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Gauge and BRST symmetries of the Courant sigma-model

Outline

Based on: [1802.07003] and [1904.04857] by Chatzistavrakidis, Jonke, Khoo and Szabo

m Courant sigma-model

- Gauge symmetry
« BV-BRST symmetry and master action

m DFT

- Projection to DFT
. Projection of BRST
« Gauge symmetry from projected BRST
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Gauge and BRST symmetries of the Courant sigma-model

Courant sigma-model
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Gauge symmetry of Courant sigma-model

COU rant Sigma-mode| [hep-th/0608150] Roytenberg

m Action functional:

SC[X,A,F]:/Z (F,/\dX’ + Laal adad — ol ) AT A F 4 2 T;jK(X)AiAAjAAR)
3

where indices run: [ =1,...,2d and I= 1,...,4dand E=TM & T*M over a
doubled space M, with objects:

X=xh:Z3 =M, AecQl(Zs;X*E), F € Q*(Z3,X*T*M)

a 0 12d i
r]—(12d 0), p:E—TM
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Gauge symmetry of Courant sigma-model

Courant sigma-model [hep-th/0203043] Ikeda

m Gauge transformations:
! 1 J
Oe,yX’ = pje

(e

5(€7t)F/ = —dt) — G,ijAJ Nty — Eja/ij F,+ %6J8/ TiUAI A AL

m Equations of motion:
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Gauge symmetry of Courant sigma-model

Gauge covariance

m Gauge transformations of equations of motion

6(e,t)DX’ = EJBMp’jDXM ’ﬁJKp P R t; + EJAK(2p 6 pl N~ pINﬁNM TMRj)
8(e,nDA! = —ﬁ'N(aMTNJRGKAJ omp g t1) NDEM + 4N T ek DAT +

PP | P R\ 4L
+ 10 30 40 Tige — P RO Tigp — 3Tp™” Togp)e A7 A A

m The requirement that the equations of motion be gauge covariant leads to the
following conditions:

ARl ity = 0

M / N
207 (kOMmP g =P 1 Tiggy = 0

! ' kP
30w Tingk — P kO Tage = 3Tgaw®™ Tigp = 0
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Gauge symmetry of Courant sigma-model

Closure of the gauge algebra

Closure of the gauge algebra on fields X and A:

J
[5(6171”1)? €271-“2)]X = f €12
121 =0"Tirper ez
AT K I M
[6(er.t1)2 Oes, fz)]A Oers,ti)A — 77 Om Tjgien 62DX
tio) =0 Tkﬁjefeé 28//) 6[1 t2]J

Gauge algebra is closed only up to equations of motion.
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@00

BV action and BRST transformations

Superfields

Introducing superfields:

X' = X 4 Pt
Ai _ Ei + Ai + ﬁijA} + ﬁIMGEA
Fi = V/Jrl“/wLF/JrX;r

ghx' =o, ghF' =1, ght'' = -2, ghvl' = -3

degX' =0; degF'' =1, degt' = 2; degvi =3;
ghe =1,  ghal =o, ghAl = —1, ghel = —2
Al ) ) i i
dege' =0; deg A = 1; deg AIT =2 deg eli =3
ghvi =2, ght; =1, ghF =0, ghX} = -1
Fr degv; =0; degt) =1; deg F; = 2; deg X;r =3
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BV action and BRST transformations

Master aCtion [hep-th/9502010] Alexandrov, Kontshevich, Schwarz, Zaboronsky

Define the graded symplectic structure:

w=dX' dF, + 1#4;; dAT dA’

By the AKSZ procedure we can construct the BV master action:

Sc[X,A,F] = /[ L (F, dx' + i ATdAT — o' j(X)ATF, + %T;jR(X)AiAjAR)
T3
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BV action and BRST transformations

BRST transformations

The symplectic structure induces a graded Poisson bracket (the BV antibracket)
that can be used to define the BRST transformations of the component fields:

6X’ = p}ei
=de’ — n'Mth: + 77 TireaRel — 7
6F1 = —dt; — diple' Fy — 0ipfATty + 101 Tyjee ATAR +

+ 8’ /JK"I Le GJAE - 8Ip,{ﬁUA}VJ + galajaKpléF“FTKele — 8/81[)?1‘“6’ VK —

i 8JpJFTJV/+ 8JTjRi_FT

— 8/81[); FTJEItK —+ B,BJpFF“A'AvK — éa/aﬂ?K TinFTJFTKeléjeK —+
+ 8,(% T,"j,gt JEIGJGK %8/8_1 T,AJARF“AIEJEK

5 =My K

~

1410 K
pjvi— 57] Tiric €

oty =dv, — 8[inEltJ + 8/inAIVJ — %8, TinEIEJ AK + B,BJpK; FTJEIVK
— lala_ijjR FTJeiejeR
ov) = —8/p € vJ+ 15T PiRE eJeK
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DFT membrane sigma-model

DFT Projection

As has been shown one can obtain the DFT worldvolume theory by means of
projection from a large Courant sigma-model. A splitting of the bundle is defined:
E=TM=L,®L_:

A=Alef +Al e Al =1 £9YA))
e = 8 £ny dx’ (p+) s =o'y £ ™

A projection is performed onto the L subbundle:
pytE— Ly A—AL=A
The projection obtains the C-bracket of DFT from the Courant bracket
1A, B1 = p, ([p: (4),p: (B)lx)
and gives the DFT membrane sigma model

SprT[X, A, F] = /

(F[ A dX’ + 7’]UA’ A dAJ - (p+)IJAJ A FI + %-i-UKAI A AJ A AK)
3

with the choice of anchor and flux such that
(o) sp) k= ot
20 10kp vy — pk®' 0y = o' Tiam
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Projecting superfields

Projection of BRST transformations

The goal is to project on the BV-BRST level to obtain a consistent BRST description
of DFT.

Projected master action:

SDFT[X7 A, F] = /

_— (F/ dx! + AL dA] — (1) (X)ALF, + %-’A_IJK(X)AA—AiAf)
1]x3

Projected BRST transformations:

5AI+ = del+ nIin tk + 'r]IL i—LJKAJ EK — l17”8KP<LFJFTKVL + %7]”8;( fJLMFTKEiEy

SAL = InP oKt + Infho e AL + InYokpt  FTR v + InHok0 s FTR L el

I U K s+ J K
dey = 277 PyJVK — §77 Tikerel

I WK J K
6l = —3npk - 177 L0 kel e

Since our projection equates to setting A_ and e_ fields to zero they must remain
vanishing after a BRST transformation.

BRST symmetry of doubled membrane sigma-models Ruder Boskovi¢ Institute



Gauge and BRST symmetries of the DFT membrane sigma-model
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Projecting superfields

Symmetry fixing

The requirement that we have a BRST compatible projection necessarily
implies a reduction of our BRST symmetry by the fixing of ghost fields t and v:

de_ =0 = Vv = —*77/1_77 p MGJKN€i€+ = e[JK(X)€+E+
A_ =0 = t= @IJK( )A+E+ + E)KG,LMF 6+€+

However one must now make sure this fixing is BRST compatible in the sense
that the BRST transformation coming from the fixing matches with the
projected BRST transformation.

oty =dvi — e101p5 st + ALO1pN yvic — 01 Tukrel e AL — 8,8,p5 e Fvie —
— 2010, TimFH et el

5t; = OOuKOX AT + OukdATE + O kAT + 10a0kOumIXAF el el +
+ 8K@/LM6F e+e+ 8K@/LMF (5e+e+

The same can be done for v.
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Projecting superfields

Consistency condition

Define two objects:
SukL = 8M®/[JKPML] — O™ Ty + 30" oF N Omp©piay — 201 Tuke + 8IPT[JOMKL]
RIJK = UABPQB@JAK + 28JP’+K

The matching of the BRST transformations of fixed ghost fields ¢t and v
reduces to two conditions:

J K L A B CD 1 pK A B CD
3SUKLA+€+€+ +8AS,BCDFT €{EL€EL — ER ”3(9/.\@;(CDFJr €fe€f€l =

J K L
Sukiereie; = 0

However,
Ry =0 = Skt =0

in the case of p; and T being the DFT anchor and flux respectively.
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Projected gauge transformations

Gauge transformations by projection

Going back to gauge symmetry one can obtain the gauge variations from the
projected BRST transformations by setting antifields to zero:

(LX’ _ p’JeJ
(LAI = dé’ + ¢7IJKAJ6K ¢IJK = n’N(fNJK - %pMNeMJK)

0cF = — d(eIJKAJEK) — " JFc + AR A AL(@/ T — 8IPNK@NLJ)

The equations of motion coming from the projected worldvolume action:
DX =dx'—p/ A =0
DA = dA" — 1" p! kFy + 0 Ty A’ N AY =0

DF, :=dF, +8/pJK AK ANF;— %8, -i\—JKL AJ /\AK /\AL =0
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Projected gauge transformations

Gauge covariance of equations of motion

And once again, now for the DFT case, gauge covariance of the equations of
motion:

=R =0
6EDXI = EJamleDXM + GJAK (2pM[Kamp/J] — pIN¢NKJ)
5€DAI = 77’N(8M 7’\—[\[_];( — %(9MpLN@LJK)€K'DXM A AJ + ’I]IN -i\_NJKeK'DAJ +

+ N AM A AV (3PJ[K347A—MM/]N — p” 80 Ty — 307 Topm 7A_K]NJ) +

=0

+ ™"’ p°Le (ePKNFS + OsunO@purkAY A AM/)

s.c.

Ps s M
N "OpknFs = —2pmKk 07 P N Fs

PS s’ L S J
Osmnn’ " Opprk = 4551 PLIMO” P NP M1 O P K]
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Projected gauge transformations

Closure of gauge algebra

Finally, taking a look at gauge closure:
[0c,06,]X" = p' sets
Eiz L= ¢IKLE{(Eé
[6c,0c,] A" = 6, A" — 010" el X DX +
+3 (¢IN[M¢NJK] - pN[Maﬂq”JK]) e AV

=0

Gauge algebra is closed on-shell (as expected since it is an open algebra).
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Conclusion
o

Conclusion and Outlook

Conclusion

It has been shown:
m projection of a Courant sigma model over doubled space consistent on the
BRST level
m algebra of gauge transformations closes on-shell
m equations of motion transform covariantly only up to the strong constraint

Open questions:
m Does there exist a modification of the DFT worldvolume action such that
gauge invariance can be achieved without the use of the strong constraint?

m Is there a consistent way to define BRST transformations on the level of
superfields?
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