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Motivation

P The integrability-preserving deformations of O (N ) sigma models are known to
admit the dual description in terms of a coupled theory of bosons and Dirac
fermions with exponential interactions of the Toda type (Fateev'04, Litvinov,
Spodyneiko'18).

P On the other hand, there are known examples of the integrable superstring
theories, such as type 1B AdSs x S° (dual to N =4 SYM) and others, which
also have integrable deformations.

» Qur strategic goal is to build a similar dual description for the deformed
AdSs x S® type 11B superstring and, possibly, other models.

» The building of such a dual description for the superstring theory requires solving
three major problems:

1. Incorporate the fermionic degrees of freedom into the construction of dual theory.

2. Adapt the whole construction to describe the sigma models with non-compact target
space.

3. The superstring theory possesses the reparametrization symmetry and requires gauge
fixing, which makes us include this symmetry into the dual description.

P In the present work we address the first problem generalizing the dual description
of the deformed O(N) sigma models to account for the OSp(N|2m) sigma
models.
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The undeformed OSp(N|2m) sigma model

» The OSp(N|2m) sigma model is given by the symmetric space sigma model on
the supercoset
OSp(N|2m)
OSp(N —1[2m) ~

P The action for the supergroup-valued field g € OSp(N[2m) is
R2
So=—— J d?x STr(J,PJ_],

where J+ = g~ 10 g takes values in the Grassmann envelope of the Lie
superalgebra osp(N|2m;R) and STr is the invariant bilinear form.

» We are considering the symmetric space with the Z, grading
g=osp(N2m;R) = g(o) ® g(l) , g(o) = o0sp(N — 1]2m; R)

and P being the projector onto the grade 1 subspace.

» This model is quantum integrable and has the following rational S-matrix
(Saleur, Wehefrizt-Kaufmann'01)

§2211(0) = 01(0)EP)L + 02(0)P)2)L + o3(0) 12

i11p i1ip i11p i1ip °
The coefficients in front of the tensor structures are connected as follows
2im 2im
01(0) =— 02(0), o03(0)=——————-02(0).
1(8) N—2m—2n—0) 2% 3(0) N—2m —2)0 2%
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Trigonometric OSp(N|2m) R-matrix and integrable model

P Besides rational solution, the Yang-Baxter equation

REZ (IR (1 + 0)RPIZ (p) = REZZ (WIRP (1 + ) RZE, (0)

i1t kiiz izi3 i1ks

has the trigonometric solution (Bazhanov, Shadrikov'87) with the parameter (.

» Introducing the parametrization
__ S2imA _
qg=e , u=(N-—-2m—2)A0,

we observe that for A = 0 it is consistent with the rational limit and in the special
point A = % the R-matrix demonstrates an interesting behaviour. It becomes
proportional to the S-matrix, corresponding to the scattering of % Dirac
fermions and m superghost particles in the case of even N and the same plus
one boson in the case of odd N.

P Guiding principles to look for the dual description (Litvinov, Spodyneiko’18)

1. The theory with the S-matrix as above has to be renormalizable (at least 1-loop).
2. The dual theory is found as an integrable perturbation from the special point of the
S-matrix is determined by the set of screening charges, which commute with the

integrals of motion in the leading order in the mass parameter

{I%ee,Je(ur'fb)dZ] =0.

3. Our model is an integrable deformation of the CFT, based on the coset
osp(N[2m)w
osp(N—1[2m)w *
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The Yang-Baxter deformation of the OSp(N|2m) sigma model

P The action for the Yang-Baxter deformed model is (Klimcik'02,Delduc’13)

1

_ | g2 —_N a2 -
Sn_deLn— 2VJdXSTr[]+P1_n:RgPIJ,

where 1 is the deformation parameter and Vv is the sigma model coupling.
P The operator Ry is defined in terms of an operator R : g — g through
_ aq-1
Rg =Ady" RAd, ,

with R an antisymmetric solution of the (non-split) modified classical
Yang-Baxter equation

[RX, RY] — R([X, RY] + [RX, Y]) = [X, Y],
STrIX(RY)] = —STr[(RX)Y], X,YeEg.

P In terms of coordinates on the target superspace
Ly =(Gmn(z) +Bun(z))d4zN0_zM, M = (x*, ),

where GMN = (—I)MNGNM and BMN = —(—I)MNBNM.

» We explicitly calculated Gpn(z) and Bain (2) in the range of parameters
N=1,...,8and m=1,2,3.
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Ricci flow

P Substituting the metric and Kalb-Ramond field of the deformed OSp(N|2m)
sigma model for m =1 with N =1,...,6 into the Ricci flow equation

d
RmN + EEMN +(LzBE)mNn + (dY)mMn =0, Emn = Gmn +Bun -
we indeed find (t ~ log Ayv)

dv _ o dn_

—v(N=—2m —2)(1+n?).

dt ' dt
which is the natural expectation for general N and m.. It agrees with the known
result for m = 0 (Squellari'14, Litvinov, Spodyneiko’18).
» Taking v =nR~2 with n — 0, we find the RG flow in the undeformed limit

dRr?
== = _(N—2m—2).
dt ( m—2)

» Solving the renormalisation group flow equations for real 1 we find cyclic
solutions. This motivates us to consider the analytically-continued regime
v—=1iv, n— ik,
in which we have ancient solutions. In this regime the solution is
v = constant, k = —tanh (v(N —2m —2)t) .

P Therefore the model in question is asymptotically free in the UV for
N —2m > 2. From now on we will concentrate on the simplest case of this type,
i,e. N=5and m =1or OSp(5/2).
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OSp(NJ2m) action from O(N + 2m) action

» Although the general form of this trick is known to us, for conciseness let us
consider the case N =2n + 1 and m = 1. The simplest way to write the
deformed O(2n +1)/0O(2n) action is to use “stereographic” coordinates

n -
dS2 _ Z Ky dede

- 2 e
— 1—
k=1 (1+zZx)? (1 -t (1+§E§t) >

where
k—1 2
1—2z;Z;
i%j
= || Par—— k=1,... .
K=K <1+ij]> ' e

P The transition to different deformations OSp(N|2) action from the O(N + 2) is
made by the substitution for some zy

z —>i:7¢1+i¢2 z _)i:71p1—ixp2
ARV V2 TR V2

Further we concentrate on the case k = 1.

> Also we go back to the “spherical” parametrization of the coordinates z;

11—y id;

i =4/2
5 1+
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The deformed OSp(5]2) sigma model action

P Let us now turn to the specific case OSp(5/2). The deformed sigma model is
parametrised by four bosons, ¢1, ¢2, r1 and 12, and a symplectic fermion, { ¢,
where a =1, 2.

» The Lagrangian following from the previous slide is

K(1— k212 4+ (1 + k2r2 . 0,T10_7T
g = MEZER LA ERIN D) [0 L (1 )0, r0-

v(1l— KQT‘%)2 1—1‘%
+ikr(1+ ¢ - P) (047101 — 04+ P10-71)]
2 2.4.2 2.4 2
Rl :/l(rlzjiiréfrg);'ﬂz)‘b ) {aﬁriaérz +(1—12)0:d20_ob»
Fikrira(1+ - ) (341202 — 01 p2d-12))]
7K(1—K2+%(1+K2]11)-‘Ll))
v(1—k2)2

+

(010 b —ik(1+ 3 -b)apAd W],

where we have introduced the following contractions of the symplectic fermion

X X' =eawx®X’®, XAX =8x"%x'".
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UV limit of the deformed OSp(5/2) sigma model

» We are interested in the expansion around the UV fixed point, that is k = 1. The
specific limit we consider (Litvinov'18) is given by first setting

1 =exp(—ee 1), 1, =tanhxy, P®=e0°, K:1—7,

and subsequently expanding around € = 0.

» Introducing the complex fields
X1 =x1 —id1, Xo =x2—ida, ©=0!-i0?,

we find the following expansion
1
L= v (04X10_X] +0,:X20_X5+1i(1 —i0O*)9,00_0")
- % (1e2¥1(1 4 2i00%)9, X10_X{+

+672X1+2X2 a+X267X§ + 672X172X2 a+X367X2) + O(EZ) )

up to total derivatives.
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Screening charges for the deformed OSp(5]2) sigma model

» We propose dual description of OSP(5|2) deformed sigma-model. Its system of
screening charges is the following

212
1+b2

&5 X6

» The vectors a, can be parameterized as follows (f = /1 + b?)

1 =bE; +1ipeyr, oy = —bE; +1Pey, a3 = —bEx —ifer,
i ib 2ib

oy =bEx+1if3en, X5 = —ex+ —e3, g =———e3,

! B B B

» To restore the sigma model metric in the UV limit, we have to use the fact
(Litvinov, Spodyneiko’16) that for the pair of the neighbouring fermionic
exponential screenings e(®1:®) and e(®2:¢) the dressed screenings

2(x1 + o)
(B12,4) - 1 2

x12,¢)e . =
(et12, d) B12 (o1 + o0 )2

commute with the same system of the integrals of motion.
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Metric for the deformed OSp(5]2) sigma model

» By taking the dual screenings we obtain the following system, which includes the
dressed screenings

1

» By choosing z = x! —ix? (Z = x! + ix?) and then conducting Wick rotation
x2 = ix9, we obtain the action in Minkowski signature

2 3
£=5 (Z(a@i)(a@i) + Z(amj)(acbj)) +
i=1

j=1

o0,

+A1(m(bcbl+irs¢1)a7<ba>1—irs¢1)e7b +
Do+

10 (b®; — iBb1) 0 (bDy + i) e 2ot )+

@

+A204 (bDy+1iBd2)0_ (b®y —ifdr)e ® 7Lbé¢3+/\3eLbﬁ¢3+(Counterterms)+... ,
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Restoring the deformed OSp(5/2) sigma model in the UV limit

» Then we fermionize the ¢3 field and add the counterterms appearing because of
the corrections, coming from the fermionic loops. This after the integrations over

the ¥; and ‘1’; components yields the following action

£ —(Z(um )o@y )+Z(a+¢ ) (0 ))
j=1
®;—®p
+AL |04 (bDy +iBdy)d_(bD] —iBdy)e
(D +(D
404 (b®; —ipdy)d_(b®y +ifdy)e
@y
—iA0 4 (bdy +1(5¢2)a,(b<1>2—1(5¢2)¢ Poe b+
s (I)
4
+T‘3a+¢za,qq BZAZ11)1.¢28+11)20711}I+/\2a+(b(b2+LB¢2)07(bKD27LB¢2)eT+

Upon identifying @12 = 2bx2,1, $1,2 =2bgo1 and WI — bO*, W, — bO
together with taking the limit b — co and adjusting properly the coefficients
A123 () = %) we obtain

i=1 j=1

2 2
- ((Z(am)tam +Y (019;)(0_¢)) +i(1—i0O") a+®a®*> -

A (B4 (x2+192) 0 (x2 —i@2) €2 21 + 9 (x2 —i2) D (x2 +igp) e 22 2X14

1
404 (X1 +1@1)d_ (x1 —ig1) (5 +i®®*) ez"1> +> +0O(x).
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Conclusions and outlook

P> We found the action of the n-deformed OSp(N|2m) sigma models for several
N and m and put forward the hypothesis how to generate this action for general
N and m.

» The 1-loop RG flow of such models was studied and we found the UV stable
solutions. We considered the scaling limit of the deformed OSp(5/2) sigma
model action as an example.

» The system of screening charges, which determine the integrable structure of the
OSp(N|2) sigma model was built.

» By using it we demonstrated how to restore the sigma model action in the deep
UV in the case of OSp(5/2).

P Utilizing our system of screenings to write the dual model with the Toda type
interactions we can reproduce the expansion of the S-matrix in the vicinity of the
special point A = % (work in progress).

P The next interesting step would be to try to adapt the dual description for the
sigma models with the non-compact target space (Basso, Zhong'18).
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Thanks for your attention!
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