BPS Equations
from (2,0) Nonlinear Sigma Models

Leonhard Horstmeyer
LMU Munich

with Stefan Groot Nibbelink: arXiv:1203.6827, accepted by JHEP

malization

1/17



Motivation

Low

Leonhard

Equati -
tmeyer Target Space : quations Energy Super = BPS
Munich of Motion - symmetry :
10D . Effective - Equations
(bosonic) . Variations
Motivation Action T
|
Weyl Invariance |
l
Worldsheet : Worldsheet | _____ Super Weyl Invariance ? |
2D Theory
- Complex Structure
0= &Yy = Vun
= &y Fy TN ) =\ Hermitean Yang-Mills
= = fmn

GUF,, =0

malization

2/17



(2,0) NLSM

{6+> Q= _2iaL

m  (2,0) Superspace : 0+,071=0

(2,0) Susy Algebra :

(2,0) NLSM . . . — .
m  Supercovariant derivatives: {D,,D, }=+2i0

] (Fermi-) Chiral superfields : 5+d> = 5+A =0

i _
Sy = ZfdzadZGJr {Ra8,6¢-K.3,0°}

1 1 14— —
SAz—EszadZGJF {R*Nap AP +5 A* Mg AP += KM, A7
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Target Space Interpretations

m  Hermitean Metric : Gy = %(I?a,b +Kp )
(2.0) NLSM [ ] H-Field : Habg = Ka,bg — Kb,ag
m  Torsion Connection : I, f:’ = Ghe (Gac,d + %Hcda)

m  Gauge Connection: [A]f, = NﬁZNZa,c

m  Field Strength :

[Felap = Napee = Nape N'T Nyg.e

malization 4/17



Super Feynman Rules

Super Propagators :

NP2 D D,
—
lo—»——e2 ( 3 )2512
—iG" D,D
1X%X--»--X2 = (—33+ +) 51n
Feynman Rules LR 2

m  Super Delta Function :
812 = 52(01 —03) (91+ - 9;) (9_1+ - 9_2+)

m  Super Vertices:
|

—iN —iN

2 Naaa 2 Yaaaa
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Renormalization I

Dimensional Regularization :
deP _>de1) .U'Z_D

] Renormalization:

Sp=S89—AS
m  Super Beta Function :
B(Ng) = .Uaa_u Ny

| Divergent Momentum Integrals for D = 2 — 2¢:

! i 1+1 W
(Zn)D D=2 p2 4 m? " an 2
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One Loop Graphs — Fermi Renormalization

fN)gp = G= [Ngﬁ@] - G* [Ngr,g N'E Nzﬁ,c]

m  Super Beta Function :

B(N)ep = G* [F, gc]gﬁ
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Finiteness

Finiteness: -functions vanish up to
B reparameterizations:

[ ?0d6*do K($,$).3,0°,
K(¢,9) — K(,$) + k(¢)

m diffeomorphisms:

¢ — f(¢)

m and gauge transformations:
A — g(P)A

initeness

] Finiteness for N :

BN =g@)N + Ngp) + Nof'@) + NfP)
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Super Weyl transformations

Leonhard
Horstmeyer
LMU Munich

Weyl transformations vs. Super Weyl transformations’
(Recall \/Jg=¢)

O,€= se¢ 6s6= S¢&
6,0, =—50,¢ 650, =—50,¢
OsA=—51A 0sA=—S 1A

Due to Gates, Evans, Ovrut and Howe
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Super Weyl anomaly for N

e
Hors

LMU Munich Super Weyl Anomaly :
0=5g S,

m  Super Weyl Anomaly for N :

1 _
_ 2| a2~ a2t a B
0 ZJdadG S(A ﬁ(N)gﬂA)

m  Conditions on 3(N) :

0=pN)ap = G* [Fec]ap
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at one loop.
We established the conditions for finiteness.
We used super Weyl invariance to fix them.

m  We found the gaugino BPS condition,
the Hermitean Yang—Mills equation :

G F,e=0

Sy m  and a condition on the background geometry :

1 b —
16_7'Cl—‘+ab + ‘Il,a —_ 0
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Outlook

The formalism lends itself to higher loop calculations,
which would give a’ corrections to BPS equations.
(Future work)

We would also like to find the modified Bianchi identity
for H at one loop. (Future work)

Outlook
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Appendix: BPS Equation for the Dilatino

The dilatino BPS Equation reads :
0=6¢= —% don+ %HMNPFMNP n

m  Together with the Complex structure one finds :
||Q||2 — e—4(lll+llf0)

The condition for a conformally balanced geometry.
In terms of J, the fundamental form, it says :

d( e_Z‘I’J/\J) -0
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One Loop Graphs — Chiral Renormalization

Leonhard m  Chiral super vertex :

Horstmeyer
LMU Munich

T \i -
1
ZGQCF"‘ZC)a

m  Divergent chiral tadpole ( renormalizes K3, ¢“ ) :

1
ﬁ(K)a = T r—i—ﬁb

Chiral Renor-
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Super Weyl anomaly for K

Coupling the Dilaton :

sq,=szad29+g\pGR, R=

m  Super Weyl Anomaly for K :
0 =1i[dod0"s|pE), 6,° — P 5,¢°]
[Eodotu| v, 94+ v, 84°]

] Conditions on K and ¥ (using D, S=iD, U) :
0= 2By — ¥ = o= T0 + ¥,
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Appendix: Super Weyl

Weyl transformation of the Ricci scalar :
V&R = &R —23,9,5)
infinitesimally :

6;R=—-sR+200s

m  Super Weyl transformation of the super Ricci scalar :
55 GR = _SGR + 3RU
DO;R=sR+200s

m  Super Weyl multiplet (S, U). They are related.
S and U are the real and imaginary part of a chiral field:
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Appendix: Quantum Tadpole

R Quantum chiral super vertex :

Horstmeyer
LMU Munich

\\\ 7

1
s Hbaa

m  Divergent tadpole :

malization

17/17



	Motivation
	(2,0) NLSM
	Feynman Rules
	Renormali-zation
	Dimensional Regularization
	One Loop Graphs
	Finiteness

	Super Weyl anomaly
	Trans-formations
	Anomaly

	Summary
	Outlook
	Appendix
	BPS - Dilatino

	Chiral Renormalization
	Super Weyl anomaly for K
	Super Weyl
	Quantum Tadpole


