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Abstract. This talk summarizes the results of the DESY-Münster collaboration for N = 1
supersymmetric Yang-Mills theory with the gauge group SU(3). It is an updated status
report with respect to our preliminary data presented at the last conference. In order to
control the lattice artefacts we have now considered a clover improved fermion action
and different values of the gauge coupling.

1 Supersymmetry on the lattice
Supersymmetric gauge theories are the main building blocks for supersymmetric extensions of the
Standard Model. In addition they provide interesting new insights in the fundamental mechanisms of
strongly interacting field theories. Non-perturbative numerical simulations on the lattice would mean
an important progress in this field for two main reasons. They would provide a tool to investigate
possible non-perturbative breaking mechanisms of supersymmetry. A breaking mechanism for supersymmetry is an essential ingredient for supersymmetric extensions of the Standard Model since the
supersymmetric partner particles are not present in the observed particle spectrum.
The second application of non-peturbative numerical tools in supersymmetric theories is related
to theoretical considerations of supersymmetric theories. In some cases the extended symmetry allows for a better analytical understanding of supersymmetric theories. The calculation of the gluino
condensate in N = 1 supersymmetric Yang-Mills theory and the gauge gravity dualities derived for
theories with extended supersymmetry are an example. The final motivation for these investigations
is to extend the new analytical insights and to relate them to more realistic theories. The results
of non-perturbative numerical investigations provide checks for the reliability of the results and the
extensions to a more general picture.
The main focus of our investigations is N = 1 supersymmetric Yang-Mills theory. In our first
investigations we have mainly considered the gauge group SU(2). We have measured the particle
spectrum of the theory and observed the expected degeneracy of the supermultiplet of lowest states in
 Speaker, e-mail: georg.bergner@uni-jena.de

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

EPJ Web of Conferences 175, 08001 (2018)
Lattice 2017

https://doi.org/10.1051/epjconf/201817508001

this theory [2]. Detailed considerations of chiral and continuum extrapolations as well as studies of
the finite size effects were necessary to obtain this result. We have extended our studies now to the
multiplet of excited states and the first results are reported in a separate contribution to this conference
[1].
Our most recent investigations are numerical simulations of N = 1 supersymmetric Yang-Mills
theory with the gauge group SU(3). This theory is in some respects more realistic since it would
correspond to the gauge part of supersymmetric QCD. We have reported the first results obtained
with an unimproved Wilson fermion action at the last conference [3]. Simulations of the adjoint
representation of SU(3) require much larger resources compared to the fundamental one. Therefore
we are bound to rather small lattice sizes and we are not able to carry out the complete extrapolations
that we have done for SU(2). We have found that with these kind of constraints the clover improved
fermion action is a better choice than the Wilson one. In this talk we present our first results for
the mass spectrum with this fermion action. They already indicate the expected formation of the
supermultiplets of the lowest lying states as in the case of gauge group SU(2).

2 Supersymmetric Yang-Mills theory
Supersymmetric Yang-Mills theory contains gluons and their supersymmetric partners, the gluinos.
Supersymmetry requires the same number of degrees of freedom and the same representations of the
fields. Therefore the gluinos (λ) are Majorana fermions in the adjoint representation. Taking into
account an additional gluino mass term mg that breaks supersymmetry softly, the Lagrangean is


1
µν
/ − mg λ̄λ .
L = Tr − Fµν F + iλ̄Dλ
(1)
2
The theory is the counterpart of pure Yang-Mills theory with the usual properties like confinement
of fundamental charges. On the other hand, it is in several respects similar to QCD since it contains
fermionic fields. The primary observables are bound state masses. The states are represented by flavor
singlet mesonic operators, the scalar λ̄λ (a– f0 ) and the pseudoscalar λ̄γ5 λ (a–η ), glueball operators,
and gluino-glue operators. The gluino-glue particles are a special feature of theories with fermions in
the adjoint representation. Their interpolating operator is



σµν Tr F µν λ .
(2)
µ,ν

These particles are the fermionic partners of the bosonic constituents of the supermultiplet of bound
states.
Each massive chiral supermultiplet consists of a bosonic scalar, a bosonic pseudoscalar, and a
fermionic particle with the same mass. There have been different predictions concerning the low
energy effective theory. A multiplet of mesons and the gluino-glue has been proposed in [4], later
on the lowest multiplet was conjectured to be composed out of glueballs and the gluino-glue [5].
It is an interesting question whether the expected formation of bound state supermultiplets can be
confirmed by numerical lattice simulations. Further questions are related to the nature of the particles
of the lowest and heavier multiplets and the splitting of the multiplets when a finite gluino mass is
introduced.
There are several interesting properties of supersymmetric Yang-Mills theory. The Lagrangean
is invariant under supersymmetry and chiral symmetry transformations. The chiral symmetry is not
completely broken by the anomaly, but instead there is a remnant Z2Nc symmetry for the gauge group
SU(Nc ). This remnant symmetry is spontaneously broken to Z2 by the gluino condensate.
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Simulations of N = 1 supersymmetric Yang-Mills theory are challenging for two basic reasons:
the first one is the conceptual problem of any supersymmetric theory on the lattice. Supersymmetry
is generically broken by the lattice discretization and can only be established in the continuum limit.
The second one is a technical problem since the measurement of glueballs and singlet meson states
usually provides a rather noisy signal and, consequently, rather large statistics is required at a rather
fine lattice spacing.

3 Supersymmetric Yang-Mills theory on the lattice
In our simulations we are using a Wilson plaquette action and a clover improved Wilson fermion
action


1
1
λ̄(x)Dw (x, y)λ(y) ,
SL = β
U P +
(3)
1−
Nc
2 xy
P
where the Wilson-Dirac operator is
Dw (x, y)λ(y) = λ(x) − κ

4 

µ=1

 c sw
σµν F µν λ(x) , (4)
(1 − γµ )Vµ (x)λ(x) + (1 + γµ )Vµ† (x − µ)λ(x − µ) −
4

with links in adjoint representation of SU(2) and SU(3): (Vµ )ab = 2 Tr[Uµ† T a Uµ T b ]. The hopping
1
. The field strength Fµν is represented by clover
parameter κ is related to the bare gluino mass κ = 2m+8
plaquette operators. We have calculated the tuning of the clover coefficient c sw in lattice perturbation
theory [6]. In the current investigations we are using the one-loop clover coefficient.
The Wilson fermion action breaks chiral symmetry and supersymmetry. Both symmetries can be
restored in the continuum limit via the fine-tuning of a single parameter, the bare gluino mass [7]. This
Veneziano-Curci scenario is a theoretical prediction. Its applicability has to be verified in numerical
simulations.
The fine-tuning of the gluino mass has to be done with respect to a signal for the broken chiral
symmetry or supersymmetry. The chiral symmetry is subject to the anomaly and hence the signal
for its restoration is in principle rather difficult to identify. However, in the framework of partially
quenched chiral perturbation theory, the signal for the chiral symmetry restoration can be related to
the adjoint pion mass [8]. This mass does not belong to a physical particle of the theory. The second
possibility is a tuning with respect to the supersymmetric Ward identities, which have, however, a
less precise signal than the adjoint pion mass. We are therefore taking both tunings into account:
the extrapolations towards the chiral limit are based on the adjoint pion mass, but these are checked
against the signal for the supersymmetric Ward identities. The details of these tunings are presented
in a separate contribution [9]. Note that an interesting alternative approach is the consideration of
Domain-Wall or overlap fermions, which don’t require a tuning for the restoration of chiral symmetry
[10].
We have confirmed in large scale simulations of SU(2) supersymmetric Yang-Mills theory that the
signals for a restored supersymmetry, in particular in terms of the formation of supermultiplets, are
observed in the continuum limit. The lattice artefacts are a considerable obstacle in these investigations, and we have also done a detailed check of finite size effects. We have obtained the masses of the
lowest supermultiplet in the continuum limit [2]. In further studies we have investigated the finite temperature properties of supersymmetric Yang-Mills theory. We have found an interesting coincidence
between the chiral and the deconfinement transition [11]. We have also considered the case where
the boundary conditions for the fermions are changed from the thermal to the periodic case [12]. In
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Figure 1. The particle spectrum of N = 1 supersymmetric SU(3) Yang-Mills theory. This figure shows the
masses of the fermonic gluino-glue particle and the 0++ glueball as a function of the square of the adjoint pion
mass. The chiral limit, corresponding to zero adjoint pion mass, is linearly extrapolated. All masses are presented
in lattice units.

this case there is a disappearance of the deconfinement transition, in agreement with the theoretical
predictions.
Recently, we have extended our studies in several ways. We have considered new operators and
made the first preliminary study of the multiplet of the first excited states, which is presented in a
separate contribution [1]. Moreover, we have started to investigate the gauge group SU(3) instead of
the simpler SU(2) case. First results have been presented at the last lattice conference [3]. The adjoint
representation of SU(3) requires a considerably larger amount of resources than the fundamental one
or the SU(2) case. Therefore we are not able to scan the same range of lattice spacings and volumes
as in our previous investigations of SU(2) supersymmetric Yang-Mills theory. In the earlier investigations we have observed that the clover improvement leads to a significant reduction of the lattice
artefacts in terms of the splitting between the masses of the lightest supermultiplet [2]. Therefore
we have considered a clover improved action in our most recent SU(3) supersymmetric Yang-Mills
theory simulations.

4 Results for N = 1 supersymmetric SU(3) Yang-Mills theory
We have investigated several different lattice spacings with the clover improved lattice action, but
currently we have only obtained reasonable statistics with our ensembles at a rather coarse lattice
spacing, corresponding to a ≈ 0.08 fm in QCD units. The scale setting has been determined from
the Sommer scale r0 of the static quark-antiquark potential and the w0 scale of the Gradient flow. In
our previous simulations with the gauge group SU(2) we have observed a quite large (around 50%)
mass gap between the bosonic and fermionic constituents of the lowest supermultiplet when a plain
Wilson fermion action is considered at this rather coarse lattice spacing. In the clover improved case
at the same lattice spacing, the particle masses have been already degenerate within errors. We expect
a similar situation for the gauge group SU(3).
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Figure 2. The particle spectrum of N = 1 supersymmetric SU(3) Yang-Mills theory. This figure shows our
preliminary results for the masses of the mesonic particles mesonic particles in comparison to the 0++ glueball
mass. For comparison the linear extrapolation of the glueball mass towards the chiral limit has been added to the
plot.

We have confirmed that the square of the adjoint pion mass is, to a reasonable approximation,
consistent with the remnant gluino mass determined from the supersymmetric Ward identities [9].
We have determined the gluino-glue and glueball masses. In addition we have measured the singlet
mesons according to the methods presented in [13]. All these methods have already been tested and
optimized in our previous analysis of the gauge group SU(2).
The masses of the bosonic 0++ glueball and the fermionic gluino-glue are shown in Figure 1 as a
function of the square of the adjoint pion mass. These preliminary results indicate a restoration of the
degeneracy between the bosonic and fermionic masses in the chiral limit.
The determined mesonic masses are so far not of the same accuracy as those of the glueball and the
gluino-glue, see Figure 2. The scalar a– f0 meson has the same quantum numbers as the 0++ glueball
and a mixing between these states is expected. This is in accordance with the fact that in our results
both masses agree within errors. A similar mixing is expected for the pseudoscalar a–η meson and
the 0−+ glueball, but so far we did not get a sufficient signal for the mass of the pseudoscalar glueball.
Our results for SU(2) supersymmetric Yang-Mills theory have shown that the mesonic a–η operator
has a much better overlap with the ground state than the glueball. Consequently, we represent the
pseudoscalar constituent of the lightest supermultiplet only by the mesonic a–η . Our results for SU(3)
N = 1 supersymmetric SU(3) Yang-Mills theory show hence for the first time the degeneracy of the
particle masses of the lightest supermultiplet consisting of a scalar, a pseudoscalar, and a fermionic
component.

5 Conclusions
We have presented the results of our lattice simulations of N = 1 supersymmetric SU(3) YangMills theory. Our results show a first indication of degeneracy in the bound state particle spectrum
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consistent with the formation of a supermultiplet of a scalar, a pseudoscalar, and a fermionic particle.
This generalizes our earlier investigations for the gauge group SU(2).
The effect of the clover improvement and lattice artefacts are similar to the SU(2) case: a rather
fine lattice is required to obtain the degeneracy of the bound state masses when a plain Wilson-Dirac
operator is used. Therefore we have not observed the expected multiplet formation in our earlier
results [3]. The clover improved fermion action leads to a considerable reduction of lattice artefacts
and the signals for restored supersymmetry are consequently obtained already on a rather coarse
lattice.
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