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Motivation

m Extended standard model with supersymmetry
m So far no experimental verification
m Important building block of Super-QCD:
N =1 Super-YANG-MILLS theory (SYM) with gauge group SU(3)

in 4 spacetime dimensions

m Investigations of bound states and confinement need
non-perturbative methods — lattice simulations
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N =1 Super-YANG-MILLS theory

N =1 Super-YANG-MILLS theory

m Gauge boson (gluon) A, (x) in the adjoint representation

m Super partner (gluino) A(x) is MAJORANA fermion in the adjoint
representation

On-shell LAGRANGE density

1 i
Loym = tr (-ZFWFW + %)\LD)\ )

| \

Supersymmetry

Relation between fermionic matter particles and bosonic force particles

0cAL =1y, 0N =0, FMe

A
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N =1 Super-YANG-MILLS theory

N =1 Super-YANG-MILLS theory

m Gauge boson (gluon) A, (x) in the adjoint representation

m Super partner (gluino) A(x) is MAJORANA fermion in the adjoint
representation

On-shell LAGRANGE density

1 i- m. —
= —— oy — — =B
Lsym tr( 4FN,,F + 2)\@)\ 5 )

| \

Supersymmetry

Relation between fermionic matter particles and bosonic force particles
0cAL =1y, 0N =0, FMe

Softly broken by gluino mass term

A
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N =1 Super-YANG-MILLS theory

Symmetries

Classical symmetries of the SYM action

m LORENTZ transformations
m Local gauge transformations

m Scale transformations
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1 Super-Y: IILLS theory

Symmetries

Classical symmetries of the SYM action with

m LORENTZ transformations

Local gauge transformations

m Scale transformations

Global chiral U(1)a symmetry

Supersymmetry
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N =1 Super-YANG-MILLS theory

Symmetries i

Chiral symmetry breaking in SU(3) SYM theory
m Global chiral U(1)a symmetry: \ — el®75)\

m Due to anomaly only Zg remnant symmetry
s 27n .
A—e’s BX with ne{l,...,6}

= Spontaneously broken to Z, symmetry in consequence of
gluino condensate (A\) # 0 — 3 different vacua
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Super-YANG-MILLS theory duction of lattice artefacts Particle masses (first results)

Particle spectrum of N'=1 SYM theory

high & Susy

energies gluinos gluons

L ! L

% O O
@ [

low
energies gluinoballs gluino-glueballs glueballs
! (1]

m At high energies: gluons and gluinos like a free gas

m At low energies: confinement
— no free colour charges, only colour-neutral states

[Piemonte: ,,N=1 supersymmetric Yang-Mills theory on the lattice“ (dissertation)
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Super- ILLS theory n of lattic Particle ma Summar

Particle spectrum of N'=1 SYM theory

X
a
su-sﬁ softy
wit
m susy B broken
mixing suay
DI 1
Vo
U 1
my =10 rirg # 00 2]

m Glueballs 07+ & 0~
m Gluino-glueballs x
m Gluinoballs a-n’ & a-fy

[21Sandbrink: ,, Numerische Bestimmung von Quarkpotential, Glueball-Massen und
Phasenstruktur in der N=1 supersymmetrischen Yang-Mills-Theorie“ (dissertation)
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Super-YANG-MILLS theory duction of lattice artefacts Particle masses

The critical gluino mass m,

m Lattice breaks chiral symmetry & supersymmetry
— counter term ~ gluino mass

m Fine tuning so that gluino becomes massless in the continuum limit

m Gluino can't be measured directly

— (unphysical) adjoint pion m?__ o mg can be measured easily

m Fine tuning assures restoration of the chiral symmetry and the
supersymmetry in the continuum limit
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Reduction of lattice artefacts

Lattice /\Ctior‘ Friedrich

Gauge Action

m Symanzik improved Liischer-Weisz gauge action
B (5 1
Sg[U] = i (5 %:tr(]l —Relln) — = gm:tr(]l = ReuDE,))

m O(a?) lattice artefacts

= adjoint representation [V, (x)],, = 2tr [U}(x) TEU,(x) Tf]

m WILSON-DIRAC operator
+4
Dw(x,y) = 6xy — & Z (L = V) Vulx) Oty
p==%1
m O(a ) lattice artefacts
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Reduction of lattice artefacts

Lattice Action

Gauge Action

m Symanzik improved Liischer-Weisz gauge action
Sg[U] = B ( Ztr 1 — Rel) — — Ztr(]l = ReuDE,))

m O(a?) lattice artefacts

= adjoint representation [V, (x)],, = 2tr [U}(x) TEU,(x) Tf]
® WILSON-DIRAC operator with irrelevant clover term

/{' LV
Dw(x,y) = 6xy — & Z — V) Vu(x) X+u,y*CSWZUWFl Ox,y
p==x1

m O(a°) lattice artefacts with proper Sheikholeslami-Wohlert
coefficient csw
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Reduction of lattice artefacts

Determination of csy

Possibilities
m Perturbation theory
m Calculating quark-gluon vertices for massless fermions

Dependence on the gauge action

CSW
1.8
1.6} — Wilson
Lischer-Weisz
1.4F Iwasaki
1.2f
4 6 8 10 F
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Reduction of lattice artefacts

Determination of csy

Possibilities
m Perturbation theory for Wilson gauge action [JHEP 05 (2013)]

m Calculating quark-gluon vertices for massless fermions
® One-loop: csw =1+ (0.16764(3) Crep + 0.01503(3) Nc) g*

2
with quadratic Casimir invariant Cgyng = % Cagj = Nc
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Reduction of lattice artefacts

Determination of csy

Possibilities

m Perturbation theory

m Tadpole improvement [Phys.Rev. D48 (1993)]
m Mean link up, depends upon theory
m Gauge-invariant definition up = (Nic‘cr(Upbq))l/4
m Tree-level: csw = Uig

Lischer-Weisz

Csw
2.4]
2.2
20 Perturbative
18 Tadpole
16 Nonperturbative
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Reduction of lattice artefacts

Determination of csy

Possibilities
m Perturbation theory
m Tadpole improvement

m Nonperturbative with the Schrédinger functional
[Nucl.Phys. B491 (1997)]

Lischer-Weisz

Csw
2.4]
2.2
20 Perturbative
18 Tadpole
16 Nonperturbative
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Reduction of lattice artefacts

Determination of csy

Possibilities

Perturbation theory
Tadpole improvement
Nonperturbative with the Schrédinger functional

Nonperturbative with physical fine tuning?
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Reduction of lattice artefacts

Physical fine tuning of csw Friedrich

Distinctive feature of Super-YANG-MILLS theory

m Pion is not a physical particle

m Pion mass vanishes in the continuum theory

m Its lattice mass is purely an effect of broken supersymmetry &
chiral symmetry

m Empirical tuning of the pion mass to find the point which is nearest
to the continuum with respect to

m Discretization errors
= Symmetries
v
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Reduction of lattice artefacts

Parameter Scan

Csw = const.

Pion mass
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Reduction of lattice artefacts

Parameter Scan riedrich

Pion mass
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Parameter Scan

Reduction of lattice artefacts

Friedrich-£

Marc Steinhauser
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N =1 Super-YANG- heo Reduction of lattice artefacts Particle masses (first results)

Particle masses

B=42, k=0.146, csw = 2.27, My, ~ 0.24

100 _z— T T T T T Iflt T _;_

0 2 4 6 8 10 12 14 16
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N =1 Super-YANG-MILLS theor Reduction of lattice artefacts Particle masses (first results)

Particle masses Friedrich-¢

B =42, k=0.146, csw = 2.27, mag ~ 0.25
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Summary

Summary

m Lattice breaks supersymmetry

m Gluino condensate breaks remnant chiral symmetry
m Fine tuning of bare gluino mass mg (or csw?) necessary

m Reduce lattice artefacts with improved lattice action

Nonperturbative physical tuning of the csw coefficient?

m First results for masses of adjoint mesons
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Summary

Summary

m Lattice breaks supersymmetry

m Gluino condensate breaks remnant chiral symmetry

m Fine tuning of bare gluino mass mg (or csw?) necessary
m Reduce lattice artefacts with improved lattice action

m Nonperturbative physical tuning of the csw coefficient?

m First results for masses of adjoint mesons

4

m Further investigations of csw dependence on 3, k

m Determination of csw with the Schrodinger functional

m Provide a basis for Super-QCD simulations

N
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