Title: TBA
Date: Dec 15, 2015 11:00 AM

URL.: http://pirsa.org/15120039
Abstract:

Pirsa: 15120039 Page 1/37



Pirsa: 15120039

Strongly Coupled Phases of N = 1 S-duality

Ben Heidenreich (Harvard)

1210.7799 — Garcia Etxebarria, Wrase, BH
1307.1701 — Garcia Etxebarria, Wrase, BH
1506.03090 — Garcia Etxebarria, BH
& forthcoming

Page 2/37



Pirsa: 15120039 Page 3/37




Pirsa: 15120039 Page 4/37




Pirsa: 15120039 Page 5/37




Pirsa: 15120039 Page 6/37




Pirsa: 15120039 Page 7/37




Pirsa: 15120039 Page 8/37




Pirsa: 15120039 Page 9/37




Pirsa: 15120039 Page 10/37




Pirsa: 15120039 Page 11/37




N =1 Version

C*/Zs

iy 62777,/32,2
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Weak check — Anomaly matching

SU(3)3

SU(3)?

USp(N + 4) x SU(N)

SN(N +3)

SU(3)? x U(1)r

SU(3)2 x U(1)r

%ﬁ(ﬂr +3)-6

* U1}

U1

[y

N(N +3) — 33

U(l)r

U(1)r

-9

Match for Ny = Ng + 3
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Strong check — SCI results

Expand int¢ :
Tso@)xsum (t, f) =14+ 2% (x0.2(f) + xa,0(f)) + ...

1448 (Ko + Xag) 4 th (2X0.4 + 2X2,0 + Xa,1 + 2X4.2 + Xs.,0) + e84, (Xo.2 + Xa.,0)

Ft2 (44 8X0.6 + X1,4+5X0.2+3Xs,8+2X4,1 +3X4.4 + X2 +4Xe.0 + Xo.3 + X711 +2Xs.2 + X12.0)

i r.':.r. (2X0,4 +3X2,0+ X2,3 +2X3,1 + 3X4,2 + X621 + Xu,0)

} !.l; (64 J2)Xo2+4X08 ~ X1,0+4X1,3 42X 16+ X201 +11X2,4 +3X3,2 45X +9Xq,0+ JaXa0 +6X4.3 +5Xa6
5Xs1 +4Xg4 +10Xg.2 + Xon +4X7 3 +4Xg 1 +4Xg a4+ Xo2 +4X10.0 + X103+ X110 + 2X12.2 + X16.0) 4 fﬂ-fi (4 4+ 4Xp.8
X1 +aX1 44 12X0 042X~ Xa o+ TXaa+TXa10 +TX4,4 +4X5,2 4+ 8Xg0+3Xg,a+4X71 +4Xy2 + X101 + X12.0)

fl{l( 2Xp1 +4(3 4 J2) Xo,a+5Xo10+8X15+4X1.8+10X2.0+ 502 X2,046X2q +JaXa g+ 18Xe 6 +6X31 +3J2X351
FAIXg 4 +8Xq r + 23X 2+ 8J2X52 413X 8+ TXea~2Xp50+16X5 s+ TXg 0+ 10Xg 1+ JaXg1 +21Xg.4 +2Xg 7 +0X5 4
.“\ﬁ'r_.-, FldXg o+ 2o Xy o + 11 Xg g +6Xg 6 +8Xg ) +0Xg 4 +12X 192 +2X 108+ 4X 31,5 +4X 10 +4X12.4 + X132
b A% kao + Hingd Bipa B3 %xan b Hapin) + 3T T Ko+ X o)+ Ty (14K 3 + 5000+ 8Xo. = K64 17Ki8 + 0% 10

11X9,1 +32X2,4+4Xg,7 + 18X3,9 + 17TXa.n8 +22X4,0 + 26X4,3 + 12X4,6 + 20X5,1 + 15X8 4 + 31 Xg.2 + "TX6.5

X704+ 14X7 3 4+ 14Xg, 1 +9X8,4 +6Xg2 410X 10,0 +4X103 +4X 11,0 +4X12.2 + X140 + X16,0)) + ...

= Tsp8)xsu(a)(t, f)!
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Cusps

IQSU

L=t

A gso e

A: accidental SO(Ng —4)  Clearly
A # B!

B: accidental SU(Npg)




Cusps

o fm

‘)/\4 9su B

A gso o

A: accidental SO(Ng —4)  Clearly
A # B!

B: accidental SU(Npg)




Bulk Dual H3(S%/Z,Z) = Z,

[H3]
USp(2k + 4) x SU(2k)

> .
r N

O

\'r—> —1/7

R O > [F3]
SO(2k) x SU(2k+4) | §0(2k— 1) x SU(2k +3)
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Beyond Orbifolds
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D3 branes at dPy
4

1 2

W = € X1 Xo3 X% + € X0 X4 X
+€; X12X 33 X34 X34
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T-dual description

(Nal)v (Na_l)

X R?
(N,0)

- )

D5 branes NSS5 branes
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Tiling dictionary

chiral matter: superpotential:
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NS5 position on T = modulus

4 — 2 —1 = 1 modulus

RN

translations BPS condition
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moduli frozen to 0, %

24;42_1 — 92 positions

half period shifts ~ €ven# NS5s
per O35

irsa: 15120039 Page 24/37



Pirsa: 15120039



O5 charges

rel. signs
fixed by
involution

NSS5 brane here
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SU(N —4) SU(N)

Z

)
SU(N + 4)

20usSsan

;

W = Er,;jBiAjY + %GZJXAZZAJ

Anomalies, SCI match for Ng = Ny — 2
SU(2) x U1)2 x U(1)g N e 2Z + 1
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Partial Resolution
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Quad crossing —> strong coupling!
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Deconfinement

O—
Z

USp(N — 4) SU(N)

USp(N + F — 4)

22

J——
SU(F) SU(N)

W = PQZ + T P? W =0
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T —

W =A142Z +YPQ +TQ*Z

Accidental USp(2M) D SU(M) is conserved
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T —

W =A142Z +YPQ +TQ*Z

Accidental USp(2M) D SU(M) is conserved
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W=A14:Z+ A1) YX +YPQ+TQ*Z

Hidden SO(2(M + )) U (M + 4) in the IR!

et

age 40 of 45
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[H] € Z;
@Il @Il @I @III,
@l OI; O, O],

o, O @I, OI;

Ol @I @I, @I

>
++ 4+- -+ ——  [FleZ

irsa: 15120039 Page 36/37



Indices agree for S-dual theories

X d 318
i +2ﬂ+ 8

I}(10) =1+ lfy—f’t(1 204) +...
+ [J1 B+ 7X2 +4X4) — 2J3 (1 4+ X2)] t° +
. — 5+4¢€
=AZ(11) + O(°™) ...180 terms!

& disagree when there is no S-duality

313
-17+ 35+ 5
(1.294)

—13+ 25+ 232

I7(10) =1+ b2y =5t + b3y X1t ) 4ge +...

£

—12+ 84+ 82

IE(S) =1 -+ b%yu4t(1,021) ¢ - (1 + X2) tz -+
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