N =1 SUSY Yang-Mills Theory

Vector supermultiplet:
o Gauge field Ajj(z), a=1,... N2—-1, “Gluon"
Gauge group  SU(N,)
e Majorana-spinor field A%(z), X =X{C,
adjoint representation: D, A* = 9,\" + g fabcAZ)\C
e (auxiliary field D%(x))

“Gluino”

Lagrangean

9 A 1 1— 1
L= /d 0 Tr(W W 4)+h.c. = ZFHSFHS+§ )\a*yM(DM)\)a+§DaDa
SUSY:  (on-shell) 047, = —21?%5, 0N = —opu b e
e Simplest model with SUSY and local gauge invariance

e Part of the supersymmetrically extended standard model

e Similar to QCD

Differences:  A: 1) Majorana, “Ny=75"
2) adjoint representation of SU(N)

e Gluino mass term my A“\® breaks SUSY softly.

Motivation

Non-perturbative Problems
e Spectrum of bound states — Supermultiplets
e SUSY restoration on the lattice

e Check predictions from effective Lagrangeans (Veneziano,
Yankielowicz, ...)

e and more (breaking of chiral symmetry, gluino condensate, static
confinement, finite temperatures, . .. )

Spectrum of bound states

Expect colour neutral bound states of gluons and gluinos
— Supermultiplets

Predictions from effective Lagrangeans:

Chiral supermultiplet (Veneziano, Yankielowicz)
o0 gluinoball a-7" ~ Ays\

e 0" gluinoball a-fy ~ A\

e spin % gluino-glueball  ~ o, Tr (F )
Generalisation (Farrar, Gabadadze, Schwetz):
additional chiral supermultiplet

O—l—

e 0~ glueball, glueball,  gluino-glueball

possible mixing

SUSY on the Lattice

Lattice breaks SUSY. Restoration in the continuum limit?
Curci, Veneziano: use Wilson action, search for continuum limit with

SUSY 5
S = —E;ReTr U,

4
1 ~a a N4 e
*5 2 {)\Mx —K) [Axwvab,xu(l WA+ AV (1~ %MZW} }
x p=1

2N, 1
K =
2mg + 8

hopping parameter, my : bare gluino mass

Vapop =211 (U;MTaUme), adjoint link variables

We study gauge groups SU(2) and SU(3).

Simulation

Fermion integration [ [d\] e"AQA — Pf(CQ) = £v/det Q

Ptatfian ~ effectively Ny = % fermion flavours.

Include sign Pf(M) in the observables.

e Two-Step Polynomial Hybrid Monte Carlo algorithm (TS-PHMC)
Frezzotti, Jansen; Montvay, Scholz

very efficient, 7 < 10 at smallest m;
e Rational Hybrid Monte Carlo algorithm (RHMC)

Monitoring of sign Pf(/\/)
e through spectral flow

e by calculation of real negative eigenvalues of () with Arnoldi

—  Negative Pfaffians occur in our simulations near k., but rarely.

N'=1 supersymmetric Yang-Mills theory on the lattice
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Phase transition

Anomaly breaks  U(1)y — Zopn.
Spontaneous breaking of  Zon — 75
by Gluino condensate < A\ >=£ 0
<> first order phase transition at mg = 0

phase structure

B

Line k = k¢(3): first order phase transition at zero gluino mass.

SUSY Ward identities (Ali)

SUSY transformations on the lattice:

5T ()= —WTO“(G(IMUM(@A(;I:) F ez + i)+ QUL ()
5A\(z)= 2P ()0 ue(o)

2
Renormalised SUSY Woard identities:

<(V/¢Su($>)Q(y>>+§_§ (vuTu(fL’))Q(y» = Z—S<X(I)Q(y)>+0(a)

Supercurrent Sy (z) = =), apyvﬂTr(Péil)(x))\(az)),
renormalisation coefficients Zg and Z7

— set of independent equations for time-slice correlation functions:
5,0 1\ A~(T,0
i) + (zpz5hciO)

5wy + (zpzgHe O

() = (amy 25 Ho O )
() = (amy 2 )

Solution, using t = 3 to T'/2 by generalised least squares method
with correlations — estimates for am ;2 ¢

Phase transition point for SU(3)
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SUSY Ward identities OZl-arguments, PQChPT

renormalised gluino mass
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Bound states

jpm

Gluino-glueballs,  Spin 5 Majorana:

12

Glueballs: 0T, 0~

Gluino-balls:  AysA:a-17',07, M:a- fy,0"

Correlators of mesons have disconnected pieces, which are numeri-
cally demanding and require sophisticated techniques.
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Spectrum for SU(2)

Lattices 16°-32, 245.48 32°.64, Stout links

B=16, a~0087fm, L>2fm

B =175, a~0.054fm, L =129 fm,(1.69 fm)
B=19  a~0.036fm, L=1.157fm

(QCD units: g = 0.5 fm)

Extrapolations to mg = 0
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Extrapolations to the continuum
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Bound state masses in units of GeV (QCD units)

Excited states (Kuberski, Gerber)

SU(2), 6=1.9
Gluino-glue
extrapolations to mg = (

Mass spectrum
(preliminary)
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Spectrum for SU(3) (Bergner,...)

Clover improved fermions
B =55, Lattice 1632, a~0.08fm, L ~ 1.3 fm

B=.... a~0.04fm
(QCD units: rg = 0.5 fm)

Preliminary results: see Georg Bergner's talk

Status

e Finite size effects are sufficiently small for L > 1.2 fm
e Efficient algorithm: TS-PHMC, RHMC

e Consistency with SUSY Ward identities

e Quantitative results about the low-energy spectrum

e Extrapolations towards vanishing gluino mass

e Extrapolation to continuum

e Results for SU(2) are consistent with the formation of degenerate
supermultiplets
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