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» Hierarchy problem

- Triviality?

 Vacuum stability?
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» Hierarchy problem

- Triviality?

 Vacuum stability?
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The most conservative scenario for the EWSB is still
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iLadder picture:

Bethe-Salpeter equation for a g bound state

p+q/2 p+q/2 k+q/2

< q < q

X(Piq)mun X (k:q)mnn
p-9, p-, Tk—q/z
B oUW

1* / / / Ny=9 A

| Ny=12 i\

o I 510; M/

Large Nf 2-loop running coupling A

\_ J




iLadder picture:
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:Ladder picture:
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iLadder picture:
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Fully nonperturbative calculation
(Lattice!!)
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Lattice setup

* Nf=8, SU(3) gauge theory
* Tree-level Symanzik gauge action
* Highly Improved Staggered Quarks (HISQ)

- Parameter set
B(=6/g°) =3.8, m; =0.06, V = 24° x 32

Disconnected correlator measurement

» 7600 configurations (from 15200 thermalized trajectories)
* Stochastic estimator with 64 gaussian noises

* Venkataraman-Kilcup variance reduction technique



Nc =3, Ny =8, 3=3.8, m; = 0.06, V =24 x 32

Connected < C'(1) > scalar interpolating XX

operator couples to 2 states

0t 0~

0.000

-0 -C(1)

le-05

1e-06

le-07

1e-08

1e-09

le-10

I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| | IIIIIII| [ TT4d)y

le-11 |
9 10 11 12 13 14 15 16



Nc =3, Ny =8, 3=3.8, m; = 0.06, V =24 x 32

Connected < C@t) D

“Pick up” 07 state: €y (2t) =2C(t) + C(t +1) + C(t — 1)
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Nc =3, Ny =8, 3=3.8, m; = 0.06, V =24 x 32
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Nc =3, Ny =8, 3=3.8, m; = 0.06, V =24 x 32

Full scalar correlator ~ SCL(t) = —C(t) + 2D ()

where D, (2t) =2D(t)+ D(t+ 1)+ D(t — 1)

0.0001

1e-06

le-08

le-10 | | |

-
)
[
-
[E—
N



Nc =3, Ny =8, 3=3.8, m; = 0.06, V =24 x 32

Effective mass plot
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Nc =3, Ny =8, 3=3.8, m; = 0.06, V =24 x 32

Effective mass plot
NG boson E[RIFZEEDEWA T —DFEZRE
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Summary

* First lattice study of the flavor-singlet scalar in Nf=8 QCD
- Several tequniques + high statistics = >~ /L
. B(=6/g%) =38, m;=0.06, V=243 x 32 T

NG boson & [RIIEEDEWA T —

Future direction

* Larger volumes, smaller fermion masses
(chiral limit TOIRDEWN . M, — F 7))

* Gluonic operator H & 7c study
(lightest scalar H% meson YD, glueball FYH. Z D mix DY )
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Spectrum other than flavor-singlet scalar

B(=6/g°) = 3.8, ms=0.06, V = 24" x 32

my Ntrj Fn' AI?T AJSC A'Ip(PV) A"{p(VT) <?1b?1b)

0.02 744 0.0566(8) 0.2330(25) 0.2367(37) 0.3508(117) 0.3461(111) 0.01183(3)
0.03 798 0.0715(4) 0.2832(14) 0.2851(14) 0.4044(96) 0.4018(101) 0.01746(2)
0.04 864 0.0823(2) 0.3353(7) 0.3382(7) 0.4678(57) 0.4693(57) 0.02290(1)
0.05 752 0.0918(5) 0.3826(10) 0.3851(11) 0.5274(54) 0.5228(53) 0.02825(2)

1'0.06 1848 0.1012(3) 0.4295(6) 0.4327(6) 0.5742(58) 0.5826(55) 0.03345(2) |

0.07 864 0.1088(3) 0.4731(6) 0.4767(7) 0.6288(74) 0.6345(75) 0.03853(1)
0.08 816 0.1173(3) 0.5145(8) 0.5187(8) 0.6783(81) 0.6795(71) 0.04357(2)
0.10 048 0.1315(3) 0.5940(5) 0.5987(6) 0.7790(65) 0.7760(68) 0.05334(1)
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