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1. Membranes

- U(1) invariant Membranes

(joint work with J. Hoppe and A. Zheltukhin, in preparation)
2. Supermembranes

- the ground state around the origin

(joint work with J. Hoppe and D. Lundholm, arXiv:0809.5270)
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Membranes

Membranes
» classically - pirac 62°

SNG = / d30\/ |G|, Gab = 83X'uaqu,
>
9,(v/]G|G*a,X") = 0,

0®=(r,0%0%), p=0,....D-1=4
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Membranes

Membranes
» classically - pirac 62°

SNG = / d30\/ |G|, Gab = 83X'uaqu,
>
9,(v/]G|G*a,X") = 0,

0®=(r,0%0%), p=0,....D-1=4
» orthogonal gauge

D—-1
X0=7, ) X0.X,=0, s=1,2
i=1
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Membranes

Membranes
» classically - pirac 62°

SNG = / d30\/ |G|, Gab = 83X“6bXM
>

9.(1/| G| G opX™) = 0,
O-a:(T,O'17O'2)’ N:O7,D_1:4
» orthogonal gauge

X0=7, ) X0.X,=0, s=1,2

» EOM become (g,s := —Gs, induced metric on ¥)

:—(9 (g rs(‘?X) p=0, p:= g;
P 1- X2

Maciej Trzetrzelewski Towards the exact solutions of (super)membrane models



Membranes

» U(1) symmetric ansatz, p =1
XT = (m1 COs gp, My sin 02, My COS 02, My sin (72)

EOM — m= (m*m) —m?m=0,
C— m=mm —-1=0, mm =0, (C= EOM!)
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Membranes

U(1) symmetric ansatz, p =1
XT = (m1 COs gp, My sin 02, My COS 02, My sin (72)

EOM —  m= (m*m)
C— m=mm —-1=0, mm =0, (C= EOM!)
» solutions — solitonic, separated, fixed topology...

| 2

/!

—/2
—m2m=0,
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Membranes

Li(l) symmetric ansatz, p =1
XT = (my cos oy, my sin oy, my cos oy, mysinos)
EOM — m= (m*m) —m?m=0,
C— m=mm —-1=0, mm =0, (C= EOM!)
» solutions — solitonic, separated, fixed topology...

» Zero curvature representation
in £ = (1,0! = a) space introduce a frame (repére) n;

| 2

/!

3!
|
3!
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Membranes

Li(l) symmetric ansatz, p =1
XT = (my cos oy, my sin oy, my cos oy, mysinos)
EOM — m= (m*m) —m?m=0,
C— m=mm —-1=0, mm =0, (C= EOM!)
» solutions — solitonic, separated, fixed topology...

» Zero curvature representation
in £¢ = (7,0! = o) space introduce a frame (repere) n;

| 2

/!

/

,?7 — ,77 — —
fo = n , 0. nj=0j

» define

dit = w;ii;, di; =Tk (Oaf = Wi, Oafiy = [ 7ik)
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Membranes

Li(l) symmetric ansatz, p =1
XT = (my cos oy, my sin oy, my cos oy, mysinos)
EOM — m= (m*m) —m?m=0,
C— m=mm —-1=0, mm =0, (C= EOM!)
solutions — solitonic, separated, fixed topology...

Zero curvature representation
in £ = (1,0! = a) space introduce a frame (repére) n;

| 2

/!

v

v

/

g = ———, 10 —, ;- n i
vV1—m2m'? m'2
» define

dit = w;ii;, di; =Tk (Oaf = Wi, Oafiy = [ 7ik)

v

M-C equations d?m = 0 give
i ik
8[awﬁ] aF rk[awﬂ] = O



Membranes

> using I, =: €} A, the M-C equations become
1—m?m?— A vm?=0
o-Vm?+ A,v/1—m?m? =0

Maciej Trzetrzelewski Towards the exact solutions of (super)membrane models



Membranes

> using I, =: €} A, the M-C equations become
0oV 1—m?m? — A Vvm?2=0
o-Vm?+ A,v/1—m?m? =0

» however M-C equations d?ni; = 0 give Fog5 = 0jo.A5 = 0!
= Aa — a¢
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Membranes

> using I, =: €} A, the M-C equations become
1—m?m?— A vm?=0
o-Vm?+ A,v/1—m?m? =0

» however M-C equations d?ni; = 0 give Fog5 = 0jo.A5 = 0!
= Aa — a¢

» hence
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Membranes

> using I, =: €} A, the M-C equations become
1—m?m? — AVm?2 =0
o-Vm?+ A,v/1—m?m? =0

» however M-C equations d?ni; = 0 give Fog5 = 0jo.A5 = 0!
= Aa — a¢

» hence

A=+1—mm? B:= Vi

» Riemann method
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Supermembranes

Supermembranes

» quantum description — SU(N) matrix regularization:
1

1 P
s, = T (3P, = 0661061 — 202

Xi=xiaTa, Pi=piaTa 0o=0,aTa, Tac€su(N)
[Xia, Pxg] = i0j0aB; {0an, 058} = dupdas, ' —16x16, real

-Goldstone, Hoppe 82’, de Wit, Hoppe, Nicolai, 87’
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Supermembranes

Supermembranes

» quantum description — SU(N) matrix regularization:

1 1 P
s, = T (3P, = 0661061 — 202

Xi=xiaTa, Pi=piaTa 0o=0,aTa, Tac€su(N)
[Xia, Pxg] = i0j0aB; {0an, 058} = dupdas, ' —16x16, real

-Goldstone, Hoppe 82’, de Wit, Hoppe, Nicolai, 87’

» Other applications
- femotouniverse of YM — YMQM - Bjorken 79’
- small volume YM - Liischer 82’
- eff. description of DO branes — YMQM - Leigh 89’
supersymmetric case — SYMQM - witten 96’
- M theory on a light cone in IMF — SYMQM
- Banks, Fischler, Shenker, Susskind 97’
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Supermembranes

» does the ground state exist? Q,V =0

o 1.
H=Q2/2, Q5= (—i7h0a+ Evg;fABc&BXkc)%A

- the Witten index computations suggest: YES

Yi 97°, Sethi, Stern 98’, Moore, Nekrasov, Shatashvili 98’
- recent progress (deformation/averaging techniques)

J. Hoppe, D. Lundholm, M.T, arXiv:0803.1316, 0809.5271

— see D. Lundholm'’s poster!
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Supermembranes

» does the ground state exist? Q,V =0

o 1.
H=Q2/2, Q5= (—i7h0a+ Evg;fABc&BXkc)%A

- the Witten index computations suggest: YES
Yi 97°, Sethi, Stern 98’, Moore, Nekrasov, Shatashvili 98’
- recent progress (deformation/averaging techniques)
J. Hoppe, D. Lundholm, M.T, arXiv:0803.1316, 0809.5271
— see D. Lundholm'’s poster!

» can it be constructed?
- asymptotic behavior - Bach, Bordemann, Fréhlich, Graf,
Halpern, Hasler, Hoppe, Konechny, Lundholm, Plefka,
Schwatrz, Suter, Yau - 97’-07’
- near the origin ...
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Supermembranes

» consider the Taylor expansion

1
V(x,0) =@ + XiA?ﬁ,(j) + EXIAXJ'B?DS)J'B oo
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Supermembranes

» consider the Taylor expansion

1
V(x,0) =@ + XiA?ﬁ,(j) + EXiA)(_I'BwI(j)jB oo

» Qs = 0 gives 3 towers of equatins (for )k, )k+1) and
¢(3k+2))
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Supermembranes

» consider the Taylor expansion

1
V(x,0) =@ + XiA?ﬁ,(j) + EXiA)(_I'BwI(j)jB oo

» Qs = 0 gives 3 towers of equatins (for )k, )k+1) and
¢(3k+2))

> no constraints on (0?7
Spin(9) x SU(2) invariance — €apcfaafasi® =0
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Supermembranes

» the Hilbert space H = Hose a=1 @ Hose a—2 @ Hose a—3
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Supermembranes

» the Hilbert space H = Hose a=1 @ Hose a—2 @ Hose a—3
» under SO(9), 256 = 44 + 84 + 128
= [ij), |ijk), lice)
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Supermembranes

» the Hilbert space H = H2557A:1 ® H256,A:2 & H2567A:3
» under SO(9), 256 = 44 + 84 + 128

= [ij), |ijk), lice)
» 1 could be some combination of e.g.

|ik)1lik)2lif)s,  lia)ilja)alii)s, |ikl)1ljkD)a|i)s

Maciej Trzetrzelewski Towards the exact solutions of (super)membrane models



Supermembranes

v

the Hilbert space H = H2557A:1 ® H256,A:2 & H2567A:3
under SO(9), 256 = 44 + 84 + 128

— i), lijk), Jicr)
¥(© could be some combination of e.g.

|ik)1lik)2lif)s,  lia)ilja)alii)s, |ikl)1ljkD)a|i)s

we need Oualij)a =7, Oaalijk)a =7,  Oqalic)a =7

v

v

v
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» It turns out that for

| 1) = lik)1ljk)2lij)3,
44

| 1) := |ikl)1|jkl)2ij)3 + [jkD)1|if)2|ikl)s 4 |if) 1| ikl)2|jkl)3

844
the combination

13
2 D)

=|||1) +
? |4|4|> 36 844

is the (unique) Spin(9) x SU(2) invariant state, ¥(® ~ ¢
(no 128 content)
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