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Outline

1. Higgs mechanism in (nearly) conformal paradigm

- 2-iIndex symmetric model with 3 colors

- Running coupling and fixed points in conformal window
- Chiral phases

2. RMT and chiral symmetry breaking

- Epsilon-regime, delta-regime, p-regime
- Staggered eigenvalue distributions in fundamental reps with Nf=4,8,12
- Overlap eigenvalue distributions in 2-index symmetric model
- Physics potential and caveats

3. The running gauge coupling

- Multiscale problem of walking and fixed point couplings

- Do we want alternatives to Schrodinger functional?
- RG methods with Wilson loops

4. Qutlook to the Exa scale

- Scaling the staggered fermion projects to exa scale

- Scaling the overlap projects to exa scale
- Ultimate lattice contribution to nearly conformal paradigm?
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Thursday, July 22, 2010 11:17 AM ET

Physicists in Geneva, Switzerland find the Higgs particle with unexpected characteristics

By Jane Ellis
The properties of the newly found Higgs particle shook the foundations of modern particle physics. Although its decay properties are very similar to what was expected, the

mass at 507 Gev is far too heavy to accommodate in what is know to be the Standard Model of modern particle physics. Physicists are turning now to lattice gauge theorists
who are trying to explain with nearly conformal gauge theories the experiments at the Large Hadron Collider. Continued on page 11 ...
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How to pull out the heavy Higgs particle to 507 GeV
from the allowed oval region without violating EW
precision data?

Nearly conformal gauge theories might work
Probably requires unusual nonperturbative properties

which can only be studied on the lattice with extreme
computing resources

Can it be transformational?
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Best strategy: try hard with existing resources to show the capabilties and make a
case for the scaled up resources
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o _ 2-iIndex symmetric
Strong Electroweak Gauge Sector: Model building with SU(3) color | 51or rep with two

The theory with three technicolors contains an even number of electroweak doublets, not : _ inimal
subject to a Witten anomaly techniflavors: minima

realization of Higgs
mechanism with or
without Higgs particle

The doublet of technifermions:

! n
o O I o) — e D{Rcl,cz}$_

L D{C1.C2} ] ’ R R

Ci = 1, 2,3 technicolor indexT(r) is a doublet (singlet) with respect to weak interactions| Chiral symmetry

Since the two-index symmetric representation 08U(3) is complex the flavor symmetry id Oreaking is critical
SU(2)L ! SU(2)r. Only three Goldstones emerge and are absorbed in the longitudinal

components of the weak vector bosons. : .
g Nonperturbative lattice

Gauge anomalies are absent with the chdice0 for the hypercharge of the left-handed |\y,ork required
technifermions:

(Q) I U(+1/2) ’ ]
7= prwy B 1. Check chiral phase
Consistency requires for the right-handed technifermions (isospin singlets): _
# . 2. Look for walking or
R R R fixed point gauge
Y = +12 "12. )
coupling

All states will be bound into hadrons without need for an associated fourth family of
leptons.

We will also study
fundamental rep with
Nf=4,8,12,16 to
calibrate the methods




critical coupling of scale which |, _ 2N

@ = !0% ! !1%’ breaks chiral symmetry 7 3G(R)
2N'y = HCy(G)! 3T(R),
@1 = 3_34C22(G)! %)CZ(G)T(R)! 4C2(R Banks-Zaks fixed point: '4—;# =" %
o non-conformal o near-conformal
A,,.= 100-1000 A,
like QCD

How to reach
/ walking lattice scale?

Is 2-index symmetric rep
nearly conformal?

I ATE'=AET(' q

Fundamental rep with Nf=4,8
IS expected to be similar

DeGrand et al. find tt
conformal?

Nf=12 under study

Nf=16 in conformal window !
would be Banks-Zaks FP



conformal window:fundamental representation

Preldictio'ns; come from | projects running: Nf=4,8,12,16
unreliable SD ladder dynamical staggered
approximation dynamical overlap

BZ E|:|:> resources: 120 nodes of Kaon
from USQCD

shared new GPU cluster In
Wuppertal

conformal window: 2-index
symmetric rep (sextet)

~| projects running:
guenched overlap
Nf=2 dynamical overlap

We only study Nc=3 colors



Strong Electroweak Gauge Sector: epsilon regime and RMT p-regime expensive

Define the spectral density of the Dirac operatgr) = (¥, #" ! ")), where average is over|delta and epsilon

gauge fields weighted by full QCD action. regimes economic
Spectral density important for spontaneous chiral symmetry breaking (Banks and Cashery):
e %0) Basic chiral couplings
- pese= Fi and |

We should have writteh = limgyo im0 limyoe %(&/ V, where it is important that the  [Can be determined
limits are taken in the order indicated.

Small eigenvalues are spaced as
’ " 1 _ % | sets the scale

TORRZR of vev=250 GeV

provided that (0)/ V > 0. This naturally defines a scaje= " V! for the study of the distributior
of individual eigenvalues. For this purpose, it is convenient to define the so-called microsg
spectral density

¥land T parameters

Z require p-regime?

() = lim — (—) |

V& VI %4

This function describes the extreme infrared properties of the Dirac spectrum, completely, Ei g envalue
determined by the global symmetries of the Dirac operator.

1 ,(z) can be computed both from the low-energieetive theory and from chiral RMT. Scalingdistributions provide
of ! ;(z) is determined by anomalous dimension of fermion field in conformal window. stringent tests

They probe topology
and the fermion
number




simulate theory of interest
measure eigenvalue distributions
compare with RMT - condensate non-zero?

If theory conformal, different behavior

(") 1 et no scale generated

anomalous dimension
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Q distribution beta = 6.0800 mw = -1.70

topological charge
2-Indx symm representation
" quenched overlap 12attice
16Tunning

5-fold degeneracy from index
theorem In sextet representation
two stout smearing steps necessary -

INndex=2T(R)*Q SU(N) generators T(fund) = 12
T(2-indx sym) = (N+2)/2

=0 iIndex = 5*Q 2-indx symm  T(adjoint) = N
Q=-1 o
i Q=1 -
dislocations do not
- follow index theorem -
no 5-fold degeneracy
—
u » — _
| | | | | | |
-8 -6 -4 -2 0 2 4 6 8



beta=6.1400mw=-1.70k=1Q =0
0.6

- eigenvalues in chirally broken phase
preliminary
| sextet representation
quenched overlap 12fattice
16tunning
L Ll 1 nocheckon Fyand  lyet
beta=6.1400 mw=-1.70k=2Q =0

a mo theoretically expected behavior
- - Narrow window in  should be
1 understood from condtions of
A |  epsilon regime

IS | dynamical project is running and
lin sim _ requires very large resources
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eigenvalues in chirally broken phase

fundamental Nf=8 representation
(39 V=10"M4

dynamical Asqtad staggered

4 eigenvalues averaged

agrees with Yale and Columbia

eigenvalues in chirally broken phase

| fundamental Nf=12representation

1.9 V=10™M

1 dynamical Asqgtad staggered

| 4 eigenvalues averaged

Not compatible with Yale group
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Consider Goldstone pion physics in infinite volume chiral perturbation theory first The tree
level pion mass M is related to the B parameter of the Lagrangian by
M?=2B - mq
| am going to ignore renormalization procedures, but M, and g .Emeqphysical tree
level quantities. The one loop chiral corrections are:

| M2
2 — 2 | M
=M N g
_ NV
o r [“ 16 2F2" M

where F is the other fundamental parameter in the chiral Lagrangian. This is calculated
from the pion loop In infinite volume. Now, Iif the system is in a finite spatial box with
Infinite time direction, there is a shift from the infinite volume one-loop values,

1 M2

M, (L)= M, 1+ ("
(L)= M, oN; 1622 )

Fr(L)= Fi |10 S gmms &)

where the infinite volume quantities on the right side are one-loop, but in a first
approximation can be replaced by the tree-level values, M and F. The finite volume
function is " Amn) !

Gu(!) = R Ki( n!)




n = n{+ n5 4amg m(n) is the multlph(:lty and =M, -L

Note the relations ! = B ;F2 !Il "= M(Iscﬂlfo%e that those are the

definitions which make F=93 MeV in QCD and not root 2 times bigger. The shape of the
volume dependent correction looks like:

0.5

Now in two flavor QCD, we warit v/ 10 DE CIOSE 10 onle and the chiral expansions on
page one are still convergent We are at very small F in the 0.03-0.04 range, but M is In
the 0.15-0.3 range so that the ratio M/F is large and the chiral expansions are not
convergent We will need to figure out the remedly.

Dropping back to epsilon regime consistent with chiral Goldstone dynamics AND the
threefold hierarchy of the chiral rotator spectrum is a challenge requiring big increase In
computing power



Running gauge coupling from RG on large Wilson loops

two groups: our LHC collaboration and Bilgici et al.

problem with Bilgici et al:
Implementation is not independent of
Schrodinger functional method

Important that our implementation is

- Lo - : : : . :

AT T T define renormalized coupling from second derivative of Wilson
UL IR U O loops running with L if RIL is kept fixed:

Tof T 9R ( 0 Lo ) ' IRI'T IN"W(R, T Lo, TO)#%
Y T=R
£ L S k is geometric factor (cutoff dependent on lattice)  defined from

A I T U S O S O tree level relation with the bare coupling qJo

B S
R |

025 ARRERRRAN ARRERARAN ARERRRRES ARERRRASS AREAASS ] | " . reel —
T as ] | R IN"W(R, T;Lo)#®9 = ke

0.20F s = 524 ] T=R
I Foog’s § e - 684

e 84
015 ] . . . - =
k 5 1 Lattice implementation requires the study of the step function
0.10F 1 together with its cutoff dependence

005* ] . . .

Useful alternative to Schrodinger functional?

OOO AAAAAA | IR A AR Lo v Lo v Lo v a 1 Lo a1y

0.0 0.1 0.2 0.3 0.4 0.5 0.6

. | ‘ ° Wilson loops could be replace by Polyakov loop correlators



We first tested the method at weak coupling for large Wilson loops. Rather than simulating Wilson
loops, we calculated them using the boosted coupling procedure of Lepage and McKenzie which

reproduces even large Wilson loops accurately

The finite volume dependence was obtained from Hellers code who calculated the Wilson loops in

bare perturbation theory
(thanks to Urs and Paul for the help they provided)
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A(g™2) 0.150 - g"2(L) 1.0 -
testing the cutoff dependence of the
1 step function and its extrapolation to 097
0.145 7  zero lattice spacing
0.8 4
(same as for Schrodinger functional)
0.140 0.7 -

running renormalized coupling in the
deep UV region

agrees well with loop prediction

beeing tested in quenched and
dynamical simulations
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Need for Exa Scale resources

projects running in the fundamental representation with Nf=4,8,12,16

flavors and three colors:

1. dynamical staggered fermions with stout smearing V=L"4, L=16,20,24,28
2. dynamical overlap fermions on small lattices L=6,8

Two projects consume most of the resources we have

projects running in the 2-index symmetric rep with Nf=2 flavors and

three colors:

1. guenched overlap fermions L=12,16

2. dynamical overlap fermions on small lattices L=6

sextet rep runs four times slower than fundamental

To match lattice sizes of staggered projects would require 1073-10°4
INCrease In resources



current resources: 120 nodes of Kaon from USQCD gives somewhat
less than 1 Tflops sustained

on new J/Psi cluster the equivalent sustained rate would be > 1 Tflop
being benchmarked

shared new GPU cluster in Wuppertal gives the project approximately
1 Tflops sustained

High precision conformal gauge theory with overlap fermions will
reqgire sustained petaflops



current resources: 120 nodes of Ka
less than 1 Tflops sustained

on from USQCD gives somewhat

on new J/Psi cluster the equivalent sustained rate would be > 1 Tflop

being benchmarked

shared new GPU cluster in Wupper:
1 Tflops sustained

al gives the project approximately

High precision conformal gauge theory with overlap fermions will

reqgire sustained petaflops

Best strategy: try hard with existing resources to learn and show the capabilities

After enough experience is gained, identify most interesting physics the lattice can

deliver

Make a case for the scaled up resources




