae is rqu:r’c.-[ f» Le Friveal
5o l‘-"’ L><. (oc - rroa‘cu‘:we_’ '-‘wg ia X ‘Orrt;f”hcl:'«j
'r’ ~ ro:-—.% x e TM. Then :

Iy ® Lwe ¥ €7

where s e livmewpion of The YAM pace ot = T, «
cvwrau,"ncss o L a‘v-«f,"ts .t Ull_x is roled tn o v ve
Way L/ ch projective l-'»u;;) e tos 8€ Mewe intfe rscf.f:v_‘ .
We Wil V"-Jm,"c( Hes C" g e YA tpace AN (N ‘s QMZ
r,;“l* iw e YM $,)gtt °F\ K corre sfo\—ul‘: te w lipe L;.c_"'f_rg
in  J s - ’ o v : :
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Abstracts

THE FIRST FORMAL. NEIGHEOURHOOD OF AMBITWISTOR SPACE

FOR CURVED SPACE-TIME

o

Claude LEBRUN

Institut des Hautes Ftudes Scientifiquas
35, route de Chartres :
91440 -~ Bures-sur~Yvette (France)

‘November 198]
‘ IHES/M/81/54

Abstract : An auallogue of the first meighbourhood of ambitwistor space 1is

r curved space-time, and certain analytic cohomology groups

constructed fo . Ips
e solution spaces of the

of this neighbourhood are shown to correspond to th
Wave equation and Klein-Gordon equation,
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SCATTERING THEORY AND THE GEOMETRY OF MULTI-TWISTOR SPACES

ﬁatthew L. Ginsberg

Abstract. Existing results whicﬁ show the zero rest masé field
quﬁtlonélto be encoded in the gqqmetry of projective twistor space

are extended, and it is shown iha; the geométries of spaces of more

than one twister contain 1nforya§19u concerning thq scdttering of such
Iieid;. ‘Some general construéfiogg‘whiéﬁ describe spaqgtime interactions
in t;rms of ébhomologyAgroupswog gﬁpvgrieties.in twistor spaeé are |
6£taiﬁed and are used tocbnsfruita purely‘twistorial deacription of
gpacetime propaéators and'of ;irst order 9% acatfaring; Spacetime
expressions concerniag these processes are derived from thelr twistor
counferparts, and a physical interpretation is given for the twistor

constructions.



