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SYM Theory in 4D

A theory with maximal number of supersymmetries

Takes part in the AdS/CFT correspondence

Dual gravitational theory - D3 brane geometry on

Lower dimensional versions - well explored on the lattice

Catterall, Wiseman (2007-2010),
Catterall, Joseph, Wiseman (2010), 
Hanada, Nishimura et al. (2007-2016), 
Kadoh, Kamata (2012-2016) …

Excellent validations of gauge-gravity duality on the lattice

Need for testing gauge-gravity duality in higher dimensions
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SYM Theory in 4D

Field content: A vector multiplet and 3 chiral multiplets

Global symmetry group

Euclidean Lorentz symmetry Internal symmetry
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SYM Theory

A mass deformation of SYM theory

Introduced by Polchinski and Strassler (hep-th/0003136)

Combine 2 chiral multiplets hypermultiplet

Action

Mass deformation:
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SYM Theory

Convenient to express mass deformation using 2 operators

dimension 2

dimension 3

Correspond to turning on bosonic and fermionic scalars in dual  
gravitational theory
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SYM Theory

Action

Soft SUSY breaking
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Gravitational Dual

Constructed by Pilch and Warner [Nucl. Phys. B594 (2001) 209-228]

A product of deformed and a deformed five-sphere

Supergravity scalars:
bosonic

fermionic
Supergravity action

and
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Gravitational Dual

Potential

Supergravity action

Superpotential
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Some Results from Literature

Much easier to implement bosonic deformation

Consistent truncation possible

Finite temperature Pilch-Warner solution

Constructed by Buchel, Peet and Polchinski [Phys. Rev. D63 (2001) 044009]

plasma has been studied

[JHEP 1110 (2011) 062]Hoyos, Paik and Yaffe 
[JHEP 1311 (2013) 031]Buchel and Liu

[Nucl. Phys. B784 (2007) 72]Buchel, Deakin, Kerner and Liu
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Some Results from Literature

[Nucl. Phys. B784 (2007) 72]Buchel, Deakin, Kerner and Liu

Free energy:

Speed of sound:
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Going to the Lattice and Vafa-Witten Twist

Use a twisted version of the theory

SYM can be twisted in 3 different ways

Use Vafa-Witten twist [Nucl. Phys. B431 (1994) 3-77]

Global symmetry  
group

Twisted symmetry  
group

1.) Half twist 
2.) Vafa-Witten twist 
3.) GL twist

twist
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Twisted fields of

Vafa-Witten Twist

Twist gives 2 scalar supercharges: and

SYM
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supersymmetry transformations

Similar transformations for

Vafa-Witten Twist
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Vafa-Witten Twist

Action takes following form

Action potential

Anosh Joseph (ICTS-TIFR)                                                                                                                                     BASM 2017



Twisted

Mass deformation (untwisted theory)

SYM Theory

Using twisted variables:

fermionic

bosonic
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Lattice Formulation

Use discretization prescription by Sugino F. Sugino [JHEP 0401 (2004) 015]

Gauge field on links

All other fields on sites

Makes lattice theory local, gauge invariant and  
doubler free

Appropriate for lattice: Balanced Topological Field Theory Form (BTFT) 
of action R. Dijkgraff and G. Moore [Commun.Math.Phys. 185 (1997) 411-440]

Field strength on lattice - functional of link fields
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Straightforward to write down lattice action F. Sugino [JHEP 0401 (2004) 015]

Issue with vacuum degeneracy - need to be resolved

Twisted theory gauge action:

Standard Wilson:

many classical vacua

unique minimum

Could resolve by adding standard Wilson term - softly breaks SUSY

Lattice Formulation
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Goal - investigate finite temperature theory
With bosonic deformation

Lattice action

Local, doubler free, gauge invariant, twisted Lorentz invariant

Gravitational dual has been investigated
Supergravity action

with turned on

Lattice Formulation
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Conclusions and Future Directions

First law of thermodynamics in AdS/CFT setting
Does the speed of sound vanish?
Thermal phases in the theory

Need to enumerate symmetries of lattice theory
Study renormalization and fine tuning
Study finite temperature properties

Sign problem?
Dynamical/thermodynamic stability?

Presented lattice formulation of N=2* super Yang-Mills

Bosonic deformation much easier to implement
Could simulate thermodynamics
Could validate gauge-gravity duality in non-conformal setting
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