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Introduction

Introduction

o In the last decade, interest has grown in rigid supersymmetric theories invariant
under some “curved” analogs of Poincaré supersymmetry in diverse dimensions
(e.g., G. Festuccia, N. Seiberg, arXiv:1105.0689 [hep-th]), since the localization
method V. Pestun, arXiv:0712.2824 [hep-th] for rigid supersymmetric theories
is a powerful tool allowing to compute non-perturbatively quantum objects, such
as partition function, etc.
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Introduction

o In the last decade, interest has grown in rigid supersymmetric theories invariant
under some “curved” analogs of Poincaré supersymmetry in diverse dimensions
(e.g., G. Festuccia, N. Seiberg, arXiv:1105.0689 [hep-th]), since the localization
method V. Pestun, arXiv:0712.2824 [hep-th] for rigid supersymmetric theories
is a powerful tool allowing to compute non-perturbatively quantum objects, such
as partition function, etc.

o Motivated by this interest, we proposed a new type of Supersymmeric Quantum
Mechanics (SQM) based on the worldline realization of the supergroup SU(2|1) in
the appropriate N' = 4, d = 1 superspace E. Ivanov, S. Sidorov, arXiv:1307.7690
[hep-th], 1312.6821 [hep-th].
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Introduction SU(2|1) supersymmetric mechanics

SU(2|1) supersymmetric mechanics

o In the frame of SU(2|1) superfield approach, we reproduced “Weak Supersymme-
try” models A. Smilga, arXiv:hep-th/0311023 based on the multiplet (1,4, 3)
and models based on two types of the chiral multiplet (2,4,2) (S. Bellucci,
A. Nersessian, arXiv:hep-th/0211070, hep-th/0401232 and C. Romelsberger,
arXiv:hep-th/0510060, 0707.3702 [hep-th]).

e The SU(2|1) superfield techniques not only reproduced these known models, but
also revealed new models studied in the series of papers:

* E. Ivanov, S. Sidorov, F. Toppan, arXiv:1501.05622 [hep-th],

E. Ivanov, S. Sidorov, arXiv:1507.00987 [hep-th],

E. Ivanov, S. Sidorov, arXiv:1509.05561 [hep-th],

. Fedoruk, E. Ivanov, arXiv:1610.04202 [hep-th],

. Fedoruk, E. Ivanov, S. Sidorov, arXiv:1710.02130 [hep-th],

. Fedoruk, E. Ivanov, O. Lechtenfeld, S. Sidorov, arXiv:1801.00206 [hep-th].

* X X ¥ ¥

nwnwn

o Some further studies of SU(2|1) mechanics were given in the component level:
* B. Assel, D. Cassani, L. Di Pietro, Z. Komargodski, J. Lorenzen, D. Martelli,
arXiv:1503.05537 [hep-th],
* C.T. Asplund, F. Denef, E. Dzienkowski, arXiv:1510.04398 [hep-th],
* N. Kozyrev, S. Krivonos, O. Lechtenfeld, A. Sutulin, arXiv:1712.09898 [hep-th].
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Introduction SU(2|1) supersymmetric mechanics

The superalgebra su(2|1)

Our studies of SU(2|1) supersymmetric mechanics were based on a deformation
N =4, d =1 Poincaré = su(2]1),
where the superalgebra su(2|1) is given by
(Q,Q;} =2mIj + 20,1, [}, 1F] = o5 1i - 8i1}
i A 15 i~ i Ak i Lk
5,0 = 50@ -0, [5.Q] =6Q - J6e",

m

mal-Ta.  [ne]--Te.

The generators I! form SU(2) symmetry, while the mass-dimensional generator H is
U(1) symmetry generator. In the limit m = 0, the generators I;” become the SU(2)
automorphism generators of the standard N' = 4, d = 1 superalgebra with Hamiltonian
H becoming a central charge generator.
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Introduction SU(2|2) supersymmetric mechanics

Deformations of N' = 8, d = 1 superalgebra

In case of N = 8, d = 1 supersymmetry, we considered 2 possible deformations:
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Introduction SU(2|2) supersymmetric mechanics

Deformations of N' = 8, d = 1 superalgebra

In case of N = 8, d = 1 supersymmetry, we considered 2 possible deformations:

A. The first option is
N =8, d=1Poincaré = su(2]2).

Evgeny Ivanov, Olaf Lechtenfeld, Stepan Sidorov, arXiv:1609.00490 [hep-th].
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SU(2|2) supersymmetric mechanics

Deformations of N' = 8, d = 1 superalgebra

In case of N = 8, d = 1 supersymmetry, we considered 2 possible deformations:

A. The first option is
N =8, d=1Poincaré = su(2]2).

Evgeny Ivanov, Olaf Lechtenfeld, Stepan Sidorov, arXiv:1609.00490 [hep-th].

B. The second deformation is
N =8, d=1Poincaré = su(4]1).

Evgeny Ivanov, Olaf Lechtenfeld, Stepan Sidorov, arXiv:1807.11804 [hep-th].
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Introduction SU(2|2) supersymmetric mechanics

SU(2]2) supersymmetric mechanics

o The superalgebra su(2|2) in the complex basis is written as
{Qm7 ij} — —9m (EubLij _ Einab) + 2Eab5in,

[Lij Lkl} S B Ly [Rab Rcd} _ cadpbe | Jbepad

[Lij7Qka} _ % (Eiija +Eijia> 7 [Rab7ch:| _ % (Eachb +€chka) 7
[Lij7 Qka:| _ % (Eiija " Eijia) 7 |:Rab7ch] _ % (Eachb n Echka) _

All other (anti)commutators are vanishing. Here the superalgebra su(2/2) contains
the generators L = L', R = R’ forming two mutually commuting su(2)
algebras and the central charge generator H.
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Introduction SU(2|2) supersymmetric mechanics

SU(2]2) supersymmetric mechanics

o The superalgebra su(2|2) in the complex basis is written as
{Qm7 ij} — —9m (EubLij _ Einab) + 2Eab5in,

[Lij Lkl} S B Ly [Rab Rcd} _ cadpbe | Jbepad

[Lij7Qka} _ % (Eiija +Eijia> 7 [Rab7ch:| _ % (Eachb +€chka) 7
[Lij7 Qka:| _ % (Eiija " Eijia) 7 |:Rab7ch] _ % (Eachb n Echka) _

All other (anti)commutators are vanishing. Here the superalgebra su(2/2) contains
the generators L = L', R = R’ forming two mutually commuting su(2)
algebras and the central charge generator H.

e Employing the appropriate worldline superfield approach SU(2|2), we considered
deformed analogs of N' = 8 supersymmetric quantum mechanics (Evgeny Ivanov,
Olaf Lechtenfeld, Stepan Sidorov, arXiv:1609.00490 [hep-th]). We studied
models of SU(2|2) supersymmetric mechanics based on the off-shell multiplets
(3,8,5), (4,8,4) and (5,8, 3).
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Deformed N = 8 supermultiplets

Deformed N = 8 supermultiplets

e Other multiplets (k,8,8 — k), k =0,1,2,6, 7,8 of the standard A/ = 8 mechanics
have no deformations to SU(2|2) supersymmetric mechanics.
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Introduction Deformed N = 8 supermultiplets

Deformed N = 8 supermultiplets

e Other multiplets (k,8,8 — k), k =0,1,2,6, 7,8 of the standard A/ = 8 mechanics
have no deformations to SU(2|2) supersymmetric mechanics.

@ There are four types of N' = 8 superconformal algebras: 0sp(8|2), F(4), su(4|1,1),
osp(4*]4). According to S. Khodaee, F. Toppan, arXiv:1208.3612 [hep-th], the
relevant superconformal transformations are realized on N' = 8 multiplets as

1) 0sp(8]2) on (0,8,8) and (8,8,0),
2) F(4) on (1,8,7) and (7,8,1),

3) su(4]1,1) on (2,8,6) and (6,8,2),
4) 0sp(4*|4) on (3,8,5) and (5,8, 3).

The superalgebra su(2|2) can be embedded only into the superconformal algebra
osp(4*|4).
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Introduction Deformed N = 8 supermultiplets

Deformed N = 8 supermultiplets

e Other multiplets (k,8,8 — k), k =0,1,2,6, 7,8 of the standard A/ = 8 mechanics
have no deformations to SU(2|2) supersymmetric mechanics.

@ There are four types of N' = 8 superconformal algebras: 0sp(8|2), F(4), su(4|1,1),
osp(4*]4). According to S. Khodaee, F. Toppan, arXiv:1208.3612 [hep-th], the
relevant superconformal transformations are realized on N' = 8 multiplets as

1) osp(8|2) on (0, 8,8) and (8, 8,0),

2) F(4) on (1,8,7) and (7,8,1),

3) su(4/1,1) on (2,8,6) and (6,8, 2),

4) osp(4*]4) on (3,8,5) and (5,8, 3).

The superalgebra su(2|2) can be embedded only into the superconformal algebra

osp(4*|4).

e The multiplet (4, 8,4) is exceptional: none of N' = 8, d = 1 superconformal sym-
metries can act on it. However, one can realize on it an ' = 8 extended Heisenberg
superalgebra given by S. Bellucci, E. Ivanov, A. Sutulin, arXiv:hep-th/0504185.
This extended superalgebra contains an su(2|2) superalgebra.
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Deformed N = 8 supermultiplets

Deformed N = 8 supermultiplets

o Hence, the supergroup SU(2|2) admits an action only on the multiplets (3,8, 5),
(4,8,4) and (5,8,3).
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Introduction Deformed N = 8 supermultiplets

Deformed N = 8 supermultiplets

o Hence, the supergroup SU(2|2) admits an action only on the multiplets (3,8, 5),
(4,8,4) and (5,8,3).

o The superalgebra su(4]|1) can be embedded into the rest of superconformal alge-
bras osp(8]2), F(4), su(4[1,1).
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Introduction Deformed N = 8 supermultiplets

Deformed N = 8 supermultiplets

o Hence, the supergroup SU(2|2) admits an action only on the multiplets (3,8, 5),
(4,8,4) and (5,8,3).

o The superalgebra su(4]|1) can be embedded into the rest of superconformal alge-
bras osp(8]2), F(4), su(4[1,1).

@ Thus, the rest of N/ = 8 multiplets (0, 8,8), (1,8,7), (2,8,6), (6,8,2), (7,8,1)
and (8, 8,0) have generalizations to SU(4|1) supersymmetric mechanics.
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SU(4|1) supersymmetric mechanics

SU(4|1) supersymmetric mechanics

We consider the superalgebra su(4|1) as a deformation of the standard N'=8,d =1
superalgebra:

N =8,d=1 Poincaré = su(41).
It is given by the following (anti)commutators:
{@.Qs} =2mil+2sim,  [LhLE] =ofLh —oiL],
(25, Q] =s5Q" — T85@®,  [£5,Qu] = {6301~ 61Q,
Q] =-"et el ="

All other (anti)commutators are vanishing. Here, the superalgebra su(4|1) contains
eight supercharges and SU(4)xU(1) generators L%, H. It can be viewed as a deforma-
tion of the standard NV = 8, d = 1 superalgebra.
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SU(4|1) supersymmetric mechanics

SU(4|1), d = 1 superspace

The SU(4]1), d = 1 superspace is defined as the coset superspace

su@)  {Q'.Qs. L) H}
SU(4) {L5} ’

where its parameters define the superspace coordinates:
¢ = {t,@;,éJ}, (91)251.

Realization of the supergroup for the fermionic coset SU(n|1)/U(n) was studied by
E. Ivanov, L. Mezincescu, A. Pashnev, P.K. Townsend, arXiv:hep-th/0301241. Ex-
tending this realization by time coordinate, we obtain the odd transformations:

001 :€1+2m€K9K9[, 69_J :€J—2mEK§K§J, 6t:i(€K0K+6K§K>.
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SU(4|1) supersymmetric mechanics Relation to matrix models

Relation to matrix models

@ Berenstein, Maldacena and Nastase (BMN) proposed a matrix model associated
with M-theory on pp-wave background D. Berenstein, J. Maldacena, H. Nas-
tase, arXiv:hep-th/0202021 with 16 supersymmetries corresponding to the mass-
deformed world-line supersymmetry group SU(4|2). Their (on-shell) multiplet is
given by

The indices I = 1,2,3,4 and i = 1,2 are indices of the subgroup SU(4) x SU(2),
respectively.
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SU(4|1) supersymmetric mechanics Relation to matrix models

Relation to matrix models

@ Berenstein, Maldacena and Nastase (BMN) proposed a matrix model associated
with M-theory on pp-wave background D. Berenstein, J. Maldacena, H. Nas-
tase, arXiv:hep-th/0202021 with 16 supersymmetries corresponding to the mass-
deformed world-line supersymmetry group SU(4|2). Their (on-shell) multiplet is
given by

The indices I = 1,2,3,4 and i = 1,2 are indices of the subgroup SU(4) x SU(2),
respectively.

o It spurred investigations of massive matrix models of SQM with 8 supersymme-
tries corresponding to the groups SU(2|2), SU(4|1) and with 4 supersymmetries
corresponding to the group SU(2|1).
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SU(4|1) supersymmetric mechanics Relation to matrix models

SU(4|1) multiplets (8,8,0)

o SU(4/1) supersymmetric model corresponding to the first multiplet (8,8,0) were
obtained from BMN matrix model by L. Motl, A. Neitzke, M.M. Sheikh-Jabbari,
arXiv:hep-th/0306051.
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SU(4|1) supersymmetric mechanics Relation to matrix models

SU(4|1) multiplets (8,8,0)

o SU(4/1) supersymmetric model corresponding to the first multiplet (8,8,0) were
obtained from BMN matrix model by L. Motl, A. Neitzke, M.M. Sheikh-Jabbari,
arXiv:hep-th/0306051.

@ Our aim here is to consider (8,8,0) multiplets of the deformed supersymmetric
mechanics with respect to the appropriate worldline realization of the supergroup
SU(4|1):

(¢,¢7,y1‘],xl,>21) : (21721 ,x,fc,x”) .
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SU(4|1) supersymmetric mechanics Relation to matrix models

SU(4|1) multiplets (8,8,0)

o SU(4/1) supersymmetric model corresponding to the first multiplet (8,8,0) were
obtained from BMN matrix model by L. Motl, A. Neitzke, M.M. Sheikh-Jabbari,
arXiv:hep-th/0306051.

@ Our aim here is to consider (8,8,0) multiplets of the deformed supersymmetric
mechanics with respect to the appropriate worldline realization of the supergroup
SU(4|1):

(¢,¢7,y1‘],xl,>21) : (21721 ,x,fc,x”) .

e Two (8,8,0) multiplets have “inverted” SU(4) contents (“mirroring”): the con-
tents of bosons and fermions of the first version coincide with those of fermions
and bosons in the second one.
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The multiplet (8, 8, 0)

The multiplet (8,8, 0)

The first version of the multiplet (8, 8, 0) is defined by the SU(4|1) covariant constraints

_ = _ -1
D;d=0, P'o=0, DDy :iazJKLDKDLé,
\/iDIYJK:—EIJKL'DLi), \/iﬁJYKL:€1JKLDI(I),
(Y”)ZYIJ=§€1JKLYKL7 (@) =9,
where @ is a chiral superfield and Y77 is an antisymmetric tensor superfield. Note
that in the flat limit, when m — 0 and
0 AT = 0 .
D'=_—— —i0'9 Dj=—— +i0;0,
90, " 7T T ger T
this set of constraints becomes the set of superfield constraints defining the standard
N =38, d =1 multiplet (8, 8,0), such that only SU(4) C SO(8) is manifest.
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The multiplet (8,8, 0) Chiral superspace description

Chiral superspace description

The supergroup SU(4|1) admits two mutually conjugated complex supercosets which
can be identified with the left and right chiral subspaces:

CL:(tL761)7 CR: (tR7§J>'
The left even coordinate tr, is related to the real time coordinate ¢ via
t, =t+ o log (1 +2m9_K9K> .
2m

Then we obtain the left chiral space (i, closed under the supersymmetry transforma-
tions

801 = €1 + 2m e 0k 0; Sty, = 2ie” O .
The left chiral measure is defined as
dc, = dty, d* e, §(d¢r) =0,
/ d¢ 010,001 e*™™ = eryrr .
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The multiplet (8,8, 0) Chiral superspace description

Chiral superfield

We consider the chiral superfield ® given by the general f-expansion

im im 2 im
O (1n,0;) = ¢+\/§9KXK63 /490, AT 3 tL/2+£019J0K§IJK€9 tr,/4
_'_igIJKLGIGLIGI(OLBe3irntL7 AIJ A[IJ gIJK ES[IJK].

The superfield ® transforms as a singlet of the stability subgroup SU(4), i.e. & = 0.
Its components transformations:

5¢ _ _ \/§€KXK€3i7rLt/47
5XI _ \/551 (W) o dimt/4 _ ﬁeKAIKeSimt/47
SALT — 2\/56[1 (i).(.l] + % XJ]) o dimt/4 _ \/iEKglJKeSimt/zl’

\f eI — K (iAIJ] Lm AIJ]) g=dimt/4 _ JIKL  p Bimt/4

JIKL 5B 8\[ ( §IJK] + 321 EIJK]) o 3imt/4.
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The multiplet (8,8, 0) Chiral superspace description

Additional constraints

As the next step, we give the rest of constraints in the component level requiring the
field content to be (8,8,0). Components of the chiral superfield ® are subjected to
the additional constraints

AT = /2 (iy” . % yIJ) ’
- om _ -
ghe = —gIKE (ZXL -4 XL) ) (x") =xr,

B:§($+2im$>.

It gives the following transformations:

5 = — \/ieleesmtﬂ;’ 5@-5 _ fgfyl e*3imt/47

Syl = — 2@l le=dimt/d  JIKL o 3imt/1
o' =v2e (Z(j)) e 3mt/4 _ 9 (Zy _ % y”) e3imt/4.

.7 imt —. .. m —3imt
oxr = —V2¢; (uz)) e f/4—|—2€J (zyu—l— ?yu) g 3mt/4,
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The multiplet (8,8, 0) Chiral superspace description

The SU(4/1) invariant superfield action of the multiplet (8,8, 0) is written as

SSK:/dtLSK:—i {/dCLK(qD)—F/dCRI_(((f’)]

Its component Lagrangian reads

=1 r7. i . K 5m m?
Lsk = ¢ {dmﬁ + 58"+ g (XKXK - XKXK> - XK - 5 y”yu}
m - . . .
- T (¢6¢91 ¢8¢791) v yry 4 2im ((;S 05K — ¢8¢K)
.. m 1 /.. m _
+ E (zyu Y yu) XIXJ Opgn + E (zy” + 3 y”) X1XJ 0501
= 1 B
% <<Z5 Opg1 — ¢8$91> XK — 2 e XX KX 050391
1

eroxn X XX X" 950591 .

Y

The complex fields ¢ is corresponding coordinate of Special Kdhler manifold with the
metric

91 (6, 0) = 050K (¢) + 0505K (¢) -
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The multiplet (8,8, 0) Harmonic superspace description

Harmonic superspace description

@ The multiplet (8,8,0) has a description also in terms of the harmonic superfield
Y (2 defined on SU(4)/[SU(2) x SU(2) x U(1)] type harmonic space (E. Ivanov,
S. Kalitzin, A.V. Nguyen, V. Ogievetsky, J. Phys. A 18 (1985) 3433).

orov (BLTP JINR, Dubna) SIS’18, August 13, 2018, Dubna 18 / 32



The multiplet (8,8, 0) Harmonic superspace description

Harmonic superspace description

@ The multiplet (8,8,0) has a description also in terms of the harmonic superfield
Y (2 defined on SU(4)/[SU(2) x SU(2) x U(1)] type harmonic space (E. Ivanov,
S. Kalitzin, A.V. Nguyen, V. Ogievetsky, J. Phys. A 18 (1985) 3433).

o The analytic superspace
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The multiplet (8,8, 0) Harmonic superspace description

Harmonic superspace description

@ The multiplet (8,8,0) has a description also in terms of the harmonic superfield
Y (2 defined on SU(4)/[SU(2) x SU(2) x U(1)] type harmonic space (E. Ivanov,
S. Kalitzin, A.V. Nguyen, V. Ogievetsky, J. Phys. A 18 (1985) 3433).

o The analytic superspace

o The unitarity and unimodularity conditions are written as

o S Y e L Ly L s L
WOMK = PO Z 0, TR DT 4 2 ety (PTUDT = 0.
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The multiplet (8,8, 0) Harmonic superspace description

Harmonic superspace description

@ The multiplet (8,8,0) has a description also in terms of the harmonic superfield
Y (2 defined on SU(4)/[SU(2) x SU(2) x U(1)] type harmonic space (E. Ivanov,
S. Kalitzin, A.V. Nguyen, V. Ogievetsky, J. Phys. A 18 (1985) 3433).

o The analytic superspace

| = {tA’951+>’g(+>7:7ug+>17u<1+)i’u§—>a’u§—>1} .

o The unitarity and unimodularity conditions are written as

u(+)iu(_—>K _ 51{ u;{ )“u,(f)K 5e, u(—)au(+)1 _~_u(+)iu5—>1 _ 557
u%)au( VK _ ugj)zu(“K 0, EIJKLS u§:>lu(+)1+25ab (+)I (+)J —0.

@ The relevant analytic harmonic superfield is defined as

DIyt — o,  Diy"HP =iyt = o.

The rest of constraints can be given by requiring the field content to be (8,8, 0)
at the component level.
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The multiplet (8, 8, 0) SU(2|1) superfield approach

SU(2|1) superfield approach

e For more general construction of SU(4|1) invariant actions, it is convenient to em-
ploy SU(2|1) superfield approach. So, we split the multiplet (8,8, 0) into SU(2|1)
multiplets as a sum of the ordinary multiplet (4,4, 0) and the “mirror” multiplet
(4,4,0) (E. Ivanov, S. Sidorov, arXiv:1507.00987 [hep-th]).
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The multiplet (8, 8, 0) SU(2|1) superfield approach

SU(2|1) superfield approach

e For more general construction of SU(4|1) invariant actions, it is convenient to em-
ploy SU(2|1) superfield approach. So, we split the multiplet (8,8, 0) into SU(2|1)
multiplets as a sum of the ordinary multiplet (4,4, 0) and the “mirror” multiplet
(4,4,0) (E. Ivanov, S. Sidorov, arXiv:1507.00987 [hep-th]).

@ One can consider reducing of the SU(4|1) superspace to the SU(2|1) one. The
SU(2|1) superspace coordinates as

{t,@i,éi}7 ) =6, i=1,2
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The multiplet (8, 8, 0) SU(2|1) superfield approach

SU(2|1) superfield approach

e For more general construction of SU(4|1) invariant actions, it is convenient to em-
ploy SU(2|1) superfield approach. So, we split the multiplet (8,8, 0) into SU(2|1)
multiplets as a sum of the ordinary multiplet (4,4, 0) and the “mirror” multiplet
(4,4,0) (E. Ivanov, S. Sidorov, arXiv:1507.00987 [hep-th]).

@ One can consider reducing of the SU(4|1) superspace to the SU(2|1) one. The
SU(2|1) superspace coordinates as

{t,@i,éi}7 ) =6, i=1,2

e Choosing €1 and e transformations, we obtain the SU(2|1) supersymmetric trans-
formations:

50; = €; +2me"0,0;, 607 =& —2men0°07, St=1i (Ekek + ekék) )
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The multiplet (8, 8, 0)

SU(2|1) superfield approach

Subalgebra

The superalgebra su(4]|1) contains as subalgebra the extended su(2|1)® u(1) superal-
gebra:

O =@ - 1aiQt,  [1.Q] =80 -6a;,
]:_TQ’ [H7Ql]:3ﬂéz7
[FQ]=2@"  [RQl=-,a.

Here, SU(2) generators of su(2|1) are defined as

%ﬂ@ﬁ:Qmﬂ+m$F+%%, [mﬁﬂzﬁﬁ—ﬂﬁ
1z
iz

i i L
an internal U(1) generator of su(2|1) by the combination
ﬁ:H+%R

where F is an external U(1) generator.

S. Sidorov (BLTP JINR
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The multiplet (8, 8, 0) SU(2|1) superfield approach

Splitting (4,4,0) @ (4,4, 0)

o The ordinary multiplet (4,4,0) is described the superfield ¢* that obeys the
SU(2|1) covariant constraints

Dl =BG =0, Bt =0, (@7 = g

Here, D and D* are SU(2|1) covariant derivatives. The indices i = 1,2 and a =
1,2 correspond to the fundamental indices of the subgroup SU(2) x SU(2) C SU(4),
respectively.
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The multiplet (8, 8, 0) SU(2|1) superfield approach

Splitting (4,4,0) @ (4,4, 0)

o The ordinary multiplet (4,4,0) is described the superfield ¢* that obeys the
SU(2|1) covariant constraints
D¢ =D¥g)* =0,  Fg =0,  (¢'%) = gia-

Here, D and D* are SU(2|1) covariant derivatives. The indices i = 1,2 and a =
1,2 correspond to the fundamental indices of the subgroup SU(2) x SU(2) C SU(4),
respectively.

e Corresponding SU(2|1) constraints defining the “mirror” (4,4,0) multiplet are
written as

D'Z=D'Y = Z =
D'Z =-D'V, DY =D7Z, FZ=0, FY =Y.
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The multiplet (8, 8, 0) SU(2|1) superfield approach

SU(2|1) superfield approach

Alternatively, we can employ the construction of SU(4]1) invariant actions in the frame-
work of the SU(2|1) superfields ¢**, Y, Z. The general SU(2|1) superfield action is
given by

S = /dt 4’0 d*0 (1 +2m é’“ek) ¥ (27 7YY, qmqm) .

The metric g of target space is defined according to E. Ivanov, O. Lechtenfeld, A. Su-
tulin, arXiv:0705.3064 [hep-th] as

g=8of ==Aif,  [=f (22050 ), g=g (25000 ),
Af+0Axf=0 = Aig+2A29=0,
AL =P840k, Ao =2(0.0: 4 8,8).

Since ‘ SU(4) and SU(2|1) transformations are closed on SU(4|1) transformations ‘, we

require SU(4) invariance of the corresponding component action. Then we obtain the
equation

m (gg 120, f + xi“amayf) =0 = m(xiady —§0ia)g=0, cc
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The multiplet (8, 8, 0) SU(2|1) superfield approach

Solutions

The equation gives three solutions:

1) Special Kahler manifold metric (Chiral superfield solution)

fi==[F0.K (2) + 20:K (2)] — (“ﬁ + %) [0.0.K (2) + 0:0:K (2)],

16 4

N[ =

g1 = % [8282K(z) + 8585[( (2)] — g1 = 8¢8¢K(¢) + 85)%[? (gg) .
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The multiplet (8, 8, 0) SU(2|1) superfield approach

Solutions

The equation gives three solutions:

1) Special Kahler manifold metric (Chiral superfield solution)

fi==[F0.K (2) + 20:K (2)] — (‘”ﬁ + %) [0.0.K (2) + 0:0:K (2)],

16 4

N[ =

g1 = 5 [0:0.K () + 0:0:K ()] = g1 = 0,05 (9) + 9505 ().

2) SO(6)-invariant metric (Harmonic superfield solution)

1/ . 1 ,.
fo= i (:cmxm) log (ngj + mmxm>,

- _ | ia, \72 R, -
g2 = |29y + " Tia = g2= SV Y .
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The multiplet (8, 8, 0) SU(2|1) superfield approach

Solutions

The equation gives three solutions:

1) Special Kahler manifold metric (Chiral superfield solution)

fi==[F0.K (2) + 20:K (2)] — (‘”ﬁ + %) [0.0.K (2) + 0:0:K (2)],

16 4

N[ =

g1 = 5 [0:0.K () + 0:0:K ()] = g1 = 0,05 (9) + 9505 ().

2) SO(6)-invariant metric (Harmonic superfield solution)

1/ . 1 ,.
fo= i (:cmxm) log (ngj + mmxm>,

. —2 1 -2
gs = (2:{/@ + .Tlaﬂiia) Eir g2 = |:§ yIJyIJ:| .
3) SO(8)-invariant metric (OSp(8]2) superconformal solution)
1 ; -1 . -1
f3=— 3 (a:mxia> (222 + 2yy + xw:rm) ,
= = ia -3 1o -
gs = (2,22 +2yy +x xm> = g3= |¢p+ 3 Y oyrg
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The multiplet (8,8, 0) Superconformal Lagrangian

OSp(8|2) superconformal Lagrangian

OSp(8]2) superconformal Lagrangian of the trigonometric type contains only m? de-
formed terms:

e 1. i . K m2 [/ - 1
Leon = g3 [gf)d) + 5 gy + 5 <XKXK — XKXK) S (qﬁqﬁ + 3 y”yu”
i i g =
A $0r193 X x” — 7 3" gs X1 — 5 (¢3¢93 - ¢8a’sg3) X Xk
Z . _
v (yu x'x” 095+ 9" x1x 55;93)

. . _ 1 o
+1 (yIK aJKgs - yJK 311{93) XIXJ -3 31J3KL93 XIXJXKXL

1 -

T 24 <EUKL XXX 050595 + "7 xuxuxrxL 3558593)

1 _ AL _ 1 g
-7 (xlx‘] 9170595 + X1Xs 8”8(593) XX+ 5 050595 X Xx X -
We have eliminated all deformed terms proportional to m in Lagrangian of the third
solution by redefining the component fields as

¢ N ¢e*i7rzt/2’ XI N XI e*imt/47 (E N d‘)eimt/2’ X1 = X1 eimt/4.
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The multiplet (8,8, 0) Superconformal Lagrangian

Superconformal transformations

Since this Lagrangian is an even function of m, it is invariant under two types of
SU(4|1) transformations with the deformation parameters m and —m:

m 66 = —V2erx'e™, 8¢ =V2e xre ™,
6yIJ — _ ZE[IXJ]e—imt + €IJKL€K)_(L eimt7
o' = v2e (Z¢ + % ¢) e _9¢, (iy” _ % yIJ) efmt,
T m - im — .. m —im
oxX1r = — 26[(1¢—5¢)>€ t—|—26J(zy1J—|—?yu)e t
—m 5(}5 _ ﬁnlxle—imt7 6(]3 _ \/iﬁIXI eim,t7
5yIJ _ 277[IX.J] ety EIJKLUKXL emimt

o' =vaq' (Mi) - % <1>) et — 2, (iy'” + % y”) et

s m - —im _ .. m im
6)21:*\/5171 (l¢+5¢)6 t+277J (lyIJ*?yIJ)e "

In the closure of these transformations, we obtain superconformal algebra osp(8]2)
composed of 16 supercharges and 31 bosonic generators. This property with respect to
the deformed su(2|1) and superconformal d(2,1;a) algebras was marked in E. Ivanov,
S. Sidorov, F. Toppan, arXiv:1501.05622 [hep-th].
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The multiplet (8, 8,0): “ counterpart

The multiplet (8,8,0): “mirror” counterpart

e The mirror version of the multiplet (8,8,0) is described by a complex bosonic
superfield V7! satisfying
1 _ L
D'V’ = 2 e DV, v =o, Dk Vi) =0,

_ 1 _ _ 1 _ _
D'V, = 1 aDE Ve DV = 1 SDrVE (V) =V,

In the flat limit m — 0, these constraints correspond to the SU(4) covariant
constraints defining another form of the standard N' = 8, d = 1 multiplet (8, 8, 0).
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The multiplet (8,8,0): “mirror” counterpart

The multiplet (8,8,0): “mirror” counterpart

e The mirror version of the multiplet (8,8,0) is described by a complex bosonic
superfield V7! satisfying
1 _ L
D'V’ = 2 e DV, v =o, Dk Vi) =0,

_ 1 _ _ 1~ _
D'V, = 1 aDE Ve DV = 1 SDrVE (V) =V,

In the flat limit m — 0, these constraints correspond to the SU(4) covariant
constraints defining another form of the standard N' = 8, d = 1 multiplet (8, 8, 0).

o Avoiding calculation of the deformed covariant derivatives D' and D , we consider
instead harmonization of these constraints corresponding to the harmonic space
SU(4)/[SU(3) x U(1)] (E. Ivanov, S. Kalitzin, A.V. Nguyen, V. Ogievetsky, J.
Phys. A 18 (1985) 3433) with additional constraints given in the component
level. The relevant harmonic superfield V(+%) is defined on the analytic harmonic
subspace

{tA, gD gine (Do DT (T ug’?’)} .
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The multiplet (8, 8,0): “mirror” counterpart Harmonic superspace description

Harmonic superspace description

The superfield V+*) satisfies the harmonic constraints
'D(+4)<¥V(+3) -0 ng(+3) -0 DOV(+3) _ 3V(+3).

Here, V(+3) is considered as an unconstrained deformed harmonic superfield. The rest
of constraints can be given in the component level requiring the field content to be
(8,8,0). Skipping details, the deformed transformations are written as

621 _ 25KXIK e3imt/4 + \/inge—Simt/47
0%y = — ZEKXJK 6—31',771,15/4 _ ﬁEJX@Simt/47
. 3 _a;
ox = Nora (iEK + Tm ZK) e 31mt/4,
. 3 im
ox = —\fQEK <izK — TmzK> e t/4,

5XIJ —9&l (in] + % ZJ]) o 3imt/4 _ EIJKLGK (i;fL . % ZL) eSimt/4’

where

Y 1
(1) = z1, x)=x, X)) =x1s = 5 EIJKL XKL.
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The multiplet (8,8,0): counterpart SU(2|1) superfield approach

SU(2|1) superfields

o Again, we split the given multiplet into SU(2|1) multiplets as (4,4,0) © (4,4, 0).
The first multiplet is described by the superfield ¢# satisfying the SU(2|1) co-
variant constraints

i Sk i = i 1 i -
D¢t =0, Dt =0,  Fg'=-Z(o3)pd?, (@A) =qia.
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The multiplet (8, 8,0): “mirror” counterpart SU(2|1) superfield approach

SU(2|1) superfields

o Again, we split the given multiplet into SU(2|1) multiplets as (4,4,0) © (4,4, 0).
The first multiplet is described by the superfield ¢# satisfying the SU(2|1) co-
variant constraints

i Sk i = i 1 i N
D¢t =0, D¢ =0, Fqufi(UfS)qu, (1) = qia .

e SU(2|1) constraints defining the mirror (4,4, 0) multiplet are written as

ﬁiya _ Di}’/a _ O, Diya _ ﬁi}’/a’

FYy® = %Y“, FY® = f%Y“, (Yo)=Y,.
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The multiplet (8, 8,0): counterpart SU(2|1) superfield approach

Invariant action

The general SU(2|1) invariant action is written as

S= /dt£ - %/dt @0d0 (1+2m8"0) 1 (Y*Vara™qia)

where the target metric G is defined as

Ay =—2"0,8,, Ap=c""P0,40;5,
G=ANyf=-Asf = (Ay+A,)G=0,

Then we require SU(4) invariance of this action that gives the following conditions:

m (28af + §.G+ x“‘aiAaaf) =0 = m(Fadin —2140.)G =0,  cec.

The only solution of these equations is given by

1 a— \—1 a — 1 iA -t
F=70%) ('t 52" wia =
—3 )
Y 1, \-3
=G = (y Yo + 3 T Am,q) = (ZIZ]) .
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The multiplet (8, 8,0): “mirror” counterpart Superconformal symmetry

Superconformal symmetry

@ The metric is SO(8)-invariant and corresponds to OSp(8|2) superconformal solu-
tion. Indeed, this solution gives the same OSp(8|2) superconformal Lagrangian
and superconformal transformations are equivalent for both multiplets.
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The multiplet (8, 8,0): “mirror” counterpart Superconformal symmetry

Superconformal symmetry

@ The metric is SO(8)-invariant and corresponds to OSp(8|2) superconformal solu-
tion. Indeed, this solution gives the same OSp(8|2) superconformal Lagrangian
and superconformal transformations are equivalent for both multiplets.

@ One can see that OSp(8|2) superconformal Lagrangians have conformally flat met-
rics

- 1 4y -
gs={¢¢+§y yu} ;

G = (2121) - ,

both depending on quadratic SO(8) invariants of the same power —3.
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The multiplet (8, 8,0): “mirror” counterpart Superconformal symmetry

Superconformal symmetry

o It can be shown that the fields 2z’ and Z; can be reexpressed, by a linear transfor-
mation, through the bosonic fields yll‘]/, ¢ and ¢ of the first multiplet (8,8,0),
where I’ and .J' are indices of the fundamental representation of a different SU(4)’
subgroup of SO(8) symmetry.
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The multiplet (8, 8,0): “mirror” counterpart Superconformal symmetry

Superconformal symmetry

o It can be shown that the fields 2z’ and Z; can be reexpressed, by a linear transfor-
mation, through the bosonic fields yll‘]/, ¢ and ¢ of the first multiplet (8,8,0),
where I’ and .J' are indices of the fundamental representation of a different SU(4)’
subgroup of SO(8) symmetry.

e Quadratic SO(8) invariants are related as

— 1 ’

P + 5 yI 7 Yy g = 2’z = inv.
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The multiplet (8,8,0): counterpart Superconformal symmetry

Superconformal symmetry

o It can be shown that the fields 2z’ and Z; can be reexpressed, by a linear transfor-
mation, through the bosonic fields yll‘]/, ¢ and ¢ of the first multiplet (8,8,0),
where I’ and .J' are indices of the fundamental representation of a different SU(4)’
subgroup of SO(8) symmetry.

e Quadratic SO(8) invariants are related as

— 1 ’

P + 5 yI 7 Yy g = 2’z = inv.

o It means that superconformal Lagrangian of the SU(4|1) “mirror” multiplet is
equivalent to superconformal Lagrangian of the first multiplet for another SU(4|1)’
superfield approach. Both supergroups are subgroups of OSp(8|2).
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Summary

e We have shown the existence of two non-equivalent “root” multiplets (8, 8,0) of
the deformed A = 8 supersymmetry associated with the supergroup SU(4|1).
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e SU(2|1) superfield approach provides a general construction of SU(4|1) invariant
actions.

e From the standpoint of SO(8) R-symmetry both (8,8,0) multiplets can be con-
sidered to be equivalent.

o We constructed OSp(8|2) superconformal action with an R-symmetry enhanced

to SO(8).
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Summary

Summary

e We have shown the existence of two non-equivalent “root” multiplets (8, 8,0) of
the deformed A = 8 supersymmetry associated with the supergroup SU(4|1).

o We presented their various world-line superfield and component descriptions, as
well as the corresponding invariant actions.

e SU(2|1) superfield approach provides a general construction of SU(4|1) invariant
actions.

e From the standpoint of SO(8) R-symmetry both (8,8,0) multiplets can be con-
sidered to be equivalent.

o We constructed OSp(8|2) superconformal action with an R-symmetry enhanced

to SO(8).

Thank you for your attention!
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