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o N =4,d=4SYM in continuum

@ Dimensional reduction method

e N =(8,8),d =2 SYM in continuum
@ Prescription for lattice

e N =(8,8),d =2 SYM on the Lattice
@ Observable using RHMC

e SUSY LATTICE code

o Future work
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Twisted N =4,d =4 SYM theory

in the continuum

S = SQ—exact + SQ—closed
{9,090} =0, = Q?=0, Preserved in discrete space-time

So-exact = 332 [ d*xTr[(XabFab + 1[Da, Da] — 5nd)]

So-ciosed = — gy | d*XTr[€abcdeXabDeXde]

D¢ = 0.0 + [As,0), a=1,2.5, Fap=[Ds,Dy), d=[D,, D]
The nilpotent transformations

QA, =1, Qo =0

QxXab = —Fab QA,=0

on=d Qd=0
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Performing the Q-variation and integrating out the auxiliary field d
8o exact = Sg + SF

Sg = & [ d*XTr[—~FapFap + 3[Da, Da)?

Sk = & [ d®xTr[—XabDpathe] — 1D ]

S = % f d*xTr { — FapFab + %[ﬁa’ Da]2 - Xab,D[awb] - ﬁﬁaiﬁa

1 —
— 4 €abcde XachXde:|
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Dimensional reduction method

Compactifying the k spatial dimension on circles of radii R

x™ of RU(A=1) 5 x# of RI(I-1=K) & 1 2 yk of St

RU(4-1) 5 RL(d=1-K) 5 1 5 G1... S1 Kk times

RL(d-1) _y RL(d—1-k) y TK

R — 0, compactified dimension y’ of k circle St vanish to zero
This process is called dimensional reduction

Field decomposes into a direct sum € of representations

Similarly component of gauge field in reduced direction A, for
r =1,2,3..k becomes scalar fields
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TABLE: Dimensional reduction of SYM theories
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N = (8,8),d = 2 SYM theory

Bosonic action in continuum

Reduction to 2d from N =4,d =4 SYM
By reducing 4th, 5th direction as A = ¢, As = ¢

A > ADADA=ADeDo
Fab = [Da, Do] = [D;, Dj] DID:, Da] BIDi, Ds] DBIDa, D
Far = F; DDA D DiAs D[ As, As)
S8 2 = o5 J xTe[ — |Fy* = 2[Divgl? — 2/Dig* — 2|0, 9]
+3[D:, D +3[0, 61 +3[7. oI +[Di. Dill¢, 6]+ (D, Dil[7. ¢]

+[6. ¢l[2. ¢l]
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N = (8,8),d = 2 SYM theory

Fermionic action in continuum

Vs = Vi P vVa@P s :¢;@Z@ﬁ
Xab — XU@XM@XB@X%@XM@X%

D x4; D x5 D xs54 where xap = —xpa (Antisymmetric )

Xab = Xij @E,@ 0; @_C
D -, B-0,DB—C

Sk = — 2% [ d®XTr | xiDyithy + 20 (DiC — [0, 10i]) + 20, (D — [6, 4]

+2(([¢. 7] = [¢.<]) + nDibi + 0w, ¢] + nlo, 7]
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N = (8,8),d = 2 SYM theory

Q-Closed Action in Continuum

ng;,i;“ =L [d*5Tr [GabcdeXabﬁche:|

Reducing 4th, 5th direction

€abede = Eijkas D €iaksm €D €ajksm D €ajuis... 20 Permutations
XabDeXde = XiiDiXas D XiaDixsm D XajDixXsm D XaiDixis P ..

2d _
SQ— closed —

f d*xTr |:%€ijk$i[$a Xjk] - %ij@i[@, Xjk] + %Gijkcﬁink + Eijk@;@jgk
+%€iijij[$a E] - %Eiijij[@; ak] + %Eiijij@kC - Eijkgﬂ_)jak

where €ijk = €ba4jjk
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Prescription for Lattice

x = na, t—na, [dPx— >

A= =ty

Xab(%) = Xan(n),  a(x) = wa(n), n(x) = n(n)
D, D, D, =D

DV F(n) = Uc(n)f(n + pe) — F(n)Ue(n)

DL (n) = Ue(n)f(n+ 1) — H(n)Ue(n + pa)
D, f(n) = f(mUe(n) — Ucln — pe)fe(n — pic)

5&*)@&)(”) = fab(n)ac(n - :U’c) - Uc(n + Ha + Hp — Mc)f;b(n - /~Lc)
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Triangular d = 2 Lattice

VA
A

Triangular lattice
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Bosonic action on the lattice

sz _ 2AZT{ S QA (n) ~ Ui — )i — )

i=1,2 3

2P (n). om)])? + 2([6(n). S(n)])?
U (n) = Tin — U — 1)) [2(n), ()]
(U (A () — Ui (n — i)t — )
+[(n). o(m] + [2(n). o(][3(n). ()]
+ D Wm0+ ) = Uy(m)hi(m + )
123 Wh(n)en+ 1) — o(mU(n)
125" Whlm)oln+ ) — o{nh ()]

—2|[so(n),¢<n>1|2}
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Fermionic action on the lattice

s =4 S Tr[ ) Uy s(n + ) — () + 1)
Ly )(u( Yi(n + 1) = di(mU(n + 7))
F20,(n) (U (m)C(n + i) — C(mUi(n) — [io(m), ()]
2, (m) (U1 + 1) — T()h(m) — [B(n). ()]
+2¢(n) ([ (n). 1(n)] — [6(n). ()
+n(n) (Li(mUi(n) = Us(n — pi)ibi(n — )
Fn(m)(n). C(m)] + n(m)(@(n). 7(n)]
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Q-Closed Action on the Lattice

1
= 3 ; Tr{
+ by (n)e(m)x(n + i) — et (M) (n + ) d(n + pi)
— eipdi(n)P(n)xj(n + pi) — edi(m)xw(n + pi)(n + )
+ e (n + )& )ii(n) — €exii(n + )i (n + puc)p(n)
— e (n + )P0 + )0 (n) — egexis(n + m)Oi(n + )P (n)
+ € (m)xu(n + HJ,)Z/[,( ) — €C(n ) i(n =+ 1+ ) xr ()
+ 26%%/(’7 + i+ Mk)gk(” + NJ)UJ( n) — 2€ukw/(” + Hj+ :“k)aj(” + .
+ e (n + pu)C(n + p)Ui(n) — egoxi(n + w)Ui(n)¢(n)
— 2€p0i(n + p1j + )i (n -+ ) ()

— €0 (n+ pj + pu)Ui(n + )Y ()

n+ pg
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Observable & RHMC

S(U,U, k, k, V) = Sg(U,U, k, k) +VTDU,U, k, k)V
Kahler—Dirac fermion field W

W= (7 a", ¢ 0 ]

D(U,U, k, k) = Fermion Operator

[ duldUdkdkd WO e—SUU K.k ¥)

<O >= [ dUdtdkdkdWe—SUU K kW)

[ dUdUdkdkOe=SBUUKK) pED(U U, k k)

<0 >= — ——— Sl
[ dUdUdkdke=S8MUKK) pf D(U Uk, k)
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pfD| = (det[DID])"* o [[ddi][dd]exp[ — &F (DID) 0]
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SUSY LATTICE Code

@ SUSY LATTICE is parallel code for RHMC simulations of
extended-supersymmetric Yang—Mills theories in various
dimensions.

@ SUSY LATTICE is based on the MILC code for lattice QCD.

e SUSY LATTICE is mostly based on C - Language.

@ SUSY LATTICE is developed in a publicly accessible version
control repository https://github.com/daschaich/susy.git
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T? = St x St
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Phase diagram

JHEP 01 (2006) 140

Iy
(U)=0 t(U)=0
(V)20 r(V)=0
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(V)0
tr(U)=0
(V)20 uv)=0

T
1

FIGURE: Phase diagram of massless SU(NN) bosonic gauge theory
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e To study the phase diagram of two-dimensional massless SU(N)
bosonic gauge theory and look for three possible completions.

o To study a complete system with the differently skewed torus.

e To study certain black hole solutions in Type IIA and IIB
supergravity. Phys.Rev.D 97 (2018) 8, 086020
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Thank You !



