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Two dimensional qauge theories with massless fermions

® QED with one flavor - Schwinger model
¥ Gauqge field topology results in a condensate and a scale
® QCD in the Limit of large number of colors and finite flavors - t Hooft model
¥ One massless pseudoscalar and infinite tower of massive scalars and pseudoscalars

SU(N) gauqe theories with N flavors of massless Dirac fermions

®These theories are conformal and described by a WZW model formed out of the flavor currents.
® (Owne of the first resulks appeared i 19%% (Hornbostel’s Ehesis) Ligkt Cone Quantized QCD n (1+1)-Dimensions, Kent

Horibostel(SLAC), S&am.e.:j J, Brodsw*j(SLAC.), Hans Christian Pauli(Heidelberg, Max Plancie Inst.) (Oct, 19%%) Published un: ‘ths.faev.‘b 41 (1990) 3%14
® In collaboration with Nikhil Karthil, we are perﬂformiv\g a numerical computation of the
mass anomalous dimensions for several different choices of N and Ny

SU(R) gauqge theories with one flavor of Majorana fermion in an integer representation

® There is no flavor current in this seb of theories.

® The three dimensional representation (9=1) is the adjoint QCD and the spectrum is massive.

® The I=2 Ehﬁorv s also expet:&ad to be wmassive while J»>2 theories are expet:&@;d to have a massless sector.
® The infra-red chiral algebra is propased to be a W-algebra, W(2,4,...,23). I=1,2 are Eo[aoi.ogwat QFT. J=3 is
the fermionic bri-critical Ising model.



Two dimensional QCD

Why might these class of theories be of interest to this audience?

® The qgauqe deqrees of freedom are consktrained bv Grauss’s Law it the axial and light-cone gauge.

® In addition, one of the chiral fermions is also constrained in the Light-cone gauge.

® The Hamiltonian in the axial gauge or light-cone gauge is purely fermionic.

® Light-cone gauge has the added advantage that the fermionic momentum is positive.

® The interacting Hamiltonian is a current-current (color) interaction,

® The momenta become discrete if the space is compactified to a circle of length L.

® The total momentum operator commutes with the Hamiltonian and the Fock space for a fixed
finite momentum, K, is finite i the Light-cone gqauqge

® Spectrum in the Limit of large L is obtained by tracking individual states as a function of K and
taking the Limit K — oo

® Numerical inaccuracies makes it difficult to use Krylov space based algorithms to extract the Low
lying spectra. Loss in orthogonality results in missed states and states going out of the colorless
subspace.

® The number of states grows exponentially with K: eV for 3z1; VX for 322, V0K for 323, V78K
for I=4.

® Cach state is a Linear combination of a large number of Foclk states,

® Using a single processor with typical memory, we were able to reach 2K = 40, 2%, 22, 1¥ for J =
1 ,2,3,44:3"@.5?@.&&&\/@13‘ This can be improved bfj some clever coding. But ikt not L&M‘ebj to 90 be:jc)md K
= 100 yor J=1.



Some makh dekails

Lagrangian for 2D SU(N) QCD with Nf flavors of Dirac fermions
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Interactions, color currents and flavor currenks

Only the interacting Hamilkonian is present i the massless Limit and light-one gauge

The fermion has a color and flavor index

1 o0 < o x_

The general Hermitian current operator is Jp(x) = W' () Tw(x) = — Z JkTe_’sz : T'=T
L k=—oco0 -

Normal ordered current modes = 2 [a,ff la. .. — b;f T'b, +k] + Z b,_.Ta,; J_or = ];T

n n<k

A{{M’\Q KQﬁ“MOOdﬁ &i.s@.bf‘& Jlel, Jk2T2 = J(k1+k2)[T1,T2] + klé(kl + kz) TI' (Tl Tz)

Hamilkonian tn the Light-cone qgauge with massless ﬂfermions i Nz_l o,
kT,
T. are the color qenerators and are diagownal in flavor space Wnd s k2 kT
1

This is not L in the Sugawara cownstruction due to the presence of ﬁ
[k, T ]kﬂ} ] =0 when T, is a color generator and T; is a flavor generator [H, J,d} =0

The spectral degeneracy is generated by the flavor currents which describe a Kac-Moody algebra of level N

Note that Jy; is the color charge and it commutes with H and we restrict ourselves to the colorless sector



Fermions i real represen&aémms

14 T, = — T, then ecach Dirac fermion decouples into two Majorana fermions and
we caln consider a theory with many flavors of Majorana fermions

|
J EeE 2 a;zf 1 .a,, .+ 5 Z Gl J(_k)Tc u JIch
n

n<k

The flavor currents form a O(N;) algebra with N; flavors of Majorana fermions

There is ho flavor current for a theory with a single Majorana fermion and
a degeneracy i the spectrum is not expected

A brute force computation in SURR) gauge theories with ohe Majorana fermion in integer I representation

® wWrite the current in the standard |J, M) basis
® Compu@e all odd Far%&&iov\s of the integer 2K = Z 2i+ 1)

® Use Pauli’s exclusion principle to reduce the Foclk subsyaae with identical momenta
® Use Clebsch-Gordon coefficients to generate all colorless (kotal I=0) states
® Obtain the Hamiltonian and find the eigenvalues and eiqenvectors
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Whab nexk?

We can use these theories to study flows

® Consider a theory with two flavors of identical massless Majorana fermions and SUR) color. The

theory only depends on the ratio of couplings r = & A continuous symmelry for r =1 vanishes at

82
r=0. We can study the flow of the spectrum as a function of r. How does the resulk de.pev\d own J?

I=1 and I=2 should be qualitatively different from 3 » 2.

® Consider a theory with two flavors of massless Majorana fermions and SU(R) color. Let the two

different representations be 31 and Jz. The theory only depends on the ratio of couplings r = =L

82
The flows have to be qualitatively different for Jy <2 or J; > 2 and J, <2 or J, > 2,

® Such skudies will ketp us undersktand how scale thvariance is broikemn.

I am hca-[pi;v\g the exper%s i Ehis audience will hetp wikh radic:ati,v
different numerical methods that enables one to qo0 ko larger
tokal momenbum and Produa‘@. much cleaner resulks

Suqqestions and collaborations are most welcome, I think these theories can be used as
testing qround for showing the computational prowess of complimentary methods.
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A topical, in-person conference emphasizing elementary particles, astrophysics, and cosmology

put also including presentations on machine learning and quantum computing to take place 13-
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