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Outline

» Conformal Window and B-functionat 4-loops

» Minimal WalkingTechnicolor on:Ehe Lattice

spectrum 4

S and y function <«
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a few more words on the
conformal window...

CP, F. Sannino, Phys.Rev. D83, 116001 (2011)
CP, F. Sannino, Phys.Rev. D83, 035013 (2011)



Conformal Window at 4-loops
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Conformal Window at 4-loops
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Conformal Window at 4-loops
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UV Fixed point at large n¢

UV fixed point
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UV Fixed point at large n¢

At leading order in nf;

3 fla) i H(an¢1glm)
41’lfTF 6l2

'@’(n_z) = | AV = i

where H(x) is:

H(x) can be found, f.x., in this review:

B. Holdom, Phys. Lett. B694,74-79 (2010).
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Minimal Walking Technicolor
on the Lattice

L. Del Debbio, B. Lucini, A. Patella, CP, A.Rago, Phys. Rev. D82, 014509 (2010)
L. Del Debbio, B. Lucini, A. Patella, CP, A.Rago, Phys. Rev. D82, 014510 (2010)
E. Kerrane, et al. , Phys.Rev. D84, 034506 (2011)

L. Del Debbio, B. Lucini, A. Patella, CP, A. Rago, arXiv:1111.4672 [hep-lat]



Minimal Walking Technicolor

SU(2)1c + 2 Dirac Adjoint fermions
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Minimal Walking Technicolor

SU(2)1c + 2 Dirac Adjoint fermions

x close/inside the conformal window by analytic
estimates
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Minimal Walking Technicolor

SU(2)1c + 2 Dirac Adjoint fermions

x close/inside the conformal window by analytic
estimates
Npdr

» minimum value of the naive S-parameter: S = :
i
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Minimal Walking Technicolor

SU(2)1c + 2 Dirac Adjoint fermions

x close/inside the conformal window by analytic
estimates

Npdr
O

x expected SB pattern: SU(4) — SO(4) = 346 GBs

» minimum value of the naive S-parameter: S =
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Minimal Walking Technicolor

SU(2)1c + 2 Dirac Adjoint fermions

x close/inside the conformal window by analytic
estimates

Npdr
O

x expected SB pattern: SU(4) — SO(4) = 346 GBs

» minimum value of the naive S-parameter: S =

x glue-fermion composite states
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Minimal Walking Technicolor

SU(2)1c + 2 Dirac Adjoint fermions

x close/inside the conformal window by analytic
estimates

Npdr
O

x expected SB pattern: SU(4) — SO(4) = 346 GBs

» minimum value of the naive S-parameter: S =

x glue-fermion composite states

= dark matter candidates
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In or Out ?

What can we look at on the Lattice?
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In or Out ?

What can we look at on the Lattice?

® study the spectrum of the theory
» meson/baryon spectrum
» gluonic spectrum

» scaling laws
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In or Out ?

What can we look at on the Lattice?

® study the spectrum of the theory
» meson/baryon spectrum
» gluonic spectrum
» scaling laws

® measure the running of the:couplngs

» Schrodinger functional scheme
» Wilson / twisted Polyakov loop scheme MWT

» Monte Carlo Renormalization Group
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In or Out ?

What can we look at on the Lattice?

® study the spectrum of the theory
» meson/baryon spectrum
» gluonic spectrum
» scaling laws

® measure the running of the:couplngs

» Schrodinger functional scheme
»  Wilson / twisted Polyakov loop scheme MWT
» Monte Carlo Renormalization Group

® investigate the theory at finite temperature
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In or Out ?

What can we look at on the Lattice?

» meson/baryon spectrum

» gluonic spectrum

) scaling laws

» Wilson /tW|sted Polyakc)v loopscheme MWT
» Monte Carlo Renormalization Group

® investigate the theory at finite temperature
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Deforming an IR conformal theory

Consider a 2-point function at zero-momentum:

C(t,g, m,u) =fd3x (Dr(L,xX)DR(0)) (g, m, 1)
we have

<rt£+ﬁ( )i—[1+ (g)|m : F2 do —yol(g)| t C(t, g, m,u) =0
5t gag yigljma-+eldo —Yol8 8, M, ) =

\

y
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Deforming an IR conformal theory

Consider a 2-point function at zero-momentum:

C(t,g, m,u) =fd3x (Dr(L,xX)DR(0)) (g, m, 1)
we have

( a a A
<t—+ﬁ(‘9 —g—[1+)/( )] 3 IZ[dq)—’)/q)(‘))] >C(t,g,m,,u):
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Deforming an IR conformal theory

Consider a 2-point function at zero-momentum:

C(t,g, m,u) =fd3x (Dr(L,xX)DR(0)) (g, m, 1)
we have

( a a A
<t—+ﬁ(‘9 —g—[1+)/( )] 3 IZ[dq)—’)/q)(;)] >C(t,g,m,,u):

the solution is:

C(t, g, m,u =b>% Y bt g., b " m, ) =
qu)—yq)

Ly

3- . ¥
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Deforming an IR conformal theory

C(t,g, m,p) = b*'“ 1) C(bt, g, b " m, ) =

2 dCD —Y®

.

With an explicit mass m a mass gap is expected to be generated:

C(t) g, ni, IJ) 4> AeXp (_M(D t)

so that
1

n\ 1+y
Mq)zaq)ﬂ(—ﬁ) m—0

s
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Qualitative behavior

with chiral SB:

=41 Fps

___ Mps=anFps _

|

»
I

3
I
o
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Qualitative behavior

IR conformal;

locking << A
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Qualitative behavior

IR conformal;

large mgq  locking << A

3- . ¥
Claudio Pica CP"- Origins .

Particle Physics & Origin of Mass

Danish Institute
for Advanced Study



Lattice phase structure

O Catterall et al.
° Hietanen et al.
° Del Debbio et al.
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Lattice phase structure

O Catterall et al.
° Hietanen et al.
° Del Debbio et al.
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Lattice phase structure

Aoki phase

B = infinity

A. J. Hietanen, K. Rummukainen, K. Tuominen. JHEP 0905 (2009) 025

3_ . ¥
Claudio Pica CP”-Origins .

Danish Institute

Particle Physics & Origin of Mass ~ forAdvanced Study



Spectrum Hierarchy

PS meson mass
0" glueball mass

2" glueball mass
1/2 . .
6 (o = string tension)
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String Tension vs mps
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Vector vs Pseudoscalar
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Finite Size Scaling
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Finite Size Scaling
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Scaling of the string tension

av/o = Ay(ampcac)'' 7 y=0.16-0.28
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Finite Size Effects

s
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Finite Size Effects
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5 an
d y function



Schrodinger Functional

We consider the system in the presence of a background field parametrized by n:

Zpl=e M = j DUDwyDyre >V VY]

The renormalized coupling is defined 1t7)y:
Rei ok
g2(L)  onl,—q

We define the lattice step scaling function:

8 =8 +0(g)

2 (u,s,alL) = 8°(80,SLID)| 2. 1100

The continuum limit of gives the beta function:

o(u,s) dx

U vV XB(/X)

Claudio Pica Gl

Particle Physics & Origin of Mass

o(u,s)= lim X(u,s,all) —2logs =
alL—0
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Schrodinger Functional

The continuum limit of gives the beta function:
o(u,s) dx

U V. XPB(/x)

o(u,s)= lim 2(u,s,all) —2logs =

alL—0

G
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Running of the coupling

- 1-loop
- 2-loop
Statistical
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Running of the coupling

- 1-loop
- 2-loop
Statistical
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Running of the mass

---- 1-loop

e Statistical Error

Consistent with: 0.05 < y. < 0.56
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Conclusions

= MWT inside the CW

» spectrum scaling consistently with IR conformality
» SF analysis also consistent with an IR fixed point

x smally < 0.6
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