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1. Introduction

e ()-background

e 4D spacetime fiber on internal base space is twisted by the action
of spacetime rotation.

e used to regularize the IR divergence in instanton calculus
(giving mass terms to the instanton moduli)

e breaks all of translation symmetry and preserves a part of rotation
symmetry

e also preserves a part of supersymmetry



e (2-background with Nekrasov-Shatashvili(NS) limit

e Only the fiber of 2D subspace is twisted.
e 2D Poincaré symmetry is recovered.

e Unbroken SUSYs are enhanced.

e well-defined BPS spectra

o effective 2D theory <+ integrable systems

[Nekrasov-Witten], [Bulycheva-Chen-Gorsky-Koroteev]|, etc.

e quantization of SW curve



Here we consider the Q2-deformation of A/ = 4 super Yang-Mills
theory

e Maximally supersymmetric gauge theory

e More BPS objects, e.g. quarter-BPS dyons
[Bergman], [Lee-Yi], [Hata-Hashimoto-Sasakura], etc.

e Montonen-Olive electric-magnetic duality



2. N =4 super Yang-Mills in Q)-background with
NS limit

4D N = 4 super Yang-Mills
Tdimensional reduction

10D N = (1,0) super Yang-Mills

e 10D (2-background metric with NS limit
(R*! x T6 — R x (R? x TY), )

ds* = —(dx°)? + (dz°)* + (dz* + e.2x°dy®)? + (da® — ez’ dy®)?
+dy*dy®, a=1,...,6.



R-symmetry Wilson line: introduced as the contorsion in 10D

Ape = Agpedx®,  Agpe: constant

10D Lagrangian (Ox — V= O + (torsionful connection))

1 .
Liop = —5Tr | —=e(eMpeN N Fan)? _ LogrMeM aavadh
910 4 2

Fan = Fan — Tun"eP pAp,
VG =V + i[Am, #,



4D Lagrangian
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remaining parameters after imposing SUSY condition

4 SUSY case: ¢, €3, my = Ay 34 + A1 56, M2 = Az 34 + A2 56.
()-deformation of N’ = 2* theory

m1, Mo: Mass parameters.

8 SUSY case: €1, €2, €5, €g,

Four parameters can be nonvanishing. these two cases have overlap
as

mio =€12/2in 4 SUSY case = €5,66 =0 in 8 SUSY case



3. Central charges and BPS bounds

e SUSY algebra

supercurrent

2

1 AP
JM = —Tr| zeEypITMIVP( |
Kd1o 2

SUSY variation of supercurrent
bejt = ~ilEQ. M, £Q = [ dajl

spatial integration of temporal component — SUSY algebra
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SUSY algebra in 10D formulation

_ _ 1 _
£Q,CQ) = 26T ¢ Py + 2T P9RC Zynpor

1 1 o~
ZMNPQR = / d’x o 51T [agMNPQRSTUVWGGOSFTUFVW] :
10 :

Reduction to 4D
[€24Qun + Qa1 4, (PPQap + Q5P C0 ]
= (6™ +E07 P+ AEBa — EE,0) Py — (€8 + E80) (1= Zrvy
— i(€0" S abedC + €0 Savedl) Ziaved + 2E0 SapeC + €6 0beC) Zijane
+ ié‘ijk(faoiabé — &6"S06C) Zijkab,
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o P, = ¢\¥ (electric charge)

Using Gauss' law, qc(,,e) can be expressed as

q\®) = / 4’z 0;Tr[pa(E; — Qiv Doy + QinQn Ej)]

+ (angular momentum) + (R-charge)

® *xLpcdef = qc(bm) = /d3:13 0; Tr [gpaBi} (magnetic charge)

No ()-deformation

¢ (Zz'abcda Zijabca Zijkab)

Central charge for (vortices, walls, space-filling objects). However
they all vanish under vacuum boundary condition.
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e SUSY algebra and BPS bounds for 8 SUSY case
= same as N = (4,4) 2D SUSY algebra

{Q11,Qi'} = {Q13,Q;°} {Q22,Q5°} = {Qa4,Q5"}
= 2(PY + P?), =2(P° - P?),

)
{Q11, Q22} = 2i(q1 + iq2), {Qi',Q5°} = —2i(q1 — iq2),
{Q13, Q22} = 2i(g5 + igs), {Q1°,Q5°} = —2i(gs — ige),
{Q13, Q24 = 2i(q1 — ig2), {Qi°,Q5"} = —2i(q1 + ig2),
{Qi1,Qaa} = ~2i(g5 —igs), {Qi",Qs"} = 2i(q5 + i),

complexified charges

Qo — che) o ,ngm)’ a — 17 27 57 6.
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BPS mass formula

M = /|2 + |gm)[2 & 2/¢()][g(™)] sin o

\q(e>|, \q(m>\: magnitudes of vectors qle) = (qge), qée), qée), qée))

and ¢ = (™, ¢5™, a5™, a§™)
o angle between ¢(®) and ¢(™

sina = 0: half-BPS (4 SUSY)
sin v # 0: quarter-BPS (2 SUSY)
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4. BPS equations for 8 SUSY case

e half-BPS
preserved SUSY: Q11 — @52, Q13 — €?Q4* and their conjugates
BPS dyon equations

E; + (Djp1 + Q7' F,;) sinf = 0,

B; 4+ (D1 + Q7' Fi) cos 0 — 03 ;[¢s, wa] = 0,

Dop1 + " Fipp = 0,

Do + QP =0, (a=2,5,6),

(D1 +iD2) (3 — i) = 0,
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and

Dspp + i(—1)"") ([%017 o5y + I Diip vy — i(—1)7 )61%) cos = 0,
Doy + i([sﬁl, ob) + i Doy + i(—1)7 Mg Spf(b)) sinf =0, (b=3,4),
Hg=0, (1<e<d<6, (¢,d)#(1,3),(1,4),(3,4)),

where

f3)=4, f(4)=3, f(5)=6, f(6)=>5,
9(3) =0, g(4)=0, g(5)=1, g(6)=1
Ha,b — i[gpaa Spb] — QZleSDb + anDmSOa + QZLQ?an — Tachpc-

16



e quarter-BPS

preserved SUSY: Q11 — €*Q;? and its conjugate

BPS dyon equations
E; — (Dip2 + w3y Fini) = 0,
Bi + (Di¢1 + wi" Fini)

— 103 4 (l3, 4] — @5, w6] — 125" Diipe + iQ?Dm¢5) = 0,
Dop1 + wi"Fino — i[¢1, P2] + wi" D2 — wy' D1 = 0,
Dogps + wg ' Frpg = 0,

(D1 +iD2) (s — i) = 0,
(D1 +iD2) (5 + iws) + (25" + 2" (Fin1 + i752) = 0,
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and

DSQOCL T ( )f( )([¢17 Spf(a)] T Z’C‘f'lnl)"mﬁpf(a) - Z( )f(a)glgpa) — O,
Dopa + id2, pa) — W5 Dinipa + (1) Pelpfny =0,  (a=3,4),

D3y + Q" Fpg +i(—1)7 ) ([Cbh @ )] + 1w D0 vy — iQ?}l(b)Dm%)
— ()7
D()Spb =+ Q?Fm() - i[¢27 Spb] o wg%Dmgpb -+ Q?Dm¢2 — 07 (b — 57 6)7

03, 06) — [P4, 5] — i Doz + iQ Dinips — i€sps — iegps = 0,

03, 5] + (P4, 6] — 1Q Doz — iQg" Dinps + i€z — iegps = 0,
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5. Summary

summary

1. In Q-deformed N = 4 super Yang-Mills with NS limit, we only
have the electric and the magnetic charges as the central charge
if we adopt with the vacuum boundary conditon. Other charges
(for vortices etc.) are vanishing.

2. This imples that we have only dyons as the BPS solitons with
the finite energy.

3. We have obtained the equation of the BPS dyons which preserve
the half or the quarter of the supersymmetry.
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outlook

e Solutions
N = 2 single monopole case: [Ito-Kamoshita-Sasakil

Reduced to the Ernst equation (integrable)
e Nahm construction and moduli space
e Solution with finite energy density?
e Dyonic instantons in 5D

o N = 2 with fundamental hypers — vortices

[Bulycheva-Chen-Gorsky-Koroteev], [Tong-Turner]
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