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Review ofArgyresDouglas theories



Review oArgyresDouglas theories

AN = 2 Superconformatheories (SCFTSs)

ADescribe the low energy theory special locon the Coulomb branch
of genericN =2 theories

AAt these special loci, monopoles and electrically charged particles
simultaneously become massless






Simplest AD theory

ASupersymmetric U(1) gauge theory + electron + monopgtei

AAD point on the Coulomb branch #f = 2 SU(2) gauge theory with
1 doublet hyper [ArgyresDouglas “95]4rgyresPlesserSeibereg A G G Sy Wdp 6

AOften called as thé?y theory



AH y has asingle Coulomb branch operatwiith scaling dimension

Acentral chargesvere computed byshapereand Tachikawan 2008
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Minimal 4d theory withv =2 SUSY

AH , is believed to be theninimal 4dsuperconformatheory with 8
supercharges

Add N =2 SCFTs obeyaaalytic lower boundn their central charge

[LiendeRamirezSeo 15]
c> il
— 30

AH o theory saturates this bound



AD theories from type |IB

AAD theories can be obtained bgmpactificationof type 1B onC'Y3
with anisolated singularity

CY3CC4ZW($1):O
dW =0 Zﬁ ZU@'ZO

AGives a(G, G') classification of AD theorigSecotiNeitzkeVafa'10]

Wi(x,y,z,w) =Wa(z,y) + Wg (2, w) =0



AWea(x,y) is thesuperpotentialdefining ADE singularities

Wa,(z,y) = 2" +y°
Wp, (z,y) = 2" 1 + 29/
Wie(2,y) = 2° + y*
W, (z,y) = 2° + 2y’




AD theories are Nehagrangian

Almpossible to write ananifestly Lorentz invariantagrangiarwith
electrons as well as monopoles as elementary degrees of freedom

ATherefore AD theories aieherently nonperturbative

ATheirCoulomb phasés well understood; much less is known about
their conformal phase

AHow to compute theipartitions functionon S%, S2 x S! etc?



N =1 Lagrangiaor H, theory



q

q

/

SU(2)

2

2

W = trqdq+

AThe term in red is irrelevant in the UV

Aln reality it is

and therefore can not be ignored
[MaruyoshtSong 16]

AThis theory reproduces theentral chargesnd coulomb branch aoff,



ACentral charges of supersymmetric theories exact functions of the
R—charge [AnselmiFreedmanrGrisaruJohansen 97]

9 3 3
a = S_QtrR — 3—2tI'R

9 3 5
C = S—QtI'R — 3—2tI'R

AThescalingdimensionof gauge invariant chiral operators can be
obtained fromtheir exact IRRcharges

Ao = 2Ro




Aln N/ =1 theories axial U(1) symmetries genericatlyith the R
symmetryalong the RG flow.

Rir = Ryv + > _ a;A;

AThe mixing coefficients;; havert@ximize the central charge
[Intriligator-Wecht 03]

AThere is ammxial U(1) flavor symmetmynder which the various fields have
charges given by

q:%, q’:%,(I):—l,M:—G



ANaive amaximization for the/ ; Lagrangiateads to

Aqge <1

AFor gauge invariant operatorspitarity in conformal field theory
requires

Ap > 1

AThe inequality is saturated if and only(¥ s a free field



Alt must be that Tr®2 decoupled (as a free fiellom the interacting
CFT

AWe have taremove this decoupled operat@nd remaximize a
[KutasovPanachew{ I KI 1 el y Qn

AFinallyg gets maximized at a point wheredRarge of A/ is given by

4
RMZE

ACharges of other fields can be fixed by requiring-EgrRmetry to be
non-anomalous and that each term Iin tiseiperpotentialshould have
R-charge 2



AAt the fixed point of the abovéagrangianve therefore find that
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Aln particular, we find that

ARecall, thafor H



A The central chargesmatch with that of thelr,  theory

A Gauge singlefi/  plays the role of the Coulomb branch operator

AClaim: The aboveagrangiarexperiences SUSY enhancement and flows
to the H, theory inthe IR



AWe can use the aboueagrangiario compute thefull A = 2
superconformalndex(SCI) of{

ATheSchurand Macdonald limitef the SCI of various AD theories
were previously obtained by using 4d/2d correspondence
[Bucanrb A A KA YL 1 Qup 6 -®ha¢'BYy 3 Qm

AThese corresponding limits of tiseiperconformaindex computed
from the Lagrangiammatch the above results

AWhat about other AD theories?



Lagrangianfor generalized AD theories



AN =1 deformationof anN =2 SCFT
AN =2 SCFT : SU(2) gauge theory with 8 fundamentalyalrs(Q )
AThis has an SO(Bjvor symmetry

ADeform this by introducingauge singlet chirahultiplets (A7) in the
adjointrepresentation of SO(8).

ACoupling is through superpotential W = tr M QQ



ASwitch on anilpotent vevfor M : (M) = p(c™)

[GaddeMaruyoshiTachikawayan 13] [PAong 13]
[PABahMaruyoshiSong 14][PAntriligator-Song 15]

Ap is the choice anSU(2) C SO(8) , such that

(8)sos) = (T 1)sy(2)

AThis is called thprincipal embeddingn math literature



Alntegrate outthe quarks that get masses
ADecouplethe multiplets containing Goldstonbosons

ATheeffectivelLagrangianso obtained flows to theld,  theory, after
removing the operators that hit thanitarity bound




LY 3JISYSNIf Xo

A N = 1deformations of the SU(N) gauge theory with 2N fundamental
hypers

AThisN' =2 SCFT has an SU(2N) flavor symmetry

A Introduce a gauge singlet chimralultiplet M in the adjoint
representation of the flavor symmetry



AConsider the effective theory obtained after giving a nilpotemtto M/
(M) = p(c™), p: SU(2) — SU(2N)
ATheSU(2embeddingdnto Lie Algebras were classified Dynkin

AFor SU(2N), the SU@nbeddingsare in oneone correspondence
with integer partitions of 2N

AThe choice of integer partition tells us how to decompose the
fundamental representation of SU(2N) inteepsof SU(2)



APrincipal embedding :(2N) sy 2n) = (2N)sp(2)

AThe resulting theory flows to an IR fixed point that describes the so
called(A, Aoy 1) type AD theoriegmaruyoshiSong 16]

AWhat about other SU(2) embedding?



ACther than sporadic occurrences, only one other SU(2) embedding
gives AD theory at the fixgabint [PAMaruyoshiSong 16]

(2N)su@en) = (2N =1 & 1) g9

AThis flows to the(A1, D2y) type AD theory



AWe can also consider similar deformation of the= 2 SCFT based ¢
SHAN) gauge theory with (4N+4) hduypers

AThis has an SO(4N+4) flavor symmetry

AThe deformations to be studied are therefore labelled by SU(2)
embeddingof SO(4N+4)



APrincipalembedding: (4N + 4)so(an+4) — (AN +3 @ 1) g (2)

AGvesan N = 1 Lagrangiarthat flowsto the (A;, A>x) type AD theories
[MaruyoshiSong 16]

AWhen p: (4N + 4)30(4N+4) — (AN +1 @23:1 1)5U(2)

AThe resultind_agrangiamlescribes 4,, Don.1)  AD theories
[PAMaruyoshiSong 16]

AOtherembeddingsdo not give anything interesting other than
sporadically



Deformations of SU(N),
Nf=2N

A Here we only list deformations
that give

A Other deformations give

These are necessarily fixed
points with ¥ =1 SUSY

4d N =2 SUSY

SU(2N) | p: SU(2) — SU(2N) a c
[14] 2 1 Yes; N. =2, Ny =4
SU(4) 3, 1] = 2 Yes; (A1, Dy) AD th.
4] = 3 Yes; (A;, Az) AD th.
[1°] 8 g Yes; N. =3, Ny =6
SU(6) [5,1] % g Yes; (A1, Dg) AD th.
6] = g—i Yes; (A;, As) AD th.
[15] % 3—61 Yes; N. =4, Ny =8
2,19 Trigi | s ?
SU(8) [4,4] N L ?
[7,1] 2 g Yes; (A1, Dg) AD th.
8] o 32 Yes; (A1, A7) AD th.
[110] % 7—61 Yes; N, =5, Ny =10
5,1°] TiRsrss | tomsis ?
SU(10) 5,3,1%) 20101713 | 12200856 !
[9,1] = 2 Yes; (A1, D1g) AD th.
[10] 2 23 Yes; (A1, Ag) AD th.
[112] B I Yes; N. =6, Ny =12
[4° Tisssi | ooi0n ;
SU(12)
[11,1] sl 5 Yes; (A1, D12) AD th.
[12] 807 L Yes; (A1, A11)AD th.




4d N =2 SUSY

SU@2N) | p: SU(2) — SU(2N) a c
[14] = % Yes; No =2, Ny =4
SU(4) (3,1] " 2 Yes; (A1, Dy) AD th.
[4] = E Yes; (A1, Az) AD th.
[16] 2 n Yes; N, =3, Ny =6
SU(6) [5,1] o z Yes; (A1, Dg) AD th.
@ 5 = Yes; (Ay, As) AD th.
[1%] e 2l Yes; N, =4, Ny =8
2,19 TFioi | s ’
SU(8) [4,4] B Lo ?
7,1] o 2 Yes; (A1, Dg) AD th.
8] oI 32 Yes; (Ay, A7) AD th.
[119] % 7—61 Yes; N. =5, Ny =10
5.1 ooty | et ?
SU(10) 5,3,1°] Si0i71s | 12200880 ’
[9,1] % 1—63 Yes; (A1, Do) AD th.
[10] 2 = Yes; (A1, Ag) AD th.
[1'2] . I Yes; N, =6, Ny =12
£ p | aE ?
SU(12)
[11,1] % % Yes; (A1, D12) AD th.
[12] % e Yes; (A1, A11)AD th.




SU(2N) | p:SU(2) — SU(2N) a c 4d N =2 SUSY
[14] = % Yes; No =2, Ny =4
SU(4) (3,1] = 2 Yes; (A1, Dy) AD th.
[4] 4 1 Yes; (A1, Az) AD th.
[16] » - Yes; N. =3, Ny =6
SU(6) [5,1] o z Yes; (A1, Dg) AD th.
[6] = = Yes; (A1, As) AD th.
[1%] e 2l Yes; N, =4, Ny =8
2,19 731 | sy ?
SU(8) [4,4] B Lo ?
(7,1] = 2 Yes; (A1, Dg) AD th.
8] oI 32 Yes; (Ay, A7) AD th.
[119] % 7—61 Yes; N. =5, Ny =10
5,1 e | o :
SU(10) 5,3,17 25087 | 52001000 ?
[9,1] % 1—63 Yes; (Ay, Do) AD th.
[10] 2 z Yes; (A1, Ag) AD th.
[1'2] . I Yes; N, =6, Ny =12
] | 8% i
SU(12)
[11,1] 2 8 Yes; (A1, D12) AD th.
[12] % o Yes; (Ay, A11)AD th.




4d N =2 SUSY

SU@2N) | p: SU(2) — SU(2N) a c
[14] = % Yes; No =2, Ny =4
SU(4) [3,1] " % Yes; (A1, Dy) AD th.
[4] 4 1 Yes; (A, A3) AD th.
[16] 2 i Yes; No =3, Ny =6
SU(6) [5,1] o z Yes; (A1, Dg) AD th.
[6] = = Yes; (A1, As) AD th.
[18] e 8 Yes; N. =4, Ny =38
[2,1° 71| st ?
SU(8) [4, 4] e o ?
7,1] o 2 Yes; (A1, Dg) AD th.
8] oI 32 Yes; (Ay, A7) AD th.
[119] % 7—61 Yes; N. =5, Ny =10
5.1% ?
SU(10) 5,3,1%] 2101715 | 13300856 ’
[9,1] % 1—63 Yes; (A1, Do) AD th.
[10] 2 2 Yes; (A1, Ag) AD th.
[112] S I Yes; No = 6, Ny =12
] e | 8% :
SU(12)
[11,1] % % Yes; (A1, D12) AD th.
[12] 31 o Yes; (Ay, A11)AD th.




Deformations ofUS§2N),Nf =4N+4 (hathyperg

A Here we only list

deformations that give

A Other deformations give

. These are
necessarily fixed points
SUSY

with A/ =1

SO(AN +4) | p: SU(2) = SO(4N +4) a c 4d N =2 SUSY
18] = I Yes; N =1, Ny =8
32,12] 5 2 Yes;(A1,Dy) AD th.
SO(8) [4,4] = [5,13] i 5 Yes; (A1, D3) AD th.
[5 3] 6349 3523 9
) 13872 6936 )
[7,1] g - Yes; (A, Ay) AD th.
[1'2] i o Yes; No =2, Ny =12
[42 22] 105027 61145 2
50(12) ! 59536 29768 ’
(9, 1°] o Yes; (A1, Ds) AD th.
(11, 1] o " Yes; (A, As) AD th.
[116] 2 = Yes; N. =3, Ny =16
[5 111] 109031 123889 2
) 27744 27744 )
18250741 10440877
50(16) [57 33’ 12} 5195568 2597784 !
(13, 13] e : Yes; (A, D7) AD th.
15, 1] 2 o Yes; (Aq, Ag) AD th.




SOM4N +4) | p: SU(2) — SO(4N +4) a c 4d N =2 SUSY
(18] = : Yes; N. =1, Ny =8
32, 17] 5 2 Yes;(Ay, Dy) AD th.
SO(8) [4,4] = [5,1°] i 5 Yes; (A1, D3) AD th.
[5 3] 6349 3523 9
) 13872 6936 )
[7,1] g - Yes; (A1, Ay) AD th.
[1'2] i o Yes; No =2, Ny =12
[42 22] 105027 61145 2
50(12) ? 59536 29768 )
(9, 1°] o Yes; (A1, Ds) AD th.
(11, 1] o . Yes; (A, As) AD th.
[116] o = Yes; N. =3, Ny =16
[5 111] 109031 123889 2
) 27744 27744 )
18250741 10440877
50(16) [5’ 33’ 12] 5195568 2597784 !
(13, 13] 5 : Yes; (A, D7) AD th.
15, 1] 2 o Yes; (A;, Ag) AD th.




4d N =2 SUSY

SOM4N +4) | p: SU(2) — SO(4N +4) a c
23 7 . — —
18] o B Yes; N. =1, Ny =38
SO(8) [4,4] = [5,1°] i 5 Yes; (A1, D3) AD th.
[5’ 3] 163384792 % !
[7,1] e - Yes; (A, Ay) AD th.
[1'2] i o Yes; No =2, Ny =12
[42 22] 105027 61145 2
50(12) ? 59536 29768 )
(9, 17] o Yes; (A1, Ds) AD th.
(11, 1] o " Yes; (A, As) AD th.
[116] o 2 Yes; N, =3, Ny =16
[5 111] 109031 123889 2
) 27744 27744 )
50(16) [ 5’ 337 12] 158129550576481 12054947(')78831 7 ?
(13, 13] & : Yes; (A, D7) AD th.
15, 1] 2 o Yes; (Aq, Ag) AD th.




SOM4N +4) | p: SU(2) — SO(4N +4) a c 4d N =2 SUSY
(18] = : Yes; N. =1, Ny =8
32,17] 5 2 Yes;(Ay, Dy) AD th.
SO(8) [4,4] = [5,1°] i 5 Yes; (A1, D3) AD th.
15, 3] 163384792 2332 !
[7,1] e - Yes; (A, Ay) AD th.
[1'2] i o Yes; No =2, Ny =12
105027 61145
SO(12) [42> 22] 59536 29768 !
(9, 1°] o Yes; (A1, Ds) AD th.
(11, 1] o " Yes; (A, As) AD th.
[116] o 2 Yes; N, =3, Ny =16
[5 111] 109031 123889 9
) 27744 27744 )
18250741 10440877
SO(16) 5, 37, 12} 5195568 2597784 !
(13, 13] 5 : Yes; (A, D7) AD th.
15, 1] 2 o Yes; (Aq, Ag) AD th.




Deformations of SO(Nt =2N4 (halthyperg

A No organizing principal
behind the cases with
rational central charges

A No correspondence with
N =2 SCFTs

Sp(N —2) | p: SU(2) — Sp(N —2) a c 4d N =2 SUSY
4 19 5 : _ _
Sp(Q) [1 ] 12 3 YeS, NC = 4, Nf =4
2 10111 5381
2,17] 7056 3528 !
6 65 35 : _ _
Sp(g) []. ] 24 12 Yes, Nc—5, Nf—6
325 341
[41 12] 192 192 !
Sp(4) (18] a3 g Yes; N, =6, Ny =8
Sp(5) [110] s s Yes; N. =7, Ny =10
[112] = & Yes; N. =8, Ny =12
Sp(6) 22 18] 589093 329335 o
1 80688 40344 :
4, 18] 13065 7085 o
: 2312 1156 '
[114] 8l 4 Yes; N. =9, Ny = 14
2 14 59094550 129141025
Sp(7) [5°, 1] 10978707 | 21957414 !
375975613 | 406255085
6,37, 2] 72745944 72745944 !
[116] I & Yes; N, =10, Ny = 16
[42 92 14] 389 53 ?
14 48 [§ )
5p(8) 52, 32] 30593927 16735805 2
1 4642608 2321304 '
52, 4,12] 28118905 3828919 ?
™ 4348848 543606




AThe deformations ofV' =2  gauge theories based on SU(IS)ia)d
gauge groups, together give all the AD theories of type A,,) and

(AlaD’n)

AHowever, the AD theories have a much richer classification
ATo begin with there are AD theories of typds, 4x) (@ndD,,)

ATherefore an immediate question is to look fagrangianfor these
more general classes of AD theories



AA partial solution was reported #rXiv:1707.04751 in collaboration
with A. Sciarappa and J. Song)

AAlso see related worla¢Xiv:1707.0511B8by Benvenutiand
Giacomelli

Al 2y aNRS NJ LINE & SNIDA y 3
following N =2 quivers
(N)—(2N) —---—(mN — N) — [mN]

AThese flow td A,,,—1, Anm—1) type AD theories

ADeformations corresponding to other SU&hbeddingsof SUMN)
do not give anything interesting




A(A2m—1, Danm+1) type AD theories can be obtained from principal
deformation of

(SO(2)]—Sp(N)—SO(AN+2)—Sp(3N) —- - ~—Sp(2mN—N)—[SO(4mN +2)]

A(A2p, D, (v_2)+ 5 ) type AD theory can be obtained from principal
deformatlons of

SO(N)— Sp(N —2) — SO(3N —4) — Sp(2N —4) —
.- — Sp(mN —2m) — [SO2mN + N — 4m)]



Aln addition to the above quivers, we also found that

1[—(k+1)—(2k+1)—...—(mk—k+1)—

mk + 1

and

Sp(N) — SO(4N + 4) — Sp(3N + 2) — SO(8N + 8) —

.= 8p((m—1)2N +2) + N) —| SO(4m(N + 1)) | ~

Ny (I'm,,'mk:a S )

m(2N+2)
Dm(2N+2)

ud

AQuivers withUSgn) flavor symmetries usually do not give rational

central charges



Deformations of general = 2 SCFTs

AWe can always consider = 1 preserving deformations oVany
SCFTs with global symmegy

ACouple tog - Adjoint chiralmutliplet M via W = TruM
Ay is the scalar in the curremhultiplet for G

ATurn on a nilpotentevfor M



Deformationof generalNV =2 SCFTs
A Here we only list deformations that give

Tov 0 Residual Flavor Tir|Tuv, pl
(IN .k, F) N 0 (AN-1, AN4k—1) theory
(IN—Ny2, F) | [N —1,1] U(1) (Ay, Dy ) theory
Eig 0 Hy
Fs SCFT D- SU(2) H,
D, SU(3) H,

[PAMaruyoshiSong 16]

Sp(n) SQCD with Ny = 2n + 2| < | (I2n41,—2n+1, F) AD theory

A Interesting Duality:

(Al’ D2‘7'2-+l) AD the()ry




Tirv 0 Residual Flavor Tir|Tuv, p|
E- ) Hy
E; SCFT Es SU(2) H,
Az + 34, =i €= G5
Eq ) Hy
E7(as) SU(2) 0= 135, C= 3=
Es SCFT | Eq(as) SU(2) a= %7 c= 1
Az + Ay | SU(2) x SO(7) | a= %55 ¢ = 35576
Ay SO(1) | a= 515590 €= 5105

[PAMaruyoshtSong(unpublished)



