Minimal walking technicolor: a case-study for lattice BSM

Luigi Del Debbio
| ui gi . del . debbi o@d. ac. uk

University of Edinburgh

strongBSM, boston 11/09 — p.1/50



Acknowledgements

® \work in collaboration with:

bursa, keegan, kerrane, lucini, moraitis, patella, pica, pickup, rago

® other lattice studies:
catteral et al, degrand et al, rummukainen et al, deuzemann et al, appelquist et al, LSD collaboration, kuti et al,

hasenfratz, belgici et al, kogut et al

® analytical studies:
armoni et al, sannino et al, rattazzi et al, nunez et al, unsal et al, kaplan et al

sannino et al, giudice et al

® publications:
arXiv: 0802.0891, 0805.2058, 0907.3896, 0910.4535

strongBSM, boston 11/09 — p.2/50



Dynamical Electroweak Symmetry Breaking

® strongly—interacting BSM theory, new resonances O(1 TeV)

® compute phenomenologically relevant quantities: spectrum, S-parameter,
couplings, anomalous dimension

® wide choice of candidates: flavors, colors, representations?

® light dynamical fermions play a key role for non QCD-like behaviour

understand the effect of systematic errors in lattice resul ts

® focus on a specific model = extract characteristic features

® minimal walking TC: SU(2) with 2 adjoint Dirac fermions
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RG flows for QCD

Lrer = Lo+ ali+a’Ls+ ... [Symanzik]
the theory has two UV-relevant

parameters g, m

renormalized trajectories lie in the
(g,m) plane

simulations are performed away from J, J, l,
this plane

ap small in order to have small dis-
cretization effects J

am
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RG flows for IRFP

scale invariance is broken by m AND
1/L

large physical volume + light masses!

g
deviations from QCD spectrum J,L“/
Schrodinger functional/twisted BC al- ? 'ﬁ/&/
low m = 0 Ao \ Y
N ~
R 9

am
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Lattice perspective

9

amQO

,, 1/B
~

critical surface?
/ ™

How do we observe an IRFP in lattice data?
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Conformal scaling

solution of RGE in the vicinity of a FP yield scaling laws

mass scaling:

M ~ mt/1+

finite size scaling:

LM ~ F(LY™m)

NB: these formulae are derived in the neighborhood of the FP
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Taming systematic errors

In order to keep systematics under control:

o

—1
) <1
a

a/L < ma <K (

In QCD: L/a ~ 48, ry ' ~ 400 MeV, mr ~ 250 MeV, a~! ~ 2 GeV

002K 0.05kK0.2K1

if IRFP is present: conformal symmetry is broken by the mass

® same conditions apply on L,m, and a
® more delicate to define a scale like rg

® Jarge volumes and small masses are mandatory
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Exploring the chiral regime of MWT

[catterall et al 07, Idd et al 08, rummukainen et al 08]
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Stability of the HMC

[ldd, giusti, luscher, petronzio, tantalo 05]

() | 1
0.2~ _
.l i ® integration instabilities / reversibility
A R R 5 ,
— — . ® ergodicity problem: HMC stuck in a
ool } sector with n # 0
01‘," T ® sampling of observables: p(u)/u?
0_ L | e L | ! | ! | . |
0 5 10 15 20 25 30

H[MeV]

difficult regime for simulations:

m — 0

a,V fixed

— check that runs are in a safe regime!!
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Lowest eigenvalue for SU(2) adj
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Chiral limit (2)
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Pseudoscalar mass (2)
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Pseudoscalar mass (3)
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Pseudoscalar mass (4)
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Decay constant
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Vector mass (1)
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Vector mass (2)
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GMOR relation
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GMOR relation in QCD

2 2 _
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Finite-size effects

T T T T | T
121= O L=12 lattice ]
L O L=16 lattice i
¢ L=24 lattice
10— ym:1.3 O T —
—~ 8 — ]
©
2 —s .
0
ECL 61— HH |
CJ i HE®— -
@)
41— o 'm] —
- @ -]
2 @ —
0 | | | | | | | | |
0.0 1.0 2.0 3.0 4.0 5.0

(am) (L/a)’™

strongBSM, boston 11/09 — p.21/50



Gluonic sector
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A hierarchy of scales
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More on the hierarchy
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Conformal spectrum
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QCD-like conformal

[e.g. miranski 95]
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Running coupling

Schrodinger functional [ALPHA collaboration]

2l =0 = [ DUDYDG exp(=S[U. . )

Dirichlet boundary conditions at ¢t = 0, L, dependent on n

Lattice step scaling function:

E(uv a/L) - gz(bL)|§2(L):u,m=O

Step scaling function:

o(u) = lim X(u,a/L)

a—0

B(v/a(w) = B(v/a), /ﬁa’(u)
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Running coupling

SU(2) with 2 adjoint fermions [rummukainen et al 09]
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Running coupling

[rummukainen et al 09]

B(g9) = —bog®> — b1g°
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— fit(g.°=2258=7) |
— 1-loop ‘

2-loop

0.04

-0.04

strongBSM, boston 11/09 — p.28/50




Running coupling

[ldd et al 09]
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Running coupling
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Running coupling
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Running coupling
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Running mass

Definition of the renormalized mass

auJ(AR)NJ = 2mPgr

(Ar)u(z) = Zayp(@)yuy59 ()
(Pr)(z) = Zp(z)vsy(z)

Lattice step scaling function

V31
Zp(g90,L/a) = c———
fp(L/2) <
Zp(go,bL/a) time T
Yp(u,a/L , L)=u
p(u,a/L) oo T
Step scaling function space

op (U) — gli)rb EP(U,, a/L)
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Running mass
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Running mass
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Conclusions

® importance of reaching the small mass regime!!
® control over the algorithmic performance, finite-size effects
identifying an IRFP numerically is subtle - analytic approa ch

® several numerical aspects need to be combined

® first preliminary results — larger volumes, smaller masses, scaling to control
systematics

® improved spectroscopy — smearing, scalar

® NP walking behaviour: Schrodinger functional
Wilson loop, other schemes

signals for a non QCD-like behaviour

® can we do some phenomenology?
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Polyakov distributions
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Lowest eigenvalue for SU(2) adj

[ldd, patella, pica 08]
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Chiral limit (1)
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Comparison with other studies

SU(2)-adjoint
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Pseudoscalar mass (1)
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Comparison with other studies

Pseudoscalar mass SU(2)-adjoint
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GMOR relation

0.6

0.5

O g attice
o 12° |attice
A 16° lattice

- 2 §
- [o] il
a o h
L § ]
. o; :
L ko3 ]
_ o i
L Q $ _
L & & %&l N R T SR | oo
.0 0.1 0.2 0.3
am

o
~

strongBSM, boston 11/09 — p.43/50



Gluonic sector
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Chiral condensate

chiral condensate computed from the ev distribution [giusti & luscher 08]
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Running coupling

[appelquist et al 07, degrand et al 08, rummukainen et al 09]

strongBSM, boston 11/09 — p.46/50



Running coupling

Wilson loop scheme  [nilgici et al 09]
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All-order beta function?
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Systematic errors
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Systematic errors
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