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Q1. Introduction



Sd N=1 gauge theory at Coulomb phase

“IMS Pl'epOteIltial” [Intriligator, Morrison, Seiberg "97]

= Perturbatively 1-loop exact
= Locally cubic due to gauge invariance

- Coefficients of the polynomial changes at the
point where the massless particle appears



IMS PrepOtential [Intriligator, Morrison, Seiberg "97]
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k : Chern-Simons level
R : Root of the gauge group, W, Weight of the gauge group
f : Label for the hypermultiplet, my¢ : Mass of the hypermultiplet



Question

How about ‘““non-perturbative effect” ?

What if the instanton particle becomes massless?

Conventional Answer (?)

No instanton effect
if
mo > [(@i)], |my]



Conventional Discussion (?)

5d theory on S! (circumference )
Instanton factor: e °™ — 0 (as 8 — o0)

No instanton effect in Sd gauge theory
if mo>0



Conventional Discussion (?)

5d theory on S! (circumference )

Instanton effect is suppressed by:

e—ﬁ(m(ﬁ—( linear combination of <¢i>amf)) — 0 ( aS 6 — OO)

No instanton effect in 5d gauge theory
if mo > ()], Imy



Question

How about ‘“‘non-perturbative effect” ?

What if the instanton particle becomes massless?

Answer in this talk

There is “non-perturbative effect” if we write
down the prepotential for whole parameter region,

-

“Complete prepotential”



Does it make sense to consider the region

1
mo = <07
2
gy M

# YES in the following sense

UV
Sd SCFT

IR
RG flow
Relevant e.g. mo > 0 Sd SUSY
deformation —> gauge theory
Relevant —»  Another gauge theory

deformation €& 770 <0 or a Non-Lagrangian theory

Nicely described by (p)q) S-bl'ane Web [Aharony, Hanany, Kol "97]



How to compute the prepotential for

1
mo = <07
2
gy M

- Based on (p,q) 5-brane web
OF
0p;

(Monopole tension)

(Area of D3-brane in the web)

- Global symmetry at UV fixed point
Add “non-perturbative terms” to the IMS prepotential so that
the prepotential 1s invariant under the Weyl group of the
expected global symmetry at UV fixed point
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(p, q) 5-brane web diagram

[Aharony, Hanany '97]
[Aharony, Hanany, Kol '97]
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E1 SCFT (UYV fixed point)

mo > 0 mo < 0
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E1SCFT (UV fixed point)

mo > 0 mo < U Non-Lagrangian theory
( s (Not gauge theory)
SU(2) gauge theory

(discrete theta angle )
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(Area) = a(mg + 4a)



COHIplEte pl’6p0tential for E 1 theory c.f. [Morrison, Seiberg *97]
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IMS prepotential ~ “‘Non-perturbative correction”

from “‘instanton particle”

(BPS particle with instanton
charge 1 at Coulomb phase)

3
mo || + (mg terms) a> 0

c.f. [Closset, del Zotto, Saxena '18]

D1-brane:
instanton particle

Flop Transition

L g
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Global symmetry at UV fixed point
for SU(2) gauge theory with Nsflavor  (seiverg o6

SO(2Ny¢) x U(1); C En,41
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How can we see the global symmetry E; = SU(2)
from prepotential?

Weyl reflection of Eq [Aharony, Hanany, Kol *97]
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“Invariant Coulomb branch parameter”: a = a + gy

[Mitev, Pomoni, Taki, Yagi *14]
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Prepotential is invariance under the Weyl reflection of E;



SU(2) with Ny=1 flavor, E;=SU(2) x U(1)

Weyl Reflection of E>: (7,y,a) = (—x,y, a)
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Agree with the complete prepotential computed from the area

[H.Hayashi, S.S.Kim, K.Lee, F.Yagi ‘17]
c.f. [Morrison, Seiberg '97]



Complete Prepotential for 5d rank 1 SCFT

(SU(2) with Nr flavor)
Ny
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Observation 1

F(Complete) _ F(IMS) for mg > ‘a|’ ‘mf|

IMS prepotential is reproduced in the weak coupling region

Observation 2

F(Complete) _ F(IMS) for a > ‘m0|7 ‘mﬂ

The case mg = m¢ = 0 is included
( f

IMS prepotential is reliable up to CFT point
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Complete Prepotential for Sd Sp(2) with Ny=9 flavor
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Observation 1’
F(Complete) — F(IMS) for mo > ‘CLZ", |mf\

IMS prepotential is reproduced in the weak coupling region

Observation 2’

1
p(Complete) — p(IMS) _ 6(&2 —mg)®  for a; > as > |myl, |my]

(Especially, F(Complete) — F(IMS) — %ag?’ for mg = mys =0 )

IMS prepotential is NOT reliable up to CFT point!



Diagramatic interpretation

mo \ mo > ap > az(> my)
Qpeveeennneeeees IMS prepotential is valid

a,2 ............

by %

0 05~ 05" 05~

* No modification for prepotential

a2< ay > mg > az(> my)

1
* Need to add non-perturbative correction — 5 (ag —mg)®

moaz .......... a/]_>a/2>m0(>mf)
: “CFT phase”: IMS prepotential is not valid
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Conclusion

We should add non-perturbative
correction to the IMS prepotential
in order to understand the CFT
realized at the UV fixed point



Thank you!



