7—€V—— Sca /e gr‘a-w'fy in Horava-0:tren ﬂeot}(
on a wm/aof' COM/O leX /2;/06/‘50/1'(. f/w‘ecﬁa /J,

(arXiv: OFO4. 14 76)

7')76 oéser‘\/d /oéf s/ca_/ niverse ([ o ve..?}~
S'Hff Shruehuwre, @ﬁmxfmal-e,? f/a.f cepd Yo
dictances /au;ga/; éﬁ a/wr of /06’, Hhan the
rodius of cu.rmfwe; C.X/je,c}-aﬂ on 71he bac:

of' t+he S)‘Mala.nﬁ Mod el /alus Generald ﬁelat“lv@)

in Z+l Limensions.

/Qé_r'j,a/ﬂf Ccm/aa.of' addHonal sﬁa.h'a.é

»efme,hsf°"$, not ge,r observed /o/aa‘g an ackive

role i sriffening the universe .

ﬂe, -(arger such unobserve& corn/aa.c,-l’ exthra

&eim&ns{oy\,s a’.rel the s-)-mn}e;/ we wou.ld e:xPe.cr

Their 5+if7[en.'h; e.f)ce_cfs +~ be .



72 Sfqu 7he /0055("6’.{;? of sudh a medan,‘m
consicler the compachficarion of Horfava-wdirte,
‘t‘/zeoy on a Smooth C,omﬁa.u‘-' c!u,af.‘w °f' CH?

or Hé

Look yéf Solurions that pealize the ADD
mechan s é; a.ﬁrm of +h i ck. /0702 J@m@%:

We lve on the ianer swrface of the
'HL{OL P:Pe‘_



The HoFava -litfen action in the bulk is The
Standard Cremmes - Tulia —Scherk (c3s) aoron
of d=ll supargravity. O the “upsrairs™ picure,
ON '{",Q crbl.fOlél Mlox S‘/z f’lc'f iS:

e /

- " - | — 1Tk ]
Sc:rs ®* fo; ""iR""iq);r‘ %‘l’k‘:;.‘gé G *

M'%S/2, 1TKL

(l/’zFﬂkMN% +1297T M‘/’M) Grrevm

ﬁ Il It "‘Iac
~ 350 7 l,lzI;Gz,...i, 518 -,

where terms quarhc in the grovitine have been onitted,
L1, -1, 1,lz--- I, L1, ...1,

~-=."-é

3
éoaz...9 1 I, and &,7‘[(,_ =24 9[[ C:r L] ’

/97.

iS the tensor

’

The Supersymmetric Pm;-m (s action, on the
orbifold fired point set a_-f—; , ishz, is:

s - /‘ 2° 4wy o Au

m Az lO[c] x&r i‘r(.,. FUV F *Jixr‘ Dux)
W‘Q/‘e ind:ces U,VIW,...— run over a_u ﬂ?&di@ﬂf on MOOI
ond tr denotes 33 of the trace in the aJJoIA‘I'

he,rrese,n'fa.ﬁon of ER.



Seeki% to extend the SUSy }}Mf‘m””s achions, on YAe

orbifold fixed point A;/oe//o/aﬂe&‘, 7o (oca/{f

SUperSymncetric
achons, coupled in a [ocd.ua_ Su,oersymme;‘n'

c Manner to the

bulk .s«—y“fgmw'?, multiplet HorFava and (Wikexn fou.nd
that the Chern- Simons term CGG, in the CTs achon, |

47(4.-'/‘6 $ a Non-vanish fn; Vo.fia.'h'o’;/ under y‘“‘f Ny VLY
g uge MffﬂfMaﬁ‘o"S’ which & [oca—(;’}.ecl on 1Hhe opé;ﬁ(,(
fixed /ooa‘m‘ Ag-/oer/o/aneS, dﬂéa/orccfgeéd_t Cancels Ae
One —(oop 7uan!w¢1;aufe a.nomaét af /‘ie /ﬁgm-‘-dey/
Fermions ia e susy gav—m;//: multiplets, provided thar
2 | 273

A% = 2m (#nk

(Col\l‘a-d fou-n.d. on exvro fn..w-or °f 2"3 n the rfa,llf-&uel Sidl@.)



[ shall now denote the Jull eleven-cimensional

Metric bg é- i (DIS*I/)quS'A'eJ ]C"om G]— ; cpnf’ex?‘

and -/-)Se namée/— af lhdcce$> # is the Coordinate

in the S' direction, which is the radi;ad direction of
t’he ank ID‘/be’ am( (s a«(;‘a the c.oorc[mo:l“e mdex n
the %' direction.

We wuse the gauge freedom of genera.l coordinate

invariance, in orcﬂ,ur o choose G-a.u,ssta.n normal coonlma.ws,‘
Such +that G- ), and &u?':() and seelk < solut ion

of the 7ua.nfum corrected fne&ﬁ equations and 50undaf;(
conditions of Horeve -Wittea ﬁteorg, such that The
metric Aas the form:

2 _ 1.9 _
dsu - G'II)‘al%dbc -
= a‘('?)tg,md”"}u"' + ’o(?) h, abc 1P + dy*
where ? \§ the metvic on oo ﬁuf‘&?me,ns?onal
facally\ de Sitter space , whose aoe. Siter rediws 9 sholl
Set equai fo |, so that E,uucy) ’39/“; and hnp

is o strandard Mmetric on o. Smooth compact c(u.p’l‘tc_n.f
of either CH?Z or HE |



In +he case of CH’, the standard. metric has is

(oc.a.a} ?Iven b}
O h
h o

b o=h = s,j‘ N T (S+zzt
(1-2%2z%)  (-=%29)* (n zz) (- 272

77\¢ ina(ices of The comlo(zx c,aarclinad-cg Z-“, are lowere,‘(
and roised b; the flatr space complex meiric

- X3
6 °/
- o & %
So thet Z, = Z = (zs)*, and Z =27 = %) , where

* denotes complex conjugation.

The Riemann tensor is given b}
Rupea = —huphes ~hothew

ond the Kicci tensor is R.g -:."4--]-,"~s

In the case of H® we choose hnb to have redius of

cwr vature ¢1ua1 to |, so ‘(‘ka..‘!"

Rasey = h, hy - h h

' AD B¢
ond the Ricei tenser is Rap = 5h,g -

/



Let the inner surface of the thick pipe, where we
live, be ot 9 = ¢,, and the outer swurface be at Y=Y, -

Then we require
a, = a(y,) = observed de Sitter radius

~ 26 | él
~ .51 x 10%° metres = 0.9+ %10 [G,

where
G'N = ©.F70%F x 10‘39 G-e\/‘z

is Newteon’s constant.

We defire V(vf(‘) "-’{«‘ Aéx Th . Then A; the
genuw(i;ad &W'Bonnef Hxéorem,, we fin_ol that fo/‘
smooth compact 7a°f;e,n-{$ of CH?:

Vine) = —%’x(mé)g-.o.assq—x(m‘)
and 14'7 Smeooth Compact 7ao+ien4's of HE:
| VIME) = — 802 % (M9 = -16.53¢F X(M°)
where X(M‘) ik fhe Euler n'cinbef;of MO which i an
In#e?_u £ -], )

The value of b,':‘b(?,) is fixed by the vafue of

the Va,ng-m"llf f-‘ne struckure constants in fowr dimensioag

x

a¥ Mc'Fn'ca.‘f‘ion, X, = ?_E__’ which will be e-?u.cu( To ﬂ.e.
4+

volue of the QY fine structure consrant ot un'fication,

" An& +he mo.anif'ucl& of X[V”")

?



us;’y the HoFava - Witten redation be+tween A and K,

and r&duc?-ﬂg the ga.n;-m{“s oction at ?l +o fbu_r’
dfmel\Sl‘Ons, we fn'hd that f;r‘ a Smooth wa.d 7uaﬁe.(t+

<y
-

of cn?: y |
«, (¢ k) 3 _ 0.20%5 (k"f’)‘
2 b® vin®) X4\ L,

A"J ﬁ.r a gma;% WW ?waﬁenf O_/ H" rAe C.Otfffcfeﬂ.f’
0.2615 is replaced by 0.163%.

For one of the Es brea/ein}s J will consider, the
value of &, s a.f’oroxfma:l-e,(y the volue of the RCP
fine structure consrent, Q\(ofved in +the Standord Model

+o o.foun’A 50 TeV, in which case

Xy &2 0.0 =~ L

Tak:n this as a rc)ore,sea-l—o.ﬂve voJ«.e, we fi‘nd that

for o Smooth @mfa.p{' quoh‘e.ou" of cH?:
bn ~ I3
3 T oo %
K [x(#l

And fmm the Giuolice,, Ro.tra.33¢, and Wells eShacate of—
’ viton a(oop correchonsS

the expansion parametes for
in /] dimensions, the condition ﬁr/be,ri‘wba,h'on ﬁ‘e”"ﬂ 4
Ae re/(:abée ‘n the gmﬂm r?e‘on neo+ the inner swface, ‘S

opprox 7Ma.+¢,(3 : b
4 ' 0.2
Kz79 >

<



Cambinc’nj ‘l‘“eSe, two re[a:h'ons, we JCMJ o.)oprox:‘ma.'l'e%:

/X/Vl{‘)’ < Zxi0*

On the other hand = since /XM‘)/ >, 7he first
of these relations iM/o/fe;s a.lop/"aximaa"&[%

4,
_-;/9 \< /3
K
Thes we Ahave The a,ﬂ/vmx{m:de bowundls :

o2 < 5% <3

——————

KZI’

9 shall consider fof"’*!ag"“‘l{y stabilized
ére,a.i.‘nf_s”of the £ on the imner Su-ffa-ce- o]‘ e
thick pipe 7o the Stanclard Model Jg vaceece m
Fauge fetds that inclede Abelan vo ceecen Fauge
frelds, in the Cartan ‘M&(}dm of £8 whose

fretd sf/‘enj/fvs are /vm/oarh'ortgi ro /90;99; - de Hfaw
harmonic two - forms of M| and ace restricred
é; a Dirac 7ua.nff}¢j—fon conJ:‘Hon. fo die on a Lrscrere
latirce 1 fhe Cartan Suéa?dm Qf £g.

7he Divac 7mfr;m concition i derived 4y
Con;idlen‘% Wilson dines in fha £8 frundoncentod /adjorns
Tormed from Frees of Aairpias thar curl arouad an

Mé:?—/a.? closcd orien talkle t‘wa-su/‘;éup wn v/f“ N yarrows way,
/ » 9 _



The orienfafion within EZ of e CorVeon Sanbé.lfejm

d'S‘&lf' Cannmo¥ ée Com/o(e% ﬁ/oclO;ICa.ng SM:'[EseJ

4"0—'&/&/ 50 in a mode LYNPANSIO n af 7he d.e_,vende.nr.c

0}6 the ﬁaﬂ; Mmls ﬁ@./d( Oﬂ/oaS:/-pon ‘n w” , Some
of e mo‘[g of;%e, extra ~ 4«me.ns,oxa.é Com/oone;u‘s,

"‘u’?,enffa.[ Yo 4{6, wxll 54 éo/dsfoae Scafa/‘.f, ASSOC g freed
Wi th rofations of 7he crientation o/ Ae Covta,

Sa»éal”ee.bra within £3, which Aave no energy cosr
F done globally, or in other words, withoct
dependence on Position in Th fousr extended
dimensions.

35 +he Cagema.a -(c)e:'n/e;g mecéuz’s'm 24 stuclied

’Ecea{? J} ai.{ﬁfv‘eb E/zas /’!a.na //ct(’eéag and Sfede JQ/‘
Crample, Some o

oy f These éousfone scalars o, et

T‘CS"Q,L'h.nf N /‘¢,¢(¢°a+r've Ar(a,,é,‘,} of )%e. Sfaadw

Model at a mass raafél;‘ is e} the ﬁwdmwo.,é

- -2
mass  pb7 A g

73«4 facs ﬂu«,twori I‘Cfmid 77€V—5‘ca.lc amw'}
wilh 47 ~ k™ A Tev.

lo



In other words, the fock that we Aave scafar

f:elals' that cre massdegs ct the ﬁwda-men/'a,{ nall
Soaale, 6'-' o~ K-2/9 , Meens Ytrat Here S no/oos‘n‘é,'/r;z

0f °é)‘ainzy a é?e_ 4:’@/«/4:& é; Ae (agm’ﬂ:mic |
evolution of a scolor Mmass Spuared Frovw a posctive
value at Yhe Kindamentod ntass scale % a negative
value atr @ mucd Smalles rrass scale.

For the sineplest .fapagﬂj:'ca/{'g stebifzed éremé;}g
of ES o the S*M/MJ DNodel considered, +he on? ,
al&cﬁ‘c'c«u% Newlral statets, owtsile Hhe Su(s)xSu(z)
waira?o, are components of Stamderd Nodel /7‘1';;;
| dowd [.efs, or Thelr Comple x cay’aﬂgmﬂd, Mﬂ Staadard
Node s;n;,/w. Thes in 1his cage, if the Jenericalle
expected radiative Jr‘ea.é,:}g of Me Standovct Hrodel
leaves Hie photon massless, Hen & is automarically by

a Strandardd Modle ! f//}/,; Joaé/e* z%weuu, 7%e presence
of Strundard Moclel Sm?é-e»f 2985 (ieldy mcang tips
we expect Spreqdé% and o(((ca"?e-q .5 4o ,#.}}p
S;f"d (Vau dor By, w;lc,?e‘é)' AL n TUiS conteet we
Nofe that There waa a—/aa.rh'el J"5°0V’e"; O}c a ;M'ond "
#iges, with mawu 95 GeV. at LEP,

4’! this exa.m_,(e e chiral fif'*\«.ions Momad'z'c:al&

consist of a Number of Standard Model generations,

4 letelsy independlear number of singlot newtiinos,
Pa_‘:cf:u?uzi 6?/2%’40 @xperimeats rnc,b.w&:y LSND
and MNiniBooNE, ¥ '



I thic excun//e, using an St(9) bac:s fm’ E8 the VaCiiiy
Jruge fedds are all in e Cortas sdd}dm ,é,
ER and thug v Ko Cartan Subalgebra of SU(Y) and
n the MM&A—/ representation of su(9), ﬂley_ are
J,a#m.j matrices, with A«.’a?gmuc matrix edemeonts
(07,"1"’7 1% , %, G,% ,5 )
Swch Hhot

3o, +26, toy + St 4+, = O

U(l)’, 7 also a d;aﬂona.l nmotri x af this j%ﬁ(, whose
J[ago"lal matrix elomenrts vse con take oA

13-(-2 4 '—Z/ ‘2: 3/ 3/’ O/ o/ o/ O)

For generic vaelues of the o, the su.,bgrou_f of
E3 that commuted with such o vacuum gauge field

woul A Le Su(g) o Su(z,) x (M(*))s : Howe,vu, the five
u() ?MF& Fd£$ do not all re‘uaa;t masorlosd .

Spe,cif:ca.ﬂly‘ ana. of -Ha.e_ (1) 's +hat ¢ ner '
perpendicelar +o 4)5 of the vacuum u@) gauge Fretds
wi Th non 3ero ﬁ'do( Sh“enavﬂt, woell be come massive L}
@ form of Higgs mechanisom fhat cons oripin
o(ircas.rel 6; Wi tten, in the Contes ¢ O]c e So

(32) typel
S“fefsﬁfnﬁ.



?n the Cade O %)‘ava.-&)'\ﬂzn ‘Hte_o‘r‘ This arrses
#/
fm'm the redefinition of CTguvw T include a t+em

J";\" gCﬁ g)wu\,w, and an ana (ogowf +_rm /'nvo(\h‘g

S‘(ysyz)’ in the course of c,aulalfn;_ the Susy ?Mée-ﬂ(;[/g
mw{f;‘}a/dr on 1he ovhifold fixed-point ﬁ”er/o(a_aes,
+o He d=11 gufe,rarau:‘f} meltipdet in the bult o a
[Dcc.,u.} sufzrswwfo mannes. Here wggw S the
Chern- Simons form conshructed from tthe ES 9«\:.—7.6 felds
at 4,:
w['] _W(A[ﬂ(? A A ] ZADJ[AUH ]4. cgc.lc'c pum.wh‘on9

of UVe W
721(.( CO’UI"QMC @ '/'e'm{ ZW(}EJFA;J) and when F[,j Aa_s a

Vacuwn expectaron value in +he Cartan Su—ba.%.n.bm of
ES, thic leads, through Hhe hineve tem G G17%+
the ‘l‘hree.—ﬁ—mja,ufe Feld, o o mafs ferm for the
Corre,s,aoné,}z guage Fedd ia e Cortun swba.lagdm

«L/owcv-er hea G HUVW (s re,&q:.\e,d oo above the
re;wu'm;_ W wwuvwm in the actvon (S ﬁ‘l‘m

mﬁn:H bun} Prorar'hcno(h 8(0)' Th«s 550:4.((1 b_e
corrected o o f.‘ni{-C non}ex‘a term i Moss'y imprave.o(

ferm /6 Hovava -Witten (".COO'J, in which the §(o)

terms are absent.

13



gh ‘{'he PaJ?“t'CJO-I’ cacs¢ Of the E3 bred-'nJ mentioned
above, the requirement that d(')y does not become

Massive bg (Witten's H.‘g}s mehan:sm means +hat e
ﬁpo[Ogicaj& s+¢b{l(3ee¢ Vocuun gauge ﬁ'el&s in the
Cortan Sa—ba.lg,QJm of ES, that Aave I'LOA}-QIOJQQ—(J

streng#, have fo have o, = o, , so for ?Oeri" va(ues
of the o sub;)e,al' to this constraint, the Su.—b?rou.’o of

ED thar commutes with the Vacuum gauge field s +har
have nonzerec f-’clo\ S‘)Ytng,fh, ¥ 50((5)%(“(')){-.

Thus in this co-se, (+ iS nece,ssau}. +o cmt,o/efe the
topologically stadilized breaking of ER +o the Stundard
Nodel . b?. ﬁg-n’ncimsion'of a ‘fbpologicauak S'fab.'lige&
Hosotan: vo-Cuum Field, proportonal to @), , with
vonish ;nf f:e,l& Swena,ﬂ. The hpo-log:ml& smb.c(‘-}d
Hosotan: mechanism is usu asSsociatred with «
Compact manifold whose Fund oneental Froup bas torsion
tn 1he sease of discrete group theory oy n othes words,

o nontrivial ﬁv\ik Su..b’mu.p’ Howseveyr the funda.me.n*t—(
Froup of a Smooth Corpact 7uof’f€od' of cH? or HE
n-eco”m'ta( has neo forsion,

However 1o obtain a +°P°L°3;C°}‘§L s?.a_b;&}al Hos otani
Iue,dtcuu'sm, ot i€ Saﬂic«'w fﬂ' the ﬁ'r‘Sf' hom o lc;} ?muf
(o) /w.w- forsion, ard Qxa"“/fef (n three cnd ﬁ'u.r Ainensions
Shows 7hat this ic possible. For e,xwle the f.‘rsPLomolg,q;

group of the Weeks manifoldd s Z/5 + 2/5.

14



The E¥ Are,ai:‘n?s considered have o mechan:sp, Sfor
Swp’mssily protoa Ae.c,a;( that S relaked +o +he
Arande.- Carone mechanism, and which s optimized in
the Qram/o.(c, menfjoned above,

We alio aote #hat +o explain ‘ﬁle/o‘enomeno(ogn'av(
observation that the mass rahes of the quosrks in the
“4p quark secter are very roughly the squares of the
CD"'“?—S/ﬂdtn,. maSS rahos in He down qu.w". Secitor;

there mutt be some A.‘n& oj S}SM«J‘!'C ol:fferuce
behween the wp ?uafk and dowmn ?aa.rk Sechors, b-e.doncl' +he
A;ff'e”"‘u in their weak ha_perdww}u There is indeed

swch a A\ffexa\ce. in the Q*Mp(z muh‘one& above,
be,ca.m the EZ f;;nda,mepfql contains huice ab mu#

d stats as u states, even 'H\ou.zA, as 9 mennoned
a.bovc_, the chivel f(m{on.f womdc‘caJJa CoNnsiSH
of o Numdber of Stendlasrd Model g.uefam'ons,
phes an ind ependeat nm@f S:‘ngzw newtrinos,

15



Horava - Wikea ﬂea? i< 0/‘7&/)@0? on 7he
orbifodd M'x S /zZ, , where AT s -
ten - fimensional /na.m:fo/cf .

/ﬁ—ﬂear»/ 5 an cenhknown theory in edeven
dimensions whose a!e;(.'nigf fropersties are 7hat
It IS the Strong cowp linog Lineir of ?/aeﬂ"ﬂ
Superstring rzea% and its (o energy limir s
Suyuaro.w'? in eleve, dimensions.

H w suffesf'ed ”7-7‘7‘1@7 would 4ave a built-in

Short-Aistamce cutoff ,  bt (ef/— cpen The 7ue,sﬁon

of whether Fhat is connected 4 e d=l supermensd e

7'» 740* The A=t S‘y?ef’”emérane has A ontinuows
S/Ae_c,?ram (de Wi+, Lischer, /}/ic?/a./}/ and Aag been
reintesprered as a second c(wb;d'f}e& ﬁeo;-/« Qe wnj

W i ,005576& Thar Fhe Supermembrane mass spectria

(in flot space) corresponds sineply Jo Fhe single
particle and Mwﬂf—/pa—rﬁ’de states ojC d=1 “'—/ny/‘d-w'y
(e wif). f-{' iS thes /oassié{e That the swpermembrone,
on o_ smoeth ézc&gmuad in eleven wncommpachkiried
Adimensioas, ¢ a kind of second quantized descrption of
Supargrovity in eleven dimensious, Jdual +o 71te standard

Cremmmey . Teelia — scherk com,aawu)f' Jdcrip‘h‘on,
le o



gn that coese |, Here i€ 1hAen no *now;t /oﬁgsirav(
effect o provide the basis +for ang difference, ar
the quud‘wm ,(Qve, ﬂ' on a Smoot4s AQCA;NMCZ, in

eleven umoom/aa_aﬁﬁ'el J(me.us?ons, Le_haev_u M-ﬁ:ee%

and +he CTS -i’hcoge of- d=n sufaamf?_

TAis i¢ consistent with the conclusion of Ml and

Townsend, That N-t1heo Cannot confasn oo Sepovaire

fundamental sspermendrane, distinet from the solbramic
Mmembrane of A=1/ s«pergrovity.

D 1o also consistent with the fact thet the full
Jynamlcs ) iy/e OA swperst’ing ‘(’heo? arises fromg
ﬂe So(ff'oﬁfcr.me»tér‘&he ‘7‘ ﬂe CO_-S ‘%CO';; , on
Con ficcti [cattmy on O circle to ten dimenscons
(reviewed in sec. 23.‘3).

ﬂe, prcceic:h'ans 01( d=n S“fefgra.vff' coan be

ca.lc_u lated in +he f’fﬁmework Of'f-f'efftdive j\'e_ld _”‘eog
(BPHZ ‘re.normaa(t}aj-fon). Bus '-meo“ will C»ere,n_d[ o

one free paramerts for each nontrivial (Cnearla_
In&e,oe.ndlul-, higher de rivative foqd malﬂhom;q[ e
the CTS fields and their derivatives whose cTs

veriations vanish .w/zen the <€V S f-ielal 2quahons
o-re Sa.h'sfz'e.d.

I+



Swch lomﬂ#-su,()e,rs/ncme;fw'c-on-shele Arg.{ef
deriyative counterdernc ce,rf—o.inéa. do exisr for

Mmoximal supergravities in 1O or fewer dimensions,

be,cau,ga _xane /,(@ are present (n The effective action
obfm'nea@, as an expansion in powers of o', ba |
in-/e?mfe‘n; out the massive sufusv-n‘}@ sing le 'oo.rh'cle
states. T‘\e vﬁ'fsf such Covantevterys .o +en mee,nS?ons
involve four Riemann tensors (R%).

However in d=1l su./oergraw‘? there ¢ Nno extra
parameter such aan o', and there ore no knoway
Massive siangle perticle stutd, on a Sncooth uncompactified
éaoéfrocmd , To inf-e?«rafe out.

ﬂa ,ts Of candidate locaﬂy -S4 erfzmmcﬂc.c.’o»\ ~Shel/
4’%“" Aderivative Countevternus have been construc s 77
d=N ég Pge_fers, Vanhou e, and weﬁ—uécr;, Jg ola:ff:‘n}

wrréspond:‘n; counterterm from d =10, and by Deser and
Seminara, and 6} MNetsaev, whe <oastrucred Lineariged
dimensiou 8 covnterterms, et Hhese have not ger been
Complered to full counterirms.

There are abo two different Superspace conshructions
of Ad=II covnterterms, bg Do ff and Toms, and é/ Howe aucd
TS‘!’M/o»’s, but these wrll pot Lead fo CTS cownterterss
tnless e gow—?e wt(,v[ej/an Mdf/vr‘rt o f the CJS -Mu-gg 1o
Superspace can be cmyée/-w( to ‘hiter orelurs in 6, auzdzcd'
present  hat ast been fllly I%W WW &%



The /oos'sc’b"/f? Therefore exists that fhere Mv’i/‘*‘élf
an ebstrucrion that prevents e ;—wmmé«w{
Treqsformations in superspoce frowm marebing HAe CTS
Suprs pumedry veriafions f¥ a g,u\uo.l solution of
+the TS fielcl equations be}ond a certain power of €.

This would mean that fhe Swperspace countertems do
not reswdt in loca,u} SWP U Syame tree e formations
°0l the CTs '”‘Q°7, So Hiat (* Mcw be /ﬂoss-'é/e ‘o
calcudate the predictions of the CIS theory in e
Jromevorte of e,ffe,div-e :F:e,(o( H\eo';, without the
occarrence of undetrermined yporomettrs connected
with the short AiCrance u-mfzée/»om o/' e ﬂ.e—a-ry

There is postial evidence fov the existence of
Such an obStruction in @ O&CWM% betusen o
Crwf)onw fromewort cal colati mm aé #ﬁnw andl
Ogushi, and the supyerspace conStuction of Howe
and Ts?m/a.'c, Ho e and TS:’W{{‘M theat there
shoulel he an independent on - Shell Sc,?ow:‘nva/‘z'auu" fov
eoch fna(e/ouiw Chesn - Simons ferm, of which there ot
two at dimewsion 8 C Atr(RARA RAR) and. CAtr(RAR)AB(RAR,
But Hgakwfa,ée and O}wsé,: fau.aa( that ep% one lnear

Conbination of these two ferms m[w ocCcws in @

Sceper invariahh nmb% the comchinatvon Which oCcert éin the
dulle Green - Schwarsy, Trm | Howerts Hyebatake and Oguethsi's
ausats did not include all poss:ble ferms
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The foct that 7he coe fficieat of the hull Green - Schaors,
e, in e M-theory guankem effective action, hag been
Fixed 5} consi desation of chirel WM@? cancellation o
fivebranes, ruggrats that thic Jerm S also pert of a
conbinatton Hiat cancls « poteatial focal SQ%VSM
anomaly, rothes Hhan being port of o (0641'9-9@@»'%4‘:»:;-
oh- she (! 41’9‘.0 derivative covntertern,

C'onsidu-r‘% now the case of Horbua- (it M&g}’
Hotava and Wittt Aid not include a G;béon;—b’wé‘

2 o ‘Il - . '}
Tem E’if o th K 4 = n Thew bau.o(./a.? action,
whert K /s fhe SW RAUYMNSIC Cunrvotust -5 fﬂ_a

éoWLdau?, However t is hnown that F S necessary
to inchede a Gibbons-Hauwking form fo obfain o

well- defined variationed /0"0’“&"‘04"’ the achirn, scct
Mot a stutiomary achion can be chiined fixing oty
the metfric on the baww(xu?, Md aof alSo ifs nosnead
derivatives.

Moss infroduced o SUP synnabrized G;bbom-l-/wh:n}
teem info the Hovavae - Witlen boowta(a-va achion, and wos ohle
to avoid the §(o0) tme cu the ackion ot Horave and

Wwitfen found at hipher ordess in K. TWiS Sugasets that it
mi also be possible fo calculote the predictons of Mosss
ferm of Horacs -Witfen ‘f’ftea-r? in the fromewort offeftechive
Field theery, without the occurrence of undeferncined
Jporemeiers connect el w'th the short~ diStrmce u-»%(arm
of fhe theory. g |
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The qumfu.m ce-r/‘ed—ul field eq wations and boc.uu(g%

conditions

. ’fhe n{e,mw ~I-mga-r Wm@«,ﬁ fov the Mrd; mefree
A5 = Gigdx'do 200’ ax’tx"bly) h, dutdn ® + dy*
Axre :

.
R.,. =R, ") + 2 (Gue 6.7~ G §.")

QABc )= nAecDO‘) " %‘j(&:\cgay *Gge S -D)

B B v o b v
R/‘A" ) %% Guoda ™, K. — Tas
¢ _ v': a v
$ - b B _ B
pA}B s Ths - Rgs, = % S,

where a dot denotes c(affmha,hm with respect
+o y /,,,( (;) denot-¢ +he ﬁc&’um Yencor cal culated
jcm Hhe ﬁu—r limen g ool m(/h'tc g,/‘,, and /éﬁac D(A)

denctes the Riennann tensoy c—a/(Cw{GUHA ﬁo-n,, m
Stv-dimenciong l. M&hu })
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The no'n-vaw‘s-/z?% Ricei Tensor componeats
eleven aLimenSIb/zs; are :

_ ¢ 0., ‘.!—z. 610 _ a -2 i b
‘Q,:.v e‘vﬂ)-l—(,‘;J—B;'f %}G;“ -(24—3%4-6“———\2)@“

ab 4>
QRB?-RAO'/-;- Y,5b* ¢al =(L,.gh* ik o |
' (3+5% %) s '(5*5;»**;; AT
pay' = ?‘:’; + é ;b-
Where 9 cued the relotiony ﬁﬂu(}}‘:—?gﬁ“ and,
14:' oot Crpact puotient of S, Ryy (1) =44, from
asove. Thus the final equality in The secend Lne abouve
(s specific fo CH?, and 9 shets cousidaor the 5
f"‘m "o ou , : ’ ‘ cate eﬂ ch
Now owr” vacwwne M—ﬁﬁﬁs ﬁda(/,aa%aéoumadq
 will pot in gansrad he Covariantly conqront cnd the
M—MM ﬁ{,&lﬂ‘ )‘&.e? :‘n%«u n Wéw‘é, via.
fhe Horaya - wittey ,éowula? couditios |

6, ' = -3 k*, ~[7_11
Uvwx /3,_7”_ vZ l”":h. F[uv FWX]

n 'ZIoMgW:“/v-‘dwt on Ve eleve. _MW cort4
60@«#@7,@(&040”& Covart cony ran t o
MC. Howevtsr ul Com e.x/w( )‘ﬂfﬁeﬂo& cesie! Flie
W’W ﬁMoﬂ V7, )‘&4 émoaic Q,)C/&«.s;,‘ongm/lé
hfrecluces é# Lakay Ovrect, gud &Ja,édr\a«’ and Istels
ﬁvm news on wotl Jfo A‘OW order in s expan Sion.
We erpect The relative imporian e of Ve omitreel 4«742/'

hoarmowic Hrnu vo Leetace a.da,.c g au,% Aoue the
- bowadoyres info fhe é«/(é-’ 22




9 asoume that the Lewding fem o it fasmeon e
exPan Siom 4 Fhe enesgy - monatfum Rngay i yv4 e bald
444» e Aforme :
_ 4 C _ . @) '
T =96, Tas=t Glas, =ty
The Coudervation erwvffm, DITIT-_-.O, Hea reducad fo

— ly () : . A .
0" PIT = Q}f *(f—i-fé;b,)t(g?_ 4_%.&(’)-6%*(3)

#’U:“&Wo(:}ﬁ;i z{;::‘v ineledle the Moy col Qergy -rmontnbin
o gege Feld plus Mt
Juasbm coyyecbton.s from, ﬂaw-&erwaw
l”p k””“‘ W7M%‘d‘;"uﬁ&, [T, We note
ZM U, The generating functinel of proper vestice, ey
calculated in a S/ae,cj]qc g asips in e - faveeol
Thaory, and thot varging I wl resedt j/:z;( :u.tu-.q
That artgeontun corvecttd vertions of the closs ccal fielel
of untions, plet Jusstom correctd versivn, of fe
Gauge- fixing conditions, plis guastum copmeted freed
e,fw ]QV Fhe I‘Piﬁos;‘f Maa? ot w;//“a.%
frelds. We sat the FP ghottt auy ony other auxil;
feelds 4o 2ero, and pes oTM-Q Joude Trousforncation, ad 7
Necemary, 7o ém"nf_ the metree baeck Yo the (raecdyian
norival covrdinates arsaty wsd @boce.
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77pe Feontim - Coyrecred E/nSFUN eq s, wtitien for
Conven ieuse n +ha FoTme
2 - L
Kig + & (Tl:r 7 &,
are fhen :

G*r

kL)=

d 2%, , ab . .
a3l a5 (5t -ty ) =0
-I-’:-F GQZ-F 7'2_124,2':
b b? b b

qa t6b e C) @) (
“ ol §(~H 9 -6t + €47 (y) -0

J

3 ORI (3)
+ ‘59. (—-+t () + 3¢ q(,) -t (7)):::0

aheve, The thaeo Etnstecn e—("-“"";? rtdeuce o

. L ——
a

R U vy TP

a. e ot
b . 62 -8 % ,2,409 ¢ 2/ o
b bN" T R *?K{— +Tr—*’9’(' Fe 3470

ﬁn au%n'-mg( Seludion of tepe Rue efua—m?m Settif eq -
w Are Einciecn qw,/&moia&d m;fm roet-
@:'%, *E T 160 ok nst vaniy /‘M‘c,.,u,‘

Cuf Fadie alﬁumaﬂ,y Cta bott é,fas: o7 fhe [owes
g in boty eynd,, and fird That for a thid pine
J—Zmﬂ'y,m =y Spn eboce is not aceepltalle rear
Tht haer scrfocs, So wt chpost Hee Lps Sigay,
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Now we,rcfa—;"" a 10 epwal fle othserved do Sikey
radivy ~ (0% peptd penv Hu inetr swsface while b
‘s /ﬁfo)b be ~ 10770 otres ncar Tl 'WSw#eu(l
Yamﬂﬂfneflu!%c%m&ﬁ%sfwem?‘ |
and condider a ryion whare e tope mf&‘}d[e.

We Jeﬁ‘at C %  The Sun/e?wm‘o-,w
redces fo:

R e

i

daring o region of He (b,e) plons
de |

b 4

T —(zJZ—B)-‘i— ~ —1.8990 =
wheel hag ngd selietteon
< = f-’l-b .{‘,ﬁ(g)'.g"o
J? | b
70 obtuin a Woé,/f/a,e M M;M%(/wa?
»%annww echﬂuvlonnM -%m
#aj estores with o lavge value o B ,
- ,‘z/ :
- mrqm valie of) -%/, depends ou the troy
N el Hee éw’?_cﬂ(ih‘md Yo e fe,
Secrffoce of he Hitcl pine ast Satiskied, but s neer
&u MMMIUS @lsfe,V«Coo.l.el My. |

i/
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Three 7aa,é£faﬁ'.,¢ﬁ1 frent cwasye of s«#ﬂj«‘y e
beundory coud Houa at #lu ouhel Surfoie ane Considdarcd
“ 1 pager, and in Hie cingp bedt of Ftm, Seve
Al ferden of fﬁff&u‘% Pl teni wertt occusr? of 7t

mner swrfoce , vhe reguired velea ff %’ is crownd (0

ﬂpaWﬁ&«oW% SW;/;—«:V ﬂu-‘éwa?
Coudhon) at fut owler scrfare “soreced the load
/mm mnes S‘«.u;wudm owey Sufm
MWW@WW@&%@;@A&M Sl
a9 (O°. i -

valee aé %‘Hq cotld ocewr s &QM;‘»‘CO( ca

seelsSection 2.%. 2 4%&/«7&/ % €ss ence, e y»wr;
wcr baw db . /B)-%9%0 &
/ Z, % (2)"7 holds nty for b B)“"

P

il 2 Wfaw M/bgm'_a_ M ntoS
K9 ’

While fov b ~ <9 <} <(%,)aess/k,,’ e fuicl

2e



m«ﬂ Hlre v < W—ch7wm /\7«80—,,
MOV Flu Naer gwﬂu.);nww,é MTW
it guasbom rigioy, e gresies 7 oA
e euestual classicel Ni)ow wy) bo .

The sedff- consistent ajectors 7 YR

A - Reom 51-R.orp W/ﬁ‘n'&? 3L

| . "
Some details not covered in the fakk, i

/Ud/ft.Ca[a/‘ the ffz"_s of Newton's constrant
ana( ﬂe MSMoZO;[ca{ Cansfa(,z,f, con ée ﬁoutcﬂ

(n the paper a.rXZV:'0704-./476.
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