Supergravitgz Finite after all?
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Ultraviolet Divc:rgences N Gravitg
® Simple power counting N gravitg and suPergravitH
theories leads to a naive degree of divergence

A= (D—2)L+2

in D sPacetime dimensions. So, for D=4, 1. =3, one

expects A =8 . In dimensional regularization) onl9

1

logarithmic Aivergences are seen ( — oles, e=D—4),
E

sO 8 powers omc momentum woulcl I’wave to come out onto

the external lines of such a diagram.



o Local suPersgmmetry implies that the pure curvature
Part of such a D=4 §~lool:> clivergent structure must be

Deser, Kay & K.5.5

built from the square of the Bel-Robinson tensor
9
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o Thisis clirectlg related to the of? corrections in the
5ul:>erstri ng effective action, except that in the stri ng
context such contributions occur with finite coefficients.
The question remains whether such string theorg

contributions clevelop Poles in (o))" as one takes the
zero~s|ol:>e limit o/ — 0 and how this bears on the

ultraviolet Properties of the Corresponcling field theoxy.



* Tl’lé COHSCCIUCI’]CCS O]C suPersgmmetrg ]COF t]"IC ultraviolet

structure are not restrictecl, however, siml:) Yy to the
requirement that counterterms be 5uper59mmetric

invariants.

o There exist more Powem[ul “non-renormalization

theorems)” the most famous of which excludes infinite

renormalization within D=4, N=] supersymmetry of chiral

invariants, given in N=| superspace bﬂ integrals over half

the superspace:

/dzeW((l)(x,G,é)) Gyt



o The strength of a given supersymmetric non-renormalization

theorem clepenc]s on the extent of inear!g realizable, @5

“oftf-shell” supersymmetrg. This is the extent of
suPersgmmetry for which the algebra can close without use

of the equations of motion.

* Knowing the extent of this off-shell supersymmetry IS trickg,

and may involve formulations (e.g. harmonic suPersPace)

with infinite numbers of auxiliarg fields.

+ For maximal N=4 SuPer Yang—-Mi ls and maximal N=8

suPergravitg, the linearlg realizable supersymmetry has been
known since the 80’s to be at least half the full
supers‘gmmetr‘g of the theorg. .



o The |<69 Point about the non-renormalization theorems is

that a”owecl counterterms have to be written as Fu” d*Me

superspace integrals for the Iinearlg realized M-extended
supersymmety, where the integrancls must be written

using a clear|9 defined set of basic ob?ects) and where the
=/

integratecl counterterms have to satis‘cg all app icable

gauge sgmmctries ancl also must be loca”g constructecl

(i.e. written without such operators as e 3F

* S0, 1in D=4, N=] supersymmetry, full su perspace integrals

like /d4Xd49f(¢><T’) (or “D terms”) are allowed, but chiral
integrals like / d*xd*0g(9) (or “F terms”) are not.
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° The ‘Cu” extent o{: at

be non-linear, a

neory’s supersymmetry, even thoug}w it

may so restricts the infinities since the
leading counterterms have to be invariant under the original

unrenormalizecl sul:)ersgmmetrg trans?ormations.

Flows, Ka955'& Townsend

Assuming that 74 suPersgmmetrg IS Iinearly realizable and
rec]uiring gauge and supersymmetry invariances, one derives

Preclictions for the first Aivergent loop orders in maximal (N=4
& 16 supercharge) SYM and (N=8 « 32 sc.) SUGRA.:

Max. SYM first divcrgences, B, Een 3 7 6 5 A
assuming half susy off-shell Loop order L il 1 2 3 4 00

(8 sul:)erch arges) Gen. form QAR  CRSSSGe R bt e e
Max. SUGRA first clivergencesj B on e el 10 R 7 e el
assuming half susy off-shell Loop order L ) 1 il 2 2 24553
(16 superch arges) Gen. form AURE LIS SRTEGR R O e s R




Unitarity—-—based calculations

Bern X o Dunbar) Kosower, Perelstein) Rozowskg et al.

» Within the last clccade, there have been signhqcant

|

advances in the comPutation of |ooP corrections in

quantum ﬁeld theorg.

o These cievelol:)ments include the organization of
amplitucles into a new kind of Perturbation theorg
starting with maximal helicitg Violating amplitucles (MHV)

then next-to-MHV (NMHV), efc.

* Tl’weg also incorporate a SPeciﬁc use of dimensional
regularization together with a clever use of unitarity

cutts ng rules.



* Norma”gj one thinks of unitarity relations such as the

oPtical theorem as giving information onlg about the

imaginarg Parts of amplituc

orders in an exl:)ansion N €

es. However, if one keeps all

— 4D then lool:) integrals

like / =t p rec]uire integrancls to have an additional

momentum clepenclcnce f(s)—f (S)S_g/ ? where s is a

momentum invariant. Then,

and In(s) = In(|s|) + in®(s) , one can learn about the rea

since s %2 =1—(g/2)In(s) +...

Parts of an amplitude bﬂ retaining imaginarg terms at

order v

o This gives rise to a Procedure for the cut construction of

highe:ulool:) cliagrams.



+ Another keg element in the unitaritg—-—based analgsis of

amplitudes is the Passarino-Veltman Procedure for the

reduction of f:egnman‘-ciiagram propagators, replacing
numerator factors like 2k p where p* =0 bﬂ (k—Fp)2 =l

and then Canceling correspon&ing denominators.

+ This Proceclure G Hield 2 varietg of resulting irreducible

conﬁgurations in the reduced cliagram) inclucling boxes,

triangles and bubbles.

B S
% 8
* lmPortant 5imP|iﬁca‘cions occur iF one can show there are

ultimatelg no bubbles or triangles in the reduced
ampli‘cucﬂe.
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* For maximal supergravitg amplitudcs) another speciﬁc

relation al owing amp itudes to be evaluated is the Kawai-

| ewellen-Tai relation

between open- and closec —-string

amplitucles. This gives rise to tree-level relations between

max. SUGRA and max. SYM ﬁelclﬁc]’weorg aml:>|i‘tu<:lesJ e.g.

LS R e ISR,

SRl (e as A0

* Combining this with unitaritg-baseci calculations, in which

all amplitudcs are ultimately reduced to integrals of

1

sroducts of tree amplitucles, one

nas a way to obtain

ﬂigheﬁloop sul:)ergravitg amplitudes from SYM

amplitudes.

1



* Inthis way, a ditferent set of anticipatecl first looP

orders for ultraviolet cli\/ergences has arisen from the

unitaritg~basecl aPProach:

Max. SYM first clivergences,
unitaritg—-basecl Preclictions

Max. SUGRA first
divergencesj unitarity-

based Preclictions

o These anticipations are based on iterated Z~Partic|e

Dimension D

10

Loop order L

Gen. form O A e s B E O T P B fiviite
Dimension D 11 10 8 i § 5) 4
Loop order L 2 1 1 2 3 4 5
Gen. form OO R PR AR R R e R R | R

cuts, however. Full calculations can reveal different

behavior.
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+ The main recent development is the comPletion of the §~loop

Bern, Carrasco, Dixon, Johansson, Kosower & Roiban.

calculation:
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7S Diagrams (a~g) can be evaluated using iterated two-Particle

cuts, but cliagrams (h) & () cannot. The result is finite at |
in D=4, but the surl:)rize is that the finite parts have an

b

=

unexPectecl SIX powers omc momentum that cemeobonto the

external lines: a 9°R? leacling etHective action correction.

b



Counterterm counterattack
o The §~|ool:> N=8 supergravitg calculation is a remarkable tour

de force, but does it indicate that there are “miracles” that

cannot be unclerstoocl From non~renorma|ization theorems?

+ All known SYM clivergences in the various dimensions D can

be understood using non-renormalization theorems.

* Recentl9 it has been realized that N=4 SYM can be
quantizecl with 9=8+1 oft-shell supersgmmetries, at the Price

of manifest

o A similar:

7=

INg

“Oormu

6+1 of

—shel

_orentz invariance.

Baulieu, Berkovits) Bossard & Martin

ation for maximal suPergravitg exists with

sul:)ersgmmetries = Preliminarg

ications are that a related construction is |i|<e|9 to rule

Bossard, Howe & K.5.5

out the =%, D=4 counterterm. H



* Moreover, the no—-triangle Propertg for the

the Passarino-Veltman graplq reduction pro

Kallosh
end result of

cedure has

been 5hown to Fo”ow direct Yy From N=8 sul:)ersymmetrg at

one looP for the non-local etrective action. This argument

follows closelg the known local structure of supersgmmetric

ultraviolet counterterms.

Ka”osh; HMowe . S 566 Townsend

+ This result can be read two ways: either as an indication o

1

.t
.t

may {:O”OW From maximal suPersgmmetrg on

l

ne Vali&itg of the no~triang|e h3 Pothesisj or as a warning

hat the simple bo><~on|9 form of the reduced diagrams

Huptoa

imited loop order, similar to the ostensible -

the non-renormalization theorems.

(nite reach of
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* To date, these ques’cions remain unresolved. But, in a
venerable tradition of marking Points to be settled in

Phgsics, bets have been taken, for bottles of wine.

Which will be the Pagog?

E'Hilf‘e d’Aoste

or
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