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Why Study 6D SCFT's?

e Nahm: Maximal SCFT dimension is six

e Degrees of freedom # particles (but it’s a QFT!)
e QFT of M5-branes is a 6D SCFT

e Compactification = 5D /4D /3D /2D Theories



Focus: (1,0) SCFTs

Conformal Symmetry: so(6,2)
Supersymmetry: 8 (Q’s and 8 S’s

R-symmetry: su(2)r



Studied since the 1990’s

Many groups:

Witten '95; Strominger '95; Ganor and Hanany '96;
Seiberg and Witten '96; Bershadsky and Johansen ’96;
Brunner and Karch ’96; Blum and Intriligator '97;

Intriligator '97; Hanany Zaffaroni "97;

But: Even now, still viewed as “mysterious”...



Classitication of 6D SCFTs



Classification of 6D SCFTs

* 6D SCFTs can be classified via F-theory

* Nearly all F-theory conditions can be phrased
in field theory terms

6D SCFTs = Generalized Quivers




Classification of 6D SCFTs

* Looks like chemistry
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What 1s F-theory?

Vafa 96

I1B: R%! with position-dependent coupling 7 = Cy + ie~®

T2




6D Theories and F-theory

Vafa '96, Vafa Morrison, 1/II '96
All known 6D theories have F-theory avatar®

IIB: R>! x By with pos. dep. coupling 7(z5)

T2 — CY,;
F-theory on R>! x CY; |
Bs

*up to subtleties involving frozen singularities, see Lakshya Bhardwaj’s talk



(Geometric Picture

Singularities in base = strings (D3 / P!)

Singularities in fiber = particles (7-brane on P!)



Tensionless Strings in F-theory

e Realized by D3-brane on collapsing CP*
Tension = Vol(CP') — 0

" 1 (C]P)l
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SCFT Limit

Start: A smooth base B>

End: To get a CFT, sim. contract curves of By



Example: All (2,0) Theories

Witten 95, Strominger 95

Type IIB on C?/T'apE

Resolution Involves:

Bouquet of CP!’s

1 1 .
CP; NCP; = —Dynkin,;,

Note: CP; NCP; = —2
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-DN CBQQQO



Classification of Bases

The Base Quivers have a very simple structure!



Strings from D3 on a P!

—> N Y = String Charge

(which must be integer > 0)




Particles from D7’s on a P!

3 <n <12 = always have gauge fields

(elliptic fiber is singular: Morrison Taylor "12)




Minimal Gauge Algebras



Fiber Enhancements

508 C7
3 4
+ 8y, 8, & + 2 fundamentals
507 €6
3 4
+ 2 spinors + 2 fundamentals
SuU3 508

3 4



Examples

508 508 508 508
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SUo 507 SUo



6D SCFTs and Homomorphisms



6D SCFTs and Group Theory

« Large classes of 6D SCFTs have connections to
structures in group theory

* The correspondence has been verified explicitly



M5-Branes Probing C*/T'sApE

R5-1 C?/TapE




M5-Branes Probing C*/T'sApE

Ar_q: SUE SUp SUy
SUug 2 | 2 | 2 Sug
Dk .
502,509 SPr—q 5021 SPp_4 S02k SPL_4

S00k 2 | 2 s09 —» S02k 1 4 1) 4 ) 1 sog



Nilpotent Deformations

e Matrix of normal deformations ® characterizes
positions of 7-branes

» View intersection points of CP'in base as
marked points

 Can let adjoint ficld ® have singular behavior
at marked points = Hitchin system coupled to
defects:

04D = Z,u(p)(S(p) F+ (I) (I)T Zﬂ(p)é(p)



Nilpotent Deformations

e Split pc = ps + pn, consider nilpotent part (iy, ,
get sus algebra:

J1 = uc J_:,ngj J3 = R

* Adjoint vevs o ~ ,u@%
2

= C(lassified by Hom(su(2), g)

(equivalently, by nilpotent orbits J )



6D SCFTs and Hom(su(2), Ax_1)

Hom(su(2), Ax_1) labeled by partitions of k:

suy SUy SUy
suy 2 2 D e o o

SUy SU3 Sy
2 2 2 e o o

sus suy SUy
Sug | 2 2 2

SUoy SU3
2 2 2 e o o

SuUo SUy SUy
| 2 Y2 ) 2
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Partial Ordering of Nilpotent Orbits

0,>0, 0,50,

= A

ST ol >3 vl Ym

1=1 71




Nilpotent Hierarchy Matches RG
Hierarchy!
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6D SCFTs and Hom(su(2), Dy)
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6D SCFTs and Hom(su(2), Fg)
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Nilpotent Orbits and Global

Symmetries
Consider nilpotent orbit O,, € g

Let (1) be subgroup of G commuting with
nilpotent element

Claim: F'(u)1s the global symmetry of the 6D
SCFT associated with O,

E.g. €6 Su3 €6

suy 4 1 3 1 §

Slo €6

507, 2 1 0



6D SCFTs and Hom(I'ap

EaES)

* Consider M5-branes probing Horava-Witten wall
and C?/T" 4p g singularity

R5-1 C?/TapE

e Boundary data ~ flat Eg connections on S°/I'apg

~ HOHI(FADE, Eg)



6D SCFTs and HOm(FADZE,Eg)

 For trivial boundary data, get 6D SCFT:

g ¢ g g
¢ 1 )22 )«-012,9
N———
N

* For non-trivial boundary data, global symmetry 1s
broken to a subgroup

g ¢ g g
g 1 ) 2 )2 )--+02,9
\— e —

N



6D SCFTs and Hom(I'ap

E.g. T4,, Hom(Zs, Es):
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Classification of Hom(I'apg, Es)

« A, case: done (Kac ’83)
« FEg case: done (Frey ’98)
e Dy, case: open!
« Eg case: open!
» E7 case: open!



Classification of Hom(I'p , Eg)

« Hom(I'p_ ~ Dic, o, Eg) are uniquely labeled by a

nilpotent orbit of D,, together with a simple Lie
algebra!

e Eg. I'p. = Eg:

5P, $010 SPy 010

s014( 1 (3)1[4)++ <> 5Py + 11

$010 $P; 5010

5P5 3 1 4



6D SCFTs and Group Theory

« Large classes of 6D SCFTs have connections to
structures in group theory

* The correspondence has been verified explicitly



Implications for 6D SCFTs



Implications for 6D SCFTs

* There 1s significant evidence for the a-theorem

(and an 1nfinite collection of other c-theorems) in
6D SCFTs

* Connections to group theory provide a proof in
certain classes of RG flows

* We speculate that a full classification of RG flows
among 6D SCFTs 1s possible through these
connections to group theory



’t Hooft Anomalies in 6D SCFTs

* Anomaly polynomial calculable for any 6D SCFT

Ohmori, Shimizu, Tachikawa, Yonekura 14

I = OzCQ(R)Z + 5CQ(R)p1 (T) + YP1 (T)2 -+ 5p2(T) -+ ...

* Trace anomaly related to 6D Euler density

1= (L) amis.

* Can be expressed in terms of anomaly polynomial:

azg(a—ﬁﬂ)m

Cordova, Dumitrescu, Intriligator 15



Candidate (-Functions

. . . \ \
Linear Combinations: C' = M - & anomaly

Given a CFT, look for numbers C' such that:

Cuv > Crr



Two Deformation Types

Complex Structure Deformation / Higgs Branch

DJ—

+ 1 fundamental

Expand a curve in base to large size / Tensor Branch

€7

@ —_— e7

+ 1 fundamental




“When in doubt, use brute force.”
—Ken Thompson



Results of Sweep
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Tightest bounds from simplest theories!



Tensor Branch Sweep
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Nilpotent Orbit SCFT's

* Can relate anomalies to data of nilpotent orbit

a—12z rzfrj—l—2 1)—27}2

SUp; SUpy, SUpg Sl B=N — 1 — — Z 2
2 2 2 2 — 1 7
ifi +30(N —1
SUp | SUp, | SUf SUf, 7= 240 (2 ZL:T i+ 30( )>

1
b= ——5 (er + 60(N — 1))

1

Cremonesi, Tomasiello 15

* Adpy ~ —Ao ~ —Adp

* Allows for proof of a-theorem for these flows



Summary and Future Research

e So far...
6D SCFTs have been classified

» There are remarkable relationships between 6D
SCFTs and two classes of homomorphisms

* There 1s strong evidence for c-theorems 1n 6D
* In the future...

* Can we classify full set of 6D RG Flows 1n
terms of group theory data?

* Can we prove a-theorem 1n full generality?



