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¢ Exchanges monopoles
W-bosons

e Comes from S-duality of
Type 1IB

v




¢ Exchanges monopoles
and quarks

¢ Infinitely Strongly
coupledatT =1




at coupling 7 l

at coupling 7/ = 1/(1 — 7), SU(2) C Eg is gauged




W-boson,
etc.
F-theory 7-brane
of type E6
D3 -
vx




SCFT[Eg)

a 3-brane probing F-theory singularity

of type Eg.

Gauge symmetry on 7-brane
— Flavor symmetry on 3-brane

Motion transverse to 7-brane
— Vector multiplet moduli u,

Motion parallel to 7-brane
— free hypermultiplet, discard

Conformal when v = 0, dim(u) = 3

Family of Seiberg-Witten curve is the
elliptic fibration of F-theory.
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u of SU(2) : dim = 2,

u of SCFT[Eg] : dim = 3




e Flavor symmetry: U(6) = U(1) x SU(6) l

e SO(2) acts on 1 flavor = 2 half-hyper of SU(2) doublet
e SU(2) C Eg is gauged

e SU(2) x SU(6) C Es is a maximal regular subalgebra




Normalize s.t. a free hyper in the fund. of SU(IV) contributes 2 to k¢
3 x2g
J(x)J2(0) = n e N——

-2z,

A bifundamental hyper under SU(INV) x SU(M)
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— ksy(v) = 2M,

ksynry = 2N
ksu@e) = 6 I




SU(2) C Eg central charge:

SU(2) + 4 flavors SU(2) + 1 flavor + SCFT[E6]
4x , Ix ,
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SU(2) C Eg central charge:
SU(2) + 4 flavors
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SU(2) + 1 flavor + SCFT[E6]
4x

i

W@m

1x

&

'\/\/\/\Q\/\/\/\/ =< j” jv%—ee
hyper
ﬁ <J”JV%CFT[E6] = 3 <J"JV%ee hyper
'\A/\A@\A/W = <-]”]V>SCFT[E5] =6
=} [l E = vae




Ee6

(=)

[m]



okU(1)=3X6=18

.kU(1)=2X1><q2 —q=3




Argyres & Seiberg studied the SW curve on the both sides, and found

Curve of SU(3) theory with generic masses Z m;Q'Q;
att — 1 '

D Curve of SCFT[Eg] with masses to SU(6) C Fs
[ won't (can’t) explain it today ...



o dim(tr ¢?) =2, dim(tr¢*) =4
e kso(12) = 8

o dim(tr ¢?) = 2 from SU(2), dim(u) = 4 from SCFT[E7]
e SU(2) x SO(12) C E;
* ksu@)ce, =8




More examples [Argyres-Wittig]

g w/r =g w/ ¥ & SCFT[d:bh |

1.|sp(3) 14&@11-6 = sp(2) [6: Eg]

2. |su(6) 2051551555-685-6 = su(5) 565510510 [6: Ej)

3. |so0(12) 3-32332' ®4-12 = so(11) 3-32 [6: Eg]

4. | Gy 8-7 = su(2) 2 [6:sp(5)]

5. |so(7) 4-8®6-7 = sp(2) 5-4 [6:sp(5)]

6. |su(6) 219219205646 = su(5) 10®10 6 :sp(5)]

7. |sp(2) 12-4 = su(2) [4: E7]

8. |su4) 2-606-496-4 =su@3) 2-3®2-3 [4: B

9. |s0(7) 6-8®4-7 =Gy 47 [4: B
10. | so(8) 6-8®4-8®2-8" = so(7) 6-8 [4: E7
11. | s0(8) 6-8®6-8 = Gy [4: B ®[4: B
12. | sp(2) 6-5 = su(2) [4:sp(3) & su(2)]
13. | sp(2) 4-494-5 = su(2) 3-2 [4:sp(3) @ su(2)]
14. | su(4) 10010®2-452-4 = su(3) 333 [4: sp(3) @ su(2)]
15. | su(3) 6-396-3 = su(2) 2-2 [3: Eg]
16. | su(4) 4-6d4-4d4-4 = sp(2) 6-4 (3: Eg)
17. | su(3) 3435656 =su2) n-2 [3:8]

Table 2: Predicted dualities with one marginal operator.
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Advertisement [Aharony-YT]

Central charges:
(T)) = a-Euler +c- Weyl?
calculable for SCFT[Es 7] using
e SU(3) w/ 6 flavors < SU(2) + 1 flavor + SCFT[Es]
e USp(4) w/ 12 flavors < SU(2) + SCFT[E7]
We performed holographic calculation for SCFT[Es 7 g]

G|Es E; FEg
k| 6 8 12
24a | 41 59 95
6c|13 19 31

It was done before publication of [Argyres-Wittig]
Perfectly agreed ! Power of string theory.
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o Argyres & Seiberg studied the story on the Coulomb branch side.

¢ | wanted to know the Higgs branch side of the story.



Objective

o Argyres & Seiberg studied the story on the Coulomb branch side.
e | wanted to know the Higgs branch side of the story.

« | have two friends who are experts on hyperkahler things !
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Mapping of operators:

m; = qi('jj > M;
b’il'iz""iN - eiliz...ile...jN,lejzijf_Nc
l;iliz...iNf < €qpigenin g1 .jN,ﬁjljz"'jN’
Mapping of constraints:

mgzbil.nm] =0 (ti;"q[iaqull T d
—_— M;lBil--"iN’ =0
etc.
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an] = 0)
(M;Qza‘ =0)
o < = 9ac
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{F=0,D=0} {F=0}
G =
Basically:

Gc
e List gauge-invariant chiral operators
e Impose F-term =0

e Study the constraints



{FA =0,D4 =0} _ {FA =0}
G - Gc

W =Q®Q — FA=t,.Q°Q"
FA = D = 0 imposes 3 dim G conditions
/G removes another dim G

e — |oose 4dim G dimensions



4x3x6—4dimSU(3) =40

4 x 247777 — 4dim SU(2)




D3 brane absorbed into the 7-brane

—> becomes an instanton of type Eg !
Center of mass along the 7-brane
decoupled .

W-boson,
etc.
F-theory 7-brane
. ) of type E6
dim(centered k-instanton moduli)
=4hgk — 4 D3
—
Ox
k=1, hg, =12 — dim =44 \
=} [l E = A




4x3x6—4dimSU(3) =40

4 x 2+ 44 — 4dimSU(2) = 40




i _ iSa
M = QLQ

ijk] _ _abcyi ~i Ak
Blikl — ca °Q* 1Qk
- 20 o
Bliji] = €abeQ7 Q; Q5
Lots of constraints.

222 —» Need to know more about the Eg instanton moduli space.
But how? We don’t have ADHM for exceptional groups...




One-instanton moduli

e Any one-instanton of G is an embedding of
the SU(2) BPST instanton via SU(2) C G

e Space equivalent to a subspace of gc, minimal nilpotent orbit
Gc - T”, p : highest root

e Equations explicitly known. Just quadratic. [Joseph,Kostant]
e Let V(a): irrep with highest weight o, and gc = V' (p).
e Decompose

Sym’V(p) =V(20) ® T

then
{Gc TP} ={X € gc|] X®X)|,=0}
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One-instanton moduli of SU(2)

e Equations explicitly known. Just quadratic. [Joseph,Kostant]
e Let V(a): irrep with highest weight o, and gc = V' (p).
e Decompose

Sym*V(p) =V(20) ® T

then
{Gc- TP} ={Xege| X®X)|;=0}

e Parametrize su(2) by x13

e Sym’3=5@1
o 2+ 22+ 22 =0:just C?/2,.
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X € adj(Es),

X® X)|I =0
e We couple SU(2) gauge field & to X.

Xt

e Convenient to decompose under SU(2) x SU(6) C X
i Yo[jjk]’
o Superpotential is W = #*PZ,3.

Z(ap)



Operators

SU(3) + 6 flavors Q°, Q.
« M; =Q,Qf — trM, M;
o BH = ¢*QiQ]Qk,  Biijm = eancQ7 Q505

!

SU(2) + 1 flavor v, ® +SCFT[Es]
o Xi, YIH, Zg
e F-term=0 —> Z(aﬁ) + 'U(aﬁ,e) =0

e M = eaﬁvaﬁg
° B[zyk] — Ea,B,vaYﬁijk/ E[zgk] — Eaﬁ’ﬁangk
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BUM = cQiQlQt B = cun@9020;
B['L_’]k] — Eaﬁvayﬁijk B['L_’]k] — eaﬁﬁaYﬁ’ijk
U(1) charge of Q: 1 — U(1) charge of v: 3 J

* kyqy) =3 x6=18 I

e ky) =2 x 1 x (charge of v)? — chargeof v = 3

[m] = = =




(X ® X)|, = 0 where Sym* V(p) = V(2p) & T I
e We decompose X = (XJ’:, Yo[fjk], Z(ap))

e Decompose Z under SU(2) x SU(6)
 Coefficients laboriously fixed

u]
it
N)
o
0)



Constraints

1 1 ikl
0=X%Zap+ ;Yo Yjup)
0 = X't ¥jjkpias
0= X{ilYszk]}l,

0 = Y% Zg,e*? + XUy IH1,

0= (Yo’meklmﬁeaﬁ - 4X[z[kXJ]”) 0,1,0,1,0°

, 1.
0= X*‘X"*; — gézjx’“lx‘k,

0 = V9%V, p5e*P + 2823 Z 5™,
0= X"X7; +3ZopZys56*7e°.
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Z(ap) + V(abp) = 0.

MJ = X;I, tr M = e*Pu,ip
B['ij] — Eaﬁvaygjk

iAo 1
. 1. M!M;? = ~6*M™M™
0=X,ZX;?——5;XFX}6, ik 2 i n T tme
R ~ri A 2
0= X;X:Z + 3ZaﬁZ76€a7€ﬁ67 —_— M;MZ = E(tl’ M) )
0 = Y925, + X[ YIM! MBI = %(tr M)BiK,



Constraints

. . 1 .
W = Q'eQi — QiQY - 385005 =0 —

1 . R g
MM, = - (tr M)M, MY BMI = 3t M)Bi*,  etc.

NIINT = SN
NN = 1(trM)2
it T 6 v

~rli k:l'_l ikl
M}'B lﬂ_a(trM)B yeus
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o Argyres-Seiberg duality reviewed.

 Higgs branches compared for Eg — Perfect agreement !




e Other cases E7 ?

o Argyres-Seiberg duality reviewed.
 Higgs branches compared for Eg — Perfect agreement !

e String theoretic realization of the duality

CO» <Fr CEr «E=Er» E VAR
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