STRING PHENOMENOLOGY AND DYNAMICAL VACUUM SELECTION
Liverpool, 27-29 March 2008

Z9 X Z9o orientifolds of non factorisable tori

Cristina Timirgaziu

University of Liverpool

Stefan Forste, C'T, Ivonne Zavala JHEP 0710:025 (2007)

Stefan Forste, Radu Tatar, C'T, Ivonne Zavala work in progress



Summary

. Factorisable versus non factorisable Z, X Z, orbifolds.
. Z5 X Z5 orientifolds with branes at angles.

. The non factorisable case.

. The case with discrete torsion - fractional branes.

. Conclusions.



Zo X Z9o orbifolds

Factorisable tori:

T =T? x T? x T?
O6h=(H, —, —)
Ob=(—, —, +)

Non-factorisable tori: T® £ T? x T? x T?
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Zo X Z5 orientifolds
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T°/Zy X Zy X QR, R:x135 — %135, T246 — —L246
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Four types of O6-planes : invariant under QR, Q2R60,, QRO and (2 R6O,0,.
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Introduce D6-branes for tadpole cancellation. D6-branes non parallel

0

to the O6-planes give rise to chiral spectra.

The factorisable case. One-cycles:

la1] = (1,0,0,0,0,0) [b:] = (0,1,0,0,0,0)
[a2] = (0,0,1,0,0,0) [b,] = (0,0,0,1,0,0)
[as] = (0,0,0,0,1,0) [bs] = (0,0,0,0,0,1)

Orbifold invariant branes :

D6, = (m;,n.,0,0,0,0) x (0,0,m?,n2,0,0) x (0,0,0,0,m>,n;)

a

= (m} [a] + n} [b1]) X (M2 [as] 4+ n? [bs]) X (m? [as] + n? [bs])

R-images, D6, : n,— — n,



Consistency conditions

RR tadpole cancellation conditions
Z Nam}szbmg — 16 =0
Z NamclannZ’ + 16 =0

Z Nan;man + 16 =0

Z Nan;nzmi + 16 =0

N = 1 supersymmetry
N:21OD—>4D :822><22 N:2£>N:1

The branes must preserve N = 1 supersymmetry:

my ma ms3
arctan (—) 4+ arctan (—) + arctan (—) =0
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Non-factorisable example: SO(12)

e; = (1,—1,0,0,0,0),
es = (0,1,—1,0,0,0),
es = (0,0,1,—1,0,0),
es= (0,0,0,1,—1,0),
es = (0,0,0,0,1,—1),
es = (0,0,0,0,1,1).

D6, = (mi [a1] + ni [bl]) X (mi laz] + ni [bz]) X (mi las] + ni [b3])

1 1 1 1 1
= (maer+ (mg + 1) ex+es+est e+ oes) | X

1 1 m3 3
(mieg + (m2 +n?) (64 + €5 + 5%)) X <7“ (es + es) + % (e6 — e5)>

Oor = (1,0,-1,0,0,0) x (0,0,1,0,-1,0) X (0,0,1,0,1,0) = 2[a1] X [as] X [as],
Oaore = (0,1,0,1,0,0) x (0,0,0,-1,-1,0) x (0,0,0,-1,1,0) = —2 [b1] X [bs] X [as],
Oor. = (1,0,0,-1,0,0) x (0,0,0,1,0,1) X (0,0,0,1,0,-1) = —2[a1] X [ba] X [bs],

Oqrew = (0,1,-1,0,0,0) x (0,0,1,0,0,1) X (0,0,1,0,0,-1) = —2 [by] X [as] X [bs].



Intersection number

Intersecting number of a stack D6, and a stack D6, =

Jacobian(lattice where the the D-branes intersect once — compactification
lattice)

Depends on the lattice!

(mimn, 0 0 0 0)
mll) n}) O 0 o0 o0
0 0 m2n2 0 O 5 o o
I, = det a —a = m'n! —n'm!
b 0 0 mg ng 0 0 zl:—[l< a b a b)
0 0 0 0 m>n
\ 0 0 0 0 mdn)



Model building rules

Gauge group factors :
e N D6-branes not parallel to an O6-plane ~~ U (IN/2).
e N D6-branes parallel to an O6-plane ~~ U Sp (IV).

Chiral spectrum (comes from strings stretched between branes tilted

with respect to the O-planes) :

e Strings stretching between the brane-stacks N, and N; ~

I, multiplets in the (%, %) representation of U (N, /2) xU (INy/2).
e Strings stretching between the stack N, and the R-image Ny ~~

I,y multiplets in the (%, %) representation of U (N, /2) XU (Ny /2).
e Strings stretching between the stack N, and its 'R image, N/,

o %(Iaa/ + 41,06) multiplets in the anti-symmetric representation

and ; (I, — 4I,06) in the symmetric representation of U (N,/2).



Getting the Standard Model :
Total number of families = I, + I, .

If the stack D6, generates the U(3) gauge group and

the stack D6, gives the U(2) gauge group,

in order to have three copies of the (3, 2) representation of SU(3)xSU(2)
we need either

(i) I, = 3 and I,y = 0 or

(ii) Ipp =2 and I,y = 1

The factorisable case

I, = H?:l(mz,nz _ nzmz)

3 . . . .
Iy = —[[,_{(m!n; + n!m;)
Iab"_Iab’ —
1.2 3 1.2 3 1.2 3 1.2 3 1.2 3 1.2 3 1.2 3 1.2 3
—2 [mamananbnbmb + m_ n_ 1m_mn,m;,n, + n_ n_n_1mgm,m, + namamambnbnb]
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One tilted torus : ( m
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D6, = (i [as) +n [br]) x (m? [as] + 12 [ba]) X (m2 [as] + 3 [bs])

m! nl
— (TG (61 + 62) + ?a (62 — 61)) X (mi es + ni 64) X (mi es + ’ni €6>

Closed cycles condition : m! + n! = even (if not then wrap twice)

e m!,, nl, = odd — factor of 2 in I,
9 9

1 1 .
® M, ,, N,, = even — factor of 4 in I,



Examples with three generations on factorisable lattices

Case |Stack N, m! n! m2| n? m3| n3
I, — a | 6| 3 1 1/—-1 1 o
IL,=1 b | 4| 1 1/ 1 o 1|/-1
I,—=3 a |6 1 1 0 —1 1| 1
IL,y,=0 b |4 1—-1 3 1 1 o0




Non factorisable tori

e = (1,0,—1,0,0,0)
es = (0,1,0,0,0,0)

es = (1,0,1,0,0,0) Iy, = =[] (min] — nim})
es = (0,0,0,1,0,0) '
es = (0,0,0,0,1,0)
es = (0,0,0,0,0,1)

m! m?
D6, = (7“ (e1 + e3) + ncll 62) X (7‘1 (es —ey) + ni e4> X ('rni:’E es + ni 66)

Closed cycles condition : m!, m? = even

Each condition gives a factor of 2, hence we get a factor of 4 in .

Idea : m!, m? = even and m;, m; = odd and wrap twice cycle D6,

\
factor of 2. One can get I,, = odd, but I,, will be odd as well.



Keep conditions in the form m! + n} = even

e1 =(1,—1,0,0,0,0)
e; =(0,1,-1,0,0,0) D6, = (m
es = (0,1, 1,0,0,0)
es = (0,0,0,1,0,0)
es = (0,0,0,0,1,0)

2

e¢ = (0,0,0,0,0,1) Conditions : m.+n! = even, m? = even

Q =

es + e nl
(614—%) +Ea(€2+€3)) X

[\

(% (es — e2) + nie4) X (mie5 + nieﬁ)

..again too many factors of 2

Different orientifold action
R image branes : n < m

. 1 i _ . 3 ( T A z)
Interesting conditions are m; = even, since Iy ~ Hi:l m_ m, —n n,),

but they are incompatible with R.



Non-invariant branes:

es = (1,0,—1,0,0,0)
es = (0,1,0,0,0,0)
es = (1,0,1,0,0,0)
es = (0,0,0,1,0,0)
es = (0,0,0,0,1,0)
es = (0,0,0,0,0,1)

D6, = (m},0,n’,0,0,0) x (0,m2,0,n2,0,0) X (0,0,0,0,m?>,n?)

I.p + I,y = 3 is possible, but supersymmetry is broken.



Outlook

Z> X Z5 orientifolds with discrete torsion of non-factorisable lattices :

e Admits fractional branes, which might yield an odd number of

families.
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e Admits rigid cycles.

e Extra (twisted) tadpole conditions.



Conclusions

Zy X Zo orientifolds of non-factorisable lattices with branes at angles :
e Admit chiral N = 1 models.
e Tadpoles conditions change according to the lattice.
e Gauge groups become smaller.

e Non-factorisable lattices ~~» constraints on the wrapping numbers of

the D6-branes ~~ even intersection numbers ~~ even number of families.

e Odd intersection numbers possible with non-invariant branes ~~

supersymmetry is broken.

Other options :
e fractional branes

e shift orientifolds

e higher order orbifolds



