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Motivation

» Explicit globally consistent models on fractional D6-branes on
toroidal orbifolds T°/Zopn . ot 04 Gmeiner, G 1. 0700
rigid D6-branes expected on T6/Zz X Ziam Forste, G.H. et al. in progress; ...

» Gauge & Yukawa couplings, Kahler metrics . .. known for
untilted six-torus only (& partial results for untilted 7°/Z, x Z,
without/with torsion) Cremades, Ibéfiez, Marchesano ‘03; Cvetic, Papadimitriou ‘03; Abel,
Schofield/Goodsell ‘04/05; Liist, (Mayr, Richter), Stieberger ‘03(‘04); Akerblom, Blumenhagen, Liist,

Schmidt-Sommerfeld ‘07; ...
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» need exact results for some vanishing angle in presence
& tilted tOI’i starting point: gauge thresholds in Gmeiner, G.H. ‘09

» (anti)symmetric matter contributes differently to gauge

kinetic function on tilted tori
» one vanishing angle: only N' =1 SUSY if Z; acts

> : the SM on T°/Z{ and T°/Zg
> with discrete torsion: expected models on
TY/Zs x Zs and T®/Zy x Zg
» different number of complex structure moduli (e.g. less bulk
from orbifolded six-torus, several exceptional ones)
» compact expressions, which are valid for any known torus
orbifold, admit direct comparisons

» need gauge kinetic function for physical U(1)s like
U(L)y =5 (3U(1)a + U(1)c + U(1)q)
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Gauge couplings in string & field theory

» N =1 SUSY result of 1-loop string calculation: with gauge

threshold A,
2 2 2
8271' _ 2871' + E In Mstl;ing + &
85(K) &3 string I 2

via magnetic background field method uUntilted tori for T°: Liist, Stieberger ‘03;
Akerblom et al. ‘07; Untilted tori for T6/7.<’22 X Zp with torsion: partial results by Blumenhagen,

Schmidt-Sommerfeld ‘07; and tilted tori: Gmeiner, G.H. ‘09

» N =1 SUSY field theory:
872 b M3 b, +2 C(Gy)
=82 R(f, —|—a|n< Planck) + 2 2K
g2 o ML)y ;
+ G(Ga) In[g; (1)) = > Co(Ra) Indet Kg, (14°)

» derive gauge kinetic function f,, Kahler metrics Kg,,
Kahler potential /C by matching string & field theory
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el Gauge Couplings & 1-Loop Redefinitions

> tree-level:
—& j SUSY SX2— 33, Ui T
1 e~ %4 1—[3 V(I) ) {S B UXall T6/ZG} %(ftree)

i=1 Vaa
S X0 T /Z¢

zg_ 27

» with definition of dilaton & complex structure moduli

s ( /\/ , —1 i s \/’j’k/rl) T°

(S U) = £ X (Cl tt ) 6 /77!
y Yi)tree = M,i\ﬁ T°/Z
om vr 33/2 Clattice 6

/26

(qlattice » 0)

» 1-loop massless strings:
2
L n (%) b In (M) + K] provided by

2
2
Mstring — e2¢>4 — 210 and
Mpianck A /VO]CY3
1 I

() = X (U = 2 In T+ witha - {2 o
4 TSz

» 1-loop massive strings provide
» Kahler metrics & correction to gauge kinetic functions

> field redefinitions of moduli
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1-Loop Results from Massive Strings on e.g. T°/Z

Zy subgroup: | NV = (3,0, —3)|, distinguish relative angles (dab):

» | (0), N' =2 SUSY | parallel D6-branes contribute lattice sum:

holomorphic part ~ ,f2"°°P; non-hol. ~~ Kahler metrics Kg,
> [(6,0,-6), N =2} hol. ~ 5,f57°P; non-hol. ~ K,

> ’(0, o, —¢), N =1 ‘: lattice sum on T(21) (v SpfL TP KR )

& field redefinitions

> | (¢ap), N = 1| D6-branes at angles ~ non-hol. In(I"(¢,s))

terms & field redefinitions

» crucial for interpretation: global prefactor b, in A,y ~~
identical Kg, for each multiplet, in particular R, = Anti,, Sym,
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Results for gauge thresholds I: Bifundamentals

lattice sums:

> ‘Aoyo(v; V) =In(2rvV) + [2Inn(iv) + c.c.] ‘

with two-torus volume v and (length)? of 1-cycle V

» Ao, 7,v) = —5vo? + [2In

T\/G' )

(75

) +CC}

with relative displacements & Wilson lines (o, 7)

> define by = ba§_; ;6

0%+i0 for D6-branes parallel on two-torus T(Z/.)
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bsy(n,) and gauge thresholds for bifundamentals and adjoints on T6/Zoy with Z; = Z
& b} S bA +. -
o0 5(1) (2) (3) 'SU(Na) b Pab Z: —
a ( ab’ ) (72 wazb+ Asi}N(Na)beAab-'—“'
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5 (6,0,—6) N5y 060 g (1109 2209 ; : 2
0 ik ( ) ~bg}, ( =052, 0072, o) N3y T2 v2)
—b Noo(vi: V)
1| (0.6 -9) 855 00 o157 —BA (1 - 603‘,_067;&0) Aoty 71, v1)
+—N”2,52’2 (sen(¢) —2¢) In(2)
0]
(61, 9@, 6(3)) A o 3 I'(\wﬂﬂ ) wen(dm)
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From gauge thresholds to Kahler metrics |: Bifundamentals

$ab = (0), (07, (6);, (—8)k) | has V' =2 or 1 SUSY on T®/Zay

» 1-loop correction to gauge kinetic function for arbitrary (o, 7)

bA { Inn(iv) (o,7) = (0,0)
In

1—loop __
Spf) -

42 91 (T= iv)

o #(0,0)

» Kahler metrics:

_ 27 e

V2

VD) )
aa Vaa and K Ny = drebay | 22

KZ)
v ‘

Adj,

Y vk

» Comparison with other orbifolds:
» TS and T9/Zy x Zowm without torsion: N = 4 for ¢, = (0):
no Jpfi—loop, KL(\"L. derived from scattering amplitudes v
> T%/Z, x 7y with discrete torsion: N = 1 for ¢, = (0):
present result differs from Blumenhagen, Schmidt-Sommerfeld ‘07
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Bifundamentals cont’'d

other (gzbg?, ab, (3)) is always /' = 1 SUSY

» Kahler metrics:

sgn(¢>(a'2)

Ko o~ — 2 e®a H; r(|¢g'2‘_) sen(l,p)
(Na7Nb) \/H3 Vl\.\gn(/ﬁb)ug/g i=1 r(l_l(b‘(;[z')

i=1"

> 1-loop field redefinitions (here: Volume(T2))= v; = T;)
» dilaton and bulk compl. structures (i =3,1,0 for 75, 76/25, T6/2)

3 3
L 1 ; L 1 . .
s ZS_WZNI,YSZOMTJ U :Ui+@ZNbeZog)lnTj
b Jj=1 b Jj=1
with My = 30720 (X NYen + vinedd)

> exceptiona/ Complex structures cf AngelantonJ Condeescu, Dudas, Lennek ‘09
L __ « (@)
WS =W, + 16”2 Zb b Y} E - ()b InT;
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Examples for Bifundamentals & Adjoints

On the ABa |att|ce on T6/Z,6 Gmeiner, G.H. ‘'07-09

> aa sector | ¢ = (0) | one adjoint 8 + 1
of U(3)

» ac sector | (0,5, —3) | 2ug

> a(6%c) sector | m(—3,—%,3) | lug

v

ab sector | (g, —3,4)} 2Q,

v

a(fb') sector |m(—3,%,3) | 2Qy

v

a(6?b') sector | m(—%,—1,2) 1 1Q,

v

... all possible configurations of angles appear!
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Results for gauge thresholds II: (Anti)Symm

bsy(n,) and gauge thresholds for ics and anti ics: T®/Zoy with Z = Z8)
bZ = b+ b+
> SU(N;) aa’ aa’ -
o (40,62, 62) — M (Sym, ynA-mw Ay = NaBoy + D05+
v + ((;Sym, — phntia) 4.
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From gauge thresholds to Kahler metrics II: Anti/Sym

5aa’ = (6), (0, (¢)j, (—®)k) |: has N'=2or 1 SUSY on T®/Zyy

» gauge kinetic function on tilted tori: ¥ = %, (b€ {0,3})

5y filoop — —1{ by (i) + byt nali®) - (oi7) = (0.0
by In 20 4 bl in ) #(0,0)
n(2iv)

with e.g. Inn(iv) = Inn(iv)+4b In T(0.21)
~~ extra contribution from Mdbius strip besides (bL, + b%) Inn(iv)

» Kahler metrics: V = 2(1—b)V ~ In(20V/) = In(vV) +21n2
gives same shape as for bifundamentals:
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ym cont'd

other ¢,y | is always N = 1
> In(I'(|¢|) terms identical to bifundamental case ~» same
Kahler metrics for (anti)symmetrics:

Sgn(¢( ) ’)

2 eb4 3 r(|¢> /1) Eom)
KAntu/Sym \/ L togn / /) (/v)/ HI:]. ( ( ‘45 /l)
Hl Vi “ “

» same shape for field redefinitions
» different constant terms from intersections with O6-planes
~> interpretation?

» Interpretation of NTIZ <sgn(/ /) + sgn(¢ ga)/) - 202;) In(2)
» additional term in field redefinition of exceptional moduli???
» corrections to Kahler metrics only at Z, fixed points?
» extra contributions to gauge kinetic functions from Z, fixed
points?
Gabriele Honecker (JG|U Mainz) Towards exact field theory results for the Standard Model on fi



Examples for (anti)symmetrics

The T°/Zg example creiner, 6. 0700

> | s = (0), i.e. 1T QR | for brane (6¢)

> |m(—%,0, )| for brane (6%b)

> | (0,3, —1) | for brane (0a)

> 77(%,0,—%), ie. T1 QRZ? for brane

» ...all possible angles occur

Special cases of QR invariant D6-branes: Sp(2N) groups
[QR-invariance: consider exceptional 3-cycles]
» hidden sector Sp(6) 1T a or Sp(2) 17
» Sp(2). — U(1). broken by displacement on T(22):
need to consider continuous (o2, 72)!
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Conclusions & Outlook

» completed list of gauge kinetic functions & Kahler metrics
© 1-string loop cH. o appear soon ‘11
» for arbitrary (untilted & tilted) background lattices
» with arbitrary (discrete & continuous) Wilson lines &
displacement moduli
» for all possible (non)-vanishing SUSY angles
» for physical U(1)s (~ see article)
» including all constants properly

Outlook

» Selection rules & Y ~ e~ A%k dependence of Yukawa
couplings for T°/Z{ model c . vashoor to appear soon ‘11

» complete worldsheet instanton sum for holomorphic part
of Yukawas with Z, symmetry still missing

» study (numerical) parameter dependence of couplings in
view of phenomenology at Mcax

» new models on Tﬁ/Zg X Zg) Forste, G.H. et al, in progress
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