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Grand potential of CSM

The grand potential Ji(u) turns out to be useful for discussing

instanton effects.
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For ABJM theory,
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= 1/N corrections [Fuji,Hirano,Moriyama]
J,inp) (tef) consists of instanton contributions. There is a relation
to topological string theory on local P! x P! [Hatsuda et al.]
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Question: Is this a general story?
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OSp thEOI'y [Hosomichi et al.]

Consider OSp theory, a generalization of ABJM with
e \V = 5 supersymmetry,

e gauge group O(2N); X USp(2N )2, (k€ 2Z)

e 2 bi-fundamental hypermultplets.

OSp theory is an orientifold of ABJM theory, describing M2-
branes on a background dual to an orientifold in Type IIB.

Despite the large SUSY, its non-perturbative effects have not
been investigated so far.

= Interesting to determine J;(u) including instanton effects.

= How general is the relation to topological string?

We find [MS]
0S

TP () = JEBM(/2) — log 2,

where JE](/L) is the duplication of J _(u).




How to compute J;(u)?

1. Fermi gas formalism

The grand partition function =;(;) can be written as

(See [Hatsuda,Moriyama,Okuyamal)

[Marino,Putrov]

[MS]
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where ﬁ+ is a projector acting on eigenstates of g.

The definition of =;(u)

Zu(2) =) 2V Z(N)

allows us to evaluate Z;(/N) exactly for small k£ and N.



2. Ansatz for Ji(u) = J,ipert)(,u) + J,inp)(u):

Ch

T (1) = 1+ Bijit Ay, T () =3 falp)e™ .
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where f,(u) are polynomials of p.

3. Numerical fitting
Choose parameters in Ji(u) s.t.
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is realized with (incredibly) high accuracy.



Our results

Zi(N) for for small £ and N:

1 —24T7 —2v2 4 (8 = 5V/2)7
Zi(1) = —, |Z,(2)| = Z
20 =15 1ARlI= == 146)- P
36 — 41 + (=25 + 161/2)7?
1Z1(4)] = > :
81927> 2
1 -84 —8 — 32+ 1ln
Z5(1)| = —, |Z:(2)| = ——, |Z:(3)| =
192 — 56072 — 38473 + 1777
|Z5(4)] = . :
15728647
3v2 —2v/3 6+ (3—2V6)m
| Z3(1)] = 1 Z3(2)] = :
24 1927
23| = 54v/2 + 60v/3 + (40 — 135v/2 + 544/3)
’ 1382411
Z41)] = 1188 4 36(9 + 10v/6)7 + (— 4721+24o\@+864\/§+972\@)7r2
’ _ 6635521 2 3
1 — T 78 — 1217* + 367
Zi(D)| = —, |Z4(2)] = Z4(3)| =
2= T5p0 1242) = 1024 Tz 1A i' 14745673
876 — 41487% — 20167 + 10537
| Z4(4)] =

1887436874 ’



54+ 2v/5++/5

—10+ (5+4V5 — 45+ V0)7

1z = —— 7 15 i ,
2,3)] = 250 + 60v/5 + v/5 + (625 + 52v/2 — 100v/5 — 64+/10 — 150v/5 + /5)w
3200027 ’
Zu(1)] = —3+2v3 Zu(2)] = —216 + (209 — 108y/3)7?
48 7 4147272 ’
Zu(3)] = (1944 — 4752+/3) + 14407 4 (—9171 4 5398+/3) 7>
59719682 ’
Zu(4)] = 16860 — 13670072 4+ 19080073 + 2074137 — 810007°
754974720075 2 ’
2| = =z - A B VAT
Z(3)| = —600 + 3247 + (2242 4 2016+/2) 72 + (—1431 — 144+/2)73
471859273 ’
Zu(1)] = 9 —+/3m Z0(2)] = 702 — 124/37 4 (—1561 4 864+/3) 7>
4327 24883272 ’
Z(3)] = 17982 — 2106+/37 — 27(4585 4 864+/3) w2 + (45684 + 3679\/5)773.
2 3224862727

Phase of Z;(N) is
Zu(N) = (=)™ Zu(N)].




Jp(p) for small k:
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The general structure is
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absent for ABJM

“Odd instanton” terms can be resumed as
g{odd MB) (1) = _ ylodd MB) (1) = llog 14+ 2v/2e * + 4e 2
k=1,3mod8 k=5,7mod 8 8 1 — 2\/?6_“ N 46_2“7
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Relation to ABJM

Some observations:

e The perturbative part satisfies

J]?Sp(pert) (,U 4 7T_Z) 4 J;)Sp(pert) (,u . 7-‘-_2) _ J?BJM(pert)<lu> . 10g 9

2 2
e By this u-shift, odd instanton terms cancel:
e~ HD(+E) 4 —H)-F) _
= We find

OS
TP () = JEPM(1/2) — log 2,

including non-perturbative terms.

J,S Spl2 (1) is the grand potential of the duplicate quiver:
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Explicitly,
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This s originally for orbifold theories. [Honda,Moriyamal]

OSp theory is related to ABJM theory
(and topological string theory)
through the duplication of the quiver diagram.
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Summary

® We have determined the grand potential of OSp theory includ-
ing non-perturbative terms.

® The results are similar to ABJM theory, but interesting dif-
ferences (e.g. odd instantons, phase factors).

e We have found a simple relation to ABJM theory in terms of
the grand potential.

Future directions

e General constraints on the grand potential of CSM.

(modular invariance?)
e WKB analysis of OSp theory.
® Deeper understanding of the relation to ABJM theory.
e Several deformations.
e Wilson loops.

e ctc.
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