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Spectrum of SYM on the lattice

1. Introduction

The._# = 1 supersymmetric Yang-Mills (SYM) theory is the minimal S¥&xtension of the
SU(N,) Yang-Mills theory. The fermionic degrees of freedom, tjh@inos are given by the super-
partners of the gauge field§, (gluong and are described by Majorana spingsga=1... NZ—1)
transforming according to the adjoint representation efgauge group. SYM is characterized by
a rich low-energy dynamics with interesting aspects as genfent and spontaneous breaking of a
discrete chiral symmetry — a continuum U(1) chiral symm&tmnissing at the quantum level due
to the Adler-Bell-Jackiw anomaly. SYM can be related to QCithwa single quark flavouNs = 1
QCD), where the Majorana spinor is replaced by the singladspinor. The latter model is also
object of investigation by our collaboratioff [1].

This work represents a continuation of a long-standinggatopf the DESY-Munster-Roma
Collaboration (DMRC) for the simulation of SU(2) SYM, sd§ far a review and [[B] for more
recent results. Following][4] we apply the Wilson approaghich has been proved to be successful
in lattice QCD computations in spite of its known limitatson SUSY is broken by the lattice
discretisation and, in the Wilson approach, by the Wilsaomtelt is expected to be recovered
in the continuum limit by properly tuning the only relevargrameter, the bare gluino mass, to a
critical value corresponding to massless gluinos. Anofhelated) inconvenience of the Wilson
discretisation, namely a non positive-definite fermion suea even for positive gluino masses,
turns out to have no appreciable impact in practical apfidina.

Past simulations of DMRC were performed on quite fine lastica ~ 0.08fm, but in a small
volume, L ~ 1fm; this setup was appropriate for the study of the SUSY Videdtities [b], also
valid in a finite volume. We now concentrate on the mass specof bound states for which low-
energy effective theories predict a reorganisation of thesas in two supermultiplets at the SUSY
point [§,[T]. Thanks to a new more efficient simulation altfori (see below) and enhanced com-
puting resources we are now able to accumulate relevamgtsigton larger lattices. Our present
series of numerical simulations are performed of- B2 and 24 - 48 lattices with lattice spacing
a~ 0.125fm. The lattice extensionh ~ 2 — 3fm is expected to be large enough to allow control
over finite volume effects on the bound states masses. Siongaon finer lattices are planned.

2. Lattice formulation and algorithms

2.1 Lattice formulation

We apply the tree-level Symanzik (tISym) improved gaug@ador the gauge part including
rectangular Wilson loops of perimeter six:

sg:B(coz{l—NiReTup|}+clz{1—NiReTuurec}), (2.1)
p C C

rec

with ¢ = 1— 8c; andcy = —1/12 in the case of tISym action.
The contribution of the gluino to the effective gauge acimgiven by

|
S :—ElogdeQ[U], (2.2)

IWe use QCD units for setting the scale. The Sommer scale pteais fixed to the valugy = 0.5 fm.
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whereQ is the non-hermitian Dirac-Wilson fermion matrix defined by
4
QU] = 8¢0%° — k z (B (L4 V)V + By (1= V)V °(¥)); (2.3)

V,(x) is the adjoint gauge link, a real orthogonal matrix:
VEPU](x) = 2TrH{U (0 TAUL () TP} = V3 (x) = [V, 220(x)]T. (2.4)

(T2 are the generators of the WY group. In case of SU(2) one hdg = %Ga with the Pauli
matricesg?.) Observe that d€ > 0 for Majorana fermions. In our recent simulations the links
Uy in the Wilson-Dirac operator Eq[ (2.3) are replaced by ssmneared links[]8], which are
defined as

1
Uik = Uy, exp{ (D= Q) = 3T (D - Q];“)} . Qu=UlCu  (25)
whereC, ;, is a sum over staples
Cuu = Z Puv ( X, wUs0.uUxy +Us g vUso uU;r 0 v) . (2.6)

V#U

We apply one step of smearing with smearing parametgys= 0.15 in all lattice directions.

2.2 Updating algorithm

The factor in front of log den)) in the Curci-Veneziano action reproduces the absoluteevalu
of the Pfaffian for Majorana fermions. Effectively, it cosponds to a flavour numbéd; = 2
The sign of the Pfaffian can be included in a reweighting ptace (see below). In our numerical
simulations we use the two-step polynomial hybrid Montel €&FS-PHMC) algorithm[[P] which
is based on a two-step polynomial approximatipr [10]. Thienfen determinant is represented as

Ni T Nt /2 1
det Q)™ = {defQ'Q)} ~ detP,, (QTQ)R,(QTQ) (2.7)
with the condition on the polynomialg,
lim P, (X)Ph,(X) =xN/2 xe[g,A], (2.8)

2*)00

where the interval covers the spectrun@@R. The order of the first polynomial, is chosen as low
as possible provided that the acceptance in the accept-stgp done withr,,, after a sequence of
PHMC trajectories prepared wit,, is sufficiently high (in our cases 80-90%).

In earlier simulations of the DESY-MUnster collaboratidr two-step multi boson (TSMB)
algorithm [10] was used for the SYM theory. There the updptgperformed by heatbath and
overrelaxation sweeps for the pseudofermions and Metiopol heatbath sweeps for gauge field.
In case of the TS-PHMC algorithm, which is more effective mogucing short autocorrelations
among the gauge configurations, PHMC trajectories areemtdstapplying the Sexton-Weingarten
integration scheme with multiple time scales and, as ustietropolis accept-reject at the end of
each trajectory. After the update sweeps/trajectorieséitend high-precision polynomi&, is
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used in a stochastigoisy correction stepvith a global accept-reject condition. The polynomial

P,, Which is an approximation fo[rx*Nf/ZPnl]*l, has to be highly precise so that the error of the
approximation is negligible compared to the overall stiatis error, provided that the spectrum of

Q'Qis in the intervalle, A].

If some of the eigenvalues is outsifie A] then the approximations are not precise enough
and a reweighting procedure has to be applied by an apptelprichosen high order polynomial.
This gives a reweighting fact@[U]. In this reweighting procedure the sign of the Pfaffian of the
fermion matrix can also be included in the measurement &sfsi

(signPfU]C[U])q

(2.9)

3. Simulation details

The algorithmic parameters of our TS-PHMC runs are summaiis Tablg[JL. The runs are
performed at a single lattice spacing corresponding t©1.6. The measured Sommer parameter
for the lighter gluino masses is abow/a ~ 4. By using the QCD scale as mentioned in the
Introduction we obtaira ~ 0.125fm and a box-size ~ 2fm on the 18- 32 lattices and. ~ 3fm
on the 24 - 48 lattices. Comparison of results from ensemklgs, on the 16 - 32 lattice andC on
the 24 - 48 lattice at the same gluino mass allows the study of finie sffects.

An indication of the lightness of the gluino is given by tdioint pionmassMa-5, extracted
from the connected part of correlator of the pseudoscalanglbilinear (see below). The lightest
simulated adjoint pion mass (rud) corresponds t#,- ~ 35320) MeV in QCD units.

Compared with the previously used TSMB algorithm, TS-PHM&pAys a substantially im-
proved update efficiency with shorter plaquette autocatice timesrP'29, This is particularly true
in the light gluino regime where the efficiency of TSMB undeeg a strong depletion.

Some runs required the computation of the correction faatwt the determination of the
Pfaffian sign. We computed the correction factors for alkrimTable L with the exception of runs
A, B, As andBs. Most signs of the Pfaffian are positive; the run with largasinber of negative
Pfaffians is rurD where we found 15 configurations out of 5160 with negative.sig most cases
the effect of the correction factor turned out to be neglayifi his was not the case in rilmwhere
the effect ofC[U| was important for the masses of adjoint meson bound statkshangluino-
glueballs. All quoted statistical errors of the measuredngjties were estimated by tlfiemethod

(7).

4. Bound states

The bound states masses are computed from the zero-momeattgfation function of the
corresponding interpolating operatot

i) Adjoint mesons. Low-energy theories[[§] 7] predict a Wess-Zumino superipielt con-
taining colourless composite states of two gluinos. Suatesthave spin-parity quantum numbers
0~ and 0". In analogy to flavour singlet QCD we denote the forraey’ and the lattea-fo. To
project these states on the lattice we used the gluino hilinperatorsy = AT A wherell = 5,1
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Table 1: TS-PHMC runs algorithmic parameters with tISynBat 1.6. Runs labelled with s have been per-
formed with Stout-linksdt refers to the total trajectory length and\A is the noisy correction acceptance.

Run L3T K #Traj. o061 Anc% 1P £ A m

A 16.32 | 0.1800 2500 1.05 956 7.5 .26-10°% 34 50 100
B 163.32 | 0.1900 2700 1.05 96.4 3.08 .910“4 3.8 80 300
Ca 16.32(0.2000 1973 0.99 829 491 .6610° 4.0 200 700
Cb 16%32(0.2000 8874 099 883 27.6 .610°> 4.0 200 700
D 1632 | 0.2020 6947 056 885 457 .0.10°% 4.0 800 2700
A 24348|0.1980 1480 09 896 4.64 .A:10*% 4.0 200 600
B 24348 0.1990 1400 0.9 887 265 .0410° 4.0 270 800
C 24348|0.2000 6465 1.0 886 7.4 .@210° 4.0 350 1000
As 2434801500 370 1.0 973 35 .&10° 22 200 600
Bs 2448 0.1550 1730 1.0 956 8.04 .510° 22 200 600
Cs 24°48|0.1570 2110 1.0 924 72 %10°% 22 400 1200

respectively. The resulting gluinoball propagator caissi$ connected and disconnected contribu-
tions:

2
Cr(t) = \% % <Trsc[rQ;X1]Trsc[rQy-y1] —2Trsc[rQ;y1rQy-X1]> —\% <% Z gTrSC[FQ;X1]> . (4.0

S

disconnected connected

The connected term can be used to extract the adjoint pios kag (the last term in Eq.[(4.1)
vanishes fol” = ). OZI arguments[J4] sugge®tZ . [ mg for light gluinos.

The disconnected propagators were computed by using tloh&&tiic Estimators Technique
(SET) in the spin dilution variant to reduce the large vaz@n As it is the case in QCD, the
disconnected diagrams are intrinsically noisier than thvenected ones and dominate the level
of noise in the total correlator. We performed tests on fenfigarations with up taN = 40 noisy
estimators in order to study the limit at which only the gangese dominates the statistical error of
the disconnected correlator. The optimal number of estirsatas finally fixed between 16 and 22
estimates for all runs. In the caseaf)’ reasonable signal-to-noise ratio is obtained allowing the
extraction of the mass from the mass fit. This was not posKiblde a- fo; the latter has a nonzero
overlap with the vacuum, and hence its correlator has a aoisking vacuum contribution (the
last term in Eq.[(4]1)). This results in a much worse sigonatdise ratio, and the effective mass
could only be extracted at very short time separations. drfuiture we shall consider new variance
reduction techniques for a more precise computation of ifmdnected diagrams.

ii) Gluino-glueballs. The gluino-glueballsd-g) are spin% colour singlet states of a gluon and
a gluino. They are supposed to complete the Wess-Zuminaraujteplet of the adjoint mesons
[B]. The full correlator is built up from plaquettes conretioy a gluino propagator line:

l ! /
Cat =7 >3 (08 TrUy ()0%1Q, g TrlUk ()0 0f * ). (4.2)
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Figurel: The masses of the low lying bound states of.thie= 1 SU(2) SYM theory. Shown are the masses
multiplied byrg as a function the squared adjoint pion mass.

The above correlator is a matrix with two independent coreptsin Dirac space:
CER (at) = C1(8t) 5P +Cy, (at)y5* . (4.3)

We see agreement in the masses extracted from each compameémie choose the time antisym-
metric component; to fit the masses. We apply APE smearing for the links and Jaoogaring
for the fermion fields in order to optimise the signal-tos®ratio and to obtain an earlier plateau
in the effective mass.

iii) Glueballs. According to [J], & glueballs are expected to be members of a second Wess-
Zumino supermultiplet. Their study in SYM presents difficed8 which closely resemble those
encountered in glueball spectroscopy in QCD and, fortupatan be overcome with the same
type of techniques, namely, APE smearing with the variafionethod. Also in this case we use
the simplest interpolating operator for the scalar gluebat built from single space-like plaquette.

It turns out, however, that the present statistics is notighdo obtain a reliable determination
of the glueball masses. Therefore, we are planning to iseré#e statistics.

Results. The masses of tha-n’ and the gluino-glueball are displayed in Aigj. 1 as a func-
tion of the squared adjoint pion mass in units of the Sommalesgarameter. Both bound state
masses appear to be characterized by a linear dependericgMoy)®. The gluino-glueball turns
out to be appreciably heavier (50%) than tg’. Runs with and without Stout-smearing give
consistent results for theenn” mass, while a discrepancy is observed for the gluino-glijelshich
can be interpreted as @(a) discretisation effect. The comparison of the two runérgitl,;)? ~
4 in (2fm)2 and (3fm)3 volumes reveals small finite volume effects. The linear apatation
of the a-n’ mass to massless adjoint pion (including the four lighteshtg) gives: roMa-p =
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1.247(48) [499(20) MeV]. A rough estimate for the gluino-glueball givegvg-g = 2.5— 3 [1000—
1200 MeV].

5. Summary and conclusions

New results on the spectrum of bound states have been othtaynmeans of the TS-PHMC
algorithm with noisy correction. The new algorithm, with @mproved gauge action and Stout-
smeared links, allows to obtain a significantly better pani@nce compared to the previously used
TSMB algorithm. This allows us to simulate in significantrder volumes of2fm)3 and(3fm)3.
Our first results for the masses are within errors equal isgh@o cases implying that these vol-
umes are large enough for the study of the particle spectmshall systematically investigate
the finite volume effects in future publications.

According to the low-energy effective theory ¢f [6] the)’ and the gluino-glueball belong to
the same supermultiplet and therefore should be degeriardte SUSY limit. However our pre-
liminary results show a gluino-glueball mass systemasidatavier than the-n’ until the lightest
simulated gluino mass in the weakly broken SUSY region. \Wérethis outcome is a discretisation
artifact or a physical effect will become clear in futuredias at finer lattice spacings. If the latter
case applies, the interpolating gluino-glueball operatard have dominant overlap with a mem-
ber of a higher supermultiplet. The complete identificabbpossible supermultiplets requires the
inclusion of the masses of the glueballs and the sealgrbound states.

The computations were carried out on Blue Gene L/P and JuMkmg at JSC Jilich,
Opteron PC-cluster at RWTH Aachen and the ZIV PC-clustehefitniversity of Miunster (Ger-
many).

References

[1] F. Farchioni, G. Munster, T. Sudmann, J. Wuilloud, . Meay and E. E. Scholz, POS(LATTICE
2008)128.

[2] I. Montvay, Int. J. Mod. Phys. A7 (2002) 2377.
[3] F. Farchioni and R. Peetz, Eur. Phys. B9(2005) 87.
[4] G. Curciand G. Veneziano, Nucl. Phys282 (1987) 555.
[5] F. Farchioniet al.[DESY-Munster-Roma Collaboration], Eur. Phys. J2&(2002) 719.
[6] G. Veneziano and S. Yankielowicz, Phys. Lett1B3 (1982) 231.
[7]1 G.R. Farrar, G. Gabadadze and M. Schwetz, Phys. R&3 (2998) 015009.
[8] C. Morningstar and M.J. Peardon, Phys. Rev63Y2004) 054501.
[9] I. Montvay and E.E. Scholz, Phys. Lett.a23 (2005) 73.
[10] I. Montvay, Nucl. Phys. BI66 (1996) 259.
[11] U. Wolff, Comput. Phys. Commuri56 (2004) 143; Erratum-ibidl76 (2007) 383.
[12] I. Camposet al.[DESY-Munster Collaboration], Eur. Phys. J.1T (1999) 507.



