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1. INTRODUCTION

* CHERN-§IMONS  (cS) SUPERGRAVITIES :  ALVERNATIVE
TO STANDARD SUPERGRAVITIES
TRONCOSO 5 ZANELL] 4998 ; ZANEWL 2005 , 2042

o SUPERSYMMETRY 1S REAUZED AS A GAUGE SYMMETRY
PART OF A GAUGE SUPERGROUP G , UNDER WHICH
THE CS LAGRANGIAN  [S INVARIANT UP TO TOTAL DER.

THE SUPERALGEBRA  CLOSES OFF-SHELL BY CONSTRUCTION

o G CONTAINS  (ANTI)-DE SITTER SUPERALGEBRA =
TRANSLATION  INVARIANT ~ THEDRY , NO DIMENSIONAL  COUPLING CONST,
GROLP CONTRACTION —>  POINCARE  SUPERALGEBRA

o B0TH TEATURES (0L BE RELEVANT FOR  QUANTIZATION



ND MATCHING (OF BOSONIC AND FERMIONIC  D.OF
IN  SUPERSYMM. CS THEDRIES .

IN  STANDARD SUPERSYMM THEORIES THE MATCHING
RESULTS  FROM TwD ASSUMPTIONS

* SPACETIME SYHMEIRY — PO\NCI\RF:

o FIELDS N VECTOR MNULTIPLET UNDER CySYy

HERE: o AdS SYNHETRY
o ALL FIELDS ARE PART OF A CONNECTION
—> QELONG TO ADIDINT REP. OF A
SUPERALGEBRA



o (S (SUPER)GRAVITIES  EXIST ONLY IN 0ODD DIM.
D=9Im-1

o (ONTAW: - THE VUSUAL EINSTEIN-HILBERT TERM AND ITS SUPERSYMH.
- A COSMDLOGICAL TERM  AND \TS SUPERSYMM, i
- HIGKER POWERS OF THE CURVATURE 2-FORM (v To R )

o CS GRAVITIES ARE PARTICULAR  EXAMPLES OF LOVELOCK GRAVITIES
\WITH KT MOST SECOND ORDER  FIEWD EQS. FOR THE METRIC
(LVELOCK  19%)

IN THIS TALK : NONCOMMUTATIVE  EXTENSION OF D=1
CS SUPERGRAVITY

LC., hep-th/ 13051566 (THEP)

NC CHERN-SIMONS ¢ A.H. CHAMSEDDINE, J. FROHLICH (139V)
S. CACQRTORY, L.MARTYCC! (1002)



WHY NC  CHERN-SIMONS  (QPERGRAVITIES ¢

—  [SUAL MOTINNT\ONS o ENCODE QUANTUN EFFECTS |N
CTRUCTURE  OF SPACETINE | OBTAIN HIGHER DER
EXTENSIONS  0F  GRAATY (= CaswoLogy ) | ...

— RALSO @ BREAK TRANSLATION INVARIANCE
(Y DIMENSIONFUL)  VITHOUT GRoUP CONTRACTION 2

— NOTE * D=5 CS SUPERGRAUY |S A GRUGE
THEORY QF THE SUPERGROUP  SU(2,2)N)
TS NC DEFORMATION  REQUIRES N=y4
SUPERSYMMETRIES —> RELATION wiTH A4S /CFT?,



2. NONCOMMUTATIVE  FIELD THEORIES

TO ENCODE OQUANTUN PROPERTIES IN THE TEXTURE

[xt, x'] = 9P
OF SPACETIME

FIELD THEORIES ON NC SPACETIME  REFORMULATED AS
WITH =+ —> %  (STAR PRODUCT)

FIELD TH.S ON DRDINARY SPACETIME
(RAVITY) NEED A DEFDRMED

FOR GEOMETRICAL  ACTIONS
EXTERIOR PRODUCT A —> Ay

' B
= TAT + 9
VECTOR FIELDS

BASED ON A TW\ST DEFINED BY COMMUTING
= LE DERIVATIVE ALONG X

=

Y.XI\)XB-.\ =0 )




3. VIERBEIN  GRAVITY  COUPLED TO FERMIONS

§ = [R[RAVAV G - (20 -9 38) nVaVaY s ]

« USUAL EINSTEIN - HILRERT ACTION (QUPLED TO SPIN %/3 FERMIONS

R = 40 - QaQ, Dp=dy-Q Y
= iw xak \/ = \/aﬁm




3. VIERBEIN  GRAVITY  CQUPLED TO FERMIONS

S = [R[RAVAVER - (D¢ -9 DF)AVNVAV Y ]

« USUAL EINSTEIN - HIWBERT ACTION  (OUPLED TO SPIN /3 FERMIONS

R = 40 - QaQ, DY=dy-Q ¢
9_— iw K"L \/ = VaKo-

» TAKING THE Tr OVER SPINOR INDICES —>

C = ggahvkv Cad 1 (FD9- DR y) e VIV e g

R® = bR\mh PBY T
c\w b AR

(USE T“ (Y&LY&B = —llLG,‘L,CA, v fabe = LE ghed X%(s)



C = [R[RAVAV G - (DY -9 DR VAV Y s ]

« USUAL EINSTEIN - HILBERT ACTION (OUPLED TO SPIN %2 FERMIONS
R=40- QnQ, DY=dy-Q ¢
Q= iw Yo vV = Vaz&

o SYMMETRIES -

— DIFF. INVARIANCE
_ LORENTZ GAUGE Y. : 8.0 =de-Qe+eQ = §R=-Re +¢R

0V = -Ne+reV
[861)561] = gzet €€, 86\“! = € Q{ ) SGQe =-¢ €
£ = %}&“LKU},

DUE TO : CYQLCITY OF Tn
MmDLe ,y; =0



3. NC VIERBEIN GRAVITY COUPLED TO FERMIONS (1000

§ = [R[RAVAV (g - (904 - 9:DF) mVnVnY s ]

e NC EINSTEIN - HILBERT ACTION (QOUPLED TO SPIN %3 FERMIONS

R = 4Q - Q)

Q= £w“"xd, il + oy

4
e SYMMETRIES -

-~ DIFF. INVARIANCE

— LORENTZ GAUGE INV. :

[ 861 : 867_] = gequel- € k€,

:.DL\)E dkP— Qxy
vV = VaK.,"' VGXGXS

geﬂ = de -Qxe+ exQl = §.R=-Ree + xR

0cV =  -Vxe + exV

de = exh) 00 =-Vxe

€ = %&“”@, tied+ Eyg

E To: CYCUCTY OF Th, GRADED CyclCiTY OF
mpLe Y1 =0



L. GEDMETRICAL SEIRERG-WITTEN HMAP FOR ABELIAN TWICTS

* RELATES NC GAUGE FIELD O TO ORDINARY (CLASSICAL) ()
AND NC GPUGE PARAMETER € TO & AND Q. SO THAT

_(Al(ﬂ) + %gﬁ(ﬂ) - Q(a+8Q)

3.0 = de-Qe+e Ty . OROINARY Groee TR OF 0
/ggﬁ = de - Qxe+ exQ INDUCE  X-GAUGE TR. of CL

« CAN Bf COWVED ORDER BY ORDER N ©

Q = Q+ Q)+ Q@+ -
e = € + e'le, )+ (e, Q)+



e RECORSIVE  SDLOTION & ¢ mscriert , Lo (2010)
Qu\-l-i _ _'L_ 6!\3 {ﬁﬁflsﬁ -l-/RB}M

AB A ) |8
e™ — L §{a,) LE ) [GENERAURE  OLKER 2008 )

S [a] —— S[Q,8]= Slal+Sla Sl
\ N T

INVARIANT UNDER INVARIANT UNDER
K-GAUGE TR. ON Q) DRDINARY  GAUGE TR.ON Q)

> CLAGICAL FIEDS (No PROUFERATION|

» |NO U\D\/N\\TP\G\ZS \—> ORDINARY GAUGE SYMMETRY (e.g. LDRENTi‘)



* EXAMPLE : MC \/\ERE}EH\I GRA\{[TY P.ASCHIERI , LC, M. DINTRRQEVC

(2012)
E. DI GREZIA, G. ESPOSITO,
M. FIGUDUA , P. ITALE (2012

SNC [Vle = S[V)Q] T Sii\/.ﬂ] u SI[V,_QK o

N * ("
VOV W, B Ve W = ’K /

X - LORENTZ INVARIANT LORENTZ  JNVARIANT
(1 EXTRA  GENERATORS)

o RESULT
¢t =0

1 1 1 aeoa | o o . =
S . 56'489FD/_§((R('“bRL)1R¢f).4B . §Rt(!D(Rde)AB)"”" h(-fubrd()'g; + 5,.,_,,,,()“;)

+ (Q(L(__R(QLDR(b)AB‘-(‘ 'd - (R‘bR(d)_‘BL("‘. (-LD"’.(.
— 8RYRY-LgV LpV’ —4R®(LALcV ©)(LgLpV *))€abea -



5. CHERN- SIMONS  LAGRANGIANS

2m-1
S l—(CmS) : Im-1 FORM CONTAINING €, R

2m 1) - T, ( R ) &— GAUGE INVARIANT

o THUS @ dedly = A(‘S;Lcs) = 0

:> SGLCS — &D( <Q)R)€> LOCALLY

- gechg = 0 FOR APPROPRIATE BDY COND.

= THE CS ACTION [Les IS GAUGE INVARIANT



(Zm-i)

e A TORMULA FOR Lo

1
L(éz—i) = [t Sh[QR+ana)"™] &

o)

o bweEs [0 = Sh[Ra+ A7

tsc)s e [RQ+4RQ° z ol

(F _ 3 ,
Les = ShIRD+ IR+ LROTRA+LRQ" L0 ]

e Tooarx 4 = ST(R)

USE d4Q = R+Q* (DEF. OF R )
dR = QR-RQ  (BIANCH| IDENTITY)



* R FORMULA FOR 8.l

) Lcs = d (’&e Lcs)

€

\HERE 3“' IS A CONTRACTION ACTING SELECTIVELY ON ()
aeﬂ =€ , ﬁéR‘—' 0

WITH A GRADED LEIBNIZ RULE
ag (ﬂm: &e(@ﬂ‘ Qaecﬂ) = € -Qle

» LXAMPLE : .
L = Sh[RQ+iRQ - %Qﬂgl

86@5 = STn,[Rze + %R(eﬂz-.(leﬂ +.Cfe> + -i-eﬂ“]



6. NONCOMMUTATIVE CS ACTIONS

THE PRECEDING DISCUSSION  HOLDS FOR A GENERIC
QUPERGROUP  CONNECTION €L, AND RELIES DNLY ON THE
(GRADED) Cycuaity OF S

\T CAN BE APPLIED TO THE - DETDRMED CASE,
Wity ONE  CAVERT @ THE ST 1€ NOT CYCUC FOR
TY\STED PRODUCTS . WHAT 1S (GRADED) cycuC 1S
THE INTEGRATED SUPERTRACE

gSTn (tag') = ™M@ gng [T'AyT) + BDY TERMS

e THIS & SUTF\CIENT TO PROVE THE - GAUGE INVARIANCE OF
THE NC CHERN- SIMONS ACTION

f l-cs*
OBIAINED BY REPLACNG EXT PRODUCTS N — Ay



o INDEED THE VARWTION FORMULA O .l = d(gelcs)
HOWDS  UNDER INTEGRRTION  AWO IN THE >k- CASE

56* gLCS* = gd(ael-cg*) = 0 FOR  SUITABLE

BDY CQOND.

WITH
569_ = c}\e-_Qxe +ex() = 5:R= —R*e+exR

e EXAMPLE : THE D=5 N(C CHERN- GIMONS ACTION
(% = [SRIRMRAQ* 1R OMANQ s & O QA Ana0)]

\S %- GRUGE  INVARIANT .



7 D=5 NC CHERN-SIMONS  SOPERGRAVITY

o RELEVANT  SUPERGROUP  SU(2.2|N)

(GROUP GEQMETRIC CONSTRUCTION OF STANDARD D=5 G
SEE FOR EX. LC, D'RURW, RE)

o NL FIEDS CONTAINED (N THE SUPER(DNNECTION

« e( B

ﬂ = (Szi& \Pa ) :.(,,apai.?-’ Nlt

CWs A‘a o,b :4,..5
X A «b _ Ly L ‘. = _'*i ‘ + q
be— Eanh ‘ZVK&-I-EEﬂ’ JA\?S N,DSK 0.2(

o TIE D=5 GAMMA MATRICES (oo sb RAND THE DENTTTY 4
AN A bxy REP. OF THE  U(2,2) DE AGERRA



ab

w .
a 1) 0t SUN) ~ GAUGE
[ Br\(umz 0 GRUGE % THE
b | FEmS FIELDS N SUPERSYMY.

+ THE NC (ONNECTION (OINCIDES WITH THE COMMUTATIVE ONE,

NO EXTRR FIELDS ARE NEEDED  RECALSE Y,,Y(., 4 SPAN A
COMPLETE BASIS FOR  Lxk MATRICES .

o THE CORRESPONDING  CORVATURE  2-FORM IS

R=0-0nd = (ijw by
_Zb FL,A + CPLI\* \[)a




with

1 ; i
=dQ —QA, Q=[-R®,, — =R, + —rI
R 4Ra7b 2R’7 +4’I‘

Ej=dwj—QA*wj—wk/\*AkjED’(/)j

¥ =dvt — A Q— AN A R = Dy
T i i k
F'o=dA', — A A, AR,

Immediate algebra yields the components of the U(2,2) curvature R:

R™ dw“b—%wc[“/\ Wbl + 2vl"/\ &

i g (WA, VE+VEA, w) — jl;(wab A b+bA, w™)
R =dV*® - %(wa,,/\ VP VP AL W)

b2 A% = Z(VEAD DAL V)
r=db—%w“b/\*wab—iva/\*Va—Zb/\*b




x-S0(2,2|N) GAUGE TRANSTORMATIONS

X - GP\OGE A\..GEBRA . [Sel)gcj - 8&31*61-61* €,
X €”, g k)
e

LT

THE - CAUGE  VARWTIONS ON THE Block EnNTRIES oF ()

§O = de - Q*g+&*ﬂ+t\)xe‘+e xCP"'
S R A
a ) i v Uk >k€ et *\p]
NB &b )6 ONTAINED  BoTh N SQ AND SA; 5 UNDER V(W)
N> fb=dertler] oW, b= de+ & [exb]



= NC DEFORMATION OF CHERN-SIMONS D=5 SUPERGRAVITY EXISTS
ONLY FOR N=1

IN THIS CASE THE SUPERGROUP  SU(2,2]N) 1S NOT SIMPLE

AND THE U@ GRAUGED RY THE L TFIELD DBDEOMES
N CENTRAL EXTENSION



THE x- ACTION

CURBSTITUTING R AND () INTO THE C< ACT\ON

[ - [SHIRAR AL (RALA AL § Do P

NEDS
gl‘(?s - (me) t Lyt LFERM\

EH-TERM (OSM. TERM
J— Y i X3 A x5
Lucm) = T [RnaRny O+ 7 N AL e {'O-Q ]

\_‘\ = —TQ[FA*FA*A + %n,/\*g + 5_4_—_01\*5]

[l

\-FERM\ %WM(RI\*Z‘\'ZI\*F)'F %E’\x(P\’\x\P"’ \P’\xF)

DAY N (U nsgZ + fl\*\p)



8. CONCLUSIONS
o CONSTRUCTED A NONCOMM. VERHION OF CHERN- SIMONS

CUPERGRAVITY N D=5 . THE THEORY 1§ INVARIANT
\UNDER THE - GAUGE TRANSFORMATIONS OF THE SUPERGRIDP

CU(2,21y)
THESE INCLUDE THE L k- SUPERSYMMETRIES

e IN PROGRESS :  SW - MAP AND @ - EXPANSION
OF (1=



Thank you !



