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l.Introduction



Successes of Lattice QCD
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Lattice calculations truly reliable.
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Apply to Something different



LHC era

» Higgs mechanism

*» Physics above the EW scale

1 ’»Among many New Physics
4 candidates, Technicolor is
attractive and best suited for
Lattice Simulation

Use Lattice to explore LHC physics



TeChniCOIOr (TC) [Weinberg('79), Susskind('79)]

® Alternative for Higgs sector of SM model
® No fine tuning
=>New strong interaction SU(N+.): technicolor

=PAt Arc~Vyea technifermion condensate (T:T,)

=>Gives dynamical SU(2),xU(1), breaking

=¥ (TT) breaks chiral symmetry SU(2), xSU(2)s
=>Produce technipion m;-(NG bosons)

=11, become longitudinal components of W and Z

=*M,, = M,cosb,, = YogF _ (F., = V,,..x=246 GeV)




EXtendEd Tc Eichten(‘80) Susskind('79)

How do SM fermion get mass? = Extended TC

=>New gauge theory SU(Ng1c), Nere>Nqc X G f

Terc=(Trefsm) : )
=?Assuming SSB: SU(Ngrc) = SU(N)XSM at Agrc>>Aqc

at Arc scale,

3
1 — — _ <TT>ETC/7ATC
NE+ * fermion mass

Azt :FCNC




walki “g Tc Holdom('81) Yamawaki et al. (‘86)

Solving tension of SM fermion mass VS. FCNC

(TT) exp[ ,<\TECT - C}',,—“V(.U)} (TT)IArc

‘AETC
My |/\ET c ~ 2 = 2
/\ET C /\ET C
4
g’ (W (/\ET C > if walking If y=0O(1): Large
| enhancement
gZSxSB
Classic TC or Walking
QCD-like Te
theory
@initial

Mrtc METc MEgTcC U



Conformal Window
Ny

A

Asymptotic non-free

N / "‘*“—’—\

Conformal

NS
< WTC? >

SxSB & Confining

0 < QCD g \

Speculation on “Phase diagram” of GT —

Find the location of N/ in various GT.



Strategy on the lattice

/ Searching phase (-20127?) \

Calculate running coupling and Calculate hadron spectrum to see

anomalous dimension directly scaling behavior
\On the lattice. /

4 Prediction phase (20137-) h

Perform large-scale lattice simulation of candidate theories
@ find the precise values for fr, m,, (ms), 2, S-parameter, . -

® Now is in Searching phase.

® Prediction phase on the Next-Generation supercomputer?



Candidates for WTC

So far, the following SU(Nc) gauge theories have been intensively studied

N¢ Nf Rep‘ Running g* gspectroscopy
Large NJQCD | 3 6~16 fund. |s<m<i2 /707
Large Nrtwo-color QCD| 2 6,8 fund. | N9<6
- conformal
Sextet QCD | 3 2 sextet| conformal o
Two-color adjoint QCD 2 2  adjoint| conformal conformal

Currently, many contradictions and little consensus



Il. Lattice calculation of
running coupling




Machines used

= Supercomputer@KEK (SR11K, BG/L)g
= GPGPU & CPU servers@KEK

= INSAM GPU cluster@Hiroshima
= GPGPU, GCOE cluster system@Nagoya

- B-factory computer system




Schrodinger functional scheme

Luescher, Weisz, Wolff, ('91)

* SF coupling

o 39S W N
Osr (L) = K <a(background field) > L D
* Standard background field
* 0=0 (Ditriiréllflet)
* PCAC mass=0
* O(a) un-improved Wilson
fermion o~
. N~ 7
* Plaquette gauge action - —
space L

\_ (periodic up to exp(i0) ) Y,



http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Luscher,%20Martin%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Weisz,%20Peter%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Wolff,%20Ulli%22

Perturbation theory
Perturbative IRFP(grp?) for SU(3) gauge theory

."-."_.r _ Y £ . 101 12 14 16
2-loop universal | 2774 947 | 349 (.52
JB—](J(J;:E | 43.36 23.75 1582 U945 5.8 | 243 (.47
d-loop MES . 153092 | 1540 961 H.46 | 270 (.5{
4-loop MES | 1947  10.24 591 | 2.81 (.54

\ J

Anomalous dimension in SF scheme to 2-loop

P = S g? {14 (01251 + 0.0046 ;) ¢°}

(4 )
With grp? for 3-loop B-function in SF scheme,

276183 for N;= &

1.25265 for N;=10 ~ O(1)
0.50772 for N,=12

Il Ll
i e 5
|

Perturbation is not reliable =>Use Lattice method!



8 & 12 flavor QCD

Appelquist, Fleming, Neill, (
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o’Irrp ~ 5 consistent with PT prediction

Conclusion: N~=12 is too large while N=8 1s too small.
(12-flavor QCD 1s still under debate.)



10 flavor QCD (This work)
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o

Raw data of each L/a Is close to each
other.
= slow running



Step scaling function

« Taking the continuum limit
o(u,s) —/llm 2(u,s,a/L), u=gg’
IS not easy since O(a) improvement is not implemented

* Reducing discretization errors as much as possible before

taking the limit is crucial. ,
g 4
sxL/a
L/a \
2(u,s,a/L) \

u=g’(L)

g0



‘2-loop improvement’

o PACS-CS Collaboration (‘09)
Deviation at 2-

loop:
2 (u,s,a/ L) _
1+ 06 (s,a/L)u G(U’S) _ 2 3
u,s,a/L) = = (s, a/ L)u? + O(u®)
o(u, s)

» Use weak coupling region to estimate the two-loop improvement coefficients.
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Discrete beta function
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Where is IRFP?
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Result suggests the
existence of IRFP at
grp?= 3.3 ~ 9.35.



Anomalous dimension
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Hl.Summary



Summary

Lattice technique can be used to search for realistic WTC
models and to see whether the long-standing (~30 yrs)
problems in TC are really resolved by WTC.

As a first step, we started with the study of running coupling
of 10-flavor QCD to identify conformal windowin SU(3) GT.

The result shows an evidence of IRFP in 3.3 < g%rp < 9.4.
= 8< NF <10

0.28 < ym< 1.0 is obtained from preliminary analysis.
Pinning down ymrequires precise value of the IRFP.

Next important task is to calculate S-parameter.



