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Abstract

Calculations, Results and Future Plans

Motivation

Computational Setup

➢ Develop a lattice formulation of 𝒩 = 1 SYM with explicitly broken SUSY and chiral
symmetry at finite lattice spacing. Gluinos are defined on lattice sites, while

gluons are represented by link variable: 𝑈𝜇 𝑥 = exp 𝑖𝑔𝑎𝑇𝛼𝑢𝜇
𝛼 𝑥 +

𝑎ෝ𝜇

2
, where

𝑇𝛼 are the generators of the 𝑆𝑈 𝑁𝑐 gauge group and 𝑎 is the lattice spacing.
➢ Use of improved actions to reduce discretization effects and fine-tuning.
➢ Incorporate stout smearing improves stability in numerical simulations, at finite lattice

spacing and reduces the size of required fine-tunings; stout-smeared links are defined

as: ෩𝑈𝜇 𝑥 = exp 𝑖 𝑄𝜇 𝑥 𝑈𝜇 𝑥 , where 𝑄𝜇 𝑥 is given by:

𝑄𝜇 𝑥 =
𝜔

2𝑖
𝑉𝜇 𝑥 𝑈𝜇

† 𝑥 − 𝑈𝜇 𝑥 𝑉𝜇
† 𝑥 −

1

𝑁𝑐
Tr 𝑉𝜇 𝑥 𝑈𝜇

† 𝑥 − 𝑈𝜇 𝑥 𝑉𝜇
† 𝑥 ,

the “stout coefficient”, 𝜔, is a tunable parameter, while 𝑉𝜇 𝑥 represents the sum over all

staples associated with the link 𝑈𝜇 𝑥 :

𝑉𝜇 𝑥 = ෌
𝜈≠𝜇

( 𝑈𝜈 𝑥 𝑈𝜇 𝑥 + Ƹ𝜈 𝑈𝜈
† 𝑥 + ො𝜇 + 𝑈𝜈

† 𝑥 − Ƹ𝜈 𝑈𝜇 𝑥 − Ƹ𝜈 𝑈𝜈 𝑥 − Ƹ𝜈 + ො𝜇 ).

➢ Perform perturbative fine-tuning and provide calibration of lattice simulations.
➢ Renormalize Noether currents relevant to supersymmetric and chiral Ward identities,

toward the restoration of SUSY and chiral symmetry in the continuum limit.

➢ We employ the following lattice action in Euclidean space:

𝑆𝑆𝑌𝑀 = ෍

𝑥

2

𝑔2
c0 ෍

plaq

Re Tr(1 − 𝑈plaq) + c1 ෍

rect

Re Tr 1 − 𝑈rect + 𝑎4 ෍

𝜇

Tr( ҧ𝜆 𝛾𝜇  ෩𝘋𝜇  𝜆 ) −
𝑎 𝑟

2
෍

𝜇

Tr ഥ𝜆 ෩𝘋2 𝜆 −
𝑎 cSW

4
෍

𝜇𝜈

ഥ𝜆 𝛼  𝜎𝜇𝜈 ෠𝐹𝜇𝜈
𝛼𝛽

𝜆𝛽  

➢ We begin by computing the renormalization factors of all fields and parameters of the theory. Their expressions are presented here:
➢ The operator smearing parameter, 𝜔𝑂, is treated independently of the action smearing parameter, 𝜔𝐴.
➢ We compute Green’s functions in both dimensional regularization (𝐷𝑅) and lattice regularization (𝐿𝑅).
➢ The Feynman diagrams contributing to the 2-pt Green’s functions are shown in Fig. 1.

➢ We determine the renormalization constants as well as operator mixing in the 𝑀𝑆 scheme on the lattice (𝑍𝒪
𝐿𝑅,𝑀𝑆).

➢ For the operator 𝑆𝜇, different choices of external momenta for the GFs are employed to extract the mixing pattern.

➢ The tree-level structures of the mixing operators naturally show up within the one-loop GFs of 𝑆𝜇.

➢ The renormalized chiral current can be written in the following multiplicative form: 𝐽5𝜇
𝑅 = 𝑍𝐽 𝐽5𝜇

𝐵 .

➢ The renormalized supercurrent operator is expressed as the following linear combination of bare operators:

𝑆𝜇
𝑅 = 𝑍𝑆𝑆𝑆𝜇

𝐵 + 𝑍𝑆𝑇𝑇𝜇
𝐵 + 𝑍𝑆𝐴1𝒪𝐴1

𝐵 + ෍

𝑖=1

2

𝑍𝑆𝐵𝑖𝒪𝐵𝑖
𝐵 + ෍

𝑖=1

9

𝑍𝑆𝐶𝑖𝒪𝐶𝑖
𝐵 ,

where

➢ The 𝑍-factors are determined by the Green’s functions 𝜆 𝐽5𝜇
ҧ𝜆 for the current, and 𝑢𝜈 𝑆𝜇

ҧ𝜆 , 𝑢𝜈 𝑢𝜌 𝑆𝜇
ҧ𝜆 , and 𝑐 ҧ𝑐 𝑆𝜇

ҧ𝜆 for the supercurrent.

➢ Only the 2-pt GFs of the supercurrent is considered, meaning that the 𝑍-factors for 𝒪𝐶7, 𝒪𝐶8, 𝒪𝐶9 are left undetermined.

➢ The results for the renormalizations of the Noether currents: 𝑍𝐽
𝐿𝑅,𝑀𝑆 and 𝑍𝑆𝑆

𝐿𝑅,𝑀𝑆, 𝑍𝑆𝑇
𝐿𝑅,𝑀𝑆, 𝑍𝑆𝐴1

𝐿𝑅,𝑀𝑆, 𝑍𝑆𝐵𝑖
𝐿𝑅,𝑀𝑆 𝑖 = 1, 2 , 𝑍𝑆𝐶𝑖

𝐿𝑅,𝑀𝑆 𝑖 = 1 − 6 are presented here:

➢ Eployment of Wilson (with single step stout smeared links) and 
clover term for gluinos (𝜆), and Symanzik-improved action for gluons
(𝑢𝜇) in 𝒩 = 1 supersymmetric Yang–Mills theory (SYM).

➢ Study of Noether currents, focusing on the chiral current and 
supercurrent operators (a tilde denotes stout smearing):

𝐽5𝜇 = Tr( ҧ𝜆 𝛾5𝛾𝜇𝜆), 𝑆𝜇 = −
1

2
Tr ෨෠𝐹𝜌𝜎 𝛾𝜌, 𝛾𝜎 𝛾𝜇𝜆 ,

using improved discretization.
➢ Compute 2-pt and 3-pt Green’s functions (GFs) to determine the

renormalization factors of all fields and parameters of the theory
including the critical gluino mass.

➢ Determine the renormalization of 𝐽5𝜇, and of the mixing matrix for 

𝑆𝜇 upon renormalization. The mixing matrix includes both gauge-

invariant and noninvariant operators.
➢ A gauge-fixing term, together with the compensating ghost-field (𝑐)

term, are also added to the action; these terms are the same as in
the non-supersymmetric case; a standard “measure” term is added
to the action account to the change of variables 𝑢𝜇 → 𝑈𝜇 (links).

Class G: gauge invariant

𝑇𝜇 = 2Tr 𝑢𝜇𝜈𝛾𝜈𝜆

Class A: BRST invariant

𝒪𝐴1 =
1

𝛼
Tr 𝜕𝜈𝑢𝜈 𝛾𝜇𝜆 –

𝑖𝑔Tr 𝑐, ҧ𝑐 𝛾𝜇𝜆

Class B: vanishing by EOM

𝒪𝐵1 = Tr 𝑢𝜇𝐷𝜆

𝒪𝐵2 = Tr 𝑢𝛾𝜇𝐷𝜆

Class C: all other operators with the same quantum numbers

𝒪𝐶1 = Tr 𝑢𝜇𝜆 𝒪𝐶2 = Tr 𝑢𝛾𝜇𝜆 𝒪𝐶3 = Tr 𝑢𝜕𝜇𝜆 𝒪𝐶4 = Tr 𝜕𝜇𝑢 𝜆

𝒪𝐶5 = Tr 𝜕𝜈𝑢𝜈 𝛾𝜇𝜆 𝒪𝐶6 = Tr 𝑢𝜈𝛾𝜇𝜕𝜈𝜆 𝒪𝐶7 = 𝑖𝑔Tr 𝑢𝜌, 𝑢𝜎 𝛾𝜌, 𝛾𝜎 𝛾𝜇𝜆

𝒪𝐶8 = 𝑖𝑔Tr 𝑢𝜇 , 𝑢𝜈 𝛾𝜈𝜆 𝒪𝐶9 = 𝑖𝑔Tr 𝑐, ҧ𝑐 𝛾𝜇𝜆

: gluon
: gluino

𝑆𝜇: ×

𝐽5𝜇: 

Fig 1: Feynman-diagrams contributions to the Green's

function 𝑢𝜈 𝑆𝜇
ҧ𝜆 are shown above. The diagram in the

bottom right corresponds to the Green's function 𝜆 𝐽5𝜇
ҧ𝜆 .
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➢ The 𝑍-factors for the supercurrent are presented below in their most general form; for the numerical values of the coefficients 𝑐𝑖𝑗𝑘𝑙
𝑆𝒪 , see the second QR code.

𝑍𝑆𝑆
𝐿𝑅,𝑀𝑆 = 1 +

𝑔2

16𝜋2 ቂ

ቃ

1

𝑁𝑐
𝑐0000

𝑆𝑆 + 𝑐0001
𝑆𝑆 𝜔𝑂 + 𝑐0002

𝑆𝑆 𝜔𝑂
2 + 𝑁𝑐൫

൯

𝑐1000
𝑆𝑆 + 𝑐1001

𝑆𝑆 𝜔𝑂 + 𝑐1002
𝑆𝑆 𝜔𝑂

2 + 𝑐1010
𝑆𝑆 𝜔𝐴 + 𝑐1011

𝑆𝑆 𝜔𝐴𝜔𝑂 + 𝑐1020
𝑆𝑆 𝜔𝐴

2 + 𝑐1100
𝑆𝑆 𝑟cSW + 𝑐1101

𝑆𝑆 𝑟cSW𝜔𝑂 +

𝑐1110
𝑆𝑆 𝑟cSW𝜔𝐴 + 𝑐1111

𝑆𝑆 𝑟cSW𝜔𝐴𝜔𝑂 + 𝑐1200
𝑆𝑆 cSW

2 + 𝑐1201
𝑆𝑆 𝑐𝑆𝑊𝜔𝑂 ,       𝑍𝑆𝑇

𝐿𝑅,𝑀𝑆 =
𝑔2

16𝜋2 3𝑁𝑐 , 𝑍𝑆𝐵1
𝐿𝑅,𝑀𝑆 =

𝑔2

16𝜋2 𝑁𝑐 𝑐0
𝑆𝐵1 + 𝑐1

𝑆𝐵1𝜔𝑂 − log 𝑎2𝜇2 ,

𝑍𝑆𝐵2
𝐿𝑅,𝑀𝑆=

𝑔2

16𝜋2 𝑁𝑐 𝑐0
𝑆𝐵2 + 𝑐1

𝑆𝐵2𝜔𝑂 −
1

2
log 𝑎2𝜇2 , 𝑍𝐴1

𝐿𝑅,𝑀𝑆 = 𝑍𝐶𝑖
𝐿𝑅,𝑀𝑆 = 0, for 𝑖 = 1, … , 6 (𝑖 = 7, 8, 9 in forthcoming calculations).

➢ The 𝑍-factor for the chiral current is also presented below in its most general form; for the numerical values of the coefficients 𝑐𝑖𝑗
𝐽 , see the second QR code.

𝑍𝐽
𝐿𝑅,𝑀𝑆 = 1 +

𝑔2𝑁𝑐

16𝜋2 𝑐00
𝐽 + 𝑐10

𝐽 𝑐𝑆𝑊𝑟 + 𝑐20𝑐𝑆𝑊
2 + 𝑐01

𝐽 𝜔𝐴 + 𝑐11
𝐽 𝑐𝑆𝑊𝑟𝜔𝐴 + 𝑐02

𝐽 𝜔𝐴
2 .

➢ Future work focuses on calculating the 3-pt Green’s functions of 𝑆𝜇 to extend the renormalization program to a broader set of class-C operators, and exploring

alternative lattice formulations, such as overlap fermions, to improve chiral symmetry and the realization of supersymmetry within this framework.
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