NAMBU POISSON
MS5-BRANE

Pei-Ming Ho (B £8)
National Taiwan University

AIE 20 |

Clrass Sielt IMeeling G
Particle Physics and Cosmology




M5 IN C-FIELD

S ttineory:

* 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
* 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, b} = Pi"* (9,.f) (8:9) (8;1)
=123

* Skew-symmetry

{f,9,h} =—{g, f,h} = —{h,g, f}

* | eilbniz rule

{fga hl) hQ} — f{gv hl) hQ} T g{f7 h17 h2}

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

S fos g1} 92, 9334191, Uf1s 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’

it O =0

Transformation on functions can be expressed via NP

DEOELEE e > Afur 90}

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

C = 01236 dy" dy” dy

,uy)\

o (p=1,2,3), ¥ (b=1,2,3)

» Gauge transformation for an Abelian 2-form potential:
0 b,[u'/ — 8,12/\1) — az'/A/L

0b; = O, N\, — 0\,

KA = M 0\ (z,y)

» Field strengths are Hiw = b — 9abxi + by

Hy, = O3bu + 0pby5 + 9sby,,




EREEDIAI D FORM GAUGE FIELDRRSi=ENE

» Field content  X'(z,y),  U(x,y)

bpp, bﬂﬂ

bﬂ.[/(x, y) — arise from solutions

» Small C-field background — =g /CH
* Large C-field background =g 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]




R E = MIMETRY IN LARGECIFlSISS)

* gauge transformation (VPD)
oAb = K"+ gr”Ob",
0AB ﬂ'ﬂ = aﬂ“ﬂ T /fl)az)Buﬂ — 9(3,;/6’1)3;!.’)

Slc cisirensths

HA/“) - 6,[11))'\D>‘X)\
= Hyuw — g€ (9sba+)bjii
H123 — gQ{XlaXQJXB} o 5

= Higs + SO0 06" = 90" 0,6 + g* {01 17,0}




e ACTHON

S =05x+ Sy + Sgauge Sgauge — S’HQ + Scs

[P B
Sy = [ dady [—§<DMX P - (DX
1
.

N S
. Z{X,u’ Xl,X]}Q . ﬁ{XZ? XJ’ Xk}Q]

Sy = / Brdy [;\prﬂpﬂxp + SUTPD,U
02 o % o
—|—%\_I/Fm'{Xu, XZ, \I/} — %\I]FZ]FIQ?){XZ, X], \I/}:|

S'HQ = /d31'd3y [—EH#VP_ZH)\/_W]

T 1 .
Scs = / dxd’y e [_Qa/”b#f/avbAX + %aﬂbwd’ 7 Osbap(03bpr — 07b,5)

* covariant derivatives D, = 9,0 — ¢B,"9,9.

2

g U ] L

I o p oy UL s
€ X7, X7, P} Xity) = L4 5,5 (0)

D,
a 2




6. X"
0eW

SUIPERSTPIMIE] R

i€
D, X'TH e + Dy X'TH e
1 y
—5 Hupl TITTE = Higslisge
=X X XTI e + (X X XY e
— ZZ?F 1 U )
—i (1 + gHis3) €0, 050 + ig(el [ i550)0; X




NP M5 TO NC D4

[Ho, Imamura, Matsuo, Shiba 08]

* Double Dimensional Reduction

Yy’ ~ 1y’ +21R

* VPD becomes Area-Preserving-DIff.

biy = bg =0 KH = émj}\a,;/\)'\
bdg = Uy Aiv /\2
b,ug = Ay A‘3 = A

b.. integrated out




* Seiberg-Witten limit for NC D4 reinterpreted for NP

M5 e — 0 [Chen, Furuuchi, Ho, Takimi 10]
1/3
ePNG/ ] gﬂle, 9w ™~ €, ij}\Nl

 Analogous to D-brane in B field background, where
open strings coupled to B induce interactions through
Moyal bracket, open membranes coupled to C induce
Nambu-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

v’ ~ 2’ + 2R

8 i slvives, also get U
b

b?[z — a;

dual

We will focus on the gauge fields.




e acTicioy imit for NP M5 reinterprelcdiieiN sk

1/2

gSNE y s ~ € gOz,BNla g'[“‘/NE, C)\Nl

gsls < 1 radius much smaller then [/E

Background fields:

|

Corg = m%g No NP structure in (O12) directions.

o :
oma’ By = 2rl;RCyy = 52 finite B-field background (no NC)

e




GAUG

- SYMM

RY

* gauge transformation

Ot =

5aA =

A= (p or

- field strengths

s gh"..” 0, b

g\ + g(ﬁ:"’@,-,a,q + (L,',@AH..D)

0)=0.1,1.9.3

A=Ay

Hizg = 0" + S9(00" 9,0 — 0,1/ 9,") + g?{bt. b, 6%}
./—"ﬂ‘ = ,Hﬂ,',g = Fﬂ,‘, -+ g[&dbdFﬂ,; — aﬂbdFd,) — G,deFﬂg,-]
Fop = V_lﬂV(Fa,) + gFI)(';Ba(S)
-Fa,B — Faﬂ + g[_Faﬂégﬂ - F,L'L,BBaﬂ -+ gFﬂl)BaﬂBﬁl)]




Vo' = 0 + gop b
M[CIII? — V VP(SQB QBF,[U'/

NNV A I
(M )M’MA,; = 5p5a

B = (MY (Vi b + €M)




ACTION

1
29

1 .. 1 . 1 _
S gauge = / Pad®y {—57{123%123 — 1]:,',,5./_"”’0 + §f5ﬂfﬂ” 4 eaﬂfaﬁ}

* Jo the lowest order

L 1
Sgauge = /dedgy {—5(1{123 + Fon)® — IFABFAB}




(aENIERAEPZATRICING RO [P

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

{f1, fa, -+, [ro1} = eizrin-1p, i J10u fo - Opy_y fp1

» Gauge fields

p — 1 cFA2 - fp—1}.

| iYLy
TR s X =SV

daps = [Da, N + g(K"Opan + a;0ar") A=0.12.- .p
Fiui = Fuy + g[0sb" Fpip — 0307 Fyyy — 03b° Fs)

Fap = V_l,'f(Fap +9F,-,51§a5)

Fop = Fop+ g[—FupB' — FysBJ + gF BB

o . 1 .
HﬂlﬂQ“'ﬂp—l = gP—Q{XM’ Xﬂlv T 7X#p_1} - = aﬂb# + O(g)
g




5JT"AB — [JT"ABa A — g/{‘ﬂaﬂ]

* symmetry algebra (5, 5, = 4,

A3 = [A1, ] + g(KhauA — KEDu0)

Kh = g(REOuRY — KiOyKD)
. ' U(1) SU(N)
action ag=a, " +a,
sor = [ eyl L gy L gpieie L s pU0)
gauge ’ Yy 9 (p . 1)| 1 Hp—1 29 ‘ af

Vv pip  Lpvy s L (2sUN) £aB
—Z]:f/p ‘FU(I)+§‘F[3[L ‘FU(I)_ZTJI (]:AB FSU(N))




CONCLUSION

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

* VPD gauge field shares physical d.o.f. with
IemEnitm ofDp.

» Other branes in other backgrounds!?

- Applications!




