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Parameters :

* (Gauge group : SU, SO, SP, E
e Matter representation : R
e # of flavors : Ns

D. Dietrich, F. Sannino, PRD75 (2007) 085018
o Mojaza, Pica, Ryttov, Sannino PRD86 (2012) 076012



« Charting the phase diagram requires non-perturbative calculations.
Kuti, Fodor, Nogradi et al

Appelquist, Neil, Rinaldi et al
Hasenfratz, et al

Del Debbio, Patella, Lucini et al

e (Can the rich variety of behavior be used for BSM ? |
Rummukainen et al

* Dynamical EW symmetry breaking (« Technicolor », ...) Pallante et al
S. Weinberg '79, L. Susskind '79

. . . Lin et al

* Composite Higgs model (Higgs is a pseudo GB, ...) O of
Kaplan & Georgi '84

* Composite Dark Matter lto et al

e |attice observables :

* low-lying spectrum (SSB chiral symmetry, spin O, spin 1,...)
* Running coupling constant
* Scattering properties (widths of resonances, scattering lengths)

*  Matrix element (form factors)



SU(2). with Ni=2 Dirac flavours
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+SU(2) gauge theory with Ny = 2 Dirac fermions in the fundamental representation.

L = —1Fg, Fo +iU" D, U+iDy* D, D+2QT (—io®)C EQ+% (QT(~io?)C EQ)'
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+ Pseudo-real irrep of SU(2): global flavour symmetry is upgraded to SU(4) :
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_(QL\_( DIL \ E—(O 001\
@= Uy, | — | —ioeCul, |7 | -1 0 00
\ D, )\ —ioCdl, ) \ 0 -100)
+ Infinitesimal SU(4) transformation: @ — (1 + 4 i a”T”)
n=1

+ Generators that leaves the Lagrangian invariant satisfy : BT + T'E =0

+ Chiral symmetry breaking pattern : SU(4) breaks to SP(4) :> 5 Goldstone Bosons



£V embedaing

|G. Cacciapaglia & F. Sannino, JHEP 1404,111 (2014) ]

+ QL= (U.,Dy) : SU(2). doublet with hypercharge O

~

+ UL, Dy, . SU(2)L singlet with hypercharge 4+1/2

+Two Iinteresting alignments of the condensate :
1 ' 0
Yg=FE= ( 01 O) . break EW symmetry 2B = (1(62 i02>: does not break EW
— _ '\

+ General superposition : g =cosf Xg +sinf Xy

+ Two limit cases : \
>

* O = O : EW does not break : composite Higgs limit

\ TC
72N /
* 9 — 7'[/2 . EW breaks + DM candidate : technicolor limit /g_j

+ Forinstance at LO: myw® =2 g (Fps sin ©)?

CH

+ Mixed case is natural : 0 < 6 < 11/2=> the model interpolate between TC and CH
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e Selup

R. Lewis, C. Pica, F. Sannino, Phys.Rev. D85 (2012) 014504 [arXiv:1109.3513]

A. Hietanen, C. Pica, R. Lewis, F. Sannino, JHEP 1407 (2014) 116 [arXiv:1404.2794]
A. Hietanen, C. Pica, R. Lewis, F. Sannino [arXiv:1308.4130]

R. Arthur, V.D, C. Pica, F. Sannino [arXiv:1602. XXXXX]

+ Plaguette action + Wilson Fermions

+ Several volumes V=L3xT —> extrapolate to infinite volume
+ 4 |attice spacings : a —> extrapolate to the continuum limit
+ Several fermion masses ms«—s>mps2 —> extrapolate to the chiral limit

+ Non-perturbative renormalization
+ Scale setting : Fpssin © =246 GeV

+ HiIRep code L. Del Debbio, A. Patella, C. Pica, Phys.Rev. D81 (2010) 094503
+ Mass of stable states obtained by computing :

Z<1ZV57'3¢(33)%ZV57'3¢(0)> = e PS4 gubleading exponentials
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Goldstone bosons

R. Arthur, VD, A. Hietanen, C. Pica, F. Sannino [arXiv:1602. XXXXX]
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* continuum curve : S| e ;
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:>consistent with expected spontaneous :
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Golastone bosons

R. Arthur, VD, A. Hietanen, C. Pica, F. Sannino [arXiv:1602.XXXXX]

o B=1.8 :
m p=20 .
A B=22 !
< |-~ B=23 !
* FpsVversus mps? : ]
o R R !
* Global fit of 4 lattice . .+A
spacings w A
A * /K :
, et
e continuum curve : i‘: ;
grey band Sq ¥ g
—> Set the scale = | ; | .
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Vector resonance

R. Arthur, VD, A. Hietanen, C. Pica, F Sannino [arXiv:1602. XXXXX]
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Vector meson stable in
the regime of our
simulations (mv < 2 mps)

All 4 lattice spacings are
consistent.

mv=12.9(2.2) Fps

Fairly heavy :
my=3.2 TeV/sin ©

Scalar sector ?
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R. Arthur, VD, A. Hietanen, C. Pica, F. Sannino

* Extremely
challenging :
disconnected
contributions b

S
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e Stable in our regime

* consistent results
but relatively
heavy 7

[arXiv:TEXX. XXXXX]
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Summary & Conclusions

Lattice as a laboratory to explore non-perturbative
dynamics of gauge theories

ePrediction for SU(2).+N¢=2 (Fund. representation)
* my/Fpg ~12.9(2.2) ; m4/Fpg ~ 14.3(3.4)

» Unified CH model :
* my=32TeV/sin® &mA=35TeV /sin® :
* Beyond current LHC constraints even for ©= /2
* Scalar sector would be the signature at LHC Run ?

*More on LHC phenomenology :

A. Arbey, G. Cacciapaglia, H. Cai, A. Deandrea, S. Le Corre, F. Sannino, 1502.04718
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e Definition
Re ]}(Lrg_w+—>7r+7r+)(q) — ag + O(q2)

e LO prediction2:

MS T

MzxQy 1.0 =

e |attice can
constraints low
energy constant
appearing at
NLO

327 f2

Bijnens & Lu, JHEP 1103 (2011) 028 [1102.0172]

Scattering length

R. Arthur, VD, A. Hietanen, C. Pica, Sandino

[arXiv: 16XX XXXXX]
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---- LOEFT
A pb=2 Ns=16 T=32 Nhits=3
vV  b=2 Ns=32 T=32 Nhits=3
b=2.2 Ns=16 T=32 Nhits=3
B pb=2.2 Ns=16 T=64 Nhits=3
A Dpb=2.2 Ns=24 T=32 Nhits=3
LO_ ¢ b=2.2 Ns=32 T=32 Nhits=3
— | ® b=2.2Ns=32 T=32 Nhits=6
I | | | | | |
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