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Gauge/string correspondence

Meson & baryon spectra, Regge trajs.
Dynamical AdS/QCD

Hadron correlators, espec. glueballs
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Gauge/string correspondence in a (tiny) nutshell

2 equivalent descriptions of E<« 1/I_ excitations of N>>1 D3-branes:

1) Open m=0 string modes on D3s : 2) SUGRA solin. sourced by branes:

./ throat geometry

throat diameter

+D3's

G (10~ 9218 0: metric has  throat”’, ends at horizon,
little distortion of metric: (almost) flat in far region: flat, gravity decoupled,
closed strings & bulk fields decouple, + near horizon: fin. E excits. redshifted

+ open string modes (m+0 inaccessible) —» at co: —» metric curved -
(S)U(N,) (S)Yang-Milis fields Graviton- & other excits. in
on D3s, strongly coupled AAdS; x X5, weakly coupled
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AAdS: bulk backgrounds expected for QCD

ghaball
Minimal features of =5
bulk geometry: = "'Il‘
{
- Poincaré invariant boundary b f."' ~L
- Conf. sym. broken at p~A,,, | =t mee—" 3 / z
- Confinement: 'IRwall” inz <L P/
- IR-deformed Ads5 X x5 : -::unfor;nal confining

anti de-Sitter extra scale { “wall™)

. r  R?
”r-“'g GMN (T) "Jr-J"Mff.i"‘h" e2A4(z) — {.rl.'#yrf.i"#rf.ry . rffgjl | J'r'i’zn".q_?{;n

"2
. |
b "
. f
" [
Y 0
B '
" '
[ 1]
3
»

D
) 0
" .
i "
S =
8 5

IR deform. A(z) with A(z- 0) - 0> in UV
(ie. for z - 0) metric remains conformal

| + dilaton ®(z) in soft wall” + axions, tachyons, gauge fields + ... |
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Hadron dual-modes: rad. & orbital excitations in AAdS.

Example: baryon bulk modes: Dual to QCD baryon interpolator:

1 -|- r J_ - r 'y
U(r,z) = f+(z) f(z ] Uiy (), |f_.}B1]—_=L+3 — gD{gl - qui’if.quH - Df‘m}ql
— iterated 5d Dirac equation: o (AI 1) . (A” 1) ) (AI 1)2
: 3 - Iy ¢ 1 — — z 21 A+ — ]+« 4 ——
with (Polchinski, Strassler) bc: T ) =T
P e 2 et 1 q \
f*.i, (T;j ?_I}:I +Ti Ti = J:'s.g — 05 = (FHE‘ER_*_-) F FHE’ERT (A’_ i) +;‘lf“] felz) =10

= Sturm-Liouville problem:

- o o qa ., o A L1 A
[—02 + Vi1 ()] s (2) = MBibs (2)| Ves (2) = mspR— [i (A - 7) + nmgﬁ—]

Analog. for spin-0/1 mesons: AdS/CFT dictionary sets bcs. =
a I b ! 5 2.‘1 2 2 = : 2 ;
; - 9 AI 1 1 ft__\A mm_,ﬂ —T‘ﬂ,ff\T‘ﬂ,f—'—']:J-FS:LE—l.
L e B L - - 2 2
-E-v (z] = 5 _ A"+ .."1 3 2:2] +FF?51E_,R :_3 ?TEEEBR — .'_E‘—g:L"‘j.
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Trajectory structure in the light hadron spectrum

Simplest dual models, e.g. Polchinski-Strassler’s ‘hard wall’:

predict: M2 ~ N2, L2, ]2

24 (BW) () - - - ~ 1
‘ ] Lz i S — ), S — -EQE,‘D'

but experiment finds:

2485

M? (GeV?)

‘Mﬂ = M2 +W (N + L‘]‘

W = 1.14 + 0.013 GeVZ mesons

W — 1.081 £ 0.035 GeV? baryons O

]

~ universal slopes! J

Karch et al.: dilaton ‘soft wall’: | (5W)
= linear trajs. but only for mesons! =
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Linear trajectories in the baryon spectra
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How to obtain observed meson & baryon trajs. with universal slope?
Addtl. bulk fields necessary, or 5d metric background sufficient?

(Affirmative) answer constructively: assume only background metric,
check whether A can be constructed such that desired spectra arise!

Hilmar Forkel HU Berlin



Construction of metric for univ. lin. trajectory spectra

Lin. Trajectories require oscillator-type Sturm-Liouville potentials

Univ. slopes can be obtained from AdS, 1/z2 potentials via: 7 — 7; + A\*2".
' 2 9 » . : , 4112 2 1
v () = [[}.“:“ +L]2—ﬂ i Ve ()= {L+ ) L +1F 1)+ 2L +1) £ A2 444 =,

Derive dual geometry by equating to gen.-A potentials = ODEs for A(z),
1 unique warp factor solutions A(z):

2 :—111 {1+2A (’}“2 2) ] B

Az (z)
|
|
|

, A2z2
Aglz)=1In (1+L—I—l) e
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Resulting spectra and properties

Dual eigenmodes and mass spectra (obtained analytically):

pi(1800)
rho(1450) f0(1710)
61 ao(1as0) rho(1700) I
w(1420) rho3(1690)
f1(1420)  pi2(1670) S ]
fO(1370) w3(1670) 12(2340)
a2(1320) w(1650) { 12(2300)
& 4l pi(1300) i
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o f2(1270) &
& a1(1260) 14(2050) .
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Al2420)

- Lin. trajectories of universal slope also in baryon sector!

- Encoded via AdS. IR deform. (orbital flucts. backreacted)
- Dual confinement signatures (metric singularities)
- New relations between slopes and ground state masses!
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Diquark correlations in light baryons holographically

Nucleon excitations improved by oo e Pred,
incl. diquark-content dependent 0.0 ) No4o) input .94
I di fint lat 0,0 0 A(1232) 1.27
; 1,0+ N(1535)  N(1520) 1.53
1,0 0  N{1650) N(1700) N{(1675) 1.64
I NelX) = 2[J‘J';:nd (X) 4+ tNsyq fx}] 1,0 0 A(1620) A(1700) LN=0,1: A(1600)  1.64
2,0 1 w720y No1sso) LN=0,2: N(1710) 172
_ T : 2,0 0  N{1900) N(1990) N{2000)  A(1910)  A(1920)  1.92
i’]‘p.j — J:.'ﬂ_t.f[il'c 'LFE]I]_;.HJ' U 2,0 0  A(1905) A(1950) A(1900)°  A{1940)°  A(1930)  1.92
0,3 T  Ni2100) 2.03
R 30 L N@O7O) N(2190) L. N =1,2: N(2080)  N{2090)  2.12
lsd = E":h':”': 3,0 0 N@200) N(2250) A(2223)  A(2200) L.N=1.2: 2.20

. . A(2150)
= strlng-mode mass corrections: 4,0 L N@2o 2.27
: 40 0  A(2390) A(2300) A(2420) L N=31' A(2400)0 243

L.'i.g.j:l AM2 A(2350)
Am — i = tw 50 L N@Eeoo) 257
o .;I'.Il-l_'l'J'LE':l:I 43R 6, 0 zi N{(2700) 271
a4 | gan 6,0 0  A(2950) LLN=51 A{Z7500  2.84

dep. on “good-diquark fraction” «!
3
MZ, =M2 = I(N4+L+ - +AM2 2 -~ -
T =M e FL+ =) +AM2, AME = —2(M3 — M} )xg

Manifestly simple spectrum, reprod. all 48 observed N res.

better than quark models !
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Dynamical AdS/QCD

] 1 . 6A” — D7 + e V(D) = (),
§ = T f c!ﬁ,r*l,fl;;l(—ﬁ + =gV ®ay® — w_tlu). ;
) ) 3AM — 34 — L2 — o HY(D) =0,
¢ = ¢(z) and g,,4ss — Einstein-dilaton egs.: B ST {)_M%_ 4
L

Find UV-conformal solution for ¢, V(¢) with area-law gen. warp factor

Alz) =Inz + Ciz)

v (%3 i
] 4 "-.-'ll_q' E:.'\.{IDF b _
Cz) = I (1—zAgcn) ~° o~
28:++/3 —1 | + V" Hran o4 = 4
4] o]
- AF - g
= £
— Mass spectra
1f 1
S e e
,r;r;g-,i._—f_]],r1-+'1;5'—'1;]l ¢ 1 2 3 4 5 ¢ 1 2 3 4 5 &
IT. 10 n 5

Pert. Log. Corrections can be included in C...
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Glueball correlators in “hard- and soft-wall” duals

Hard-wall correlator
(IR brane at z=z_):

Dilaton soft-wall
correlator (¢p= A2z72):

Spectral representation: 11 (Q°) _/

- 2 1 (Q2m) ’ R 2(N; -1
11 ({22) h—l!;k.:"l 9 !'&J_:Lf.‘] -m.-.,l B 1]] i ( = ) |
Sp2 I (Qzm) .”2 52 -2
: 9 3 2 )2 2
K= I:-j'l :I.-'"n l,)\

b

15

2 g - {_’;}2
1

with spect. density p:

= both correlators have p > 0, mass gap, zero-width Gb poles « large N_:

. R 9 oA (_u n.-,i)
Hardwall: | #9577 2~ =
o AERS . . .
Soft wall: 1s) ST (-‘i — mg,/2) i (.-a- - j'nn)
1 n=>0
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-1 trajectory!
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Hard-wall content: small-instanton contributions

At large Q >z _ ! npert. Q dependence becomes exponential:

3 T~ e
1) (%) = J ‘}E f:,‘ - _":f ¥y o
ars Iy (Wzm)

21 4 3 ! .
Qzmzl 2 [1 - | m( g)] ()4e2Qzm
T I: II:-';']-:IH |:E.‘_-_jl:n]_:|_

- No power corrections (expected to be weak from QCD-OPE!)!
— LET trivially satisfied (no anomaly, no gluon condensate...)

Compare with small-scale QCD instanton contribution to OPE:

' =" A 1 . ¢ =
1) (Q2) BE! 9452n¢n (Qp)3 e 297
A - - W) - . -1
= P = Zm, n — AT 3¢ 2L I.u': ) ~ EZgm o~ U
- “mm

Crucial small-instanton contribs. (semi-quant.) reproduced!
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Soft-wall dynamcis: power corrections, UV gluon mass

Asymptotic expansion for Q2> 12 = A2:

Contains all OPE power corrections:

(2

)

by
(G7) =~

1
~ : )—3:2 Az

l

{_r,u"f:lz> - :1.72 ;".E :

&

]'ll ‘lg

.-"‘IIIS .

2R3 ()2 02 Q2 222 SN By, (AN
Sl U N — |1+ =] | In= — E 2n —
2 4 4 X° Az ()2 1 2\ ()4
n=
2 [ Q2 2 225 )1 24 )6 95 )F
— S0 In =5 SR AT b |
T 12 12 3 305 1508

Even addtl. term expected in QCD from

UV-ren., gluon mass, 2d-nonlocal cond. :

[1(ON2) (()2) 2

()
_—m‘* In —

2

p?

2 _ 2,}1‘3
3

Leading coeff. has sigh opposite to QCD, LET - artefact of strong-coupl. UV!
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Decay constants

Solve bulk field eq. for norm. eigenmodes: |
D.aé
e = -\"'-n.:; ( My, 2 ) 0.6}
0.4f
(for plot mult. by sqrt of int. measure) o2t
D.
For dilaton soft wall: o . \W _
a 0.5 1 1.5 z 2.5 3 .
3 n3/2 { !
IJ..|:5“.:| “[ J._,-"E .-Jl'n IJ?' - _I. III n ] ;,IIIIH? g 2 |I._|:51.1I-:| ) o ( '--.1||r-
In n _fj.'i.-'.' ‘-.,E‘Il\" n+2 K I g — e ATl

R® . (s) N, R® , f

' ' ST ; 2 - hw R _ L

fn hl]]]l%l wine =9 D e n % _."5- ) ~ .8 — 0.9 GeV,
rd ln = o rn

Consistent with ILM, IOPE sum rules & lattice results
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Summary and conclusions

Hadron spectra: |

- Linear Regge-type trajectories of universal slope for mesons AND baryons
- Minimal ‘'metric soft wall’: encoded solely via IR deformed AdS; metric
- New relations between trajectory slopes and ground-state masses

- Diquark effects can enter via anom. dims. of baryon interpolators
- Decisively improve predictions for light baryon spectra!

- Backreacted 5d Einstein-dilaton solution: generates area law
- Vector meson excitations with linear trajectories dynamically!

Hadron correlators: |

Detailed, quantitative testing ground —» generates new insights:

- In comparison with QCD-OPE: map impact of strongly-coupled UV
- Hard/soft wall duals contain complementary gauge/QCD physics
- (beyond spectra) Predictions of glueball decay constants, coupls.
- Suggests systematic bottom-up improvement strategies
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