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"‘*heﬁ sopplex strusture of (flet) projsotive %ﬁifem? spase BT is sompletely deters
;gﬁ”u@a by the conformel shructure of Minkowell zag;ms@e By deforning the pogrprojestive
ppasa T while pmaawigxg ¥, one cen cods ! Lnfornation abonbt sere-restenssa Pislds
into the glebal strusture of T
'Eiiiﬁ General,
bfémh@@i M in Minkousldl spass, and led T o the Buler opsrabor Wy 3 Ty« The slemenis

Caga. Lot B denote the primed spivetwndle (with scords (%)) over o nelgh-

o8 T cen be regerded es intogral @u«;amsw of the 2edizm. dlstzabation on B determined
by the two vector flelde {W“ Vou”, wh "?gﬁw § i‘i‘izaag integral surfuces projesh down o Lobally
null 2-plaves in MJ To twlat up T without shanging P, veplace Jurt %gﬂ % by
%ﬁﬁﬂ‘%w - g T S whers % repropents o pals of functions on & o Applying Fx‘ﬂb@n&ﬁgﬂ
t&myvem@ ons finds that the new distwibullon ls integeabls 47 end only if

T G 0 e Gp (L 4P = 0, {1y
Se 1f (1) in setlefisd, then theve exlets a A-dim. quotisnt space .J , which has the
atresture of a fibre bundle over Flh New let %}mg@ the fomm Yy len) g,@ A ’fw;}‘ﬁ';, o e
m% (1) & vﬁ(a' %ﬁ’w»—?"”} - (). ~§§’§
“m other words, @f‘% g "pight-flat? Havbs potendlal for a sero-vest-sass flold glven )
’mf ?ﬁﬂwp tm Wppt v o Tppr éﬁ% .o EE&;@@M% {2} dmplies thet g Cfﬁ 9{‘13
The Proton Gasge Take Yy =1 BN 0oy v, with WV E ) w0 ~{3}

’g?km flat space T is a principsl fibre boadls over W witn BN ﬁiﬁg and the deformablon
given by (3) will pressrve this pertisuler kind of buwedle strvoturs, wheress in the

s have n different strusturs, In this pesse, the comstructiom

gonawal case the Tlbreg @
applies wmore nsturslly to photona then to other zero-vestenpss partieles.

| George Sparling has shown hew to build the photen bundle in & wore twistorial wey,
88 fallowss Think of W as the netghbourhosd of o iine in €I and 108 £(Z™) b homog. of

degras O and holomerphis on en sumular mgi@za Ds Take two

;%'imz% of flat twistor spass (with coerds, 2% and %"

?‘@%%@%iw@lv) and Ppatoh? them over the reglon D by

:

e D) , _
= L & 5&4‘ , i é é,

Thig patching bullds o 4-dlm. manifold J s B J s the ( | {;éj 3%% ?j;«
. " i

@’tmawm of & prinelpsl fitve bundle with growp v s &8 e’?’f % wf"}

required, D |




<
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We now show how the conmiruetion waing «3}? (%) is velated to the one using £(2),
by deriving @:' from £ and viee versa, So suppess we sre glven £{%). Por fized x, the

funotion f{ixﬁ_ﬁ’ﬁée} f%r} iz effsctively n fumction of one cumplex variable and cen be

fapiit? as fullowe: 5,55‘*‘»%,“??2%?, ’i?}ign) w g» {.X@.) 773%’> e g;" (”*‘*ﬁ) w?%"}g ‘ m{g‘gﬂ"%
wéz&am £ i holomorphic on the regions Ry, 4 = 1,2, Hew U= "f‘f'ﬁivﬁwg b Waivwﬁ,w Wﬁ{%@@r’éz
s WG, §~& = 7 §i‘§ . The left-hard side of this eguation 1s holomerphie on Ry
and the right-hend slde on By, so bebh sides sre glebally helsmopphle, and ﬂmﬁswumﬁg
Pinesr in "F . Thus we cen define & veotor @@,(3:) by - oy g (%9 - + ﬁgm’ (%) ‘ﬂ’“ﬂi

There 38 some Freedom in the decomposition (4}, nemely §'2 fot §z. A=y, %G fromt §a 4Ry
This leads %o the gusge freedon @ﬁ‘ () fooip z}fgﬁf {m) ...%.,., \YAS N C S

Conversely, supposs we're glyen afﬁﬁb(:z«:.) setdafying (3). Plek two twistors Men,
aud B e Roo If 2% 4w & third twistor whose corresponding null 2-plane mests the null

where | & le some peth in % frowm

teplones A and B An M, then put £(2%) %ir* $,. e,

A to B (see figure). Using Stokes' theorsn snd eguation (3), - T e,
ong can ahov that the integral ig independent of the particular
bl T aﬁ@ﬁmg The fresdon 1n the choled of A and B corresponds
to the freedom of being able to eadd lute £{%) & twister

funetlon which i holomorphie all sver Ry wr all over Ry,

There ie a third way of visuelising the twlsting-up
?z&mwdurm A tulstor determines a all 2-plane, together with a wy -gpiner propaguted
sver the 2-plane, The usual propsgation lew iz the perallel ons, i, W Ty Ty = O
Buﬁc in the twlisted photon csse we tske the gﬁ*@p&gaﬁ.m syuation to ba

| T (Vo & Paar) T = O,
The integrability condition for this aguation is precisely (3),

Finelly we note 4hat 4t is not pecessery for M to be {lat: the sonstrustion

gonoralizes without too much trouble to right~flst epace-tines.

E%ﬁﬁsh&a,rd Ward,

Mathematlcel Tnstitute, Oxford,
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3. Zere: eiawm a8 Flelds from Tuistor Funghiend.
Thmm tg n way of deriving flelds from tuletor fusctions without axpﬁmi tly using

c:gmmur integration, It Is besed on & ‘gpldtting' formula due to Gesrge Sparling: AL g{wﬁ”
in of degros -s;?, wim singulerditics in two d'&ﬂ@mm&m}@aﬂ reglong 5y and S5, then g = g~ &
whevre g;@(‘ﬁ"} 3= }fﬂ;‘;‘f: ‘&{f‘w w } %(ﬂga) Pt aif R w2,
S L
Hote that g, 1a holowerphle on bhe oomplement of 8z (le. over
she 'lafbohend side’ of X=apacs) and g, over the obher BAcio,

Sogpons now that F(Z7) is of degrae ng -2, sud pub

Vo, pr (X3 2= %;ht% i F(U 0 e )

This spinor fleld Yy .o bas degree -1 1n Wy, and pe, for fixed x™
1t com be split: Yg e (x,0) = &g»@'m.wgw (v, w) ~= ‘2;;\@“ TRE Y it ¥

] 2 .
(In faot, & and ) depend bolomorphically on x.) Define a spincr fisld Pp’...0? by
s
ﬁ:? P gt A 1 &}f@ing‘_ g
Claim: this fleld 9p . ie a %mmmw%%m fron field on spaoetime. Theve are two weys of

soeing this; the fivat is to use %%m aplitting formmla to verlly that g 19 thae ! m&wi’
£lelds ﬁf’@* ™ i ;:aﬂ.& é?gﬂ}"w’ Y?Q ¥y j’f‘gi fgr e jlbg,, (L wct’ Sy Pf' Jbgw ﬁd}’b i

"“‘I'.ht* (‘% F%'“““P%‘"F(L% ﬁ"f"‘fi”‘} P dg]}

The second way in bo vse 'globality' avgusente, For eussple, trangvanting (1) with "‘ﬂ”f“w
ghvee ‘i’ﬁ"« VAN ‘ﬁﬁm;*e’ A’ The laft-hand aide of this equeticn cen only bs
singular 4n S; , and the vight-hand side only in 3y ; so both sides must be globelle
holesorshic, Bulng bomegensous of degree sere, they must therefore ba independent of Wiy,
1o, funoilons of x only. Thus @ » 18 & function of x only. By similaer avgusents ons
oun deduce thet Pg..w 1 symmebric and patiplien the fleld sguations.

, Finally, the prosedurs cen be generallsed %o f‘vmt’l e F(A‘”‘) of degres nw =i,
B,
as follows, Pub  Wap...p (0, w) 19 e ébw“% ~ e J:iﬁn Flx e, Terd,

Forei s

i 2
How eplit § dato \§ ~ \% and define Pp...p * = wh Wag...p »

Then, ae bafore, we can elther use glebality to show that Pp..p 1o a zere-rest-nass flald,

:&

; % ’“;3 s P . &
ar we . &t i3] T A—— s s R 1 - b
ar we van sheok Shad Cmmm% = el B Feah b ?gt“{’gﬁ 3 &6 Ter, ?Jg;> W 4&%, '

RMohard Ward,
Mathomatioal Tnstitote, Oxford.
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