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OUTLINE

> V-hQCD: hQCD in the Veneziano limit
e hQCD (Einstein-dilaton — Glue)
e Flavor (« DBI), XSB (tachyon condensation)
e V-hQCD. Phase structure(xz = N./N¢): XSB, conformal window...

> Computing the Spectrum
e Action, vacuum solution, DoFs.
e Sectors (mixing)
e Some numerical results

> Qutlook & To do



* IHQCD [Gursoy et al’07]

¢ 5d Holographic model ~ large N. YM (Glue)

o )\ = cI):]\fc 2
T 1 (D)) ) oo
Sy = M*N; | &z =g (R - 35— + V(¥

* Jab % AdS5



* IHQCD [Gursoy et al’07]

¢ 5d Holographic model ~ large N. YM (Glue)

Sy = M3N62/d5:13 vV —g (

o 4OV’

e Dilaton Potential V(M) fixes dynamics:

(U (s =)

V()4

O, vn)

’AE@CD:NCQSQKM

) gab % AdS5

Jab — ACZS5 (l)

2-loop YM B-function
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¢ IHQCD models nicely the glue sector

Fix potential V(A)

(numerically)

Integrate EoMs

—>» 5d geometry:

e V(A): UV Asymptotic freedom — IR confinement

e Realistic (linear) glueball spectrum. Fits well to lattice data

e Generalization to T#0

3 Tc — deconfinement phase transition

Good fit to lattice data

what about flavor ?



* Addlﬂg ﬂdVOl" [Casero et al’07]

A%~ ot g

T ~Yryr

A% ~ YR o* Yg

U(Nyf)r x U(Ng)r

Flavor Sector
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* Addlﬂg ﬂdVOl" [Casero et al’07]

A%~ ot g
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* Addlﬂg ﬂdVOl" [Casero et al’07]

U(Nyf)r x U(Ng)r

Flavor Sector

; N
: Sppr = /dfrd4:c o Str [V(T) (\/— At (G Dl D I - TR I \/— det (guw + D, TTD T + Fﬁ))




¢ Ny < N. Quenched FLAVOR. XSB through TACHYON Condensation

in a confining background: with all mq equal = 71" = 7y,




¢ Ny < N. Quenched FLAVOR. XSB through TACHYON Condensation

in a confining background: with all mq equal = 71" = 7y,

iE

—
I
IR uv — R
— R 5
r=0 Hony &0 Ul e @
0 =0(mgq) # 0

The tachyon condenses = |U(Nf)r, x U(N¢)r — U(Ny)y

¢ (Nf)? Goldstone Bosons (Pions)
My

Ny KNt oGOR:my=—2750

e Linear spectrum (some sectors)



¢ Ny < N. Quenched FLAVOR. XSB through TACHYON Condensation

in a confining background: with all mq equal = 71" = 7y,




¢ Ny < N. Quenched FLAVOR. XSB through TACHYON Condensation

in a confining background: with all mq equal = 71" = 7y,
i
—
V IR
IR uv = |
- 5
r=0 Hony &0 Ul e @
o =o(mg) # 0

The tachyon condenses = |U(Nf)r, x U(N¢)r — U(Ny)y

i Ny ~ N, — Compute backreaction of the tachyon — | \/-h(Q CD




* lHQCD in the Veneziano limit [Jarvinen & Kiritsis’11]

?
B oe o — N/ N, fixed acilic Al » Phase structure as function of x

[Conformal window, 3 x., walking region ?]
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[Conformal window, 3 x., walking region ?]
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* lHQCD in the Veneziano limit [Jarvinen & Kiritsis’11]

?
B oe o — N/ N, fixed dS/CET » Phase structure as function of x

[Conformal window, 3 x., walking region ?]

Glue Flavor

2 \
L= (M Nf)/d‘lg;dr {/79 (R— g(a)\);) i Vg()\)ﬂ z V(X T)v/det (gap + (A,TM

e Potentials: V() as before. V;(\,T) = Vyo(N) Py T

(UV (A —0) : B-functions, BZ fixed point (x~11/2)

TUV qu7“+ar3

V(O8] P {

\ IR (A — 00) : Confinement, T~e0 at IR singularity



vacuum solution = Phase structure

il =18 T
uv IR T=0
| |
X=0 2 Xc E 11/2

o a S ‘

eEGonfinement @ fooioememoeoemeees . Conformal Window: :

. o XSB : : 3 IR Fixed Point
IR singularity ‘walking’ IR fixed point

A B A B A

uv
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vacuum solution = Phase structure

o ras
uv IR T=0
L l |
X =0 5 2 Xc : 11/2
------------------ BT S ey A e
e Confinement !  -oeeeemeeemeeeees . Conformal Window: :
e XSB : : 3 IR Fixed Point
IR singularity ‘walking’ IR fixed point
N g N g A
uv IR uv IR |uv IR

e Phase structure agrees w/ expectations for QCD
e Find walking region — technicolor?

——> Lets compute the spectrum



% iFluctuations of
CH = Sg [gaba )\] i Sf [gaba )\7 T7 Acl;7 AaR] N SCP—Odd

o Vacuum: T' = 7(7)In, , gap(7), A(7), A= AT =11



% iFluctuations of

0B = Slltbn 2 SR R ACLL, Aff] L Sigp wdd

o Vacuum: T' = 7(7)In, , gap(7), A(7), A= AT =11

¢ Degrees of freedom:

-
-

-
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GLUEBALLS

JPC
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MESONS

JPC
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e Metric: gunN = ¢

v+ un, Guaw dEMde™N = €245 (2¢dr® + 24, dr do* + by, do® da”)

e Dilaton (A): ® = &y + x

* Gauge fields: A — Af

e Tachyon:

L R
po Au"’Au

0= = g)



¢ Mass Spectra

Expand

2
S = M3N? /d% [\/——g (R - g@

+Vg(A)> 42 —Vf L) (\/ det Ap + v/— detAR)] e

k(A T)

2= (DyT)* (DNT) + (DNT) (DyT)

Apymn = gun +w(A, T)FJS/)N i

up to O(fluctuation?)



¢ Mass Spectra

Expand

8 = s /d% [F (R B0

3 e —I—Vg()\)> ——Vf )\ T (\/ detAL+\/ detAR)] 1 Sop e

k(A T)

5 (DuT) (DnT) + (DnT)"(DuT)]

Apymn = gun +w(A, T)Fzg/j)N i

up to O(fluctuation?)

¢+ SECTORS

e Scalar mesons (0**, SU(N¢)-sector)

e Pseudoscalar mesons (0-*, SU(Nf)-sector) [pions]

e Axial-vector mesons (1*+)

e Vector mesons (1--)

e Spin two glueballs (2**)

e Scalar mesons (0*t, U(1)-sector) mix with O+* Glueballs

e Pseudoscalar mesons (0-*, U(1)-sector) mix with QCD axion (0-*)



+ Mixing:
e Scalar mesons (0*t, U(1)-sector) mix with O+* Glueballs

e Pseudoscalar mesons (0-*, U(1)-sector) mix with QCD axion (0-*)



¢ Fields (Ty x,u) E TachYOn

= @5“%)”%
. Vector

FLAVOR —» W = (A/I; i Alff)/g
. Axial-Vector

A, = (AL - ARz = At + AL, ALLAY VG + A

Metric

| gun dEMdeN = A (29dr? + 24, dr da + by, dot da”)
GLUE —>: i i :
By = znﬂ@ 23015 4= D) T 1

A, =0, + At

: Dilaton

@ = @+ x)

+ Mixing: <:¢_A_'SS
e Scalar mesons (0*t, U(1)-sector) mix with O** Glueballs —» Egz W — %% Y



4 FieldS (Ta x,u)

Tachyon
I = 9 ) ”a%
. Vector
FLAVOR — | Axial-Vector :
: L R Al v A ;
A, = (AL - ADy2=A v AL, AV{A)) NG+ Asre

Metric

5 Dilaton
GLUE —»

SCP—odd ~ /d5:v NLVARN [da + Ny (V(A,T) A+ HdV(A»T)ﬂ ; [< QCD U(1)a anomaly]

= N’ - QCD axion mixing




¢ Spectrum. Vector mesons

>Tech Specs:

22Action (vector mesons sector) & potential (‘type 11°)

¢ Results (numerics) R sl e
' q ' ' : C
log (mn / A‘(J[ogM ) Vieatars, Blue:0th mode. Red=1staade, Yellow:3rd modem = = = =
v
e : . o
i i O ]
o




¢ Spectrum. Vector mesons

¢ Results (numerics) R e Sl :

log(mn/./\ugy)
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Vectars, Blue 0th mode, Red: Lstraode, Yellow:3rd modeom = = = =

3

|

3
O

o .m0 SR




¢ Spectrum. Vector mesons

| gt !
e Action: Sy = —xzM°N?Tr / d*z drV(\, T)w(\, T)? S VV + e arvuarwl

ag + a1\ + ag\?

e Potential: V;(\,T) = (Wo+ Wik+ WoA2)e eMT a(A) = g )4/3
I 4~
AL .
¢ Results (numerics) R e e CHE :
i =l e % = 90
1Og(mn / A UM) V.ecth&Bhlegthdee.Re.d‘.lst.m(;de,Yellow:§mlmode-----' :
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» Spectrum. SCALARS (U(1)-sector, 0**)

>Tech Specs:

2> 2 coupled ODES (with page-sized coefficients)

¢ Results (numerics)

ISR R RS



» Spectrum. SCALARS (U(1)-sector, 0**)

¢ Results (numerics)

U 1015 2.0 2530

35



» Spectrum. SCALARS (U(1)-sector, 0**)

e EoOMs aenihbd e TS ,
T Py

¢4 m() € +p(r) ¢+ 06+ N (1) (€ - ) =0 e
¢4 q(r)E +n(r)C ) OC+ No(r) (C— &) =0 5TV X

¢ Results (numerics)

ISR R RS



+ Walking Technicolor

> For ®-H: Background shows Walking behaviour

>> Solution approaches IR fized point but misses it



+ Walking Technicolor
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+ Walking Technicolor

B  r \

¢ Technicolor S-parameter D — 47Td;;2(HV(Q) 2 HA(Q))

o
S S—Parameter
S—Parameter
[
4 o ®
[
3 o




* OUTLOOK & TO DO

* Fluctuations of 4

* Spectrum & 2-point functions

Linear spectrum (type I potentials)

Technicolor: s-parameter ...




