Noncommutative OSp(4|2) SUGRA

Dragoljub Goé&anin'
1 Faculty of Physics, University of Belgrade, Studentski Trg 12-16, 11000 Belgrade, Serbia

D. Goéanin & V. Radovanovi¢, “Canonical Deformation of N = 2 AdS,; SUGRA”
arXiv:1909.01069.

13 September 2019, MPHYS10 Belgrade

UNIVERSITY

BELGRADE

Dragoljub Goc¢anin Noncommutative OSp(4|2) SUGRA



Deformation quantization

Deformation quantization (phase space quantum mechanics). Classical system
(M, w, H) is deformed by imposing noncommutative (NC) geometry on its phase
space ; x-product deformation of commutative algebra C>°(M).

NC Field Theory - field theory on NC-deformed space-time. Introduce an abstract

algebra of coordinates
[xH, &7 = iCH (X) .

Canonical (or §-constant) deformation,
(X, %] = i0" ~ N3
with constant deformation parameters 0+ = —@#.

For canonical noncommutativity, we use the Moyal x-product,

A i v_98 _8
(Fx9)(x) = €2 37 7 £(x)g(y)ly—x -

The leading term is the commutative point-wise multiplication, and the higher
order terms represent (non-classical) NC corrections.
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NC gauge field theory

Let {Ta} satisfy some Lie algebra relations [Ty, Tg] = ifABC Tc. Closure rule holds
[6cy,0cp] = O ifeq,eal -
If NC gauge parameter A is supposed to be Lie algebra-valued, A(x) = AA(x) T, then,
for some generic NC field ¥ from the fund. rep.
[5; ’,(55]@ = (7\1 */A\g 7/A\2*/A\1)*\T/
1 /aa. ~ AA LR TS -
= 5 (A £ AZH(Ta, To} + (AT 5 AT, Tal ) # & = ig x 0 = 030
NC closure rule
—ilA3Ag]
consistently generalizes its commutative counterpart.
Universal enveloping algebra (UEA) approach ; infinite number of dofs.
Seiberg-Witten (SW) map ; induced NC transformations,

oA Vu = Vu(vu +0e V) — VM(VH) :
SW map between NC and classical fields :

(5, 1 83,0 ="

- 1
Re=e= 2077{Vp, 05c} + o(6?),

N 1
VH = V,_L — ZGP"{VP,&, V,u + Fo,u} + 0(62) .
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AdS algebra

AdS algebra so0(2, 3) has ten generators Mag = —Mpga (A,B=0,1,2,3,5)

[Mag, Mcp] = i(napMsc + nscMap — nacMep — neoMac)

nas = (+, —, —, —, +). Split the generators into six AdS rotations M, and four AdS
translations Mg (a,b = 0,1, 2, 3) to obtain

[Mas, Mps] = —iMap
[Map, Mcs] = i(npeMas — nacMps)
[Mab, Mcd] = i(madMbe + MbcMag — nacMpa — 1baMac)

Introduce M g 1= My and Pa := I~ "Mas = aMas, where / is AdS radius and o = /=1

[Pa, Pp] = —ia® Map
[Map, Pc] = i(npcPa — nacPsb)
[Mab, Med] = i(nagMbc + MbeMad — NacMpd — MbdMac)

In the limit &« — 0 (or | — o0), AdS algebra — Poincaré algebra (WI contraction).
Mas = 5[Ta,T8l.  {TaTe} =218, Ta=(ia¥s:7s)

In this particular representation, Map = 4 [va, 7] = 02 and Mas = —3va.
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AdS gauge theory of gravity

AdS gauge field
1 1 1
Wp = EWuABMAB = Zwuabaab - Ewuas’Ya
AdS field strength

: Tab TYa
P = 0y = By — il ] = (R = (0,80, — 0, P50,9)) 72 — Fu® %

Fn’ ab u"-’ ab _ 3uw:b + wuac wfb _ wuac w:b

F a5 DL D’ewMES
Gauge parameter € = FeABMpg

ab _ ab a cb b ca b
dew,” = Ope® — e w,” tecw,” — €5 w,” +e5w,
as _ ad a c5 5 ca
Sew® = Ope® — e w,” + e w,
ab ac b bc a a5 b b5 a
6EF‘W —€“F,c t+e FW,c —€ ij5 +e€ FW,S

a5 _ ac 5 5¢ a
§€F/w = —¢€ F;wc +e€ Fuuc

Set ¢® = 0 and identify w, ab with spin-connection and W, a5 — gd /I
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AdS gravity action

Introduce an auxiliary field ¢ = ¢AT 4; it is a space-time scalar and internal space
5-vector transforming in the adjoint representation of SO(2, 3), that is d.¢ = i[e, ¢].

Sads = - GN /d4X P Fuy Food

Aucxiliary field is constrained by ¢ = nag#”¢® = 2. To break SO(2, 3) to SO(1, 3) set
¢? = 0 and ¢® = / (physical gauge)

Slgsr. =I5 .

2
Sadslgt. = 1671'G /d4x <e R* *) + ﬁ ‘LWPGR mnR €mnrs)

Cosmological constant A = —3//? vanishes under WI contraction.
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S0O(2, 3), model of pure NC gravity

NC deformation of GR (NC Einstein-Hilbert action) :
ol
" 647Gy

Sne /d4x ghvra IA-_HV * I:_pa .

After SW expansion and symmetry breaking :

1 (Yl/ '\/5 7 15
SNc|g.f. = *m /d4X v —9 <R+ 0P (ﬁ"?aﬁ’w - 1677:16’)7-76/3 + )) :

NC field equations ; deformation of Minkowski space ; interpretation of 6-constant
noncommutativity ; Fermi inertial coordinates

Goo =1 — RomonXx"x",
2 m,,n 1 m,,.n
90i = — 5 RominX"x" - Gj = —0j — = Rimjnx"x".
|

M. Dimitrijevi¢ Cirié, B. Nikolié and V. Radovanovi¢, NC SO(2, 3), gravity :
noncommutativity as a source of curvature and torsion, Phys. Rev. D 96, 064029 (2017)
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OSp(4|1) SUGRA

1] Orthosymplectlc supergroup OSp(4\1) has 14 generators - 10 AdS generators

W45 and 4 fermionic generators Q. comprising a single Majorana spinor. Bosonic
sector SO(2,3) ~ Sp(4).
Supermatrix for the OSp(4|1) gauge field 2, is given by

1 N - A
Q. = EWHABMAB+\/(;1ZJSQQ = ( \/%;ﬂu \/56% ) .

Action with OSp(4|1) gauge symmetry :

S41 = /d4X 5HVpUFuV(H5><5 2,2¢ )Fpa

327rGN
Auxiliary field

& 17+ i¢%vays + ¢%5 | A iy lys | O
B —X EAANCEENA

In the physical gauge, the action exactly reduces to N = 1 AdS; SUGRA action

1 - ia
S41‘g.f. = —271%2/(14)( (e(R(e,w)—eoﬂ)+25Mupa(¢u75% (D/&-‘,—z'yp)zba)) .

The leading non-vanishing NC correction is quadratic in 6+~ .
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OSp(4]2) SUGRA

Orthosymplectic group OSp(4|2) has 19 generators - 10 AdS generators Mus, 8
fermionic generators Q!, (o = 1,2,3,4;/ = 1,2) comprising a pair of Majorana
spinors, and an additional bosonic generator 7.

o R W ‘ \/51/1L \/&wﬁ
Qu=0u+VayQa +aA,T = Vaip 0 iaA, .
Va2 —ia Ay, 0

1
M. Dimitrijevi¢ Ciri¢, D. Goganin, N. Konjik and V. Radovanovi¢, “Noncommutative Electrodynamics
from SO(2, 3), Model of Noncommutative Gravity”, Eur. Phys. J. C 78 (2018) no.7, 548.

Majorana spinors, sz and v2, can be combined into an SO(2) doublet,

1
vi= (1)

Charged Dirac vector-spinors i = ¥, £ iy, related by C-conjugation, ¢, = Cij;t 7.
|

i ) 1
Sn= P /d“x et PoF (]ste - ﬁd’z) Fpo® .
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OSp(4]2) SUGRA

Gauge-fixed action is not complete!

1 1
Sizlat = 55 / d*x (e(R(e,w) - 6a2) + S5 RW"’"RMFSEWWE,WS>

- . ) _ . i- - .
+ ehvre <2WH75'YV(DP + aAyic® Wy + iFu(V,ysic?Vs) — E(Wu’azwu)(wp75102wo)) .

OSp(42) field strength (bosonic blocks)

Fuu ‘ * %
0 iOZFMu )
—laFuu 0

Fuv = *
*

Supplementary action invariant under purely bosonic SO(2,3) x U(1) sector of
OSp(4]2), involving the bosonic field strength
Fuv = Fuu + Fuv = Fuu + (Fuw — V,i02W,) .

San~ Tr / d*x ervro <f7Wqu5DU¢¢ + é f2Du¢DV¢Dp¢DU¢¢> +c.c.

Auxiliary field f = 3 fABMyg (adi. rep. of SO(2, 3))
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OSp(4|2) SUGRA
Gauge fixing yields

~ 1
Salgr ~ /d4x e( — f®F,, eled — > fABfA5> )

fab = —Fuvehel, fs=0.
Inserting them back we obtain

1 ~
SA‘g‘f. = —Z/d4X e F?.

(OSp(4|2) invariant action) + (SO(2,3) x U(1) invariant action)

g.f.J J g.f.

(SO(1,3) x U(1) invariant action) + (SO(1,3) x U(1) invariant action)

N=2 AdS SUGRA in D=4
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NC deformation

i . e
Sie = 32nGr /d x 27 (B 5 Bpo 5 b — o+ B xdxBoo+d) .

i1oAT
327Gy

1 N ~
SL(112) = Str/d4X E'uypg ( - Z{FATyF#uFPO’}q) + éDk]F,uuDTchr¢

1 1
+ AFap Fro}Fpoc® + EFHV{FAP,FTU}tD

2
1/ 1 2 is s,
—57 (- 2 Far Fuy O F o ® + 5 DAFy D, 0o

1 i ~ ~
+ é{FAuv]FTV}(bz]Fpa‘b + Z]F,W[D)\d), D7 ®)F 6 ®

i o 1
+ E]FW¢2DA]FMDT¢ + 2IE‘W<I>2{]FAP,IFW}¢)> 0.

Likewise, we have canonically deformed version of the bosonic action,

1 s 2 C
s;;:@Tr/d“xw”w(f*fw*D,,qs*me

+ é?*?* DHJ)* D, ng?)* D{,&*(fu) + c.c.
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NC deformation

]
SMlgr £ 0

After WI contraction
9)\7- - . ~
SA1)|Q.f. = 7647 d4X € {]:‘WR;LVpUR)\TpJ - ]:HVRpauuR)\-er - 4fMpRuupaR>\TVd
Tuv po T np ve | T pv 4= = 16 THY T T
_oF RA Rrvpo + BIPGRM R.,"" +Fu R\ "R~ ?}}T}' + ?]-‘ FauFrv
+ 8(D§R,.0)(DE e} )6l (7, el — T, el el + F, el efy)

+ 2R, ®nis(Dse})(Des) (Frv efeg + Fo7eliey — 47 0 ele )}

Qrv _
s :_9 /d4Xe.7:,w:

4
low-energy 16/4 /d x e (Fuv — ‘UHIO' v,)

1614
9igHv
-8k
This mass-like term for charged gravitino 1/1:;, minimally coupled to gravity, appears due
to space-time noncommutativity. The mass-like parameter is ~ IpA2 /4.

/d“x e (¥,i,) + surface term .
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The end

Thank you!
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