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Supermembranes

Matrix Theory

» - membranes - Dirac 62’
quantum membranes — YMQM - Goldstone, Hoppe 82’
supermembranes — SYMQM - de Wit, Hoppe, Nicolai 87’
-femoto-universe of YM — YMQM - Bjorken 79°
- small volume YM — Liischer - 82’
-toy model - SYMQM - Claudson, Halpern 85’
- M theory on a light cone in the IMF — SYMQM
-Banks, Fischler, Shenker, Susskind 97’
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Supermembranes

Supermembranes

» quantum description — matrix regularization:
1
Wl = 17 (PSPS — E[XS’ Xe][Xs, Xe] — iX50759>

Xs=xaTpa, Ps=psaTa 0o="0.aTa, Tac€ su(N)
[Xsa, pt8] = i0st0a8, {0an,O0s8} = dupdas,
~v° — 16 x 16, real
s,;t=1,...9, AB=1,... N°-1, a,f=1,...,16

I
Galn =0, Ga= fagc (XSBPSC — §9a39ac)

-de Wit, Hoppe, Nicolai, 87’
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Supermembranes

» Does the ground state exist? Q,V =0

F~S 1 Si
2Hdq5 = {Qa, Qﬁ}, Qs = (—Wgaasﬁ—iwazfABCXsBXtC)QaA

- Witten index computations suggest YES
Yi 97°, Sethi, Stern 98’, Moore, Nekrasov, Shatashvili 98’
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Supermembranes

» Does the ground state exist? Q,V =0

) 1
2Hdq5 = {Qa, Qﬁ}, Qs = (—WgaasA+§Vf;LfABCXsBXtC)QaA
- Witten index computations suggest YES
Yi 97°, Sethi, Stern 98’, Moore, Nekrasov, Shatashvili 98’

» Can it be constructed?
- asymptotically (large xsa) - Bach, Bordemann, Fréhlich,
Graf, Halpern, Hasler, Hoppe, Konechny, Lundholm, Plefka,
Schwatrz, Suter, Yau - 97°-07’
- small x4 ...
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Construction of the ground state near the origin

Construction of the ground state near the
origin
» Taylor expansion

1
W(x,0) =y + X5A¢$\) + §XsAXtB¢$\) BT
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Construction of the ground state near the origin

Construction of the ground state near the
origin

» Taylor expansion

1
W(x,0) =y + X5A¢$\) + §XsAXtB¢$\) BT

» Qs = 0 gives 3 towers (for Gk, pBkH1) j 4 (3k+2))
’Yf;aeaAl/’S\) = 07
S 2
’YﬁaeaAng),tB =0,

_iVEaeaAfﬂSA),tB,uc + fAsc’Yg;eaAw(o) =0 etc
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Construction of the ground state near the origin

Construction of the ground state near the
origin

» Taylor expansion

1
W(x,0) =y + X5A¢$\) + §XsAXtB¢$\) BT

» Qs = 0 gives 3 towers (for Gk, pBkH1) j 4 (3k+2))
’Yf;aeaAl/’S\) = 07
S 2
’YﬁaeaAng),tB =0,

_iVEaeaAfﬂSa),tB,uc + fABc’YE&eaAw(O) =0 etc
» what about ¥(©? W is a SO(9) singlet

-Hasler, Hoppe 02’
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Construction of the ground state near the origin

» for SU(N = 2):

fascOanbas ¥ =0 St 0aaban @ =0
ABCOanlaB Y v VYapbarlaat
SuU(2) S0(9)
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Construction of the ground state near the origin

» for SU(N = 2):

FascOaalas W@ =0, 150040041 =0
NaAaGpanicl/ 8
SU@) 50(9)
» existence and uniqueness of 1/(®)
- J. Wosiek 05’

In the Fock space (8aa — fi4, fsa) we look for an

algebraic combination of SU(2) invariants ngng which
are SO(9) invariant.
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Construction of the ground state near the origin

» for SU(N = 2):

fascOanbas ¥ =0 St 0aaban @ =0
ABCOanlaB Y v VYapbarlaat
SuU(2) S0(9)

» existence and uniqueness of /(%)
- J. Wosiek 05’
In the Fock space (8aa — fi4, fsa) we look for an
algebraic combination of SU(2) invariants ngng which
are SO(9) invariant.

» paper-pencil derivation of (® ?
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Construction of the ground state near the origin

» the Hilbert space H = Hoase a=1 @ Hase a—2 @ Hose a—3
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Construction of the ground state near the origin

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

» under SO(9), 256 = 44 + 84 + 128
— |st), |stu), |sa)
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Construction of the ground state near the origin

» the Hilbert space H = Hoase a=1 @ Hase a—2 @ Hose a—3
» under SO(9), 256 = 44 + 84 + 128

— |st), |stu), |sa)
» (0 could be eg.

|SU>1‘tU>2‘St>3, ‘SO&>1‘tC¥>2’St>3, ’SUV>1‘fUV>2‘St>3
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Construction of the ground state near the origin

» the Hilbert space H = Hoase a=1 @ Hase a—2 @ Hose a—3
» under SO(9), 256 = 44 + 84 + 128

— |st), |stu), |sa)
» (0 could be eg.

|SU>1‘tU>2‘St>3, ‘SO&>1‘tC¥>2’St>3, ’SUV>1‘fUV>2‘St>3

v

we need QaA|st>A :?, HaA|stu>A Z?, OaA|ioz>A =7
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Construction of the ground state near the origin

» the Hilbert space H = Hoase a=1 @ Hase a—2 @ Hose a—3
» under SO(9), 256 = 44 + 84 + 128

— |st), |stu), |sa)
» (0 could be eg.

|SU>1‘tU>2‘St>3, ‘SO&>1‘tC¥>2’St>3, ’SUV>1‘fUV>2‘St>3

v

we need QaA|st>A :?, HaA|stu>A Z?, OaA|ioz>A =7

29a|st> = Y25lt0) + Vsl5B),

O |stu) = 7 (V25 uB) + 1E51EB) +~241sB))
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Construction of the ground state near the origin

Define
|[|1) := |su)1|tu)a|st)s,
44

|| 1) := |suv)1|tuv)s|st)s+|tuv)1|st)a|suv)s+]|st)1|suv)a|tuv)s

844
then it follows that

is SU(2) invariant — ¢(®) ~ ¢ (no 128 content)
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Construction of the ground state near the origin

» an independent approach - explicit construction in the
Fock space given by

Bo — Aas Ak
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Construction of the ground state near the origin

» an independent approach - explicit construction in the
Fock space given by

Bo — Aas Ak
» the basis - define

bag == Aaadag, L\B = rgg/\aA)\,BB-
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Construction of the ground state near the origin

» an independent approach - explicit construction in the
Fock space given by

Bo — Aas Ak
» the basis - define
bag == Aaadag, L\B = rgg/\aA)\,BB-

» and

i i i i j j i j i j
vy = bABbAB, Vo = bABbA57 wip = bABbBCbICDbJDA7 Wy = bABblBCbCDbIDA'
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Construction of the ground state near the origin

» an independent approach - explicit construction in the
Fock space given by

Bo — Aas Ak
» the basis - define
bag == Aaadag, L\B = rgg/\aA)\,BB-

» and

i i i i j j i j i j
vy = bABbAB, Vo = bABbA57 wip = bABbBCbICDbJDA7 Wy = bABblBCbCDbIDA'

» the basis
n=vivivi|0), r=wvnwn|0), rn=wvwwrl0), rn=wwnwnl|l),

rs =viwi|0), re = vowi|0), r7r = viwz|0).
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Construction of the ground state near the origin

» an independent approach - explicit construction in the
Fock space given by

Bo — Aas Ak
» the basis - define
bag == Aaadag,  big = hsAanrss.
» and

i i i i j j i j i j
vy = bABbAB, Vo = bABbA57 wip = bABbBCbICDbJDA7 Wy = bABblBCbCDbIDA'

» the basis
n=vivivi|0), r=wvnwn|0), rn=wvwwrl0), rn=wwnwnl|l),

rs =viwi|0), re = vowi|0), r7r = viwz|0).
» the final result

X = 326304r1+488136r2+72612r34+1377r4+114576r5s —176528r6+10296r7,
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Construction of the ground state near the origin

» an independent approach - explicit construction in the
Fock space given by

Bo — Aas Ak
» the basis - define
bag == Aaadag,  big = hsAanrss.
» and

i i i i j j i j i j
vy = bABbAB, Vo = bABbA57 wip = bABbBCbICDbJDA7 Wy = bABblBCbCDbIDA'

» the basis
n=vivivi|0), r=wvnwn|0), rn=wvwwrl0), rn=wwnwnl|l),

rs =viwi|0), re = vowi|0), r7r = viwz|0).
» the final result

X = 326304r1+488136r2+72612r34+1377r4+114576r5s —176528r6+10296r7,

> X~ ¢l
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Summary

» SYMQM:
2005H = {Qa, Qs}, Qs = (—i75a05a+ 37 faBC XsBXeC )0an
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Summary

» SYMQM:

200pH = {Qu, Qs}, Qs = (—i’YBaasM—%’YELfABCXsBXtC)QaA
» outstanding problems

- does the ground state exist?

- what is it?

- other bound states?

- large N limit?
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Summary

» SYMQM:

2005H = {Qa, Qs}, Qs = (—i75a05a+ 37 faBC XsBXeC )0an
» outstanding problems

- does the ground state exist?

- what is it?

- other bound states?

- large N limit?
» G, deformation, group averaging techniques

(J. Hoppe, D. Lundholm, M.T.)
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Summary

» SYMQM:

2005H = {Qa, Qs}, Qs = (—i75a05a+ 37 faBC XsBXeC )0an
» outstanding problems

- does the ground state exist?

- what is it?

- other bound states?

- large N limit?
» G, deformation, group averaging techniques

(J. Hoppe, D. Lundholm, M.T.)

» Taylor expansion — W(0) = ¢ (two ways)
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