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Introduction and motivations

A spiky index from accelerating black-holes

Spindles at the horizon

m spindles ¥ = \WC[P[I,,_MH show up at the horizon of
accelerating supersymmetric black-holes?
m Field theory dual: N =2 QFT on X x S§* with AR
R Ry _1(1 1) _
such that {0 = L [, dA® = J([L £ 1) =

ny

m R =Xt = Xon 5 7 o = twisted index

O f(R):Xf

Applications of QFT on orbifolds

Holography, dualities, topological invariants

— Zy g1 = anti-twisted index (SCl on S?)

?Ferrero, Gauntlett, Ipifia, Martelli, Sparks, ‘20
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Supersymmetric three-orbifolds
@00

General Procedure: Killing Spinors

Let x € [x1, %], p,% € [0,27), m,n=1,2,3 and i,j = 1,2, as well as

ds® = §ppe™e" = fz(x)dx + ci(x)dpidpj € C, 1=, @r=1,
dp, =V (%dso + dw) ,
22

30,0:{Q 0} x K = (v#0 = ko(wdy + 04) €C,  Ligu =0, (1)

det c
C22

1 2
e = —fdx, e =

€= te%("‘z“a”‘"“'/’)(U17 —w), mo = \/\/LKKb F kow+/det c/co satisfies KSE:

(Vi —iA¢ = _2_1H’Yu§ — iV - 2_15Wp V"yP¢ (2)

Topological twist/anti-twist selected by the value of w € C. Same for E
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Supersymmetric three-orbifolds
(o] le}

Geometry of topologically twisted ¥ x St

We have x € [-1,+1], ¢, ¢ € [0,27), limxs41 f — ni/+/2(1 F x) and

ds® = fdx + (1 - XZ)(dgo — Qdyp)? + B2dy?,
Xoxt = % /{ dxd\/gz R — % + ni_
A€ _ Gedp er asdy X(;f/f%/’), az €2,
V = —iHdy, A=AS+ gv, R = j dz—i‘: - X;“’ = ’% (3)

Same Q of TTl on S2. Analogous expressions for anti-twisted ¥ x S?.
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Supersymmetric three-orbifolds
[efe] ]

Geometry of non-trivial fibrations over spindles

Lin,,n_1(n,1): x €[0,7/2], p,9 € [0,27), £(0) = —b1, f(7/2) = —bz and

el = —fdx, € =bib(2f) 'sin(2x)dp, € = %(A(l) + d¢),

AY = pfF2 (n_t_b% sin® x + n+t+b§ cos’ X)dgo, nyt- —n_ty =1,

) . kobib> ~ ..
Ciup= \/2"(t_b1 - [1 + (n_by + ny by)(2F)~sin (2x)],

a2d<p + a3d1/} n t+b2 —t_b n+b2 —n_b

C p—
A= 2 IR Fr
o=ty —t_, az= %, F(O)Zlhrbz, 1?(71/2):n,b17
V = long expression, A=A+ gV, — / dAY = n+n, (4

For instance, ged(n ty, ny) = k; signals a C/Z, singularity at x =0
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Localization on three-orbifolds
0000

Localization and cohomology

Supersymmetry transformations as a co ological complex
Let Lx = X*D,, and ¢ = B( + (C/v){ with B = Ctp/v and C = (3. Then,

sp=C,  OB=F+ilso, 8% = —2i(Lk + Gog),
LK:K‘LDH :L‘,K*iqRCDR, ¢R:LK[A7(V/2)]7iVH,
Q%X = *iq)(; On¢ X, ¢G = LKA(; — iVO', (5)

Cohomological localization

1-loop determinant computed via either eigenvalue pairing or index theorem :

_ _ »—SlBpP
Z = / chassicalZI—L7 chassical = e ! S;
holonomies

fluxes
_ detxerip (Lk + Go.) ies?

 detker 15 (L + Gog)

Zi <— equivariant index of Lz wrt g = e~
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Localization on three-orbifolds
[o] le]e)

Localization on topologically twisted ¥ x S!

S =06A=061=0
BPS gauge field: A = A,(x)dy + Ay(x)de. Let ¢ € C and
Ao(£1) = my/ng, with nym_ —n_my =m € Z. Then

dA m if A ~ =

= 51 1 — _ ,__ _ F _
/{ 271 nen_’ € € U(1), ¢lsrs = dlsrs |BPS |eps =0,
A

f/0—x2)

oleps = (i/8)[~pe + wA, + Ayl, Dlpps = — (6)

Eigenfunctions of Lk in Ker L,3 contributing to Zi.

Regularity of ®,_ n, (x, @, v) = ei"“’*"“”wwqbnw,,w (x) € Ker L requires:

Imqbnwnw — (1 _X)(2m+—2n¢n+—r)/4 = n, < \‘m;i(r/z)J’ (7)
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Localization on three-orbifolds
[e]e] o)

1-loop determinant on ¥ x S! with arbitrary twist

Chiral-multiplet 1-loop determinant

(q(b+1)/2y—p. q)

cM __ —p\(26—1+5)/4 (1—g)(b—1)/8 '

it = 1] (~v) q DAy gy 0 (8)
(q Y7 q) o

PERG

with s = +1 corresponding to twisted and anti-twisted spindle, respectively, and

py =my —s(r/2), p- =m_ +(r/2),
H_p_ﬂn s n
b_lﬂ{mJ {_&J’ C _ Hp+]]+7
ny n_ n_— ny
W, @ _ g M me
YR = 4X75 5 Y6 = —¥6 5 .
g= g2 y = CIC/2eZ7T1(rw+qc“m)7 (9)

SClis=—landn_=n, =1 TTlon S* s=+4+1land n_ =n, =1.
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Localization on three-orbifolds
oooe

1-loop determinant on general fibrations over spindles

Chiral-multiplet 1-loop determinant

On Ly, .n_j(n,1) with vortex lines m+ /n+ and fiber holonomy e*™ih/n e 7,

UL, o [k
Zlc_ﬁ\/l _ 2€J_(j1,h) Lb [ [
Jgkll;IN 3€J4 (j1,h) [% (k + %) + b(é—’_ %) + 2% -

(k+2)+b(e+2)+ 2 + 1]

iy
n
LU]’
n

(10)

where b= /b1 /b, Q= (b"" + b), h = h—m and
u= qcx/ﬁ{oc Jri(mb—l+ + mb—;)} +i(r — 1)%,
J=(,0) = {jo =0,...,(n=1) : [nxjol, = [ni + ], }, (11)
with
m n: =1 and m = 0: 1-loop on the squashed Lens space!

m n =1 and m = 0: squashed sphere's double-sine function

Himamura and Yokoyama, ‘12
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Conclusions
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Large-N limit and holography

Entropy function for accelerating and rotating black holes

SBH = Ahorizon/(4Gada) = 7 |critical Wrt flavour fugacities ¢, where

rank(Gg) rank(Gg)
S =logZsya+1 Y $aQu—iel, Z Dox =2m, (12
a=1

with Q.=flavour charges, J=angular momentum, € = 27w

Large-N factorization in gravitational blocks

For a quiver theory with U(N) gauge groups?, such as ABJM:
lim log Zy , 51 —>5—55, thzz—\@N”2
N—oo € € 3

AFAFATAE,  (13)

where V2N°/2/3 ~ G, it and AL = ¢, +ef7*R /2.

2Colombo, Hosseini, Martelli, Pittelli, Zaffaroni ‘24
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Conclusions
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1-loop determinant on topologically twisted ¥ x T2

Chiral-multiplet 1-loop determinant

4d spindle index on twisted X x T2:

T (q(1_b)/2y—p; D, q)

(14)

zM= 1] e

02y =r; p q)
= Fe(qUt®)/2y=r;p, q)

with W = poly®(vr,v6)/(wT), y = gauge/flavour fugacity, a3, s € Z and

(pq/u;p,q)., w s s
(P9 WEGTTE T

p= eZﬂ'i‘f" q= e27‘riw. (15)

Fe(u;p,q) =

52 x T? corresponds to n_ = n; = 1. What about anti-twist on ¥ x T2?
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Conclusions
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Refined Seifert index in 4d: 1-loop determinant on L| (n,1) x St

ny,n_]

Chiral-multiplet 1-loop determinant

On Lpp, .0 j(n,1) x St with vortex lines m4 /ny and holonomy E0 g 77

_ (+i)/n_(1+i)/n_—p.
o 2miwCM T L HieJ+(j,p(h)) (‘71 ) z7" qu, ‘72)oo
zitt =] €™ ] , ., (16)
: I K/n i/ 7.
pERG j=0 ked_(@,p(p)) \ 91 2 2741, Q2 -
where z = e2™9676HR) 0, € Z, h=h—m, m=n,m_ — n_m, and
Grz = e2miwre ezwnﬁ/bm7 R = w1 tw2 %7
2n 2
Y6 = _wimy Fwom- a0, ™% ¢ (1), (17)

2n

generalizing the refined Lens index (n+ =1 and m = 0) and the 4d SCI (n=1
and m = 0)
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Conclusions
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Discussion

m General solution of KSE for a large class of three-orbifolds

Exact partition functions on any S* fibration over ¥ with any twist
Exact partition function on topologically twisted ¥ x T2
Refined Seifert index in 4d

Large-N limit of the spindle index = Spu of accelerating black holes

m Large-N limit of the 3d refined Seifert partition function — NUTs and
spindle bolts in AdS4?

m Large-N limit of the 4d spindle index — Sgn of accelerating black strings?

m Large-N limit of the 4d refined Seifert index — orbifolded sugra solution in
AdSs?
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Conclusions
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THANK YOU!
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