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Nathan Berkovits
( IFT-UNESP, Sz Puolo )

NB and Tuan Maldecena , ar Xiv:0307.319¢

h Fgrm;om'c T’Jutl;"\,’ éoq' su?ermnporw\a( S\Ib\mf."'f\/,
and ‘H\Q, dMP“‘fng /Ui'SOn 'oo\o connec:{'a'on"



Alc)aY and Maldacena vsed wvariance of Adfgr S5 metre under
T—Juali'l'y to relate Plano.r N:Y =Y sYM amplitudes and Wilson line
Ccorre lq'hon 'Funcﬁq'\s a"' S'trona ‘* Ho.c"’ “"P"‘:\J'

T;‘z (8x™dx_+ 3333) - y*dX"dx _+ ‘i\z;_f_g_ - C';T); (J'i'éi_*éj’dy') 3':-'3-
B.t full AdS,x ss chksrouncl wes net invariant Since T’dua“'f" “Pf‘d

RR RR
F°lz‘sq — F" and mapped @ - P+ Y I°5 Y.

Se amyli"’oae/vdilsoq line relation was on'\, prever m it ?“
where Q‘G(:e.c't's of FRR and (-P can be i’HOVQJ.

vamw\on), Heun'Koro‘nmsL,,Sm’fnov,s-okd’c‘\cv USeJ Per‘f‘wbaﬁvc LOMPu‘f'a'hb'\S
to show that quhar N=Y 9=Y sYMm amplo"f‘uJes and Wilson line corvelation,
(’und’fons Qvre Q\SQ fe.,afeJ a'l' w_e_?_lf 'anoFf COUP'I;\S.

—
s

Qucst.‘“: Can A‘équMalaaceha fQSUH‘ be exfendgd to P’“"“’ QMP],'{-UJC_S
Q'f arb;ff.fy ‘fHooc‘l‘ c_oupl,;ls ?




B\’ fnC'qur.\S boso;ﬁc av\J ‘Fcrm;onic, T’Jva“ﬁés ) }nvarfcmce. OF AJSr Mc'l'Y!'c,
can be CK','CJ\JQ_J ‘l’o fnvar..ancc_ oc Fu“ Aés,xS’ b‘ckjround R

When SUP"sf"."j bacl‘srouné has “abelian” fermionic c;some‘f'ry (i.e. ?z= O))
usual boseate T—Juali'f), has s‘l’ra.'sl.'l’&ward genevalization +o fevarante T- J""‘*f .

Ferm;on'|¢, T‘Juall‘{’y |e.qv;s 9."' anJ b."‘ l;:qu;an‘f bu’f frﬁ'\s'por'mg FR& cha (?

A“’er Percarmn'v\J bosom'c T‘Joqli+7 on ’pour xm Varn.aues anJ Per?ormfnj
fermenic T-duality on eight 0" variables ) the AJS‘*Sf bqr.l(ﬁfoun) is invaranl,

Ignon'ns the issve of polan'zd‘.én. JtpenJence' this up’ains the relation of
Plana( sYM Rmp“\"uae,s and w;,soo\ II.ACS q‘f al’b;"'?.f7 ‘f'"oo‘c‘{' Covp ’l;\§ .

Ferm;om'g T'Jua'.“l"’ Ina.s oHner aPPh.co.‘HOy\s Sucf\ s MG.PP)'ns
SUPe_(s'l'rfnS n ‘qu"’ backsroUnJ to SUPeIS'ﬁ’l.nS th Se,“"'Juql
3Yaviphn+0n bacl(grounc),



R_____ev;ew of B°s°'".f' T—"Dvd-'"", (qu BI:ScA.r) -
Suppese string theary backgreund is invariant under the constant shift

X'-i X ! + C Q.WX' on'y afpgqrs wf‘H\ Jem.va‘h.\/as l.n 56»10. moJe,l.
Sz 8% (gun+ban)dx™ax" Lran = Goan * Do,
= 8% [3,, ax'ox' + 0, 9x'ax" 4 4, Ix"3x'+ ,Qmax""a'x“] lm,-.;n

I Infcju‘fe wf ;', Use 'HM"’ Dlzf'-a.A-K) 4 A= ax'u} Z*5x' for Some K'.
- (A [ g, AR + 9, A3 LA X" B (2R -5A)]
\l’ In‘l’csrafe. ot A and Z



Co.muea'l' B In BusJ\gr Procu)uf& USI;B '\on-compad‘ 7(' Variab/g)
5A-3A-=O I;V\P'lés A: a)(' ond -A = 5)(' 0"17 IF
j; (Ada+Ad3):=Q around all non-trivial cyclgs G

This ts not an issue for genvs zero ampfl"’uac.s whieh

have no non-trivial cyeles .

But on higher qenvs surfaces, T-Jual:'-l'7 s Onl7 a
symmetey if x' 5 a compact variable .

When %' is mm?ad’) 2A- aA’: (o) fmpluis that
Az 9x' and Az0x' where L(Muﬁas) is
the winding number of x' around the cycle C.



Afte, T’éualn'zfns x' ;(")
5= [o% [-é—- %' 3% " + !%_.: W'k e L ax™ax's (4" Q:?:')ax"éx'j

fw\Pl-&s that bac.LS'rouan Filelds thz 3,,"‘* an Hransform ag

: d ) momt
9 ’—L— l :ﬂ———- 0.’ :—in " Qm.‘:om“-c

"G oy T du ' T —3—-_- 301

In‘f’e,s.ra.‘h.on over A and A’ FY°a\’C¢—S‘ a J;u:bt;‘u\ -Fac‘l‘or (Jd' 5\:)_'
which s absov bed 57 +mn$Cormfr\3 the J;IA'l‘on as

q)': | ""il"j Ju .

= Sl.gn l.h ,Q,m' l;npllé.s 'ﬂ\ai' D;r;ckle'f/Neumann Aounéaq C.or\d:‘hOr\S

for %' variable are switched on a D-brane .

Bosgn;( T’AUQ\;{—\, Chﬁﬂg&ﬁ J‘.MCVIS‘(O’\ OP ’D’bl’“nc.



Fermionic T - Dva“""\,

I 5p4ce.+u'n¢,-supersymme"’r,'c, SI:SMQ models (GS, pure S';nw, ‘\ylwcé, ))
Supers rav;+7 bau-,—lc;roum) fields are combimed inte Srqco.‘h'me Su,nrg\'dc)s

Gnu (Y) and 8,,,,(\/) such that the action is

S = Jau [(G,,+8,)2Y" Y+ ]

For Typc. ]I Supcrsrav; ) Y“‘: (xm’e") where m:0 +e 9 ”J},,[{-. 32.

In pua Spp;\or and l\\,Lr'cJ pormq\fsns , oo l'n Ac‘f’c.or\ fndvdcs CAUP'D.'\JS
to fermionic. momenta eand 5he¢+s which are needed for 7van'h-2A+¢6n_

Torsian and curveture constramts imyly that G,w and B,.w can be

expressed in terms of usual SuPer3raVH‘7 flelds  For exaMPIC, hear

tat space, G, : Qe * k:_ (7.19). s B (Y.,G),,(‘(..O),,+ 3
§

!
sfq\n‘h:ac R-R feld sfren,'H‘



SvppoSe l)acksrow\a SVPercve.(Js are anananT under conS+¢4+ \cerrmornc.

shi F"' 6 - 6 o ﬁ 4 6 Onl\, appe.arg Ul+l\ Jenva‘hves n a.c:!"oon
InVafunu, lmPlnes bacltsfownc) has abdna.\ su57 9 sa‘hsﬁrms Gt O

S: 34 (6,,+B,.)0Y"3Y"  [Lux® Gus*Buw
=145 [B,20'30'+ L,,00'8Y"« |, Y"50's LMNa\/'“éy"]

[ Tntegrste out 8. Use that 20-3Q20 % 026" ans B2 36" for st

= |54 8,080+ L, 03" L, 37" A + L,,,2V"57" & (53-30]]




Conncn‘f .

In Space'l'u'v\e SuPeYS\,mme,'f'n'c, Sl:gma "‘°3ds, e' s

Sl‘njlc,-vqlved around any non-trivial <7clc,

(like a noh—comPa.d' x' variable )

S, 20.-2Q :0 imphes Q:20' ad A:=26'

Only IF S (aJ! » aai) 3 O OJ'O\M'\A &Vﬁry nor\-+f;\lid.l
c

C\,q,le, C.

This fs no'l' an l;svc For 30\us 2ero amPH\oJes wluc,t\
have vo non—'f"rivfa.( u,clcs,
Bu‘[‘ on “;3“" 5¢nus SUr&tccs . ‘Ferma'm'tc. TJMI':{",

is not Q S\,Mme."'fy, 1—0 mqke ;f‘ a gymnc{'fy' WOU’J
need to miroduce multivalued fermionic variable o'

sat's A,fnj Q' 9""?‘ when ©' goes around C‘{f-le. C,

?c is & fermionic 2evo mode which would need 1o be

included in the functional intesral [ For JDO.



A'F'hr T‘Jualv.zﬁ\s e' = é",
~L T M ~) = V-4 -Lm 1 3
S« o5 [ 98'58"+ Lun 98'5y" 4 L 938" (Lo gm ) 0¥75Y"]

mels}.s that bac’l{Srouné sulurc\'e(és LM“ = G‘M“* MmN 'l'ranscorm as

S ' _L— v L [ _L,L

Infeﬁra‘h'o»-\ aiee Tarmiente QA and C_L Proaoces o Jacobian pad'or
(Jd’ B“ )-O-I ‘”k'.ck is abSorLLa b‘/ 'f‘ransporm;nj ‘H‘le Jlla’hw\ as

(P': (Q * -{'lo‘, Bn

== S'.?" n Llﬂu 'lMP'lés +het Dim‘c"\'d'//\lcumann I)ot.mdary
conditions £or © varable are h_o_'_" switched on a D'bmne_.

Fermwonic T- Aualc"l'y does not c}mnjc, dimension of D'ang .



To éc,rwe. T’Jual 'f‘7 ‘f‘rans formations o‘F componen+ supwjravff‘7

FudJs ) it s vo.n/ Lonvemcn‘f‘ To use pure spmor pormc(csm as was
JOng b\, Bcn;c‘\ou,po':mS+fo,Troos+ 'For bosoru'c -r'éuq(f'fy,

Decl'nl;\3 C - 8.. le=° , one €inds thet after T-duvalization of 9')

ot o Vo b, @Gy €, S F e E e P

o F' :| to 16 are N=2 4:10 Sfmof indicey

"l' s 4 “f
F‘P S \6:' F 3‘! mn' F z " Yﬂ\ﬂ"'

mapqr

<é‘, G; ) A K;",‘,‘3 ’Pi“r associated with abelian svsy

"

Abelion susy 2 € (), "« (¥, ¢ - YO

Torsion constraints = € (‘6 ) e - € (‘6 ')..«é’ = a C



Usfnj amC = e'(“m)“‘gf_ €: (Y"‘)i'p‘e;’ con eaS\'y check
that transformesd baclcsrouné Felds

! - ) ' ' I O, oy -
gmu'amn, an'bM ,LP=LP+1103 C.&'F '=C‘QF P- e-tep C-l

Sa‘{'\.sp7 SUPQ.IS(Q\/;"'7 gc)uq‘l’a.cmg o@ mo"'c.o-—\ ané a(o..mvar] anT unc}cr

Gbgl;an SDSY &;scrweé by Kl.“uis SP;nor e"g 3:. and e's. €:
. r Ik
&

Note that constant mode of C s unconsfrained since

when B” 1S c_onsfan']‘,

[& B, 20'3€" = J&& L8, [ale'5e)-3(6'20")] =0

Aswme,s ‘H\o.+ chace +0.Vms can be gnoﬂ.c’



EXQMP'& l: d:Yq Minkowsk: + Calab; *Yau 3'@014

US'Mj é:'{ hybna cormah}»«} sismq mqu,, in ‘H‘ll.s 7—7’7¢ E Inck}rwml ;5
S-: jéte [ax‘a'—aﬁx“-‘- P‘se‘ + ﬁ‘ 1=l piieﬂ i;.?éaJ + S
e cy

Clnoose, “c,l"n'ra\” VCP(&SCA+&+;°’\ uhere, ?“: ')?3. omJ é\‘: 535‘, !a,i",?..)
Te T-duabze 6‘ ond 6.) odd the trivial surface tevrm
S » S+ jali C’ab (3'9‘5 éb- 39‘36;‘) where C“'-:Cb“fs conslen.

After T-dualization of €7 and 9‘) ab
S = §a% [31(‘-.3;(“‘* Pjﬁ‘,ﬁ.&§"+ Pase‘*'r}‘ag."(c-') P‘ﬁi] N Sf-v

This 15 action for selé-dual 3mv:P)uo"’ov\ bo:,Lsrouné with F*: &Y (C")‘_‘

US;J " +opolo5l‘w.l ’fﬂ;\Js and ‘For h0n°¢n+i‘COM“w+Q+l.Ve #wrio,s (Oo)w;f‘/a‘u)
Scibcr,

On l‘i;’Ler 3wus Suvpa.uS, CIQ"’ “J Sel""ada.' gravaAo‘{'ou\ bad(yrounas

are no'l' e,quﬁ/ax[ud because O‘P ex‘fra -anm'om'c aero moée.s 6:. ;



Exam Ple 2. Ad S¢* S$ backerUnJ
AJS;&SS 5;5*\0. V'\OAJ is C—DnS"'fUc‘l'cé ‘From M€+s“v-’r$¢7ﬂl;\ currud‘s
TA:z (a'0a)® ad T = (4734) A= (e,
L 9 39 c:0 49, (¢2):14 16
where 9 (X,G) takes values in AéS‘*Sg wset Psu(z,2iv)

_ Sol,1)=S0(S) °
S = [o% (6,tBn )Y 3 Y"
= o vy [T T (o) (35F-57T7))
Action s invarianl under slobal PsU(2,214) isometries Sﬁ ;8 3 )

Can choose Pafamc.'l'rl‘zo.'h&m of 9 such thal four Fransletions
Pm (M:O to 3) and e;jkf d\irg, $'JX\,‘$ q‘S (a:l -l»'.z'j.,' + \') ot as

Xn =) *m + c-‘ OV\J e"’ =B e‘J E s‘j wl‘"c (Cu,ﬁ‘j) ove CO’IS-’.Q".,-S.
Sl;\Ct 'H\eSc, Sl'h‘{’ |.S°m0-+ﬂa5 lcaw. action ;nv‘.r;anf,

can T’éda‘c.zg xm and 6"’ VM’I;L'GS.



After T-dualizing fevr X variables, AISy metrc. is invariant since.

3 3 t 2 r‘ LI "we
Fass (9™ V) o L gamdr, « Tyl | Tass (337 x(4y)')
._4_;3 (d‘ an* (a’) ) ':‘S - -—‘Ji“ ( " )t D )

' ""—';i:‘:} Kallosl;‘.)
B‘ft R'R ‘F;f.u '$+f¢ns‘H\ av\J J;Lh.\ Cl\gnsg_ as I‘a - T "'Tny "
e'( F.; - (K.‘;,"\""» e"'F"F: (‘x.)d’

QQ z constant —> Q' z constant + 4 I‘J =

I¢ one now T-o‘uc.],‘les e‘.SH_ 6&5 Vav;ablcs, - -pu'an
3':“ - %'Mn - gmn ) ‘-e" s \p"‘ Y l‘, u s ‘—‘ﬂsflod" X i
g""F".; s e,"'.l:"6 - e*e; C" = (i‘q)"- [(mt,,“) ("}Q)J d =(xont'l .'
Se AdS > ss ba.e‘:,rovm) is nvarianT (o amplitudes on sphere or dise).

> Aquy-MalJacena method relates planar sYM amplitudes and
W;\s... linc ural.:l’ on ‘cvnc‘l’fm\ af Qrb‘d'rcf’ 't Hoo‘f Coupltzs

vp to a po’an'za'l'nin 'dopmdm‘f factor,



W hen Qc{'lns on [-dualized variables (K...,G ) onsmal PSU(Z ZI‘{)
+van$'€orma+:0ns Pm qna ¢1 beco»u. 'l’ruvml and con('ormal m\J

chiral su?"”"&f"‘ﬁ‘ boosts K™ and 4 ~ become nonvlom(.

P qa; K™ ¥ D 3l 3% M. R!

[ . l Y
trivial non-local >< [
o . 3
M

~ = _
Pu 1 ' K Saj -D 3, si wn R

Yaes
am—
k

Dilatation D changes $1'§-\ since '3'=
Iv\ 'I'(fms 0'( T’dV‘ll.Zta VAfm.Llcs) qngw" &\J&l sVrCfCOP\pormg( +mng€;

ore (ﬁ S‘J ) "0l dual $upefum€ormal trans fs

form supergrovp SU(Z) sul2ly). Duel svrcrwné. grovp WAas
SiM!l H’anCoUSly FOV'\J 67 DVUMMMJ, Hun. Kor(_kwsky , Sak‘{’gkgv'



COM'JUS;OV\S

e SuPers{'n'f\J Lacksro\)na wl"H\. Ab&l;av\ 5urers7mmg+(7 ;S re'q.‘l'cJ
b\' {'e.\rwu.om'c, T—Jval;‘"w, 'fo a S\Jrcrs'l’r;n‘s bad;srouno‘ w»'H‘ 'F)&lés

%'.“n: 3!!»\ ) b:nn: bu\n, (P,: Le "";:105 C ) CQ'F"F 4 C*F"- e‘e; C-'
(é*,és) Is K-'":rij Srl'qo( :q-h's&,.'.«.} e (T""LI‘GF“' 62(1“)2?€§ .0
€ (’(..L,e’ - e“(*&_)ae? = 3.C

® l:of 3..;”(;'(‘{{#\3 't'ree GMP(H'UJL;) T—JUoJ ba¢l<3munc4 is eauivalu\f
to or'ia'hna\ buckground,

o Under F""""’“"“ T'JU"‘I'.{"[, d=Y M;n‘uwsl&i Aacks roum) Is M‘\fftJ
+o sel€-dval amv’.Pko"’en backjfoUnJ.

0 AJS;*S; bacl(afou'\J ts vnappea‘ to i1tsel £ after ﬁéuqln}_,}\j
x™ (m:=0 $. 3) and 0% (a:l+ 2, j: 149 )



Applications of fermivnic T-duality

. Explm'ns " dual svfcrmﬂrml 570-.«.“'(7 " of Pgrfvrbd'o'vc.

n z " d=Y s Ofti -YM Q»‘Pll‘.'l‘uJes ‘(M by Dr«unonj, Hemt, Korc‘mn}k\’ ,
Se kd’cl\tv.

o Relates non-local conserved currents of AdS = S* Siyme mode!

with dual superconformal generaters ( Ricei , Tseytin, Wolf )
Beliu‘f.Rl.cci ,—rsgr‘flb'\ ,WO"F

e Except for unveselved issve of polarizafién dependence , extends

to arb'|+rar7 *t Heoft “VPI'."‘S The AUQY-MAIJO.CW rm€ whieh
Yela’l’cs P(Mﬂr 7’1'»“( =+ $v’¢f-YM “PI'M“ ..\J w.bo., II;N..

correlation 'Fvnt.'l'l'm\s .



eoss'u ble Lotore QPPI ications

@ USC ‘Fc(mu;m'c_ —r’JUa'l"l'v, 1o sfuay non-an‘}?.commu‘f'a‘h\.le_ s‘('ruc.‘{'ulg
of sel€-dual "a‘rqupko'(’on Badcarouncl.

= Chu:l: l'n\mr'mnce_ oc o'H\cr Ac)S Supcrsfrl'ry bacl:srouan \MJ&

Cambination of bosonic and fermionic T-dualities .

4 USc '(:erm-'onh, —r—éua.l;'k, to enlarse_ U'éuqlﬁl'\, 3roup e'F
Svpcrgfav;'l’y \urJtJ rounds to a U 'JU¢J;"’7 sopu:’rovp,

o Tf E,./€, modedls of Nislai etal/uest ctal covld be extended
to supergreup models y Ferminic supergcavity fields m‘u,kl‘ be
related +o Fermionic gueraters just as bosonic SUPugmvH'7
£1elds have been related to bosonic generators of E,o/E, .






