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2-Surface Twistors for Large Spheres
In TH 15 Paul Tod discussed the behaviour of 2-surface twistors

on small spheres, including the effects of the contorsion factor, also
described in TN 18 by Roger Penrose. In this note some results on the
structure of 2-surface twistors on large spheres will be described. By a large
sphere | mean the following : Let S, be a cross-section of future null infinity
1": and let N be the associated outgoing null surface. Choose an affine
parameter r for N asymptotic to an area coordinate for the 2-surface

cross-sections (of constant r) Sp of N. Tﬁe picture to bear in mind is the

following |
/C:D\I*
__/ BN

w00

If one is given saolutions to the 2-surface twistor equations on
S, then one can seek a power series expansion in r for the solutions on Sr.
The contorsion factor, the twistor norm and the angular momenturm twistor
can then all be given in powers of r. The equations are difficult to solve in
general, but a deteiled analysis of all stationary Einstein-Maxwell
space-times has been made. In this case, the ease with which one can solve
the equations depends on the shear of S_. So far, | have found solutions to
first and second order in ™! for S 8 general cross-section of infinity, but
third order solutions have only been found for the case when S 1 a good cut.

The degree of contarsion depends on the magnetic multipole
structure of the space-time. If J is the angular momentum then a scalar
function J is given by J = J.e , where g is a triplet of basis functions given by
ey=5inBCosH , 8, = §iNBSING , e5 = COSO

The contorsion factor C is then given by the following
expression: =1+ Eidr e - Qi(E}M + 2qm)r"3 +U(r‘4), where By is a function
describing the total magnetic gravitational guadrupole, q is the charge and m
(similerly to J) describes the magnetic dipole moment of the Maxwell field.
Like all formulae in this note, it is correct to second arder for arbitrary S,
and correct to third order provided 5, i& & good cut.



q

The nortn structure presents considerable problems. Firstly,
suppose ohe computes the standard candidate :

H=H 27" = w7 . o¥m,

Then one can expand this in a sequence of matrices as :

H=H? Z%2% o ey 7U7T, -3y 7OEY
0o oo oo

, in terms of suitable coordinates for the 2-surface twistor space
on S,. The first term (the norm at infinity) is constant since the shear of 5,
is necessarily electric. However, the higherﬁ order terms are not constant on
the sphere. In THIE KPTod suggested applying a complex conformal
transfarmation to remove the non-constant terms. Here, if one chooses &

rescaling given by :

FaS

€67 W€, ; € g =

AE A'B ¢

&€

L=

-

_ A'R
“where Q=l-i[3Jr‘“2‘(BM+2qm)r'3],

then the contorsion is removed and several of the terms in the
norm are eliminated. However, to obtain & constant norm one must qo further.
In fact, in general one must apply

(i) & complex supertranslation,

(i1} a complex coordinate transformation.
The implications of (ii) are not fully understood, but at least one obtains &
constant norm, which can be described as follows. Let 5° be the unique
shear-free cross-section of I" hearest 10 S, (with "nearest” defined in the
conformal scale for I* induced by the Killing vector). One can regard 5' as a
cross-section of the I of flat space-time, and is given as the intersection of
the future light-cone of some point 0 with I7. One can extend the 2-surface
twistors on S, to O using the twistar equation for flat space-time. This

gives natural coordinates :
[t

o .
27 = (wh, Ty )
The norm is then given by :

B adig=fv
g[muz_ £ = GD!O!'}L / B
_ B
~3Jdgr3 Sg
G[xﬁ' =
o
L SB' 0 -
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Now consider the angular momentum twistor. To first order, the

only contributions are from the electromagnetic stress tensor, and with Q as
above one finds :

0 t, (M-a%s2r)
Agp ~ |

N - .
t" (M-grzr) 2 B(m-%_‘! G |

where M*™ is the total energy-momentum, pA®(0) is the total angular
momentum and p*®'(0) is the total electromagnetic dipole moment. Now Jet
D(0)Y and d{0) denote the total mass and electric dipole moment respectively.
Then the orbital and dipole angular momenta at radius r are:
Jr=Jd-({29/3rhm ; D) =D{D) - (2g9/3r) d(0). -

The angular momentum twistor has 10 real components and the Penrose mass
is just = mp=M-(1/2r)¢%

At second order gravitational non-linearities become important.
The detailed structure of the angular momentum twistor depends on whether
the ariginal or "new improved” definition is applied. Suppose the integrand for
the original construction is multiplied (c.f. KP.T. and R.P. in TN18) by & factor

v=1-n+nC

so that n=0,1 corresponds to the original and modified
construction respectively. One Tinds that the angular mornentum twistor still
has a zero in the top left cdrner, but the "momentum” component is now

P2 = t3(M - (1/20)g2) + i(2n+ 1)MPr2 |

However, the imaginary term here can be removed by a transformation of the
twistor coordinates for S, In any case, since Jata=0, the mass is still
Mp = M- (1/2r) g% + 0(r"*), and this holds for a1l S,

The angular momentum components can also be evaluated. The
results simplify considerably if one takes S to be shear-free. The second
order contributions to the orbital and dipole terms are just :

Ad = qlad - Mm)re,

AD = q(gD - M2 + [ {1/3) mad + 3(n+1)JAD Ir'2
~In the absence of an infinity twistor the identification of these terms as
“angular momenta" is tentative, but the first terms in each come directly
from the electromagnetic stress tensor, and are absent in flat space-time.
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The combinations {qJ - Mm) and {qD - Md) are the 6 "Newman-Pentrose"
constants far the Maxwell field of a stationdry space-time (2). Now we see
that these quantities have a physical interpretation as part of the field's
angular momentum.

At third order (S, shear-free) the angular momentum twistor
has 20 real components, but they are not algebraically independent. The
details of a suitable untwisting procedure and the structure of the infinity
twistor have yet to worked out. At third order the NP constants also
contribute to the quasi-local momentum terms. The mass cah be computed,
using the norm given above, and one finds

mp = M = (1720 - (1/3)m?+d?Ir 3 - 8ng?rs.

The electromagnetic terms are those found in flat space-time, but the
modified construction has & further contribution from the rotation of the
space-time. A physical interpretation of the term 8J%r"3 has yet to be found.

An encouraging feature of these results is that when it can be
computed, the mass formula displays the same dependence on S, 88 One
would expect in flat space-time. This compares very favourably with the
results from some other definitions, where the mass is sensitive to the
choice of S,. For example, Ludvigsen and Vickers (1983)(3) have given a
definition of a quasi-local momentum for cross-sections of outgoing null
hypersurfaces. From this one can compute a mass ( it makes no difference
whether one computes the energy component or the momentum norm to these
orders), and one finds,

My = M= (1720 - [(173)(m? + @%) + (1742 + DI
where the third order terms are given for S shear-free. For example, in the
Schwarzschild space-time the mass to third order is

My = M- (1/4)D? r3
which is sensitive to the choice of S . In the absence of & monopole energy
density {as there is for the electromagnetic field) the presence of such a
cross-section dependent term is unphysical.

' For the Hawking (1968) definition {(4) the sensitivity is worse. In
this case one recovers the first order result m, = M- (‘Ix'2r)q2 only if S isa

good cut.
Clearly the twistor analysis requires some more work. In

particular, the structure of the infinity twistor requires elucidation. The
extension of the results to the general case (radiating) is in progress. There
are some similarities with the results of Paul Tod and Ron Kelly in this
analysis, in that it is the magnetic parts of the curvature which are causing



1

all the problems. However, the details of the complex conformal
transformations required are slightly different, in that unprimed and primed
spinors have scalings which are conjugates here, but this is not the case in
the computations described by Paul Tod.

| Many thanks to Roger Penrose, Paul Tod, Ben Jeffryes and Ron

Kelly for useful discussions. :
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SUPERSYMMETRY, TWISTORS, AND THE YANG-MILLS EQUATIONS

Michael Eastwood

Abstract This article investigates a supersymmetric proof due to
Witten of the twistor description of general Yang-Mills fields due to
Green, Isenberg, and Yasskin., In particular, some rigour is added and
the rather complicated calculations are given in detail.
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W' = oo 25" - = Ejor
Shie ﬂ:/@' % ackhg on (07 = % 406‘50« =" ad thes if

(w",w';ﬁof,’ﬁ,() e’ﬁ‘, (~w,’,;0; 77”* L) et gmé m/ﬂ,% ""V‘Qj"f”
ae ot demobs of- Tt same miat [ bue for Mt and s



16

§+8'20, ak- BHIDT - 55 —07 ¢ B 32
AWL Dk i vl In abdibon, f»’ et tt rvwitﬁco( o Oﬂ:ﬁ}m( Vierdion o}
Ao(p (5e¢ Kcﬁe/‘s abide 1n TN 15). e se that it %"(; 2", Etr/&: ?‘f

H\Cr\, -A.{p -'ZUL%B = AJ/& \’;/‘(a‘_/ﬂ/ﬂhi auw Ao(ﬂ I\as ]"Dl"’h‘wy’% :
and- (100 ﬂ'dL é«?ﬂ\(an«(} |
‘f fie hgperswlm oré&qonal@ dondibion 15 relued. B v sbll have
o' = 57 (usng 012), bE e donok have fie a(gelmlc iesbrichon o
Vak(,, &01\4‘0[1 mc' us b5 }MOL (}mf ot Fimo & ,E—,Za":o . No‘ft
geht’/aﬂy e M{xj Chome w lowb 5o ub 0‘+5"'=0/_g,r‘ e WC“) chene
aolhe- [mob so Gt /Zfﬁ’: }ZéX,X(:/k,‘}n o Gl 1x may find.
n Smilse relgho (choea M ad T M b bl mul goinade L/”Bi‘ﬁ
Vok.= Fup we fd s condibon i cg/cuvzt&f =
. 6»#.—— ' i i
Da - ‘KTIQLT beig o gadiak, or VY70
k ke
fmpljhy . | _ o
o (klz ‘< k’f * R eL"‘l’l{’ + zke{.'ela_* ‘—(,{]5 ‘<:F 33

Pﬂf\( krm fnvolw‘ttj *Reabf/' Vanishes |j' kaR alr S kb— Y, hene '7,' 14‘/5
ML (@ \'& Rab-:o) H\ﬂnjk \/e‘r\y Sbwya'v{’ &mél{()'mm V“ Jkl rrmajm/
W‘AMO?)L’ K,Vb pra\{qzmxl, l; \J Afnoé‘ 3&65}\‘7 A\A; &M(LHM
| /uspc & ilt up Al this woork af ﬁ/raﬁr /&«(/ZL
soon. Theks & KPT f‘pr Ais cussions
TAKP 93 iz RS | 7
omd A 333 P 45 B T ;, ]
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An 6xamplc o" o f:wo—surlue bosiskor 5 pawe
Lith cmplhc debermmant . 6"‘:3‘4/7“

F or &minpl din &1 dual spate See He obher alicle me
in this T'N. 9 L

,f'weéon‘)iitfa. b,oo—sufuhw/ U\l« Le M M,[?ltﬂl‘lg
ovder

e ote -0, Ve Y

——

r:' r r3

o ]

2 r TN 4

o -_.' —-...- "‘:‘o.‘_ ‘a.‘-_ﬁa'
'2/);-.%: F2l o o° o %

whee r i an a”n'hc pamu&[‘v o te noll ray affru(j.i:\’ /,aai bt ()
dwl;zs th dm\db\(. and. 75&75,”: H.m }V& mcb,‘c, 5lp).¢n-_

e Lﬁ,’ﬁ"] s Z’P :
&temhj the Mns a(riyaL l@ be dual shews glglwc}ini

) -— O

3 — A~
s/'- 8 | 0= %k ,8°= T«

=
— 12 -— g O 2 .
&F°: %2z | F%. -# =%,

Sulskitubg e e cguabim for oA e B
P58 T = 5% (4-2) = (B)72) v (H)0$2).

'ﬂ ﬁbth du'b i lm,'a'. , M bere are a nunber o/' conmsbancy DLM'—
R t'mdl'nag (ic DebN has somstak mzla/w)

) won ralieking =o7‘Sz 5

) wigety e e

W ' K L e _ eZik ,kélngﬂstﬂf
pv =
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| Case iii) i mbershng , sime o norm w‘ud\ly an'ses ,bk‘cL wivddes 196
he sl e e 2 o B3

lf‘ (Y F) st principal. )Oaréal-a complen am}hgc.ll boishe Hen
(8"kfj°: e"k[:,") i bhe rn'na'pa‘. part o} o dual boskor , and_

I e-ik (woi'a v .";: 13"} + e ""(59'1T,.+w‘f,)
+ie ® B 5o o it gl
s ook, hae B = B wAT, B+ % LDV

Tdy & UTShew jor th sru'n -(w”wh@b K‘\_j— %a

T\\'\c\mn‘\ﬂ%s and Sugersywwdiic Exensions og Compex,_Taidlds

by Midad Foshned and Gloude \efe

Abad:  There is o dose G‘““*\%ﬂ berween e ‘\\\@\'3 o?( suqewmn‘&u\é.s
and Wae \\\"“‘3 oQ( Yickeaed cowprex W\O.(\'&O\AS‘. obskcr vesions o‘-
codimension one lafiaikesiwmol weighooutoeds,  Baf Yucores are defimed oy
angweating Ywe drdure Saea} &k on undedwing complex wasd . Als,
bola sheuchures nakurally orise in fwisker ‘\*\m\';s.

3\(1\-\1:\3 wi¥n an ar\>'\\—co,(\3 comp\ex \Mo.c\\?p\&’ we,  develop
}c,o\\ow‘o\o%iwk W\Qr.\\’\t\er3 9‘" ’mws\-&sa\-(c\s Hese wagmn\'a\{oas. Frsk
we g\ve a geowkdeal acgawenk or Ye case of Yhideeniags. ARrerwards
we derive the sawme cesdls by using Wne Bakronder-Green agpradn o

supecmanifolds, Presumadly Yae dwo cases can be wnlied.
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The Twihy Twnsfoam  amd  Comfornalt L e Openton
4

I shalt 4 40 outbme a new poaf of tw bvatr  Hunsform which make
dinck  Use of Hw  olwmble~ £ bimbim P« A -85 P ¢ ambibwishr space.
| shalh alsw  olescribe  how  pe ftchmim gva e 0 (or of ot hwh of
e ousene  of ) confimally mvanant difoenbiel eppwita o veckr bumdles  om
Ppa%Mne.

(a). Basic Grom stry

Consider e ,\d'o;ﬁm " . -
- U ‘ =g (u |
OONE T WONEL GG P sugehe
P u P P '

whew Wb o nie opem whsd of ‘P*,( e.9. P*7 a muplowhod o a b eh)
w h A Wheyponsh t0 A hw omven cpen  smbset of BT K b M hao fusee
b & = ol b a map onto P, becamr tw file &7'(2) w bibhmophu

b EoU (wgantny Z ay a plane m P¥)  omd twa b always tm. ey by
smev U combuine  pwjechve bings. Hoiwover, by toadenmy e way in whih bhe
pwjecthes plame B wdeiseb U, # b sem et the fikk o X vaner o fikows:

, st ¢ z2eut
w(Z) om0 '
{pofout‘i othemwisy

U'L b tw subset of TP swept owt by bmn dud b tac (4'm\1' mlﬂmn( wm U,
o C‘Nawﬂv)kf U u a he whbouvhood of 2K S R
a g wm P* a plany con ot ’%wwg‘.'w: ~
ov obliquety acwsa U belyw, e
[T N\ 2010

= (2éub)
O

Tha  the 9(?7!9[4»".[&1( Penwse  lamsfevim as Iwanally fomnlnbed | dus it apply be coamse
of b encitmg bpihgy of tw Abwsaf & Thia: affeckr de ‘prn baok medhaniom,
((«Mwly choimclygy ekments o P aw lfed b A) quikt olimshcatty | but 4
cawfol  Gmalysn of tw  stuabm  wables ont b dewe bt Ewinfr dmmfom.
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). T map 3

4

‘ - A
The way Ve whih Colwhna‘vjy m TP com be wlated b & to chomolygyon €A
.:cm., be shndid by palting beck b Dolbeantt wsvintwm (€ a holomoyhic v b, ou "’) :

!

3 e\ B o
o () — £%°(e) S EY(E) D EV(E) ..
P h tm iesrinbi

0— zTOEY— 3T ET(e)

on l/,\i b has been puved by Bachdahl L1 J tww ¥t ﬁ'biw % aw {’vyolvgimlgyf
bwidd, fen B pesoinfum Wi by agrelic S0 Bk Bwie b Gn iwmoghie o |
‘whomebyy  Inoonr Sthuabwn ) hawevor, Wocan be puved  thuk bwie's o mg eveut ‘
seqnenox C2] ’ E

ottt AT gL

0= HY(P, O(EY > K (0,7 VE) - H'(u' bE)~

- C-a‘» H"‘(ﬂ’J VE) — W (G4, a"0E) ~ H'(u? OE)> ()
So

Tha should be compowd  with bt Cow 4 on Olimany S°= bumdue E5M (M sonn
_Smookh mnmi‘w) P whih By w (mul’l)). the  Gyswn SeYuen ey [3]

s W) B RP() B () S HT) >

M@]’ﬁ_g fw e Rhom cufwmvlqg) #E omef I, Heve) * w the nahud ‘;w’lflwﬁvwﬁ)
Mo M begmbm  alony e fibw  omd W i thwe Euler clogy of E. Similnp

inbpetnfun can be given B0 hwe mopr 0ccumimg i (X) bt we shent vtk e
b ool thy

ks a paicalay con o O  put bE) = Oh) omd gt

HoCh &0y &2 H'(ut) o)) (k23

I

| )
o H(POK) = H (4,70 - HUu', o0 (k) (kem)d

,’ , . . 3, '
o bt v puipose of b newk seckam  to Wlake  the giowp H (2" o)
bv owhomolygy  om P
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() _Th Cvm}» betwn & 4 Twater T r}-:)]@f__vﬁ

. )
OV? U we Ltave the %uﬁmﬂowy‘{zf(. whtive cle Z’%’lﬂm S"t"lew.'
- d d
0= %000 > QISR S LW 0

Abshack  twmsune, Wt rhape oF te Lety  omd lyperthemibigy  spectind sequence
tells m thad '

O F k<-4, (000 = ker[H(4,03 5 (k) H'(u, gl 85 o))
HPCa, %' OR3) = H'(u B3R5 E
) H (G, 3700 = H'(v, gl 2 ¢2)
) HECE, % 0610 = KU, OS5, (1
Bokx oo, WG, R 00 coker [H(U, g0 (W) = WY I ()
Hew (J’-f? fw o Yot ‘@m a b P ’,th djmk Wn@e shrat, i tht Flipsk
amucintel bt puphwef Vi HP(sfq(V), rg—) (Vagpen n U, Thiw com—
putnbume o mosk  cmvenundly  diie by making wie of MGE's hvmoyeneow

bundly Frmnalnm [4 ]. An cscentint tool n bw (denhifilotiom of bhe ught

hand  sidey of (0, (i) ond () W bw  genpislied oe Rham kv%mnw'[:%?.:/ g
P¥

0 ] b 3
O - Vw&v-ﬁﬂ,vﬂﬂz\, -5 {2, > 0.

V b tae wmfort  sheod of 9(«‘»/1 sechvimy & omy iwmvjnwaw bomdly o P el

K8 b ol by decvmposing QPOV  imh Gneducibln [ 4,51, The tue

hibumeaphic ot Kham  sequency i Ghtnmpd by puiing V= € P otamy b
It can  tww  be hawn  thet

M3, 00 = HI(U QM0 A k= mg-2, 73
» |

. pH .
O H k= -u-z2, ne, Q.;‘Qz (~n-2) = .Q,vn For oppwprire Y, 4

. iy P P - ‘
‘(W) ¥ kew-2, hz2, Biddy (n2) = AZW fw opp wpuie Wi

Than a A et o 6
H(a) <0¢n2)) = H (H) .SZ,VH/V,,)

he2 v (e
H3(Zl?)$<'"'(£?(n«;z)) v } (4 )

M (u, Q%) J
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'le Wmarkable €hmy u ek Wo b gweh Dk SZW =’ (-n+2) = Y(-n-2)
hie Vip = T(PY, Q2 (042)) omt 5 = Qrva) & O(n=2) whare 2 b
U canmicsly omophi  aftrrl dwiv o fwm e’

‘ Ne»fmmﬂwﬁuwuulwmwufvs tv dedny ot

0 - H'(u Q5 )~ H'(UK, (u)- K (v = ©

t .
f . ' ~ : Vu
o enate S0 cmbinun B wilh (F%) amel (% € %) we obhim

‘ .
' KW, O = HI(U, 0002 nest e

w omd enakk Sequencn

o = H'(U On=-2)) = KT, 2"OC-2)) = T(PY, O(r-2) =0
o = H(P OfFs-2) = H’('a,';:"(ﬁ(-n—z))-*H'(u‘, Ot-n-2)) =0,
By Sew dnnlity, HY(P Ofne2) = HU(PY 003D, It compority
HP(P, Of-n-2)) = H3(G, %" (9(-n-2)) = T(P% O(r-2))

Wkt sawﬁ o Momc')rlmm “wn a thef enemis m duymm ahum, prver  {hat bue
| compostw  H1(u, Ofn- 1)) — H'(w‘ Ol-n-3)) b oy am "’"”"41’”"” T lzy con ahw

| r (% ¥ %%) and sny By‘_iymmfy ’, Evner why, we ‘vo amwed o bOw frbu-
Cmnsfivm. '

e

W) Gomfrmn by Invaiet  Gpentin

One & the L;'hw“""ﬂ feabn of b oppwach i dhot one ean e thn mmv)yll;qm afﬁ‘io(o&
pittnbok [ gange Yo b ovp peawncr & twe coeme o (b)) above. Thu W wonbl oppes
b e Miniwishi Space  iweipenbion F b gentmlupd oy Rhom  sequinae fr W wortd b
o frlwws ¢

(w8, ) - H(u,ﬂm,)—» H(u.n,,) H(u(_')(-'n—z)l-—ao
h

{ 9auge } fmnhals i { fww ]

Howww cmq‘M Grolysn  Wveak - t,.m-(ww mh’q.whhmthd-H (‘4 le ) o
' “ootuntn B swbfyim PP EO O amd e difertnbivd epembsy D . cam-

| ng (alweys2) be wmodfih o a  cmfrmally ‘mvaniot corwi Om of (e anbbom (F1GE) smd RP
| Bk D4 o Gomebhimy tu Ao wis el fwibe fangpirt.

‘ : ‘ Ot omamplt m  whih Wt Aebwh have bem woad ot in hA n trw filawin
Oh pospow-bmy (DM, 9)  cmdie  bw penny

I
1




a3

D= Y (vVA+s*) ol — L
whi iy

s = - 2R* +iRg*

Then aﬂJc}Ah&n # thw WU cmfumg{ vanena  fomulae Shaw et I 3,,5*'52:94

A
~a

D9, = QD% +2rtviF,)

whey oy = 2Viadyy. b putider, ¢ Do b 0 pufinted fir @ fiee Haxwait
fubd, tm  eqnuhim ,

Dag‘,' e 0

b omfymally v, See [cd fr Pt detnity, ' '
nWE““Mww"Aw)

. ' (w
Mih Swy/

{ NPBuchdadt ; On ta Reldrie de Rhom Sqneuu Puc ARS, 5_7 ”3(3-366 , 1943
2. HASs: Duslily in Twists- Theory whok Minkowshi Spacy ’ (Pwpmvt-)

3 R Dokt £\ Ta: ‘Dirwvbast P n Alyrbinis Towhgy ' GTH g2,

4. HgE: TM Genevinl Penwiy~ Wail Tennfiwn (Pwr‘m")

S HGE: ‘R Dwlky fir Himugenrow Bumdiny i Ty Spmiy ' (P"F“."")

€ HGE & HAS: ‘A Confrmally  Ivannwt Harweld Guuge ' (TR oppear in Phys. Ltbf.)
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Onq_ Wichael murr%% \wigror Coreespondence

Th o ceceak preprink 3] mkm proves “Yhe go\\ow'mg. Suppase plzd) i @
wmplex howmogeneous polynemial cQ degree R in nel vodalles and \ee P denotre
e corresponding homogeneous difk erearial opesakot on o, SQuppose also Waak P
dfines wilhouk mulkilicity o smedlhy sulovarieny X € Po. Vet 7 dencte Wne Yoval
spoce & Wue \‘ﬁ?“\’\‘“"‘ sechinm bundle over X. To aveid degencracies suppose w2,
‘\\\u\,'\g— k< v, Yuece 6 a natural isomerphiem \'\“-‘\'Zn, 0(-“4*\\) aly “\o\omorp\'\&c u Y. Pu=of,
This result providas a very pleasing exreasion 3( hie motivaking example whidh i3 Yak
o‘ « quadde in F5 . This wxamgle ic Yne minihwishet descrighion & hosmenic fundvions.

MM s metvod o% ?goo‘- is Yo use ‘Ynme svandord orquments (e.‘. {21) g-v‘. Xx C"*
Tn Yhis diogram » is gm(;u\.im o ¥he second %at\cr ond @ is waluahon W o\
whea £ i rtSudtd as TR, 00, Ta fak Whe rectickion Rén ¢ L
con ‘ot remaved ANl using Ynis mebned bu¥ , os shewn below, Where is an olresnokive
approact whith olte allows X 4o be singulor ond uareduwced, Thie adkenakive also aVows o
gensrakizakion in whidh P is no longer Wemogeaeous, o

So \& pled) be o pdynomia\ o degree ¥ for zye V o complex vedror space ok dimession
nel. Wnke © gvr e muiqmuht\& (h“mn\m\ optcalr on V% Wivre '(:‘\Iu,\:\, (—u,b)eVO(},
for b Momogenized 1t ML P ® Py ¥ Pyt v pe (hamegeacous Wiks) ond = puaprab v 4t
lavr § dendre Wae torresponding \'\omosumous d.i.“uut\-'\a.\ ogeraker on P(v'ed) s P
Emoed V¥*cu P* \-5 2%~ [2%1] os usual ond ware T %« Yhe \u&nvp\me, Yok in%m‘\\a‘,
1 may aso be regarded os a poiak in Pa P(ved) L&k L= iﬁ'-o.ﬁ ~L, noting Wudr Wis
ageess with YWae advakion doove for Ywmogeacous.
Now vecal\ *\M. kw&s\vr \r&:\&ows 'l‘- \‘\“UP"I,‘}("“"\*L» Sy \_\o(w*_.r_) ‘N—L'i\)
g« Lo (& L<0 chs. musk e fadwred by W (P¥ (-2-1) and Ree Yo minitwisher
cosve Yhis chews up o3 Yae corcack addikive consvack Sreedowm in case £=-\ (Axion mom?o\q.\).
This is wel-known in Verus o} twishc diograms  (see £43) buk can alse be proved by e
usual arguweaks (derails in ©) The dwishes \'tﬂ(\l‘nﬂk hehoves mudn Wee Wae Fourier
\comshoow |, fuening mulkiplication \\:3 polynemials (ate Yue cormspo(\&ind difRerenkial opecatecs
(sfken called "tw'\sttr quanizadion). Tu pactialor | Yae short oxodr sequence of sheaves
O—» FL-u-1) Ef» Gl-u-1+ k) — By (-u-tth) 20 on P-T qives sise to Yue shork
wodr sequeace O — H™' (%, B(-n-\ o)) > T(P¥ ~L, 0 —E» T(P*-1, 0(-v- ) —o0.

Te remains Yo ideanty Wae diffecentiol operakor T under We Weivialiyakon of
G\ V¥=Pp*-T givea oy Pt <P (@Y%) whece @%,5) oxe coocds for V¥ §,
Te s casy Yo "“&‘4 Wk Wae answes is Ph-P\,_\\’x*\)»fVk_z(‘)(u)('xu)----+(—\\‘\>. (XeR).... xw)
whee X is e Fuler operator 2% Yoak. Tk is amusing Yo compuke gv\‘ Mar
\\ouosvx\ti\ies-. \'\“"\2-, M-\ N Sor L2 & soy. They ace colaked by mukipkcakim by E
(wwioh loecomas X+ L-k+\ o V*) Tu parkwlor i dume ouk Yook 3§ pois homegenesus
YWen WD, Gla-tet) o & Pu=03 g"' dl £3% Onae wa koy Wae came shony
§oc Sher homogeneous bundies (e Wann (M), Wil Qe systems of pode. Whida owes?
L WMGRE e qeaeadized Yuishec \consfprm ond unifory tepreceakakians & %U(Q,q_\ . Preprink,
2. MGE  The generalized Penrge- Wacd Veanshorm . o, Proe. Comba. P, Soc. Yo agpear,
3. MRM A Ywisher correspondence %7: hamoqencous polynomial differankial opscalers, Praprin® (Ano),
K. RP « MARMEC Twiskor Yatonk . on agproadn ..... Phys. Rep. €€ (1A72) 244316,

- Mickoe\ Eashwood.
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FoRMAL NEIGHBOUR HOUDS, SUPERMANIFOLDS £ RELATIVISED
ALGERRAS

Forwmal Mefahbourhoods have beew around for cowe tuiw e talor Whaomy. Becomoe
ot teir Sucmo-()-ul woe i Yo (itken ot al. desm},héw ot YO"‘j Mills falela,
Trare oo beew some. hope Tk thay or their anologques might Play some uagjul
role ow the curved cone. Do Mmlb{-wu&, Px P¥ Does mot ok, one
dras MO gpace tabe iahich tle Space. ‘A of wmplm mudl dures v o Cued M
can Mabine be ombeddled. Much work Mhos thua been Jone. o
gensoding motion 6f a formel megubourhood 6f on embedded
shace. Two oalpbwoades hawe Sean followed: Mo fnt seoks an antmsion

o~ BP —_ éi\ — N —>0 .

ot what woowld ke Ho motmed buridle oF an pubedding by te JTamgeut space
et A (cf MGE 4 Cle® T12) wlilst fha Secow)d sbec(béw thot

Lo algoora 8¢ fumctivins -0 o formed maghbowhoad be, ¢, O-T41/tkH
and tlos beb\h}/.s o Heat o4 algehioa ﬂbdoa.uﬂ by &hﬁ}fua Kamsilon
furchions (waing ¥ mom - alselion” Shent cohomology), MGETL]

A sumiler brvoblom & wcountered wheu one Qehuen 4 shudiea Aupormanitolds
- Yese ofe 83 cunent (7) st i Physies ¢ oF computationed aiitereat 4
Twintor Mo’ﬁl This froblom, has beow shudied by Botchelorlnl ¢
Grreen 13, Jning o tromsilion functiow approach.

There iv o anay of Lotuiding ¢ akeliomining * hase, conaph 9 problums,
What one sbtouis 4 o slativised version 4 olgehran, Mmudh ke e
Adotvised veryom of vector spaces — vector rundles.

1 PUGMENTED BLGERRAS

for (x, @)bﬂamgwspocz,mkme Oy in o phea} K~algahvas (Koo fratel). ML
olgelrcan oye aoawmed B have c\wil&_ The Lrante Aeeo, da to extend O,

mounedly by milpolisit Qleens, To Hhis &), owaheat 8¢ K-olgebraa Q

over X mill e Said to e augmeddd ovel Oy i Tare Lo epimorpliisi

&4 oheowves & k-odge'mo\a, g, oud an ook Sequance ‘

O —> J’—-—> &37 Cj';-—.-> O
It is tamadiate that S 1s o pheot 64 Decda v B — Ao w,«\anw»}uiibw
sdlecl Aaad. (ome considets QP Ll @ /gPH (1200, = §P e

Cp21), omd obfrans a meran o &adk Sequancen:
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4y o— ¥ - e P —o

Nammﬂij, P 5o o oheef 64 K—algeloras auopranked over . “or axoumble,
Lot X e—zY &MM&&MS’W Q= 0.7|X MVL Q‘,P)?’—G{p),h 'Ph"
formed, meighbo urhood 8 Xiv V. ‘

Whrovides o Secompusihon of &, omd ore aokn dowr Xo specyy fle
extonsions (1) no o3y Q M"g‘d e weeomatruck? %Vom @‘,‘ armd e 5’9”
Tudesd - guen QP owe ades o e obstruclion amd choice prel
wnshvcmaﬁ P What fHllowe 1 o J‘C\wuj 84 onbemsions Ao (L.
Notce Yot (§P) =0 dn QP Auch exfimsions ove called
S\‘v:cjulw' ovmbiouws o4 shoaves 84 K—algebmna, Jof

@ o—&&—+3—Q—0

Mo pudn ou object. 5’f olso owe Jao ©—>§-—- B—>Q-- o, we il
Sewy ot Mo Ve 2quivalud sirquler exlinsions A 3 Aeoworplusiny A b,

o ——-:—..4’——>9—-—> Q— o
W (N "
) ~—>5’ -3 -0
commulen.

2 Swveutpr ExTeEnswoNg OF Sueaves of Notrns |

The Hom s +o e\% xtensions (2> up o equivalunce. This in
dowe s fwo sheps — locot 4 globoad.

Defwitiono: Lot Q% he fka sheady of olgebras O, budt wmitk tha

sl plcation toveraed, oamd defia the sduot 64 K-olgehnaa Q%= &@kd’}’
Thare 40 oo maturad epusiorphism Q% -E> QL amd one aloharins an Aact
Sequence (cl&bu?\hj g’—) ‘

0’—-)5‘:—’ a* L Go— o
o®h +—> ob

giia Malural c-;/okaa&- 61 0% modulen, amd 29 1o . One mrakes
Auwatlor éq-u:liﬁdm givew a K —odqgeora A ond o A (ane A®)

bimodule (Memca moduwid) T, Noﬁi«SM A L o AT modulde,
ohe. oo

kemma  Swiqular exlensions of adgehraa s
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O—> T — B —> A— 0

are clamitied by Extr, (A, T) ¥ Exty (J,1), that is, by tie
Second Hochsclalld cohomology &4 A amaith wqﬁcwla e T

(Proog: Shamdod theory - sex &, Corban 9 Gileukeny 111)
Thir Lmma, sbzo({r.'w Jow Local xlongons eve dealD; Aotasdly ove
s |
TheEorem $ 3 on F-offine cover JULT for X (4 o cover
M such that HR (Ug,4)=20, R#0), than sinqular extensions
&t sheaves 84 olgebras

o—> 4&— P> -0

are cloosdyed (up to 2quivalence) by Ext&e (x; &, 4).
Note.: e oyistence of the A’-a{ﬁne covel ir & devius To breserve
He “locat triviality” of (L 4 ¥

Before .me\)l'ua e theorem, -Mm.i/sm U‘uu'o&l

COROLLARY Thare 41 cun gyock Sequenca

o 2
0 —7 ' (Hom, (£, #)— Ext L (x, §,0)=1 @aggs,wﬁ» H*(How (4, )
(et Godomeut [11) ond au.iolw,b,'ht‘cﬁm
oo (& §) = Benbations (@, £)

'Ma/seqma euales an to Aude bowed ¢ global data. Thuo

@) U LPl e E"tée (4,4) & o pngular 2xtmsion &4 odgebraa,
toeu O L1 gives , Via Mo Lomima, the locod exlimsion, o4
algehroa

ay HEBer @,4)) lassifies ose extomsions locedly «jaam»\fu
Sume xtemsion 84 algdaren

o T ¢ s MGuetd, (,4) sheugun B ed xlension desired,
P FEYN S‘lf Z,H"w)g)) Ao Ao, obshruction, 1o unmj at
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P conspud o /wf\j;dar optension 84 Sheaves M alganaac

FormAL NEIGHBOURHOODS

\§ N & o p-dimeusionsl vechr bundle on X (to mimic the
mormed busdle 8} au mbeddiirg) omd JP’ & OF(NF) thain,
i, @ has deow ConSuded, ore Jaaw

Der (@R, 48+) f@x@N* (k=0)
e+ GRE Sy (R21)

EXaMPLE

This a e corotlary 4jidda q elonds Be sl 34 MGE ¥ CleB.

Not: As i shawds, $o above descriptiaw does mot app a1

to ta cooe o Suberelgehron. A sheaf G 5% &‘oudﬁebrm i a likla.f

o} ougmanted K- algehrian pokich admibd o X, gredug ~ i.e. o~ direck

Sum decombposition QzC0,®®, A sinqular xbension of sheaves

o4 graded algaharos ie fom ohuionsly dejired, with the proviso theck
in e aboue one +eblacas Ae varous

& Le /N Smd-eol I-f
imvolved ( How, Ext <) b:) thelr Z, grocled \)*eserulv\j

'fum:l‘om

veions, fhen A Lomma, heoramn & coro\(omj hold,

ExameLe SupeamnwlFb\Lbs ‘ _
it Tohe §%0= NYY awd

i\t FIX 4 o vedyr Jrumdle over X, one mug
Specdjy tha local extension ot algehras Ay A2qu ifng locally

k4!
Qe N F
L20
.Qqu'\ualaui '*Q(UA'INJMM

(thss &Q\"‘:’wﬂ\ be groded commulalive, — am 29
i ot Obe qroded owmutalibe 0ud Hrat K bo Tee Ldeod
qureralid by @Y, whae K& e augmentotian Seruel f

Ok over (95.) Thir comshuction Ayfelds B usual qroncleot

commutolive Subermanifolds o4 Koskant L. Grodiag & 533 or
M cu.oahbt&\.g oo e dr GOO OF QUAA, OWe obhadins

2D (G 440) = ( Hom, gam)
1 Dera_ (o, g&w) ett) Quen

rtt) 033
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fun, togdther with the amended faorem Aicds T Aesults 8f Babdielor 1]
4 Greon 111 L Yo caaen (x,a;‘).: Q(,g,‘) ( pmooth Cﬂxﬁaotj' whan tha
S e (@, $) on’ all fin 5o globally QRGN )

o e WMMO)—‘)‘M‘\L Qa&johj (m‘,) iz0

Shatch of proof e thookms
Ou He set Uy, o kemma yields o e | conwpondenca belisean,
2qpivoltnt 2y rensiono | |

(® o — U) — Bu)— Q@) — o
amd Q.atui'vadw oEnsiows % &LWA) a0 dudes
o —- $wo = FWO= U —o

e Haormm 4n Aroved by showing forsk that petdhng mabs o comshud
B globally, AWtk pauck, frieserve Aroducks Malus Aield JgOId«CMﬁ
amabs +o construct 4. glo i Ahise ot preserve tte docod oxtemsions
2 Aa Qe amodule shruckwe. Thir asbahlishes Hat qven & Abrquled

oxbonsion o4 sheaves of K=olgoras (up b equividena Man),

)

”\9) o — &= g -0

one has (mp bo W"VM&\S—[M) oun 2xlension Bt Sheaver of
€ Auod ukeo |

: . 0_’$,—7 g’/—')g—‘)o

9Loou2), one. shows Ao reverse o be thue. Adrvce extansious (6) ove
clamitid hy Extae(g,é), this proves the theoremt .

Comments Ao Namsilion fundiows Jor @ 4 4 detominme those Gz: P , aud
one Meover b'cred'(ﬂ"ﬂm fm-m 8 Froansition funclion 33\)&(« <, bl, MGBE 4
TN |7 or dn 4 preprunt with CleB.  These onable owe t dascibe
‘Dinectly e Bockstein maps § i Long @xact Sequences of cohomolugy
| A As. sequemco W, This should Jelp am aqain descsd b»iuj
e map § v T Sequence

S
o —> H'(A, &) = WA, Q) KA, A5 kar T2V Ta

* T . {
EM fiedd Gasqe fidd - current It

acuae C217
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and AP %Mvuhhaﬁo'u o e Ft:elés. Tt should mow -also he v«:ssi\al.g,
to descriin Mo ohshuchion to extomsion of fowmal meighbourhosds on
curved Bambitwislor space diréctly. Tuderd, otnce He Jocal exlomsion
Bo. o Ak fowal meigubouliood I trwied , it s oom\)zv(b\kg Olement i
D @uA4, ¥ i v so Hhar glowaub sp H( Ber(@Hdwrectly que
Yo -possible exteusions. In He Lok case H(A, er O, OFC4D))
% H'(®, ®C¢,-0) 5 &, ad Aar s o matnrall chelea, PRIV
d0er gyve the uouad nesult, Tideed one c.c-wx-'o.cximil.u3 deacribe
o eloment. Sor (27, Wg) ([w* &, 18R 1)), At Pros [

be, vesp. He ognesator (Locolly) 84 H' A, O(-2,0)) amd ®'@, Oo,-2).

Then Y= P wAY o+ Py R Lwich cam he 2Ruded to all df
nhp S

AY i o seprcentabive 3 e clan 3 e ument.

Roh B/W“

Rets:
M.G. Eastwood 4 C LeBrucn 1] T\rﬁdnmv{c\s 4 Su.‘)erng'meD('c exlensions X G)Mbhlt
O Mauifolds  (preprint)
Rolebelor, M [T Tr A M.S. 253 (1979) 329-388
Green BS. 111 ¢ ToA M.S. 85 (1982) S37-590
[Koshaut T17 : - Leck. Not. Math 570 (1977) 177~ 306 (Springer)
Cartan Qiileuberﬁ 11]: Howologicat Algdoia. (1956) P.U.P. & O.U.P
Godement T11: Topologie Ngébﬁq'ue e Théore dos Fniscqu'((qeq)ﬂem«nn

MGETI] ¢ TTIN T p2.



31

Hmozjeneous Dudles awd LeBrun's "Einsleon Busdle”

T 111 CleBrum wtduces E, the Birstein Bundle, over curved ambitwistor
space A amd shows that 4f E admits o seclion (globally) then the
curved space M, associafed mith A ko couformally Einsheiw. Sfo.uzw{se7

=3 s de?«n'ecl bﬂ
Exy = {§=z0ully | Df+'2 RENF=0F

¢

for X tomgent o3, D= %1V, DX =0 The propertico of E depend
cudiolly on the oferafor D™+ % RX,X), wlhich may seem to be

fofler "+igged” Actually, it arises naturally4rum a geseralivafion o
the cutved case of the homogeneous bundles of 121, Tu LA, CleB
gives maturat definilions of the anologues of (110, 010) and (©lo,ol-1)
cmd defmes olss o bundle F, as the whomology &4 the wmonad

(l\_o,alo)r‘—‘v V S>> (ola, ol1)

where V is defined, shalkwise, by covariant conshant seclions up ¥ of
sections of the lowl twislor bundle, T, on . A moment®s thought
makes one Yealise that F s actually the curved analogue of (0lo, o) !
There are, siwilarly, generalinations of the howmegeneous bumdles on IFz3.
The #edm‘.q’w &4 [21 (wlich arg mainly 2f a howrslogical maliure) extend
habpily. One &t these 31 & e generaligel De Rham Sefuenc, MGUMP&S
of wlhich are ,

- 32
o —> p' (olo,1ln) —> (olo|1ln) 2=> (olz|-iln) ~» o ~(
o —-b},." (~nl-1,0l0)—> (—hl~||olo)lz>(”hllI-zlo)-”o —(2)

for m=1, =% in paedsely D* +% RE,x) ! This maies E = (ofos, 1)

as daimed by leBrun (1 manifestly couformoally invariamt). £7% (-1|-1,010)
giver the privned con famal weight- venion of CleR's mork. Santly, for
nE-1, 1) g@> ore princhal in tte detuminakion of choice [obsiruclion
in finding formal meighbourhoods of A [41. Yorng) , W7

D beomes 17 (thom), with shin weighted q,uanto'hi/s to cek pn.

113 AmbitwisTors £ Einskein'sEquations; CleB frteprint.

(2.7 The Generahined Renrose WarD Transform; MGE, proc. Canb Phil Soc, TAN 1985,

£3 3Duality Gor Honog, Bundles on Toistor Space; MGE, to appeariw Jour LAS.

[+ RB, this TN, b R aolor

ol 22
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B D&—J@Erent‘a( Geow.tg_»\ i ])'mens‘:ms

. )

e Teststors ane (AS!L{!L( wﬁ i(((minat‘ ‘11(142 a’“‘@"—‘ '\C m’“ﬁ(g :

L :o'€ dmension. sz, Tlds . s, ronglly . on onccao—»% ot e ,Ecé t‘)ﬁé §
3 ;tn?,stors oA 120. Sfﬂolx ’ﬁ;‘ iﬂ\fl droup 0(6) C).. Ws.fuﬂ‘st‘ors :{:/—va, :
a wole s &, uf sx-dintensiona sfzaws spuilar ™t oy

resyects. 5 Az role p b mo-oaw/wma;ég s i e ogemet
of,ﬁw—mamv@ws WAetlen Aﬁia_,cmﬁﬂ)\nﬁws e cr‘e amﬂ f%%ﬂﬁ—

.mea)w;'é« oA 'ﬁ{—L.v. Seen — A ‘rwr'»osm hore ane (zh‘muwg, 8‘26%”%“('
ol I 2l suwnmarize a number o pesules . outline o S
Comantions:  ij,k ew.. = ©0,1,2,3,4,5
- Coapy¥ece, o= 0,1, 2,3 o
Point - X’ = X‘“ : (skeu)) . _‘Cu‘ostmc iuj% cwu%ﬂ&n)
mateic ;. 3,& = f..(vz,;" .. mote. "&‘fZ‘y = Zxé‘x@

e Sl VOO = VRO Gy
Cadl veetor. fte(za ..\/o@w:""'('PE(QFl oy oQ\wz.-P(X> a-vQ .
QQC?()'»\)}L_.;\-MW‘ {EL(QG e 1 L
.Q.',BV’V"\ =06 <& ng = —PBQ? o
twoa-ﬁms, Fi‘.\ : F"‘Ff""_: - F-yro(Q‘
_ fW~§ms FSSR = F&@Wﬂt?la. P RN
B N A A
‘ - . Sﬁl{-OQM( 3"{0rms , Fuk ~ ¢°‘F _ : ’h( = .'f/\(,‘ )
| ! F ° '
o . ‘ mt-t‘»-sa\fe w.( ‘s-'g;rms ;s,k,"’ A/:(? o L

; .. cuwvature  tensof ,A?_;skg_ NAF:S. ® i«, ?4{,,@ A

R .

¥ o losu,c'om'oneoccs R e i e e gt ,
. ¢ . («8) od ~

; ( Co'ngrwu( s‘:\nor A{/‘;i = /\A(ti) (AY\.(SL =0 > 24 c‘.otM|
st e’ BTk TN e
S B = §/4>>?“( ( EB SQMM,QX('3> 20 com

. (Vacu;&w\). Bianain ‘.«mems-. V?OL Aﬁfﬁ. =0 V?f/f/\}:ﬁ: o .
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 Rica idoarities: S
C WVadk = R 9.

S AR A Y Yo

‘ ol 51 _ 43 po=-

o Nete T(AZQ-cM radag _ave. mm% som@ac__siw‘ob)x "o
Cn thaa . et ,’fom —c&ww.g'mnm( ma(.oam.s }

se VERMI o L0 YR el

These ane ﬁq/uxva(@«t o

Ve pt e ol Vg =m0

Do She bospe tbee gy OFF <0 o0
. D’Y%, o e = V,V'.. L

Gl sboson € V¥ To  ww Fle spaee

g = §> 228 §( X 25,27 52

S PE =

e W R T e
o pue fW,Z o a spmor for e gewp 03,0,

e, s In b?é?.ct o Sewistor f@r o —S——l’&t. Sif(—SfEUL. :

(F?\f“ ’QV‘QMI 0&50&9916% o‘€ ft(ak; ,g\rww(n. AR, A-vva ﬂh’ﬁ&({. -~
L R _T. Robingen _"\:z,stsflmggv W, Badlen & A Trauwtman )Lﬁs.>

CAfe O~ VY, (@O
OiEo= Yieh o Eahm o SAR

&?zsz Z“o@ZfJZ}TJZS ad F(L\)f.,ZOB |

Lz
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H(aclor«fc clasﬂ'g‘ca:t‘ww a'€ sﬂMfﬁ‘C SPNP -G‘:,o. s
s a more mwl(;ei wmott thau A —Fw aé"mws‘.av\c,
Mnd c,ow&ttaws o\sia& , @ ‘@AQ ?{ﬂz Con a‘fj 2082,
et e one "F ﬁw" 25;&711‘2—»( o&st’mCé B pas.
The o o@M k£ dae [ T Dull el
wal> ) 35 D (f“? 5 o Ma A TUTE for
~ U PO o

s B VppFeo ol g PPE e
PO e (P Vg PP = ol (D

o Komark . TWos condbiviom m(odm L A ae{
wo@l'&?&n- (Oﬂ ‘V‘(A OE8.> OC:LO—_@(' o s-rh\.or' fgl.(Q

3 ?rolo(nw‘, Su”.s,q, —PR’CX> }q.th-gn.s C-x) as agwﬂ., ])o,QS
thow mocassanly seise a field  4F - FPYPE
Sweh 'f.'(A;\Q. ‘Z(? ¢$x =o :‘Fr a Su.‘tt-s(/kt ¢ luotce
£ He sdae g0 7T

‘So(uﬁw& 40"(; 6{) cam le QMW taQ w;«stivtt,ﬁ-o—»g
o{ auglttc_ VoL tiLs o’F ar(uwrri;& caoogtmsion:

4 TL\EO(‘M ‘ Surrosn. E—f‘ (L\)q )Zd) T=1(,2,3% s a
rtr‘.‘:(ﬂ. o-? Lw(omrf)ﬁc. fﬁmccioas 5 Lxmoawows d‘€ s
Jlnavae. 5 oQQ'@mﬂ on . Natons a(‘ s Zmaoeﬁc. (A).LZ"( =0.

. m& varet F:,. = 0 detrwnes o spiuov
:S%olQ ?d<x> o\ccorv&\«a ﬁ;"lﬁm schen
- RXg P00, PO = o

- a.uQ. FFdOQ s«&s_gis (‘Po‘V‘w FFQ) ?83 =‘ o,
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5. ?Y‘O\alm Don.s_ sy _.am(dﬁc PP%X) _sqtts—%ma_ (x)_ e
L avse . Ba thaks oma? 00O

La'mm« Surrosn. a .cwsz .sm—‘Qimmstaw( 9000\@0_ ,sqn*;{-}\n.a‘ B,

A ———

L\ns, a_ . K uetifzo.w(/\)z l.‘s%mr“,&.'ﬁz e
L oxtent Ak ” JQQQ o a P T
e s PR (xx)

g P Q. Then (P PP =0

7 Publew Vs the convose bl i M sewe
. that. \,—f ?d sqttsﬁa.s (9&) aLmQ, Rx& =0 is 7&2_ ‘

. l/»)tal ~spinor me.ca,ssahﬂa o e "g%rw (%) "P
5 Dfution (Rebruon & Traceman) T o snibeld <O

Y o&mmc).ons . ( sf&mtmfe.,., unlmrr&&) ]a&? ka(gc). o
. (a=t:n) be A Veetor. {CJ@Q PR Sy N Y c.%&%g“g

OXL"%Q&G& y he. if y 335 w e ametic ol . % - then

i - ,,‘ﬁ){‘ swmtable Q0 . W _have. ‘.ﬁ.\, = iﬁj\ag S sher

,'_kaV& "(J., =0  Slga Va is. Ma  commection assocle
gL ol odrse e ,mea’« (osonak] i &.‘&.

L T SR b shec-fee 16

o Yk = ¢ kedueke

O kot e+ Tk

q ’RQ:WLarl( -T'Q % is svm—ﬁw o  ars a&éwﬂtm |

f‘@.oe,u.czs '&- e CSW@&V'£> onts i’G, ka is W»K
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ElO L.n_mmog, guw;osp_ 7(42 fr\‘hav“ é-(oa? /lo< owQ '54 M
F savct;% (‘)K> . Tlew He vects rﬁ‘x.(.Q
| (¢ - AED
' is 629000,9&_ o-wQ slmrg-u_ i Ao powne 'hotﬂQ aboua

At :Rawarl/. To  Show K‘(? Ts wlosic. 1s  stral L{{;«wMQ
Rawar g s
R[NOnAN Sinea Ao( VQ % SQW@ (*’) w2 (mv,o.

A AT = AT o B BI < 4 B
L e e ?{; , Mg . Thus ‘
l AREV AP = AAT oL ACBPV BY = 4 R
Go saeltle A M. Whone ‘
R A - e g
e AR Doncfre 15 someR wore wencls |
R P

;l%. ,BE-_“’L‘L"\_" Raa(ita wao&'ﬁ&WS‘. gor siamatuel tt-—"- we
| Mos.&nﬂz Qmsw\\) €istor com%u«cf/\e«\ vules , he.

Zd = Z,,( w4 Honmitien corralation °‘€‘ cﬁma-mm. tt--
For SIA WAL +—- === e lw\ooyL ‘Afiau\'\’ C..mdv\&o\“ue-vs 5

1.8, Z,'L = ZQ( ‘C.ow\oonn.wf. LI/A ocm.ro'r\b«t.

4 ?rou:bm In o real six-aéimsim( c_mv.uQ srowz-ttM o
SNAIMNL, - = cQU(:@wMM au Cfnu“.) SAK«*?W °€ 19\4

i vacwuan —ijt\ﬁiﬂws) Le. 6"\ mal /\(/\?ﬁ = Zo(z?éb"z‘-x 3

O v X ZO('Z., -~ { Ma.. £ (‘,.A,.'?nw\nk
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Qg,d—owo.HW\S Ot __Ambihristor  Space .

A'Ccora‘.im3 to oo theorem 0¢ C- R Le Brin, The Space od

Ml geedasien N od A 4 Aivunsional oomnplex manifold M ot
| holemorphio  condemmal strnchan £ 9abI  and  conmection V Jeotemines
(H,‘D;L,V') (and o coune | via Vens ) and This comispondege,
0 preseacd  nadkr  Swall defomations & e complex shuctun
o N. Furthemon T w0 tonion  gree i the sympleric
fokential , €, on T*M doscends 4o N. (CR. LeBrn 0.Phil Thers).

This  Haoren mplos tor  1fF prler deboemuHons o+ N are in
-1 ceoespondane 13V ottlec  pprichons M CM,@J,V>) ok Wtter
Wak , it Vi tmion b, dedorwahions of N proerirg ©  comresponc
© afaios M (Dl elone.  Suen Y prder  dotomusRom  Stea o
ool pla do Shprk G W ane mbrebed o oo Kt equsions .
CM ,Q‘?") AL onceded mbo dhe  C-shr. ob N,

Xii € H' N, BCTN))  dikenwin an mpfiniesimel  defomation of

N . For Xi5 b 'pmq,cw e it Must preecrne w:de,m s\amlolndv‘c
doowma on N, c(.x,;. 'w zo =) Xij Jo = AHy =0 dor Sedu
Homiltonian ‘H;\; é H'ICM, 4L The  durtbeer  condiHou Huar
dx, =0 implies Thor Wy e WM, 600) . CThis gollowr pom
B= 22 dw, B2 L dHad T curvd eon as W%T olescends

o2&

dom S@s'M b N,

&
Tt tums out het  H'OV,00)) > Taubu ha = hewy mH

hav = Vv — £ A VY
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This s exactly Fiqut for  URAakons  iA e contoomal Shugiure,

“This can ke emily ponA  wing tte Long exact Lequeaa M ohomobo
dened dfbM the short exaet Sequente ok Shoaves -

] -g'e'f‘(n,n) —?—”-> Espem (11D -\-,-> Spsm (2,2) o :

¢ > Vi)

Where Pt pdeckon  P: SOS'M > N Aad V= AT A an
0 the null Yudeic  spoy on SESM . The long exact sequag
olso  shawn HYE, 80,1) =z o, 3o ther o no obsimechms +o -ty
debommabms T am coMidnf\‘Ac\‘f

The map & v qivta by Hlking Wy e H'W,00,0) ) litHag b
SOS'M | 5o thet  PFHi; T Hijk,TINTA) i Sp“%‘»g, over Qec
B ob 4 SOSAS M | My = Hiod . e W=V i
hom degy @,i). onad glbsl M T end T 50 Wz Nanag TATSTATS' |

We can éch st e du-th‘M ealn dow aive the
vwﬁl"‘"m IM\'_ mothe ok str o MBaT ) by ASSUMINA Trar
o I8Y orler M aLLdDAM#HcL ’o}A N-clbuM',aHtr tha Lz»c:csl-i{»~ oF
e clerdiat quaolh'% M N ) Az rebiny o-lkn'nﬂ The tongent vectsn
oan o to the nwek. Do W Kuy b S@ST Hea split Xy,
Ruy = Xug =Xy, ( Xy weons tha  Namilionian veche Feldt with
Hom [bonian ¢ .ot tha  sgmgplectic joms On T*M Jpe, z S@S'H/ﬂ%"ﬁ%ﬁ‘,
Thea the U'ARAF'M of tu nuil gesdssic Spy 1 Givia by
oV oo X VI 2 =Ky (X3 = ~Xgen T Xyvewy = X

So tx see Aot Tae Mamilbonian ®r Y48V b PP (96l thet) .
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So wt S et Qa0 wumes Yy Wb as o would hope.
This v ot ey vell | ber what  slow e dield equotion?
Tt vt dabae the  opemabor M= NG, 355, and
Wz AV Usma Hun ot sobitie T IMeoriged vaewnm
equations it CNC e + }RR)\'\ =o wher e h, FAATATS
o Ghov, 'M‘s will dopcend P & coadifion o“. Hiy ow N id
‘V)'E-)EV=°. Hovewvte this 1o only He e Ohea
M,0) v ot |
Whien 1 b Minkownk: Spaa W deoctads b N b0 become:
{fi = P2 v,y TARSLA
Rt r "ﬂ«m AdeAvt e appopiot By e Mot cas it b
eosler 40 marlu an edincated 9us . ket hau = hfar tWae ohen
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