Partition Function of superconformal CS Theory by Fermi Gas Approach
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i Summary - We stud|ed the partition function of N = 4 superconformal quiver Chenr Simons theones in I\/I theoreﬂoal region".

(M2 branes in non-trivial background) (without k& — o0)
‘\
i} + Applying Fermi Gas formalism, we analysed grand potential J = log Z e“NZ and explicitly obtained

- All-order perturbative correctionsin 1/u and k

i + Two kinds of non-perturbative corrections, "worldsheet instantons" and "membrane instantons".

+ Non-trivial cancellation of divergences among instanton correction
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N _= 4 quiver Chern-Simons Theory branc Consilciion
| [Gaiotto-Witten, Hosomichi-Lee-Lee-Lee-Park, Imamura-Kimura] ABJM  (k,1)5-brane NS5-brane

h - Characterized by M signs:
{sa}oly = {(+1)®, (=1)P, -, (+1)%m, (=1)Pm}

l’ - Field Contents: k
{ U(N), vector multiplet: (A}, o, A%, D®) level: ko = 5(5‘1 ~ Sa-1) N =4

matter: (Y% ¥y, Fy), (X, ¢%,F%) bifund. of UN)k, x U(N)k,, Sq = +1— (k,1)5-brane
=—-1— NSb5-brane

Partition function by localization [Kapustin-Willet-Yaakov]

localization locus: ¢® = diag(\,,;), D® = diag(—Aq4,), others=0

T Zi1e0p of vector multiplets
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'Fermi Gas formalism [Marino-Putrov]
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1-particle Hamiltonian:
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Merits: with [@Q,P] =ik (h=27k) |

- k — 0 (compremental against 't Hooft limit) is easy
: "classical limit"!

- Very quick derivation of F' =~ N%

In inverse trsf. integration is dominated by ,u* s.t.

TfTree mez‘héds of analysis:

k 1/p
1. Volume inside Fermi surface: | perturbative perturbative —> Zpert(N) = eACT5AI(CT5 (N — B)) with explicit form of B, C
2. WKB expansion: perturbative non-perturbative —> A, O(e™")in J(u) :we call "membrane instanton”
. . . . K .
3. Direct calculation of Zj (N ):|non-perturbative | non-perturbative —’ O(e k) in J(u) :we call "worldsheet instanton"



Here we restrict on the cases of
{sataly = {(+1)%, (=1)*}

For general N=4 quiver, please ask me.
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- Semi-classical H is calculated by Baker-Champbell-Hausdorff formula:

‘ H = _qU T pT + U:log2coshg T:log2cosh£ E: large
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Method 2. WKB expansion of J o / dQdP
2mh Sum over n
' For ABUM(qg=p=1) - Each coefficients in i -expansion can be integrated
“\ . 1yt R by the formula /dx 1 _ Var r[g] generalized hypergeometric series
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Expand around ¢ = OO

Example of results:
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Method 3. Direct calculation of Z;(N)
- X(q) =2,%(p) =1, k is fixed to an integer ——» possible to calculate trp" recursively with n

oo

- Read off ((Zx(1), Zg(2),- - - ) from J = trlog(1 + e/p) = Z "N Zp(N)
N=0 Results:
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* Flt Wlth . _ Jr’fonzpert IUIT;I- e—ﬂ + O(e—Qﬂ), Jr]fongpert 56_% + 0(6_%)7
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to determine unknown coefficients (v, - - - ) . "worldsheet instantons”
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Cancellatlon of divergences among non- perturbatlve effects
| Philosophy: + The coefficient of "worldsheet/membrane instanton" alone may diverge at some k
“\ + Matrix model itself is well defined, so must be finite. But how? [Hatsuda-Moriyama-Okuyamal
U —> Ans: Atsuch k. however, the exponents coincide and divergences cancel.
Demonstration:
+ Extraporate the results in Method 2 and 3:
Jrrlr(l)erzlm;)éine — k2 |: 4 + (k — 2) + - _:|e—,u + i Both has pole at k = 2 ,
w2 s but sum up into finite value.
- 4 21+ p _
k2 Lr(k —9) ( - ) + ]6 B+ —> finite Jpon pertm Way 3. is reproduced!
_ e - . e — It |

E— == i ==  ___ _— —
‘Eu_tur_e_WQ[ks_ - Extend to more general theory ( Method 2 and 3 for general N =4; N =3)
| - SUGRA interpretation for { quiver-dependence of A, B

"instantons"
\J + Directry mterpretate non-perturbative effects from the or|g|nal Chern-Simons theories




