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1 Introduction
1.1 Brief review of AdS/CFT

Explicit example of gauge/gravity correspondence: [Maldacenal

Type IIB Supergravity (strings) on AdS5 x S°

~ N =4 Super Yang-Mills with gauge group SU(N)
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1 Introduction
1.1 Brief review of AdS/CFT

Explicit example of gauge/gravity correspondence:

[Maldacena]

Type IIB Supergravity (strings) on AdS5 x S°

~ N = 4 Super Yang-Mills with gauge group SU(N)
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AdS5 x S°: near horizon limit of N D3-branes
N =4 SU(N) Super Yang-Mills: Gauge theory on D3 worldvolume

— D = 4 gauge theory captures holographically D = 10 gravity
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AdS5 x S°: near horizon limit of N D3-branes
N =4 SU(N) Super Yang-Mills: Gauge theory on D3 worldvolume

— D = 4 gauge theory captures holographically D = 10 gravity
— Dictonary between D = 4 gauge theory and D = 10 gravity:

e N = [, F5: §ofbranes = rank of SYM gauge group
e Coupling constants: ¢3,,N = 4ng,N = (L/l,)*

e S0(4,2) x SO(6) isometry group of AdS5 x S°
~ SO(4,2) x SU(4)g conformal group of N = 4 SYM

e Fieldsin AdS; ~ operatorsin SYM

o Quark (¢) in SYM ~ string stretched between boundary and horizon

B. Janssen (UGR) Madrid, 18 may 2006



Probe D3-brane at radial distance u

— massive string between D3 and horizon with m ~ u in vector
representation of U (V)

— massive quark in gauge theory

— U~ 00 & m~ 00 & non-dynamical quark of SYM
~ F1 between horizon and boundary

B. Janssen (UGR) Madrid, 18 may 2006



Quark physics in AdS

non-dynamical quark of SYM ~ F1 between horizon and boundary
qg-pair in SYM ~ string “hanging” from boundary

Wilson line C in SYM ~ string worldsheet ending on C [Maldacenal
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Quark physics in AdS

non-dynamical quark of SYM ~ F1 between horizon and boundary
qq-pair in SYM ~ string “hanging” from boundary

Wilson line C in SYM ~ string worldsheet ending on C [Maldacenal

//‘ -
Solution:
Uo J1 224/22 — 1 T Jq 24— 1] 7 14
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1.2 Witten’s baryon vertex

qg-pair (meson) in SYM ~ string “hanging” from boundary

Does there exist a baryon contiguration?
= colourless antisymmetric bound state of N quarks

— D5-brane wrapped around S° with N strings extending to boundary

g
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Consider a D5-brane wrapped around S® at fixed point uq in AdS [Witten]

Scs = —T5/ P[C<4)]/\F
Rx S°

_ T / PIGE A A
Rx S5
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Consider a D5-brane wrapped around S® at fixed point uq in AdS

Scs

—ﬂ/‘HﬂWAF
Rx S5

ﬂ/ PGP A
RxS®

E/PWW/ﬁm
S5 R

Ansatz: A = A, (t)dt

[Witten]
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Consider a D5-brane wrapped around S® at fixed point uq in AdS [Witten]

Scs

— N units of string charge induced on D5 worldvolume

—ﬂ/‘ﬂﬂﬂAF
Rx S5

ﬂ/ PGP A
RxS®

E/PWW/ﬁ&
S5 R

NT, [ dea,

Ansatz: A = A, (t)dt

Background:

S5

G® = 4n’N

B. Janssen (UGR)
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Consistency of Ansatz A = A,(t)dt:

S = SDB[+NT1/tht

Equation of motion:

oL
= — = NTj.
0 A, 1
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Consistency of Ansatz A = A,(t)dt:

S = Sppr + N1} /tht

Equation of motion:

oL

However, we can add N fundamental strings, ending on D5:
Stotal = OSppr+ NTj / dtA;, + NSp1 — N1 / dt Ay

= Sppr + NS¢
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Consistency of Ansatz A = A,(t)dt:

S = SDB[+NT1/tht

Equation of motion:

oL

However, we can add N fundamental strings, ending on D5:
Stotal = OSppr+ NTj / dtA;, + NSp1 — N1 /tht
= Sppr + NSp

— N F1 with same orientation (all ¢’s), stretched between D5 and boundary

— Configuration is antisymmetric under interchange of any two F1’s
— DBaryon vertex

[Witten]

B. Janssen (UGR) Madrid, 18 may 2006



2 The baryon vertex with magnetic flux

2.1 Construction

Baryon vertex = D5-brane wrapped around 5°

S°is U(1) fibre bundle over C'P*
dQZ = (dx — B)* + ds? ps,

1 .
B = —5 SIHZ @1(dgp4 + COS @2d¢3)7

L. .
dst pe = dp] + 1 sin? ¢, (dgpg + sin® odp3 + cos® (dgp4 + cos gpgdg03)2)

Fibre connection B satisfies
dB:*<dB), dB/\dB ~ VQCPQ ~J \/g55

— B non-trivial gauge field on C'P?, with non-zero instanton number

B. Janssen (UGR) Madrid, 18 may 2006 10



Turn on magnetic Born-Infeld flux

F=+v2ndB

— / F A F = 87n°n.
C P2

B. Janssen (UGR) Madrid, 18 may 2006
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Turn on magnetic Born-Infeld flux

F=+v2ndB

— F A F = 87n°n.
C P2

F'is magnetic = no extra terms in Chern-Simons action

New contributions to Born-Infeld action

SDBI

T / do¢ % \/ det (gaﬁ + Faﬁ)
T / ¢ u /g5 (L* + 26,17

L4
87T u (n — g)

B. Janssen (UGR)

Madrid, 18 may 2006
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F' = +/2n dB induces D1 charge in D5 worldvolume

1
Sps = —T5/ PICPIANFAF
2 R x S5

= nT} / P[C?]
RxS1
= n Spi

— n D1-branes: extended in ¢- and y-directions
dissolved in D5 worldvolume

NB: n dissolved D-strings should not be confused
with the NV baryon vertex F-strings!

B. Janssen (UGR) Madrid, 18 may 2006
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— Alternative, microscopic description in terms of non-Abelian D1’s?
Cfr Dielectric effect: [Emparan] [Myers]

Spherical D2-brane with dissolved DO-charge (Abelian)
~ dielectric D0’s expanding into fuzzy D2 (Non-Abelian)

B. Janssen (UGR) Madrid, 18 may 2006 13
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2.2 Bound onn

baryon vertex with n = 0: stable under perturbations in 2’
stable under perturbations in u
— analysis of dynamics due to external F1's

[Brandhuber, Itzhaki, Sonnensshein, Yankielowicz]
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2.2 Bound onn

baryon vertex with n = 0: stable under perturbations in 2’
stable under perturbations in u
— analysis of dynamics due to external F1's

[Brandhuber, Itzhaki, Sonnensshein, Yankielowicz]

What is the influence of n # 0?
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2.2 Bound onn

baryon vertex with n = 0: stable under perturbations in "
stable under perturbations in u
— analysis of dynamics due to external F1's

[Brandhuber, Itzhaki, Sonnensshein, Yankielowicz]

What is the influence of n # 0?

ut
S:SD5— NT1/dtdI\/(U/)2+ﬁ

Bulk eqn:

Boundary eqn:

AR
Vg

Uy _ wL? <1 Sn)

B. Janssen (UGR) Madrid, 18 may 2006
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Equations combine into

with

B. Janssen (UGR)

Madrid, 18 may 2006
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Equations combine into

with

Observation:
uis real = ([ should be real

n 3

(Remember: ' = +v/2n dB = n > 0)

— Upper bound on +
(relation to string exclusion principle?)

[Maldacena, Strominger]

B. Janssen (UGR) Madrid, 18 may 2006
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Solution: Size ¢ of the baryon vertex (in boundary)

NB: Size of baryon vertex is inversely proporcional to

L? [
(= — dy b

Uo J1q y2 /y4_52

Size of baryon vertex is function of n/N

D3

D5

F1

\ /uo

q L2
0.4
ﬂ'q /l/ 0.3
1 0.2
— 0.1

B. Janssen (UGR)

Madrid, 18 may 2006
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Energy E of the baryon vertex

2

E:Tluo{/loody[\/h—l}—l}.

Energy E of the baryon vertex is:
proportional to vy  (conformal invariance)

proportional to /gy y N
a function of n/N

B. Janssen (UGR) Madrid, 18 may 2006
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Energy E of the baryon vertex

E:Tluo{/loody[\/h—l}—l}.

Energy E of the baryon vertex is:

proportional to vy  (conformal invariance)

proportional to /gy y N
a function of n/N

1 1 3 N
0. 95} 8 4 8
0.9
0. 85¢
0. 8¢
0. 75¢

B. Janssen (UGR) Madrid, 18 may 2006 17



2.3 Supersymmetry

Witten's baryon vertex: £ (D5-brane) x £ (V F1) = 1 total
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2.3 Supersymmetry

Witten's baryon vertex: £ (D5-brane) x £ (V F1) = 1 total

Generalised vertex: NV F1 break : (no influence of F' = /2ndB)
D5-brane supersymmetry due to F' = v/2ndB ?

D5-brane k-symmetry:

[Le = Eé}(F(6)+F/\FF2)e — €
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2.3 Supersymmetry

Witten's baryon vertex: £ (D5-brane) x £ (V F1) = 1 total

Generalised vertex: NV F1 break : (no influence of F' = /2ndB)
D5-brane supersymmetry due to F' = v/2ndB ?

D5-brane k-symmetry:
[Le = E;(F(G) —I—F/\FF2>6 — €
in S° fibre coordinates:
FnG — £§} (Fzgkl -+ <F A\ F)ijk:l)rtxe — €

— Operator with Tr(I",,) = 0and I'Z = 1 in AdS5 x S°

[Bergshoetff, Kallosh, Ortin, Papadopoulos]

— Generalised baryon vertex breaks preserves same susy as original

B. Janssen (UGR) Madrid, 18 may 2006



3 The microscopical description

3.1 Brief review of the dielectric effect

n coinciding D-branes = U(1)" — U(n) gauge enhancement
—> non-Abelian action

[Witten]

[Myers]
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3 The microscopical description

3.1 Brief review of the dielectric effect

n coinciding D-branes = U(1)" — U(n) gauge enhancement [Witten]
— non-Abelian action [Myers]

S = —Th / B¢ STr{\/ ‘det(P[gW + Q1 — 5)ijgjkgk,/]) det Q‘ }

(ixix ) 2C@ A ]—"}

N | —

+ T / d2¢ STr{P[z’(iXiX)O(4) -

with
Q' = 0 +ilX', X gy, ((ixin)C®) = X, x7)CL,

[N

F=20A+ilA A (ixix)*CY = {[X* X7[X", XMCp) s

B. Janssen (UGR) Madrid, 18 may 2006 19



S X XP)C Wois dipole coupling

PAUY
e Flat space: n D1’s expand into fuzzy D3

nD1

Fuzzy D3
(S?x R)

[Myers]

B. Janssen (UGR) Madrid, 18 may 2006
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21X, X7 CS)W is dipole coupling
o Flat space: n D1’s expand into fuzzy D3 [Myers]

nD1

Fuzzy D3
(S?x R)

e AdSs x S°: D1’s expand into fuzzy S°
— Fuzzy S° is Abelian U(1) fibre over fuzzy C P [B.J., Lozano, Rodr.-Gémez]

NB: Chern-Simons couplings are zero = purely gravitational effect

B. Janssen (UGR) Madrid, 18 may 2006
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CP?is coset manifold SU(3)/U(2)
embedded in R® via

8 8
;xzazz =1 Z d9F gl g = \/Lga:’

7,k=1

Fuzzy C P? generated by SU(3) generators 7" in (anti-)fundamental repres

i T i v i fi k
X = X X9 = X
SRR cr T

V2n—2)3
[Alexanian, Balachandran, Immirzi, Ydri]
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CP?is coset manifold SU(3)/U(2)
embedded in R® via

8 8
;xzxz =1 Z d9F gl ok = \/Lgxz

J,k=1

Fuzzy C P? generated by SU(3) generators 7" in (anti-)fundamental repres
X — I [XZ)X]] _ Zf Xk
Vv (2n —2)/3

v (2n —2)/3
[Alexanian, Balachandran, Immirzi, Ydri]

Substituting in D1 action:

4

S o1 = —Ty | dtdy uST {11 11}
nL*
E.p = 2 T( )
D1 Tud n+8(n—1)
L4
ED5 — 87T2UT5 (TL + g), T1 — 47T2T5}

B. Janssen (UGR) Madrid, 18 may 2006
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3.2 F1’s in microscopic description

D5-brane in baryon vertex is expanded D1-branes
Where are F1’s that form vertex?
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3.2 F1’s in microscopic description

D5-brane in baryon vertex is expanded D1-branes
Where are F1’s that form vertex?

— Chern-Simons coupling:

Ses = Ti / dtdy STr{P[(iXiX)C<4>} - P[(iXiX)2O<4>]Af}

xtjkl

T . .
_Zlfdtdx STI{[)(L,)O][X’“,XZ]G(5> At}

B. Janssen (UGR) Madrid, 18 may 2006
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3.2 F1’s in microscopic description

D5-brane in baryon vertex is expanded D1-branes
Where are F1’s that form vertex?

— Chern-Simons coupling:

‘%S:fﬂ/ﬁ@ﬁﬂ&wugmmy—ﬂmﬁﬁﬂﬂAF}

T . .
_ZI/dth STr{[Xz,XJ][Xk,X] ngkl“At}

)

xtjkl

AT,
_ %n_ly/deSﬂ{A&

— L4fzjfkl XX
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3.2 F1’s in microscopic description

D5-brane in baryon vertex is expanded D1-branes
Where are F1’s that form vertex?

— Chern-Simons coupling:

‘%S:fﬂ/ﬁ@ﬁﬂ&wugmmy—ﬂmﬁﬁﬂﬂAF}

T . .
_ZI/dth STr{[Xz,XJ][Xk,X] ngkl“At}

)

xtjkl

AT,
_ %n_ly/deSﬂ{A&

— L4fzjfkl XX

n_
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3.2 F1’s in microscopic description

D5-brane in baryon vertex is expanded D1-branes
Where are F1’s that form vertex?

— Chern-Simons coupling:

Ses = Th / dtdy STr{P[(iXiX)C<4>} - P[(iXiX)20<4>]Af}

T . )
= = [ase{ X X)X, X060, )
— G;l?]k‘l — L4fz]fkl X"X"
LT /dtd ST {A}
— Ir
2(n—1) X t

n_

= N Bl charges as n — oo, cancelled by V extrnal F1's

B. Janssen (UGR) Madrid, 18 may 2006
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3.3 Comment on S-duality

AdSs x S° is S-duality invariant (¢ = 0)
— distinction between D1 and F1 artificial.
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3.3 Comment on S-duality

AdSs x S° is S-duality invariant (¢ = 0)
— distinction between D1 and F1 artificial.

— construct baryon vertex from dielectric F1’s? [Brecher, BJ., Lozano]

S = —T, / drdo STr{\/ |det (P[EW + B Q! — 5)ijE:ikEkV]) detQ‘ }

1
T / drdo STr{P[B<2>] + iP|(ixix)CW] — 513[(1X1X)219<6>]}
with
E/u/ — g,uu_|_€¢0£b2u)

Q; = & + ie ?[ X", X" Ey,
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3.3 Comment on S-duality

AdSs x S° is S-duality invariant (¢ = 0)
— distinction between D1 and F1 artificial.

— construct baryon vertex from dielectric F1’s? [Brecher, BJ., Lozano]

S = —T, / drdo STr{\/ |det (P[EW + B Q1 — 5)ijEj’fEky]) detQ‘ }

1
-7 / drdo STr{P[B<2>] + i P[(ixix)OW] — 5P[(iXiX)?B@]}
with
E/u/ — gMV+€¢O/82V)

Q; = & + ie ?[ X", X" Ey,

nlL* : :
) N D1 strings via WV scalar

— L1 — 27TUT1 (n—i— 8(71— 1)
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4 Conclusions

e Witten’s baryon vertex is D5-brane wrapped around S” in AdSs x S°
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4 Conclusions

e Witten’s baryon vertex is D5-brane wrapped around S” in AdSs x S°

o S5 5, Cp? permits to add magnetic Bl flux F' = /2n dB
= Generalised baryon vertex

e Upperbound on n/N, related to string exclusion principle?
e Generalised baryon vertex 1/2 supersymmetric

o [ = /2n dB introduces n D1-branes in D5 worldvolume

e Microscopic description: D1-branes expanding into S°
= agreement for n > 1
(Witten’s baryon vertex not included)

B. Janssen (UGR) Madrid, 18 may 2006



Outlook

Fuzzy odd-spheres as Abelian fibre bundles over fuzzy bases

[B.]J., Lozano, Rodr.-Gémez]
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Outlook

Fuzzy odd-spheres as Abelian fibre bundles over fuzzy bases

[BJ., Lozano, Rodr.-Géme]
e W — 8"2%in S™ C AdS,, x S™: genuine giant gravitons
e W — 8™ 2% in AdS,, C AdS,, x S™: dual giant gravitons
o W — S3 in AdS; x S3 x T*: black hole [Rodr.-G6mez]

e D1 — S° in AdS5 x S°: baryon vertex
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Outlook

Fuzzy odd-spheres as Abelian fibre bundles over fuzzy bases

[BJ., Lozano, Rodr.-Géme]
e W — 8"2%in S™ C AdS,, x S™: genuine giant gravitons

e W — 8™ 2% in AdS,, C AdS,, x S™: dual giant gravitons

o W — S3 in AdS; x S3 x T*: black hole [Rodr.-G6mez]
e D1 — S° in AdS5 x S°: baryon vertex

o W — 5% in AdSs; x S°: new giant graviton! [in preparation]
e D1 — S% in S° C AdS5 x S°

e D1 — 8% in AdS® C AdSs x S°

B. Janssen (UGR) Madrid, 18 may 2006
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Outlook

Fuzzy odd-spheres as Abelian fibre bundles over fuzzy bases

[BJ., Lozano, Rodr.-Géme]
e W — 8"2%in S™ C AdS,, x S™: genuine giant gravitons

e W — 8™ 2% in AdS,, C AdS,, x S™: dual giant gravitons

o W — S3 in AdS; x S3 x T*: black hole [Rodr.-G6mez]
e D1 — S° in AdS5 x S°: baryon vertex

o W — 5% in AdSs; x S°: new giant graviton! [in preparation]
e D1 — S% in S° C AdS5 x S°

e D1 — 8% in AdS® C AdSs x S°

o W — S3 in AdS; C AdS; x S*

o W — 83 in S” C AdS, x S”: S3 is non-contractable!

B. Janssen (UGR) Madrid, 18 may 2006



