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MS IN C-FIELD

* M theory:

* M5-brane in C-field (3-form) potential background

* M5-brane worldvolume low energy effective theory

* M2-brane ending on M5-brane = self-dual “string” on M5
e self-dual “string’ —=— self-dual 2-form potential

* volume-preserving diffeomorphism on M5 defined by C




D-BRAN

- IN RR

IELD

* Dp-brane in RR (p-1)-form potential background

* D(p-1)-brane ending on Dp-brane coupled to RR (p-)-form

* Ending of D(p-|)-brane = (p-2)-brane —s=—
worldvolume (p-2)-form potential B

* B = gauge potential for (p-1)-dim.-volume-preserving-diffeo.

* But are they new physical degrees of freedom in addition to

U(l) gauge potential A ¢




[Nambu 73] [Takhtajan 94]

NAMBU POISSON BRACKE T

» Nambu Poisson bracket  {¢, g, h} = PP (9,f) (8;9) (k)
=123

* Skew-symmetry

{f,9,h} =—{g, f,h} = —{h, 9, f}

* | elbniz rule

{fg.h1,ha} = fig, b1, ho} + g{f b1, ho}

* Jacobi identity
{fla f?a {gla g2, 93}} —

S fos g1} 92, 9334191, U f1s f2. 92 933191, 92, L f1, f2, 93} )




VOLUME-PRESERVING-DIFFEOMORPHISM
(VPD)

For a 3D space, the coordinate transformation dy" = k*

preserves the volume-form  dy'dy’dy’

if 8#/{‘1 = i

Transformation on functions can be expressed via NP

bI”aC|<eJE dsS 5O = KJ:‘.“a’a(I) = Z{f(w Ya; (I)}

This can be generalized to higher/lower dimensions.




[Ho, Matsuo 08] [Ho, Imamura, Matuo, Shiba 08]

Mo IN LARGE C-FIELD

* Worldvolume coordinates are divided into two groups
by the C-field background

= Cme dy* dy”dy

)

o (p=1,2,3), ¥ (b=1,2,3)

» Gauge transformation for an Abelian 2-form potential:
0 b,[u'/ — 8,11/\1) — az)A/L

0b; = O, N\, — 0\,

N V7
K= et"d N2, 7)

» Field strengths are Hxw = Oabiw — dibxs + Jiby
H' . = 8/'\8),[1,1'/ + apby/\ + a’)b/.\[l

DN11%




SELF-DUAL 2-FORM GAUGE FIELD THEORY

» Field content  X'(z,y),  U(x,9)

b jnz b [LfL

b (2, y) — arise from solutions

» Small C-field background — =g /CH
* Large C-field background == VPD gauge symm.

» Self-Duality condition satisfied only after solving the
equation of motion and change variables.

cf. [Pasti, Samsonov, Sorokin, Tonin 09][Furuuchi 0]




GAUGE SYMMETRY IN LARGE C-FIELD

* gauge transformation (VPD)

oAd = gm@ﬂ) (= X", 1)
oAb = KM+ gr O,
6AB," = 0u" + g’ 0, B,/ — g(9,1")B,”

» Fleld strengths

Hyw = € DrX

1IN
= H)\,[l.l) _ gf&d-p-(adb/\%)a/bb/”)’
e el e I
Hisy = gz{leXZ’XS} _g

— Hig+ %(a,-lbﬂa,-,b"f — 9 a0 + g2 bt b2, b}




HE AC

S — SX + S\Il + Sga.suge

2

|ION

Sgauge — S'HQ + SCS

(DX

4 _ )
){XZ’ X], XA}Q]

‘I’Fz‘jriéz{X X, \P}]

H/\;w]

Sx = /d3:1?(l3y Ii—l(D X5 — :
_L — _{Xu Xt X]}2
2¢°
Sy = / Bady [—'@F“DL\D +—\—PFpr\II
+—\IIF,“{X“ XU} —
Scs =

« covariant derivatives Db

Db

= 0 #‘(I)

2

_ %q“.,,j{X”, X7, 3}

— gBHﬂaﬂ(I).

. 1
/ Baddy ¢ e [ 5 OibusOubys + ga by Bsbp(Osbyr — O:b,5)

. Tl
Xiy) = L + =5 (y)
g __) K/




SUPERSYMMETRY

5.X' = eV
5V = D, X'THMe 4+ D X'THTe
1 LTVg
— 5 Hupl"170e — Higsl'igse
P
=5 X5, X0 XM Ye + X0, X0, XFyrakries,
0cbpy = —i(€l'yy V)
O0cbyy = —i(1+ gHis3) €0,V +ig(el I Ti530)0, X




NP M5 TO NC D4

[Ho, Imamura, Matsuo, Shiba 08]

* Double Dimensional Reduction

y> ~y° +21R

* VPD becomes Area-Preserving-Diff.

big =B =10 K* = AN
bdg = Qg Al’ AQ
b3 = Ag = A

b.s integrated out




» Seiberg-Witten limit for NC D4 reinterpreted for NP

M5 e — 0 [Chen, Furuuchi, Ho, Takimi 10]

épNél/B, Guv ™~ 1, Qi ™ € C, .5 r ]

LV

 Analogous to D-brane in B field background, where

O
v

ben strings coupled to B induce interactions through
oyal bracket, open membranes coupled to C induce

N\

ambu-Poisson bracket.

 Same story generalized to Dp in constant RR (p-1)-
form background




[Ho,Yeh | 1]

NP M5 TO NP D4

* Double Dimensional Reduction

1’ ~ 2+ 2R

* VPD survives, also get U( )
b

b?[t = Qy

dual
b 18} ,l.l H CL o

We will focus on the gauge fields.




* Low energy limit for NP M5 reinterpreted for NP D4

1/2

ks €, P Gop~1,  gw~e  Cp~1

LU
gsls < 1 radius much smaller then |/E

Background fields:

1 . .
Corg = mcm No NP structure in (O12) directions.

(s .
oma’ By = 2rl;RCy = 52 finite B-field background (no NC)

o




GAUGE SYMM

RY

* gauge transformation
oW = KH 4 gr" O, b
dag = Oa\+ g(K Opa4 + a;04K")
A —( ur =01, 1,53 X= 1y

- field strengths

Hiss = Opb* + 5g(a,)bvaf,bp — 9 bP00") + g*{b, b%, 1%}
I Higo =05 F g[(")g,bdFﬂ,) — 8[,,b"’Fc-,,, — aybdFﬂd]
Foii = V7 (Foi + gF,;BY)
fag Fa/j’ . g[—FaﬂBﬂ“ — F[L’BBQ[L + gFﬂ,,)BaﬂBﬁl)]

Il
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ACTION

1 TR | I | . 1
Sgauge = /(]2:13(131/ {—57‘{1237{123 = Z-Fz)p./_"y’o = 5.7'}3@.7’3“ = %Eaﬁfa‘g}

* JTo the lowest order

L 1
Sgauge = /([21?d3y {—9(H123 e F01)2 . IFABFAB}

e




GENERALIZATION TO DP

» Nambu-Poisson bracket with (p-1) slots

{flana' fp 1} —EHULQ - 1()tlfl /.L2f2 up 1fp 1

 Gauge fields

_ 1 g
b,Ul — EHIM? ﬂp 1b i XbB == ull hH
(p . )) K2 Hp—2 q

Sag = [Da, N + g(k"0ua4 + a;04k") A=0,1,2,---,p
Fiui = Fuy+ g[0sb" Fp — 030° Fyyy — 03b° F 5]

Foi = VU (Foy + gF,3B.9)

Fop = Fap+ g[~FapBy' — FisBJ + gF BB

. . . 1 .
Moo = 02X X .. X1} — = = 9,0 + O(g)
g




6Fap = [Fap. X — gr"0;]

* symmetry algebra 5,

* action
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CONCLUSION

* [-duality:
* Dp in RR (p+|)-form background
* (pt+1)-form = (p-form)x(|-form)

* VPD gauge field shares physical d.o.f. with
momentum of Dp.

» Other branes in other backgrounds!?

- Applications!




