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AdS/CFT-correspondence

® AdSs x Ss SN =48YM
® N. D3-Branes
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Bottom-up model

AdSs5-Model with a modified metric

ds® = r’nu,datde” + T%dp2
r? = p® + L(p)?
V=9=7p’
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The embedding L

= scalar field

S = /d4x dp p® (8a¢8b¢gab + m2¢2)
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The embedding L

= scalar field
S = /d4x dpp® (8a¢6‘b¢gab + m2¢2)
. o 2 5
= /d4x dp <pg”"aa¢ab¢ + (% +2(p+ LL') + pm2> ¢2>
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= /d% dp (p*0,LO,L + p (3 +m?) L?) + O(L?)
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The embedding L

= scalar field

S = / d*zdp p® (8aq§8b¢gab + m2¢2)

= 9 (p°0,L) + p(3+m*)L =0
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Scalar mesons

Sy = / d*zdp\/—detg (g“"aa¢ab¢ n m2¢2)
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Scalar mesons

Sy = / d*zdp\/—detg (g“"aa¢ab¢ n m2¢2)

m® = A (A —4) A=3+7 =

1
0= (a’;’ + P10, + 746”6“ + P2> é
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Scalar mesons

Sy = / d*zdp\/—detg (g“"aa¢ab¢ n m2¢2)

m® = A (A —4) A=34n 7:_2?
1
0= (a’;’ + P10, + 746”6“ + P2> é
¢ (p, ") =¢o(p) exp(ik - z) = 0,0"¢ =M"¢
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Scalar mesons

Sy = / d*zdp\/—detg (g“"aa¢ab¢ n m2¢2)

m® = A (A —4) A=34n 7:_2?
1
0= (a’;’ + P10, + 746”6“ + P2> é
¢ (p, ") =¢o(p) exp(ik - z) = 0,0"¢ =M"¢
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Hadronic bound states

® start with an AAdS-action of the desired type of field
® potentially fix their mass dimensions

® match the AdS masses

® calculate the gravitational eoms

® identify the Minkowski part with the field

® solve for the masses of the Minkowski part
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Hadronic bound states

start with an AAdS-action of the desired type of field
potentially fix their mass dimensions

match the AdS masses

calculate the gravitational eoms

identify the Minkowski part with the field

solve for the masses of the Minkowski part

potential problems

Konrad Becker

for bosonic states = ¢g states
qqq state not a color singlet for large N,
solution: F'AyF state = gaugino

N, = 3 with ﬁ corrections = accuracy of ~ 10%
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Flavor symmetry

Top down:
® Ny D7 branes
® global SU(Ny)
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Flavor symmetry

Top down:

® Ny D7 branes

® global SU(Ny)

® breaking by separating the branes
Bottom up:

Sy = / d'z dp $£(r)é
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Flavor symmetry

Top down:

® Ny D7 branes

® global SU(Ny)

® breaking by separating the branes
Bottom up:

Sy = / d'z dp $£(r)é

= S:/d4$der{¢ij£(T)5jk¢kl}
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Flavor symmetry breaking

S :/d4xder {@jf:(r)ajkqskl}
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Flavor symmetry breaking

S :/d4xder {0 L)dan }
L), —Ljr = diag( (1), .. [i(er))

jk

L
S :/d41’dpSTr{Q5ij£~jk§%kl}
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Flavor symmetry breaking

5= [ dadpte {6, 401500}
L) —Lin 1= diag (£(r1), .. Z(er))jk
S:/d“xdpsTr{@jﬁjk&u}

Parametrization:

Gij =paT3; Ljr =ph L(ri)T]i

1 - 1, x
= S =5 /d4mdp¢a (p%ﬂ(m)(;ac + ip},ﬁ(ri)dabc> e
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Flavor symmetry breaking

5= [ dadpte {6, 401500}
L) —Lin 1= diag (£(r1), .. Z(er))jk
S:/d“xdpsTr{@jﬁjk&u}

Parametrization:

Gij =paT3; Ljr =ph L(ri)T]i

1 1,4
= S =3 /d4mdp¢a (poﬂ(m)(;ac + ipbﬁ(ri)dabc> Pe
For Fermions

S =

N

i s 1,5 .
/d4a:dp U, (poﬁ(m)&w + §Pb5(7"i),/u!u) Ve
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Comparison to SM hadrons (SU(3) — SU(2) ® U(1))

calculated mass measured mass | particle

449 MeV (4+225.3%) 138 MeV ™
scalar 496 MeV (fitted) 496 MeV K
519 MeV (—5.2%) 548 MeV n
716 MeV (—7.6%) 775 MeV p
vector 821 MeV (—8.1%) 892 MeV K
869 MeV (—14.8%) 1019 MeV ¢

977 MeV (+4.0%) 939 MeV n/p

baryon | 1137 MeV (—3.1%) 1174 MeV A/E
1299 MeV (—1.5%) 1318 MeV =

Input: my/q = 3.49 MeV, ms = 93.5 MeV, Mk = 496 MeV

Konrad Becker

Julius-Maximilians-Universitat Wiirzburg

Determining masses of hadronic bound states using a holographic ansatz

14 /17



Conclusion and Outlook
e00

Table of Contents

@ Conclusion and Outlook

Konrad Becker niversitat Wiirzburg

hic ansatz 15 / 17



Conclusion and Outlook
oceo

Conclusion and Outlook

Conclusion:
® use AdS/CFT to predict masses of bound states
® introduction of flavor symmetry and its breaking
® QCD dual model

Outlook:
® Top down approach with arbitrary SU(N)
® Origin of faup. for fermions
® Other symmetries SO(N), Sp(2N)
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Thank you for your attention!
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scalar boundary conditions

1 L/2 -
0= <a§ +Pud, + M +7>2) é
o (prr) =1

9pdp (p1r) =0

normalizable state = ¢, vanishes in the UV
= vary M until ¢, vanishes at a chosen UV cutoff
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S= Y 7 [ dedpdnl .
a=1

£ = diag (Luya, Lusa; L)

pi Meson B Baryon
7 i
1|3 1 3
a a

7 1
123 [ 1]o0 12 [ I] -1
1 1 2 1
4567 | 5| 3 3456 | 3 3
1 2 1 5
8 3]s 78 15| &
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Actions

scalar:
2
Sy = /d4wdp (pg“b8a¢8b¢+ (% +2(p+LL) +pm2) ¢2)
fermion:
o= [ dwdp (120, + Lo, + (200 = B0 1 2P v
v = Tap Y p+;’Y b+ T‘*"‘Z—W Y +m
vector:

1 2
SV :/d4$dpp3 <7Z ab jed FaCde+ TQG’bV %)
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Equations of motion

scalar:

1 2 Lr M%2 1 2 Lr 2
p T T p

fermion;

2
(7‘285 + (67‘7”/ - 32) Op — <3—rm —r'm — rm') ~P+
p 2p

M2 9ry! 5 o 32
= - 2 L )w=0
2 2 m” + 2rr + 2

vector:

Konrad Becker
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PL Meson P Baryon
"1 1] 3| multiplet "1 1] 3 | multiplet
a a
-3 |10 3 -4 |10 4
412 | 1| 3 9 5-11 | 3 | 3 7
13-15 [ 0 | 1 3 1215 | 0 | 1 4
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2) ® SU(2) predicted masses

calculated mass multiplet | particle
443 MeV 3 S1
Scalar | 496 MeV (fitted) 9 Sa
594 MeV 3 Ss
636 MeV 3 W
Vector 729 MeV 9 Va
882 MeV 3 V3
1042 MeV 4 By
Baryon 1194 MeV 7 Bs
1349 MeV 4 B3
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UV cutoff

Cut off 1 GeV 50 GeV 100 GeV 500 GeV
T 444 MeV 449 MeV 449 MeV 449 MeV
Kicalar 496 MeV 496 MeV 496 MeV 496 MeV
n 522 MeV 519 MeV 519 MeV 519 MeV

P 624 MeV 716 MeV 716 MeV 716 MeV
Kector | 721 MeV 821 MeV 821 MeV 821 MeV
) 767 MeV 869 MeV 869 MeV 869 MeV
n/p 834 MeV 976 MeV 977 MeV 977 MeV
X/A 964 MeV | 1137 MeV | 1137 MeV | 1138 MeV
= 1108 MeV | 1298 MeV | 1299 MeV | 1299 MeV

Konrad Becker Julius-Maximilians-Universitat Wiirzburg

Determining masses of hadronic bound states using a holographic ansatz 7/11



00000008000
Metric factor

2
ds® = %nwdm”dml’ + % ((1+L7)dp* + p°d93)
with 1+ L | without 1 4 L'

0 449 MeV 441 MeV

Kscalar 496 MeV 496 MeV

n 519 MeV 523 MeV

p 716 MeV 692 MeV

Kector 821 MeV 795 MeV

¢ 869 MeV 842 MeV

n/p 977 MeV 969 MeV

/A | 1137 MeV 1130 MeV

= 1299 MeV 1294 MeV
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Spin connection factor

. 1 pr’ .
P = P = —— (1 J
“ IV ( r )6’

1 P /)3/'/ , o
7 (5 )

r 1
D sras = \/ﬁ’ypap + ;’Y“au +

2 ./ 2, ./
|W|th2£—pr2 |W|thoutﬁ—pT
T T 2r

2 2r2
n/p 977 MeV 981 MeV
/A 1137 MeV 1133 MeV
= 1299 MeV 1292 MeV
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DBIl-action of a D7-brane:

(2ma’)?

S = — m/dgfeq)\/— Aot (P[Clap + 2l Fog) + u7/P[C(4)] ANFAF

— 1 ;
S]J;? - % /d8€ " \/TM\DP*FA (DA + g%&FNPQRSFNPQRSFA) N

The problem is:
sTr {AX_lXB} # sTr {AB}

For SU(3) there is no difference in the resulting splitting
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symmetric Trace of multiple Generators

1 1
sTr {TaTiTij} = 6 < (S,u(Sbj Z (daie + faie) djbe
1
ﬁ(ga]’(gbi + Z (daje + faje) dibe

1

2N5ab(sz] + - (dabe + fabe) zge)

The terms with f-symbols cancel out
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