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T[SU(N)] duality web and its deformations
3d spectral dualities from 5d fiber-base dualities via Higgsing

spectral dualities and gauge/q-CFT correspondence



Field content:

Vector multiplets: V = (A,, A\, 0 € R, aux)

Adjoint chiral multiplets: ® = (¢ € C, fermions, aux)

Matter chiral multiplets: Q; = (Q; € C, fermions, aux)

One can also introduce the linear multiplets: ¥ = (o, .., F..).
The moduli space of vacua contains the pure Higgs branch where

< Q; ># 0 and < 0 >= 0, Coulomb branch where o gets a vev which
breaks the gauge group to its Cartan: G — U(1)", Mixed branches.



In the bulk of the (abelianised) Coulomb branch one can dualise the
gauge fields to scalars: F), = €,,,07y;, j=1,---r.

The currents J{L = eWp(F”f’)j generate the topological symmetry
(U(1),)" which shifts the dual photons ~;.

A set of convenient coordinates on the classical Coulomb branch are:

. 2noj . .
XjNe¢j7 o = 7T271_~_I,yj7 j=1,---,r
&3

Quantum corrections can lift the Coulomb branch. For U(N.) with

(Z5+im) (e i)
Nf > N;only Xy ~ e % X_~e & " survive.

The un-lifted coordinates are identified with half BPS monopoles, local
disorder operators. Their charges under any Abelian symmetry is
computed by

QUM =2 3 QW) |pum)]

fermions

where the fermions 1) transform with p, under the gauge group.



Aharony-like dualities & monopole deformations

> Aharony duality:
T: U(N,) with Nf flav. Q,Q, W =0
T': U(Nf — N¢) with N flav. g, §, W = S_I* + S, M~ + Mq§

» Monopole duality I: [Benini-Benvenuti-SP]
Ton: U(N.) with Nf flav. @, Q, W = I+ + M~
Taw: U(Ng — Ne — 2) with Nr flavors g, §, W = 9% + 90~ + Mqg

> Monopole duality Il: [Benini-Benvenuti-SP]
Ton: U(N.) with Nf flav. @, @, W = M+
Tan: U(Ng — N — 1) with Ny flav. q,§, W = 9~ + S, 90" + Mqg .
Monopole super-potentials naturally appear in 4d-3d reductions
[Aharony-Razamat-Seibger-Willett].

Generalizations to UsP(N), O(N) groups, higher monopole deformations
[Amariti-Garozzo-Mekareeyal, quivers [Amariti-Orlando-Reffert], - - -



The N =4 T[SU(N)] theory [Gaiotto-Witten] is a quiver theory

() () () ()
0=0=0FC=m

with WT[SU Ny = Zk 1

Tric [Dk (Tryep2 QU — Ty, QU1 ],
with bifund. Q4R = QR QL)

L,
b
Global symmetry: SU(N)g x SU(N):op

Self-dual under mirror symmetry: Coulomb < Higgs branch
Real masses M,, T, in SU(N)r x SU(N)tqp

Real axial mass ma € SU(2)¢ x SU(2)y breaking to N = 2*
The mass deformed theory has N! isolated vacua



The chiral ring generators are the mesons on the Higgs branch:
Q; = TraQV-1M = Q4 R[Qj] =2r
and the monopole operators on the Coulomb branch:

Trd()  AqL00  pA4q110 A 4111
M= | M0 Tro@ MO0 MO0 | RIM] =2—2r.

In the mirror (self)-dual theory T[SU(N)]Y we have dual mesons on the
Higgs branch with R[Pj] = 2 — 2r and the monopole matrix with
R[Njj] = 2r on the Coulomb branch.

Operator map:
Qij — -/\[Ua ij A PU

The partition functions must satisfy:

—

Zrisuny (M, T, ma) = Zrisumy (T, M, —ma) .



The T[SU(N)] partition function is an eigenfunction of the trigonometric
Ruijsenaars-Schneider (RS) Hamiltonians

[Gaiotto-Koroteev],[Bullimore-Kim-Koroteev]:

— —

T.(M, my) Zrisuy (M, T, ma) = x(T) Zrisuny (M, T, ma)

TAT, —ma) Zrisuy (M, T, ma) = x, (M) Zrisuy (M., T, ma)
with r =1,--- , N, implying the identity for mirror self-duality:

—

Zrisuny (M, T, ma) = Zrisumy (T, M, —ma) .

Moreover since T,(M,—m,) = K[M, ma] "1 T,(M, m,)K[M, mp], we get
another identity:

Zrisumy (M, T, ma) = KM, ma] K[ T, mal Zrisuny (M, T, —ma),

where K[M, ma] is the contribution of N2 chirals in the SU(N) adjoint.

This suggests that we have a new duality!



T[SU(N)] and its flip-flip dual FFT[SU(N)]

The electric theory is T[SU(N)], the magnetic theory is FFT[SU(N)],
the same quiver theory where we flip the mesons R[q;§;] = 2r' =2 —2r
and the monopoles R[m;] =2 — 2r' = 2r:

Weetisuny) = Wrisuvy) + Simij + qigi X
Now the moduli space is parameterized by the flipping fields with:

and the operator map:

This is a generalized Aharony duality!



T[SU(N)]Y and its flip-flip dual FFT[SU(N)]"

Similarly on the mirror side we have a duality between T[SU(N)]" and
FFT[SU(N)]V, the same quiver theory where we flip the mesons
R[pipj] = 2r" =2 —2r" = 2r and the monopoles R[n;] =2 — 2r, with:

Weerisumyy = Wrisuw) + wiiRij + pib; Y -
Now the moduli space is parameterised by the flipping fields with:
RIYjl=2-2r,  RIRj]=2r,

and the operator map is:

’P,'J'HY,'J', ./\/,J*)RU



T[SU(N)] duality web

T[SU(N)] < —=T[SU(N)]’

Q, M ? 7\@1

K

=

A A

FF-DUAL
wvNa-+44

FFT[SU(N)] Ry FET[SU(N)]

X,.5, Y, R,



Deforming the T[SU(N)] duality web

The duality web can be deformed to generate new webs. We monopole
deform T[SU(N)] and follow what happens in the various frames:

T[SU(N)] <—— T[SU(N)]’

Monopoles def. Complex

4 & sequential mass def. A
confinement
YiA - ]IWB
- P
T, T,
Nilpoten vev:
A Monopole 8 sequential v
vev Higgsing

FFT[SU(N)] <—— FFT[SU(N)]’



As in [Benvenuti-Giacomelli],[Giacomelli-Mekareeya] W€ sequentia//y confine
T[SU(N)] by turning on

W = MlOmO =+ MOI---O N Mo...lo
using at each node the duality [Benini-Benvenuti-SP]:
U(N), Nf=N+1with W= M+« WZ with W = ydet M.

Example in T[SU(3)] we turn on §W = M. Since the adjoint in the
first node is decoupled we can apply the monopole duality:

() () ()
OG- — G

After integrating out massive fields, we find at low energy
W = % Tr[Q] — %Tr[Q2]

Notice that the adjoint is abelian.



Iterating this procedure we see that in the monopole deformed T[SU(N)]
all the nodes but the last one are confined:

risu)): (et =y (=]

Monopole def. &
Sequential confinement

7-1%.‘ Y2, YN-1, @: N

The final theory T4 has an abelian adjoint ¢ and N — 2 singlets ~,,, with:

=

Wa = grmyoTrlQ - > 2 Tr[Q].

N—
m=2



On the mirror side the monopole deformation is mapped to a complex
mass deformation:

SW = P1Py+ PPy + -+ Py_2Py_.

Only two flavors (Py, Py_1) = (d, d) and (Pw, Py) = (u, i) remain light.

rsu (N =Gy Aae=]

l Mass deformation

with .
We =d (Sn_1)"""d + ubn 1+ Wiair -



In FFT[SU(N)]Y with Werrsuyy = Wrisuwy) + nijRij + pip; Yij the
monopole deformation maps to

OW =Yoo+ Y+ -+ Ynon
The F-terms of the Yj; singlets give a vev to the meson:
(pify) = (Trn—a PNHV) = Iy @ 0y
The F-terms of the adjoints ®4, k = N, ...2 then propagate the vev:
Trg_ P10 — Ty, plek+D)

which can be solved for nilpotent vevs for the bifundamental fields.
Finally the F-terms for bifundamentals and D-terms give:

(Pry =T1® Jk—1-



All these vevs determine a super-Higgs mechanism as in
[Agarwal-Bah-Maruyoshi-Song] which has the effect of abelianising all the
nodes.

A careful analysis of the mass matrix allow us to find the remaining light
fields in the low energy theory, the abelian quiver T¢:

rrrisun))s D= =]

Nilpotent vev &
Higgsing

(Y (3
T)ﬁ: -°_° zC - °- 1 Do,...Tn_1, 24,2



Starting from Ty, the U(N — 1) with N flavors with

N—-1
Wa = gamoTr[Ql - > 2 Tr[Q"],

we take the Aharony dual (and map the superpotential) and obtain 7p:
U(1) with N flavor and

Wp = M*ES, + Q;@j P+ Z Lo 77 Zm

Now we take the mirror (and map the superpotential), after some
rearrangement we obtain the abelian quiver theory 7¢ with

We = \Ul(b151 — bzgz) + -+ \UN_1(bN_1EN_1 - bNEN) + X Z b,‘E,‘ +
N—-1

+][ bz + [ bZ- + MyZ+ > LeTr[Z

m
m
m=2

consistent with what we got via the nilpotent Higgsing of FFT[SU(N)]V!



Deformed T[SU(N)] duality web

T[SU(N)] T[SU(N)V
Monopole def. Mass def.
lr T, Ty: A
() i N A A
-—o e °—°—°

)
-8
JV / Nilpoten\;k v

FFT[SU(N)] =<— FFT[SU(N)]"

— More general deformations will lead to new duality webs.



Starting from the dual pair on the diagonal of the undeformed web we
Flip on both sides, (since Flip? = 1) we find a new spectral self-dual pair:

FFT[SU(N)] T[SU(N)
dOW=S,T, | Flip Flip |dW =P, T,
FT[SU(N)] FT[SU(N)]

W ertsumi=Wrsunt Qs Xy W erisuny =Wrsunyt Py Ty



Operators map:

Electric side: FT[SU(N)], with R[Qjj] = 2r we have the monopoles
R[M ;] =2 — 2r and the singlets R[X;] =2 —2r.

Magnetic side: FT[SU(N)]V, with R[P;] = 2r’ = 2r we have the
monopoles R[Njj] =2 — 2r and the singlets R[T;] =2 — 2r.

XUH./\/,J MU<—>TU

Using the difference operators it easy to check that:

—

Zersuy (M, T, ma) = Zerisupy (T, M, ma)

where

-

Zerisuy(M, T, ma) = KM, mal Zrisuy (M, T, ma) .



NS5 D5 NS5 Ds'

D3 ‘ D3
Flj
T[SU[N]] 0%, FT[SU[N]]

NS5 and D5’ branes can form a pg-web engineering a 5d A/ = 1 theory.
We are going to interprete FT[SU(N)] as a codimension-two defect
theory and show that spectral duality follows from 5d fiber base duality.



In the following it will be useful to work with D, x S partition functions,
the holomorphic blocks. So | will quickly introduce them for T[SU(N)].



We consider the D, x S! partition function, or holomorphic block with
q= e, h=Re:

N—-1 a a

8255570 = | TLTT 5 207) Zuonli)

allli

where Z;; contains all mixed Chern-Simons couplings and

a (2) (@)

nvo1 Il (a N2aa+1(/(a) ) N
_ 7 N XN oo

i = ——7—fHHH |

a

N

Il

o0

where (x; q)oo = [] (1 —xq*) and p, = efMe, 7, = eRTr, t = efma,
k=0

The integral is evaluated on a basis of contours ', @« =1,---, Nl in one

to one correspondence with the SUSY vacua.

a
J =1 /= —
11‘[:( )ooallljl(Xi ,q) Plll(xi 7.9

1 (t e q)



The integration over the reference contour I, yields

BD2 ><51, (Oto) o Z?)t.'/7 (ao)Z3d, ((xo)Z3d, (040)

T[SUN)] — “cl lloop vort )
with
3d, L
Zvort(a(])(,uv 7,4, t) =

i, q pi.
Nt Ta k2 (t“f ' q) K@)y 2 atl ( ty q) K@) _gat)
= > I (¢ 7 ——1III —
o Ta+1 o B Pl
} a=1 i#] ( )k’.(a)*k}a) i=1j=1 (q ! q) k(a k(a+1)

£k ik

the sum is over sets of integers k,-(a) satisfying the inequalities

k{l) 2 (2) > k§3) Z .. 2 k](-N_l) 2 0
(2) > K> o> WMo
kMY >0

Duality identities for the blocks:

. ) DyxS' (o = o\ _ pDoxSt = - 4
mirror : BTT_?U(N)](M, T, t) = TZ[SXU(N)](Tv Ky ?) )
t).

s S = oo
spectral : BEZTTSU ( 0,7, t) = BEZTTSU(N)](TaN



FT[SU(N)] lives on D3 branes suspended between N NS5s and N D5's.
These branes form the pg-web engineering the 5d A/ = 1 quiver theory
N+ SU(N)N=1 + N.

We want to view FT[SU(N)] as a codimension-two defect in this theory:

Higgsing: the FT[U(N)] partition function is obtained by tuning the
parameters of the 5d square quiver partition function.

Brane realisation: the codimension-two defect theory is the vortex
string theory on the Higgs branch of the 5d theory.

Geometric engineering: Higgsing corresponds to geometric transition
happening at quantised values of the Kahler parameters.

3d spectral duality descends from fiber-base or 11B S-duality



The instanton partition function Z2%,[U(N)V=1] is a sum over N-tuple of

Young diagrams, Y(?) = {Yl(a), NN Y,E,a)}, a=1,...,(N-1).

When the Coulomb branch parameters are tuned to special values, the
Young diagrams for some nodes truncate to diagrams with finitely many
columns yielding the partition function of a coupled system:

ZSd[u(N)N—l] Z5d—3d )
Higgsing

For maximal Higgsing the 5d bulk theory is trivial and we just get the
vortex partition function of the 3d theory.



By maximally Higgsing the 5d square quiver by tuning masses and
Coulomb parameters as:

1 N-1 = t
ag) = mt, ag ) = mt, my m1€7
1 N—-1 = t
ag) = moy, ag ) = moyt, m2—m2;7
a(l) - m (N—-1) _ ¢ = _
N=1 = MN-1, ay_1 = Mn-1t, my—1= my—-1
a(l) - m a(N—l) =m = t2
N — MIN, N - 3 my = mN;

we obtain FT[SU(N)]:

— D> xS, (o
st[U(N)N 1] N BFTTSU(IEI)]O)



The 5d square quiver can be realised as the low energy description of a
web of N NS5 and N D5’ branes.
IIB BRANE SETUP

5d [4]-U(4)-[4] HIGGS BRANCH

b3

3d U(1)-U(2)-U(3)-[4]

NS5

On the Higgs branch the NS5 branes can be removed from the web and
D3 stretched in between. The 3d low energy theory on the D3s is our
vortex theory [Hanany-Tong], [Dorey-Lee-Hollowood].



We can engineer the 5d quiver theory from M theory on X x Rf . x S'.

The Higgsing conditions translate into quantisation condition for Kahlers
parameters Q = \/?t’v for which there is geometric transition:

GEOMETRIC ENGINEERING ON TORICCY X

i

Using the refined topological vertex we can calculate the partition
function of the Higgsed CY X and check that:

X (7 = Dyx S, (0) [~ =
Z3p (i1, 7,0, t) = BF'ZrTsu(/E/)]O)(/La 7,q,t)

i, T are identified with fiber and base Kahler parameters.



3d duality from fiber-base duality

The CYs X, X (before and after Higgsing) are invariant under the action
fiber-base duality which swaps p; with 7; and so

X /(> > FIBER-BASE X /> >
Ztop(M’ T, t) DUAL top(T’ t)
I I
D’xs" 0.3 SPECTRAL pD’XS' -
Brrisuw )(M’ t) “ ool FT[SU(N)](T)MJt)

Notice that t is an £2-background parameter not affected by the map.
— 3d self-duality for FT[SU(N)] descends from fiber-base duality!

We can generate large families of new 3d dualities from fiber-base via
Higgsing.



Starting from the duality 7p <> Tg we can obtain another spectral pair:

NS5 Ds'

Viewing these theories as codimension-two defects also this spectral
duality descends from 5d fiber base duality!



HB of 3d A/ = 2 theories can be directly mapped to correlators of
g-Toda vertex operators in the free boson Dotsenko-Fateev (DF)

representation [Aganagic-Houzi-Shakirov].
For FT[SU(N)] we have the following duality web (see Anton's talk)

spectral dual
BP2 xSt

Dy xSt
BF%TSU(N)]( > B prisu(n)]

gauge/qDF gauge/qDF

L spectral dual
¢DFY, «——m— qDFN]i;1

Horizontal arrows indicate (IR) dualities, requires highly non-trivial
integral identities.

Vertical arrows indicate AGT-like correspondenes. Trivial mapping,
only need to establish a dictionary.



We saw that the FT[SU(N)] spectral dual pair can be derived via
Higgsing from 5d.

Similarly the qDFN+2 blocks can be obtained by tuning external and
internal momenta in (Vi --- Vyi2)g—Ay 1

5d
Z

/spect‘ra%l

Vi VN+2>qAN1<J—> (Vi Vivga)gan
vy . spectral | dual 2l
X X
Brrisuam < > Brrisu )

‘/sp'ectra%l /

An_
qDFNIXrQI ‘ ? ‘IDFN+2



Now we focus again on our 3d/q-CFT web

spectral dual

Dy xS? 5Dox St
BF%[XSU(N)} > BF:ZF[XSU(N)]
gauge/qDF gauge/qDF

. spectral dual A
4DF Ny < DFyyy’

what happen when we take the 3d — 2d or ¢ — 17
See Anton's talk!



THANK YOU!



BACK-UP SLIDES



Wr = Xijqidj

Wr = (=)V |doy---dyd| +udyi+ Wrsuy +

N times

|

=

-1

2

+S,ud+ S_di+ " Trld¢™d] .

3|

2

3
I|

singlets 5S4 and N — 2 ~y,, and TrM; are the motions (2-1+1-(N —1))
in the brane set up.



Hamiltonians:

sinhwb(ma — M; — M;) b,
Z H sin(M; — M;) He v

I,|Z|=r i€l j#1 JET

Eigenvalues:

§ e\27rb (Tiy 4

i<y



The A, Toda theory describes 2d bosons ¢ with Z eVB(9: &) interaction.

(¢.9)
Correlators of primary vertex operators V, = e VB can be obtained in

terms of free bosons correlators with insertion of N, screening charges in
each sector:

(@ Vi (21) - .. Vao (1) HQ 218 e

where

Qa) = %dx Sa) (X)), Sa) = VPG

External and internal momenta must satisfy certain quantization
conditions.



After expanding in modes the free bosons

69(2) = Q@ + PO logz + 3 P
k0

with [c,((a), c,(,,b)] = kék4+m,0 0a, b and normal ordering, the correlators
reduce to Dotsenko-Fateev integrals:

B(N,—Nay1 —1)+(a®—a®))

DF/r, ~ %HH"X HH((a)) - el

a=1i=1 a=1i=1
n N, a n—1 N, Nap1 (a+1) (a) 0(gPJ,
[ (+- a)HHHG@J HHH( o)
a=1i#j Xj 1i=1j=1 p=1a=1i=1

In the Virasoro (A;) case these integrals can be calculated.
In the higher rank case integrals can be evaluated only for special values
of the momenta.

o

at+l



Independently introduced by various groups in the 90s.
[Shiraishi-Kubo-Awata-Odake],[Lukyanov-Pugai],[Frenkel-Reshetikhin],[Jimbo-Miwal].
The Virg,+ has generators T, with n € Z, satisfying

= _ —1 —n
[Tn ) Tm] - Z fl (Tn—ITm+l - Tm—/Tn+l) - (1-a)(1= IB(P —P )§m+n,0

where p = 7 and the functions f; are determined by the expansion

o (1—¢"(1—t"")_n| _ ?tz -
Zf/z = exp l 1 qu £, ] = (1*2)(£Z§)m(%z?£)w .
The current T(z) =3, Toz " satisfies
(%) T T(w)~F (2) T(w) T(2) = ~ 22D (5 (aw) 5 (£w)) |

Fort = ¢”, g = e" — 1 (3, z fixed) we recover the Virasoro current L(z):

T(z) =2+ Bh? <z L(z) + (\F—\/BY) +...



The g-deformation can be directly implemented on the free boson
correlators and yields a g-deformed version of the Coulomb integrals:

Na( >(N —Nsi1—1)+(a®—al) )+Z( () _ 31)
X

gDFy, ~ fHde

a=1i=1 a=1i=1
(a) a+1)
X7 1—aP) 2z, .
ﬁ, q n—1 N Nay1 a) , I n N, | Q% Va%v q
X; oo
4= e T 5
—1 j—1 j— —1a3=1 j— —« .
X,(a) i q a=1i=1 j=1 p=1la=1i=1 q atly@ X‘(‘;) i q
! oo ! o)

where u = /gt and v = /{.

This is exactly the D? x S partition function of a quiver theory!
[Aganagic-Houzi-Shakirov]

a=1 i#j



The FT[SU(N)] holomorphic block maps to an N + 2-point Ay_; block

BDZ ><S1

An—1
FTIU(N)] = qDFN,:Q )

with two generic primaries and N — 2 are degenerates vertex operators
alP) = By_q for p=1,---N —1.

The dictionary is as follows:

T
BI?'ZI'TUS(N)] qDmezl
Parameter g = e = g~¢ Deformation parameter
Axial mass may =t = ¢° Central charge parameter 3
Masses i, Positions of the vertex operators z,
Fl parameters 7, Momentum vector &E,O)
Screening charges N, = a Ranks of the gauge groups

The spectral dual theory is mapped to the spectral dual g-block:

BD2 X 51

~ Av—1
FT[SU(N)] — gDF

N+2 -

Spectral duality on g-blocks exchanges insertions points with momenta.



Recent thorough discussion in [Aharony-Razamat-Willett]:

2d limits depend on how the 3d real masses scale with R. We can
obtain theories with 2d gauge theory or Landau-Ginsburg UV
completion

we can end up with direct sums of 2d theories

earlier result: 3d abelian mirror pairs reduce to 2d Hori-Vafa dual
pairs [Aganagic-Hori-Karch-Tong].

we turn on all possible mass deformations so the 2d theories have
isolated vacua (removing mass deformations is subtle if there are
non-compact branches)



The natural Higgs limit reduces the 3d FT[SU(N)] theory to the same
theory in 2d. The 3d Fl parameters scale as 1/R and lift the Coulomb
branch while the matter fields remain light.

In our conventions g = e" — 1 (h = Re) and
7, = e = fixed, Wi = efMi —qgf ma=t=¢".
The vacua remain at finite distances x(?) = /" = gw”.
Using
g r
(@59 _ (—hy ()
=1 ("5 q)oo r(x)

the 1lloop contributions of chiral and vector multiplets reduce to the D,
contributions, the classical part also reduce and we find:

H DQ 51 — = _ D2 -4
c|]T>11 BFTTSU(N)](T’ A t) = BFT[SU(N)](Ta f.B).



On the dual side the Higgs limit becomes an un-natural Coulomb limit.

The vacua are at infinity so the 3d Coulomb brach parameters x,-(a) stay

finite as h — 0.
Using
Ay, -
lim % =(1- X)b—a’
a1 (°x; q)oo
we immediately see that the dual block becomes a Selberg-like integral
which can be immediately identified with a Toda DF block:

. xDyxS' = o s An—
lim Bersu (7> i) = DF i

Gauge/CFT follows from 3d spectral duality!



spectral  dual

st D?x 51
BFT[XSU(N)] —_— BFTTSU(N)]

v

gDFYY, —m— ———— qDFﬁ’ZrQ‘

I 2d massive dual

2
FT 5177009 I — BLDG

sy s

A A
dDFy5 «———— DFy},

B2 is the D? partition function of a theory of twisted chiral
multiplets with a twisted superpotential.

dDF,f,‘L"LE1 is a correlator of vertex operators with d-WWy symmetry,
an un-natural limit of g-Wy

The red link is the familiar gauge/CFT correspondence connecting
surface operators vortex partition functions to Toda degenerate
correlators.



Starting from the g-Virasoro relation:

F(2) T@T(wW)~F (2) T(w)T(2) = - C=20550 (5 (9%) — 5 (L))

z

t

We can also take an un-natural limit where z = g, w = ¢¥ and finite
t(u) = limg—1 T(g") to obtain the d-Virasoro algebra:

(v ) () t(v) & (u—v)E(v)t(u) = 52 (5(v — a1 B) —6(v —u— 1+ 7))
with
o el ) (s8)
© o (a) T (o)

We can find a bosonization of this algebra: find screening current and
vertex operators and calculate their normal ordered correlators dDFmr;l.




