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effective action of M2-brane = CFTj
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« CFTp is dual to String/M-theory on AdSp,; x X
effective action of M2-brane = CFTj

 What is the possible CI'ls to describe the dynamics
of M2-branes ?
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« CFTp is dual to String/M-theory on AdSp,; x X
effective action of M2-brane = CFTj

 What is the possible CI'ls to describe the dynamics

of M2-branes ?

Effective action of
D2-branes : N=8 SYM

N

)

A

v

Strong coupling
limit (IR limit)

1

2
9yMm

3
[ )

— T2
R{,

Effective action
of M2-branes

lim  Lag_vm

Y M0



IIELI. A5 CILI. ONnS OT i LI l. MIC IVic~Didllco

« CFTp is dual to String/M-theory on AdSp,; x X
effective action of M2-brane = CFTj

 What is the possible CI'ls to describe the dynamics
of M2-branes ?
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=» superconformal Chern-Simons matter theory
[Schwarz 04]



 Two superconformal Chern-Simons matter theories
with higher number of supersymmetry :

N=8 3-algebra based BLG theory (gauge group: SO(4))
[Bagger-Lambert, Gustavsson 07]

N=6 ABJM theory with U(N)XU(N) gauge group
[Aharony-Bergman-Jafferis-Maldacena 08]



« ABJM theory is believed as a worldvolume theory of
M2-branes on R*/Z, :
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- vacuum moduli space :(c,/Z,)" /Sy

- conformal symmetry and supersymmetry:
(SO(3,2)XSU@)XU(1) = Isometry group of AdSy x S"/Zi )

- reduction to IIA string theory (N=8 supersymmetry restrored)
large k and large vev of scalar limit: gvu :2%
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- calculation of partition functions
in N=8 SYM and ABJM for k=1: [Kapustin-Willett-Yaakov 10]
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« ABJM theory is believed as a worldvolume theory of
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- Supersymmetry enhancement for k=1,2



Deformation of BLG and ABJM theories

e Supersymmetry preserving mass deformation:
BLG theory : [Gomis-Salim-Passerini; Hosomichi-Lee-Lee 0804],

ABJM theory : [Hosomichi-Lee”3-Park; Gomis-Gomes-
Raamsdonk-Virlinde 0807]
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« Adding fundamental matters to ABJM theory:
[Gaiotto-Jafferis, Hikida-Li-Takayanagi 0903]

= N=6 2> N=3, dual theory: string theory on AdS4XCP3 with
AdS4 filling D6-branes



Deformation of BLG and ABJM theories

e Supersymmetry preserving mass deformation:
BLG theory : [Gomis-Salim-Passerini; Hosomichi-Lee-Lee 0804],
ABJM theory : [Hosomichi-Lee”3-Park; Gomis-Gomes-
Raamsdonk-Virlinde 0807]

« Adding fundamental matters to ABJM theory:
[Gaiotto-Jafferis, Hikida-Li-Takayanagi 0903]

= N=6-> N=3, dual theory: string theory on AdS4XCP3 with
AdS4 filling D6-branes

« Higher derivative corrections:

BLG theory : [Ezhuthachan, Mukhi, Papageorgakis 0903],
ABJM theory (U(1)XU(1)): [Sasaki 0912]



Arlrllnn Wess-Zumino (\I\I7)_t\l

representlng the interaction of M2-branes and form
fields:
BLG theory : [Li-Wang 0805; Ganjali 0901;
Kim-OK-Nakajima-Tolla 0905]
ABJM theory : [Lambert-Richmond 0908; Sasaki 0912]
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M2-branes and form

Lambert-Richmond 0908: ABJM with U(N)XU(N) in infinite
M2-brane tension limit with form fields with worldvolume

coordinate only
Sasaki 0912: for a single brane case



 Adding Wess-Zumino (WZ)-t
representmg the interaction
fields:
BLG theory : [Li-Wang 0805; Ganjali 0901;
Kim-OK-Nakajima-Tolla 0905]
ABJM theory : [Lambert-Richmond 0908; Sasaki 0912]

ype
of M2 b anes and form

Lambert-Richmond 0908: ABJM with U(N)XU(N) in infinite

M2-brane tension limit with form fields with worldvolume
coordinate only

Sasaki 0912: for a single brane case

Question : [Kim-OK-Nakajima-Tolla 1009]

How can we construct a WZ-type coupling for the
multiple M2-branes with general setting?
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1 Construction of
) WZ-type coupling
—

Consistency check
for single M2-brane

Sll — _,I‘I-’!'E f dglﬂ" J—det[ﬁﬂir?nﬂpi:ﬂg?nﬂ}

_|__ PoerC 8 ", x" 0"

31 | manp -

[Bergshoeff-Sezgin-
Townsend 1987]
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Consistency check
for single M2-brane

Sll — _,I‘I-’!'E f dglﬂ" J—det[ﬁﬂir?nﬂpi:ﬂg?nﬂ}
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[Bergshoeff-Sezgin-
Townsend 1987]

Reduction to type IIA string theory

3 Scs = lp / STr (P [e"“fhifb {Z C(n) EB)} A F)

[Myers 1999]
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Consistency check
for single M2-brane

Sll — _,I‘I-’!'E f dglﬂ" J—det[ﬁﬂir?nﬂpi:ﬂg?nﬂ}

+ 22 [ goemec A, 0, x" 0, a”

3 ' mnp-pp

[Bergshoeff-Sezgin-
Townsend 1987]

Supersymmetry preserving
mass deformation:

S, = -l?rp_f

— d*z Tr(MS YA VIV PY L

- MEYIYAYEY©)

[Hosomichi-Lee”3-Park; Gomis-
Gomes- Raamsdonk-Virlinde 0807]

Reduction to type IIA string theory

3 Scs = pp / STr (P [e*’““‘“i*(z o EB]} A F)

[Myers 1999]




Gauge invariant WZ-type coupling

-

e ABJM action:

S = /d3 (EO + Lcs — Vierm — ‘ﬁjos)

Lo =tr (—DH,YQDWA + z@-ﬁ%—#D#-ui*A) :
L 2i C2
Los = =P tr ( A 0,4, + 34&4 A, — A0,A, — 34 AAL Y

27_‘ / 1+ 4 / 1+ 4+ - LA,
/?’rferm — k (}f 'Y A - Y A }IA'{:‘E” B"l,:'"f’! B +2Y A}fé’@"f A"I;"/" B _ 2V A!L }IR.Q-/,q A_.@../,B

1+ ABC DY'LBY'LD — €ABC DYAL 'BYCL 'D)

Vios = —'—u(y YAYIVEBY YO 4+ vAYIVEY LY OV 4 4y Y By vy Ay Ly ©

— 6V Yy Py Oy ).




* Field contents of ABJM theory :
(Y1) 4 of SU@), bifundamental of U(N) x U(N)g
(104)". 4 of SU4), bifundamental of U(N)r x U(N)g

(Au)% ¢ Level & ©(n), gauge field
(A,)" : Level —k U(N)r gauge field



* Field contents of ABJM theory :
(Y4 4 of SU@), bifundamental of U(N), x U(N)g
(104)". 4 of SU4), bifundamental of U(N)r x U(N)g

(Au)% ¢ Level & ©(n), gauge field
(A"« Level —k U(N)r gauge field

* Bosonic potential can be written by

3272 o B D2 |
)2 .35{’+¢fﬂgﬂ O = trOTO

11r1 os —

B8 = L(YAYVIY P —YBYly4) ) (XY 7]
Y — _Y({_'Ta [-Tﬂ-‘ .TEJ: T("] _ jczlbrd.Tzf
[Bagger-Lambert 0807]
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Pull-back of 3- and 6-form bulk fields:
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Pull-back of 3- and 6-form bulk fields:

(6) s A aAB .
C_”. 'II. DI“'} " 'i {’_'1 5 AFIIHI._,.'. AFIIHI._,.'. [{..

.C)

i

Form fields depend
on transverse scalars

Gauge invariant WZ-type coupling



° 3_f0rm ﬁe!d couplina: linearized A_farm fiald and
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.-5‘&:” = H2 / dd:r ifmw {r]?l} [C'T,Lwl.:: =+ 3)\{_-'].&1;;1 D;:}FA + 3)‘12 (C'T,Lf,ABDy};AD;JYFB + C-TﬂAEDy]’FADIJYE)

+ A (CapeDYAD,YPD,YC + Oy peD,YAD,YPD,Y]) + cfc-..:-.j:}




.-5‘&:” = H2 / dd:r 3_1'5“”'{? {r]?l} [C'T,Lwl.:: =+ 3)\{_-'].&1;;1 D;:}FA + 3)‘12 (C'T,Lf,ABDy};AD;JYFB + C-TﬂAEDy]’FADIJYE)

+ A (CapeDYAD,YPD,YC + Oy peD,YAD,YPD,Y]) + cfc-..:-.j:}

w1

 Form fields have multiple gauge indices:

- each term has same number of fields in
bifundamental and antibifundamental representations

- all gauge indices are contracted to guarantee gauge
Invariance

=>» invariant under the orbifold transformation




{Tr} (Cua DY) = (Cpwa)y (DY)

{Te}(Cuap DY AD,YP) = (Cuan)ih(D,Y4) (DY P,

{(TrH(Cuas DY DoY) = (Couan) (DY) 4(DpYE)
1) =
)=

{Tr}(CupeD, YD, YPD,Y,
[TrH(CapeDYAD,YPD,Y"

b

b
Cape)e(D, YY) (D, Y5 (D, Y1),
Cape) (DY), (DY P (D, YO,



{Tr}( #vﬁD YA) (

{Tr}(Cras DY D,Y) = (C
{Tr}(Cap DY DY) = (Cuap)ip(D m (DJ*)

&) =

) =

{Tr}(CapeDYAD,YED,Y]
[TrH(CapeDYAD,YPD,YE

b
= (Cape) 3@5 DY) (D,YP) (DY),
)

(C#AB)M} (FﬂGb ‘|—Hﬂ.rb)

/

(Chag) 2 (DyY ) (DY), = (TT(FD!_,,YA)T.:(GD,}YJ;))M s+ (Te(HD,Y*ID,Y}))

uwAB

Cape) (DY) (DY P (DYE),

B// AR



{Tr} (Cua DY) = (Cpwa)y (DY)

{Te}(Cuap DY DY) = (Cuan)in( DY) (DY P,

(T} (Cap DY DY) = (Coap)ip(DY ) (DY)
1) =
)=

{Tr}(CupeD, YD, YPD,Y,
[TrH(CapeDYAD,YPD,Y"

b

= (Capc) B (DY) (DY) (DYO),

i

&

b
— (Capc) (DY ),(D,YP). (DY)
)

C (F“G“ Hﬂﬁ‘)
( ;:AB)LI{-,, T LAB

7 )

(Chuag) (DY) (DY), = (Tr(EDLX DHTD,Y ), + (’I‘r(HDyYAIDp}”:;))ME

—

* Allow single trace terms only:
no multi-trace terms in IIA string theory



~ L e L1 couplinag
« 6-form field coupling

3!
+ 3N (Coupepe DY DY P3P + CapepeD Y DY 35 + Cuapepe D Yo DY 347
+ /\3( ‘apcpEFDuY ‘DY BD;JY CjEFE +CapeperDuY ‘DY BD;J/J;T"--"J_‘LFD

(6) J' ey il il
S:l:"‘:l} :J{IE f dS Em f {TI} (C',Lux;;-,r—lﬁ(f'-"j’ﬂ(l_ﬁ 3‘)\(C.Lw.r-1£(_ ‘D D;?}/ A jﬁg T C,[t!z’ABf_ DDP} I jAB)

+ Capeper DuY DYDY B + Capeppr DY DY D, Y ) + ('5'3))

My = TAps T Is a dimensionless parameter which will be
fixed after reduction to type IIA string theory




ol P,
¢ O-10I

. 1 .
':I . r Fa r r P
S =p, / Az e {Tr} (CWPAB@,J‘%B + 3N Cuwapcn DY 3 + Cryapen DY 3T)

+ 32 (C;;ABGDEDUYAD;:YBjCED T C#ABCEJEDMYAD;:YEJBEC + C#ABL?EEDUEE'D,G}EF?AEB)
+ X (CABC‘DE}: D#YA DMYBD;*YC.BI;E + CABGEEED#YADMYB Dﬁy‘zi,-‘jt}ﬂ

+ Capeper DY DYDY 4 Cancopr DYDY DYEFE) ()

My = TAps T Is a dimensionless parameter which will be
fixed after reduction to type IIA string theory

=> allow single trace terms
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Onsis

e Comparison with the well known effective action of
a single M2-brane with WZ-type coupling:

’ 5 2
u =i / dj’j\/—(1(‘.1](_r_‘}”j_-i'?'?!;_-}ur?::gmrlj T ? ddg'ﬂuu'ﬂfTrrz?zpd ", T‘”’f} P

[Bergshoeff-Sezgin-Townsend 1987]
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Onsis

e Comparison with the well known effective action of
a single M2-brane with WZ-type coupling:

Sp = —;3;/(}’3 \/ det(d, 2™, 2" G ) +| /dSJE“U'ECman)#:I‘mL} r"d,xP

$ static gauge

e / dehvr (q.,y,} + 3AC 19, X7 + 302C118,X18,X7 + N3Cy 10, X uy;{ﬂ}px*)

3!




'@ cbkameons ~lan II £ ~isemel AN lhuvAarma
\ S LT | y CIIT 1U1 Ol |H |L JIi a 1T

Onsis

e Comparison with the well known effective action of
a single M2-brane with WZ-type coupling:

Sp = —;3;/(}’3 \/ det(d, 2™, 2" G ) +| /d3 E“"’pﬂ“mnpd#:rmd r"d,xP

$ static gauge

e / dehvr (q.,y,} + 3AC 19, X7 + 302C118,X18,X7 + N3Cy 10, X uy;{ﬂ}px*)

_ .

1
S =y / d'x e {Tr} [ Yp + 3NCwa DY 4+ 30N (Couap DY AD,YP + C, 05D, YAD, YY)

X (Cane DY ADYPD,YE + Cape DY ADYED,YL) + (c.c)]
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U(1)XU(1) ABJM theory: no bosonic potential

) |'-I|f i . M
Scg = [ d*r—e"P(A,0,A, — A,0,A,)

FL =0,A; —0,A7

D, Y4 =09,V + E-LJ!;}"J‘

T

Af is an auxiliary field = integrate out:

F

=0



A, =0 gauge

¥

a~

Ly o C,uuﬂ — E (Cpuﬂ — ?:C,uuﬂ%i)

.

Cvp

(Cuas — iCpayan — iCuapia — Cuarapia)
(C;LAB —iCha4ap +i1Cuap4a + Cparania)

(Cape — i1Caape — iCaprac — iCapcta

2
i
ny ]
I
S B e e e

— Capyactia — Cayapora — Caraprac + 30A+4E—|—4C‘—|—4)

1 - - Y -
Cape = g(CAEC — iCa44Bc — 1CABac + iCABC 44

+ Capyacya + Cavapors — Capapyac — ?'CA-I—aLB—I—aLC'—I—s_L)




DAasAdss~d: An o~
CUULl VIl WUV

Mukhi-Papageorgakis (MP) Higgsing procedure:
- nonvanishing vacuum expectation value (vev)
= U(N)XU(N) gauge group is broken to U(N)



« Mukhi-Papageorgakis (MP) Higgsing procedure:
- nonvanishing vacuum expectation value (vev)
= U(N)XU(N) gauge group is broken to U(N)

« After the breakdown of the gauge group:

Y4 — YATY)+ ,'_};T' SU(N) generator

U(1) generator Yit, Y complex numbers

_ wvA | yvA+H . -
= X" 4+iX YA YA+ : Hermitians

Vo= X"4+iX  (a=1,23)

v = %]I + Xt ix®



(X
v — 00, k — oo, — — . fixed

k

D'u}/rﬂ — ‘f)#_}%a + '!ib#z‘za+4

T T
DY*= D, X* +iD, X5+ ivA;

qad
B =

—_

X, XY Xt X)),

:jirﬂ? _/T{rb: —|—-£:j{r“? }:rb+4] + ,!;_[j{ra+4! j{rb] . [}:r-:c+4? Xrb+4])

- &
|

—_—
:
!

[ars)
e B
Il
| @ | 2 b 2
—_

X, X —i[Xe, X0 4 [ X, Xb) 4 (X, X))



7
v — 00, k — o0, — — fixed

k

D,Y"=D,X+iD, X"
DY* = D, X*4iD, X% + ivA > A

"
8% = %(jﬁﬂ, XY 4 [ X, X)),

3 = i(fi’a XV i [ X, X [ X, XY — (X, }L“rb+4])
.ﬁagl _ i({i’a N _i:;{m! jb+4] _|__£[ircn+4? X’b] n [}?“‘ﬂ X’b+4])
integrate out the auxiliary field 4,



T
v — 00, k — oc, — — fixed

k

D,Y"=D,X+iD, X"
D,Y*= D, X*4iD, X% 4+ ivA;—> A,

S (X, X X X)),

L
9
B = i(‘{ XU+ (X, XU 4 [ Xt XP) — (X, X))
L
4

_ -.! (:j{ﬂz }:’-'{’: — i":ir'-"! f{b+=1] + _i[i"c:+=11 j;rb] 4 [}:,-,_,[_'_._11 }:"b+4])

ld A,

e
gauge group is reduced
gauge group

—
D
(@]
—
Q
—
D
@)
C
—
:I-
D
Q

auxiliary fi
=> ABJM theory with U(N)XU(N)
to Yang-Mills theory with U(N) g



Reduction of WZ-type coupling?

T
v — 00, k — o0, P fixed
D,Y"=D,X+iD, X"
D#Y;l = ﬁ#}@' + -‘ibpjfs + -'sI-'z.-';%;—) ?.'L-‘fl;-
: v '-\-{.:. 4 -'Hﬂ L7

gt = E(_Js: , XY 4 [ Xe X)),

ﬁ--::i: _ E(:Xﬂr }:ra: n _E-_:j*irr¢1 }’;rb+=1] n ,E,-_[irwd__ j“{b] _ [}:r-::+-1‘. }’;rb+=1])

ﬁaé _ E(Yf }I’E’: _ ?-:;;;ra__ f{-i:+;1] n _i[i"c:+=11 }:rb] n [;:;r.::+4‘_ ;;;rb+4])
=» integrate out the auxiliary field A4,
=> ABJM theory with U(N)XU(N) gauge group is reduced
to Yang-Mills theory with U(N) gauge group
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« WZ-type coupling in type IIA string theory:

Scs = lip / STr (P [eﬂiff'ii-{z Cr(n) eEj] A F)
[Myers 1999]

e P=2 case:

Sso = ;32/8’1"1‘ {P[C-‘“m] + P[CY A F]
+ iNigis [P[(’T[W] + P[C’[E' AN F|+ %P[C’[U A }"QH 4. }

F =B+ \F



« WZ-type coupling in type IIA string theory:

Scs = Iy / STr (P [eﬂiff'ii-{z Cr(n) eEj] A F)

e P=2 case:

Sso = ;32/8’1"1“}7[(-‘“(3]] - PO A F]
HiNigio | P

Linear terms in form fields

[Myers 1999]

:('T[GJ] L P[C’[:}] N ‘F] -+ %P[("fll] AN JCQH + - :|

F =B+ \F
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S = pa / &'z e {Tr) Cup +30Cpua DY + 3N (Cuan DYDY P + Cap DY D,Yi)

+ N (Cane DY AD,YP DY + Cape DY AD,YPDYE) + ()

o

. j | e .
¢ =y f & e {Tr} (CupaneBE +3N(Cuanco DY *3% + CuvancoDpY i3 )

T 3)‘2(Cp,ABCDEDUYAD;;YB.BCED T C#ABCEJEDU};AD.SYE-‘BBEC T C#ABC'EEDM}S'D,G}/E!?AEB)
+ A (Capeppr DY DY DY 35F + CupeperDuY DY P D, YL

+ CApehEF DJ'ADJEDJ},SBE + CARéDER DJ;?DE,Y; D,;.YE,:SAFB) -+ (c-..c-..))
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1. No restriction except for the single traceness



1
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+ 33 (Cuapepe DY DY P 35 + Cuapene DY DY + Cuapene DYDY )
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1. No restriction except for the single traceness
MP Higgs 2. Can we reproduce the WZ-type coupling in IIA
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mechanism theory?
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SS9 — u, | dx E‘W'ﬂ Tr vp + 3NCwa DY 4+ 30 (CoapD,Y*D,YE + C 45D, YD,Y}
c = H Cuvp ‘i [t P p p

+ A\ (CapeDYAD,YPD,YC + CupeDYAD,YPD,Y]) + (c.c.)}

1
S =y [ dPr —e? {Tr} (ChvpaneE + 3N(Croapen DY 555 + CryupenD, Y 547)
3!

+ 33 (Cuapepe DY DY P 35 + Cuapene DY DY + Cuapene DYDY )

-+ }“S(CABC’DEI? D#YA DuYEDpYGﬁ%E + CABCDEED;:YADUYBD;:YE.SCE
+ CABchEF D,L;YAD;_;YET;DF;YET.IS%C + CupcpEFR D#Yf_j:'D!-—'ng Dp}gﬁﬂ}—ﬂ) + (CC))

1. No restriction except for the single traceness
2. Can we reproduce the WZ-type coupling in IIA

theory?
Relations among form fields in string/M-theory

MP Higgs
mechanism

Ssc = po /STI {P[(“ ] + 1}\;@;@[}7[@(5}]}



ds:

° -form f
Se) = / d*r —e"? {Tr} [C-*m, +3ACa DY 4+ 30 (Cap DYDY P + Cag D, YD, YE)

+ A(CapeDYAD,YPD,YC + CupeDYAD,YPD, Y] + :jc-..:-.j:}
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-form f
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JYED,YC + CapeD YAD,YED,Y]) + :jc-..:-.j:}

{Tt}H(C 15D, YAD,Y}) = (C,u5)(D,Y*)2(D,Y]):

After the symmetry breaking scalar fields are all in the
adjoint representation of the unbroken U(N) =» hatted
and unhatted gauge indices are indistinguishable.

{T}(Cap DY D,YE) = (Coap)i(D,YH)(D,YE,



ds:

-form f
S = / d*x r:“w* [C-*M, +3ACa D YA A 3N (Cuap DYDY P + CuagD,YAD,YE)

JYED,YC + CapeD YAD,YED,Y]) + :jc-..:-.j:}

{Tt}H(C 15D, YAD,Y}) = (C,u5)(D,Y*)2(D,Y]):

After the symmetry breaking scalar fields are all in the
adjoint representation of the unbroken U(N) =» hatted
and unhatted gauge indices are indistinguishable.

{T}(Cap DY D,YE) = (Coap)i(D,YH)(D,YE,

= Tr(C\\ 3z D,Y*D,Y}) + Te(C) . D,YED,Y )
Y4 o 2ot YA ' I |
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{Tr}(C,apD.Y*D,Y}) =

+ A (CapeD, Y

3N (Cuap DYDY + CapD, Y D,Y)

JYED,YC + CupeD, YAD,YPD,Y]) + (c:.c:.)}

(Cas)2p (DYDY

After the symmetry breaking scalar fields are all in the
adjoint representation of the unbroken U(N) =» hatted
and unhatted gauge indices are indistinguishable.

{(TY}(C, 45D, YD, Y}) =

Y4 =

A4
50

+ Y4

|7

e P{Te}(CoupD, YA D,YE) =

(Coap)i(DYNHD, Y,

Te(C) D, Y*D,Y}) + Tr(C) DYDY )

Em”}r]?“:CLEEEBDE!};ADPEJB]




P Trl(Coag DY DY) + CuapgD.YAD,YP) + (cc.)
= ¢v*Tr(C,,D,X'D,X7 +vB,, (A;D,X"))
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« Restrictions for form fields in M-theory:

Y (Lt ~l2) . W3 ~I3) _
o, —cWh —c® e 0B —0® . (4,B=123.4)

« Relations form fields in string theory and M-theory:

Ba=4i(C) -

B.=2 (c*pda U+ C X C Trony -
. B ; . (3] 307
Bﬁm+4 2( Ju:*ia + (#46!- C,Lm4 Cp:a,rli- ‘pda ,wia)

Ty A 10F Y LT 1 3) 130T
,u,ri-:r, - C,u,ri-a, + C,u,d_-a, C“g.-i C ad + C,u:fi-a + C,u:4a

= i1) W11
Chdata = _E(C,uda #4-1 + C,u,ad C Ju4a + C#é‘a)

,u,-:r,4
CTP'fab — C C:Uaba + C_T CT}LbG CT pab —|— Cﬂab

- W1) i 207 13
C,u:a.b+fi- t(C :IE, C;E,ba o CP? Cl: + C,u,r.zb C,E:E-::IJ)
Il

~ 1l
C,u:a.+4b+ri — C_

i 112) ' i
C,u,ba. + CP-, C_,u:b-:r, + C,u,ab C_,u:ab
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Linearized non-Abelian DBI action far D?2-hranac:
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95 M 2 A / 8
+ *‘; & (Cp + 30Cpui D, X'+ 3NCyy DX D, X7 + N Cy DMJE'-'&DE,}I’JDP}“{*’*)}

« In addition to the natural couplings of the D2-brane to
the R-R 3-form fields in type [IA theory, the gauge
invariant combination &, + = P[Bm] appeared.
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« In addition to the natural couplings of the D2-brane to
the R-R 3-form fields in type IIA theory, the gauge
invariant combination £, +=ri5,.] appeared.

« WZ-type coupling for R-R 5-form fields:
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« In addition to the natural couplings of the D2-brane to
the R-R 3-form fields in type IIA theory, the gauge
invariant combination £, + < P(5,.] appeared.

« WZ-type coupling for R-R 5-form fields:
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SUSY preserving mass deformation

e SUSY preserving mass-deformation for the ABJM

theory is possible [Hosomichi-Lee-Lee-Lee-Park 08]
[Gomis-Gomez-Raamsdonk-Verlinde 08]

e SU@4) R-symmetry in the original ABJM
= SU(2)XSU(2)XU(1)



SUSY preserving mass deformation

e SUSY preserving mass-deformation for the ABJM

theory is possible [Hosomichi-Lee-Lee-Lee-Park 08]
[Gomis-Gomez-Raamsdonk-Verlinde 08]

« SUM@) R-symmetry in the original ABJM
= SU(2)XSU(2)XU(1)

« Several different methods to obtain the mass-
deformed ABJM theory: N=1 superfield formalism, F-
term deformation, D-term deformation.
=> All these deformations are equivalent

[Kim-Kim-O.K.-Nakajima 09]



e Classical vacua (V=0) were known.
[Gomis-Gomez-Raamsdonk-Verlinde 08]
=» too many solutions
=» Supersymmetric vacua for k=1[Kim-Kim 2010]
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One-to-one correspondence

Dual gravity: Lin-Lunin-Maldacena (04) geometry




e Classical vacua (V=0) were known.
[Gomis-Gomez-Raamsdonk-Verlinde 08]
=» too many solutions
=>» (Supersymmetric vacua for k=1[Kim-Kim 2010]

One-to-one correspondence

Dual gravity: Lin-Lunin-Maldacena (04) geometry

 Mass parameter in ABJM theory
=» turning on 4-form flux [Lambert-Richmond 0908]



« SUSY preserving mass deformation & WZ-type
couphng.
S, = u? f d*r Tr(YAY]) 4 4;; o Tr(MLYAYIYEY] - MEYIVAYIYE)

k

— 2 f d*r Te(YAYT) - Zmp &*r Te(TapepY)04F) + (cc)

MB =diag(1,1, ~1,~1) Tupep = MP5S — M L6



« SUSY preserving mass deformation & WZ-type
couphng.

2 | 3 rayty o AT 0 V CyvAyTyByt _ By iyAayiyce

S, = | ErTe(YAY]) 4 =5 [ o Tr(MZYAY]YPY] - MEYIYAYY©)
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= ? f d*r Tr(YAY]) - ;" d*s Tr(TupepYp3e) + (c.c.)

MJB =diag(1,1,—1,—1) Tapep = M,26S — M L5 C

Srﬁj = 15 faf“:" 30 f“”PTr(C' E,PAB@.;'S"’%?) + (c.c.)
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Gauge invariant WZ-type coupling:

- form fields depend on the scalar fields

- single trace terms

General setting = restriction on the form fields
= explicit WZ-type coupling?

Extension: nonlinear couplings,
monopole operator for k=1,2:1" =77V

Myers effect in M-theory, supersymmetry, relations
with string theory









Single trace terms
{Tr}(Cap D, YD, Y1)
single trace terms Ca = H2IP

{TtHCDY DY) = C¥(DY)2(DY'1), v Tr(HDY*IDY™)

Y4 — 244 4 yA

. )

y = hodp + hl?i + hﬂ(?i})ab +
I% = 80 +1YS + io(YY)?, +

h, and i; Depend onv, k, |_p

Te(HDY*IDYY) = Tr(CWDY DY + C® DYDY + HDYZIDY')

CV = (hg+ hY + hYY + - )ig

C@ = (ip + iV + oYY + - )hg,
H=hY +hYY +
=iV + VY +-



