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Chiral Flux Flux Compactifications and
""Realistic’ ™ Particle Physics

L. Supersymmetric Standard Model constructions w/ D-branes

Recent progress w/ systematic constructions: w/ L. Papadimitriou 03
w/ T. Li and T. Liu, hep-th/0403061

w/ P. Langacker, T. Li, and T. Liu, hep-th/0407178
w/R.Blumenhagen, F.Marchesano and G.Shiu, hep-th/0502095

II. D-branes and Fluxes - moduli stabilization
Standard-like Models with 3 & 4-chiral families & up-to 3-units of flux
w/ T. Liu hep-th/0409032; w/ T. Li and T. Liu, hep-th/0501041
rNeEnUmenvivgy ol lux modeis w/E.Langacker, 1.1 ana 1.1.iu, to appear
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Outline
« Constructions w/ intersecting D-branes:

Geometric origin of non-Abelian gauge symmetrv&chirality
[Standard Model SUQJ). x SU2), x U(1)y &
3-families: Q; ~ (3, 2, /) —quarks L~ (1, 2, -1) —leptons]
* Supersymmetric intersecting D-branes on orbifolds:
— explicit constructions of supersymmetric Standard Models
(spectrum, couplings)
— systematic constructions
* Moduli stabilization — Fluxes
— explicit examples of Standard Models w/ fluxes
— phenomenology

* Conclusions/outlook
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D-branes & non-Abelian gauge theory

D p-branes

(p+1)-dm \

9-p) — dim
World volume { p? e
fransverse

Woa |
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D-branes & non-Abelian gauge theory

D p-branes
W
+1)-dm - i
%), l)d = (9-p) — dim n-coincident D-branes
OIME VO  gamsverse |
U (1) xUyl) x ... Ul non-Abelian
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Compactification
D=10 » D=4

T &
N=1 supersvmmetrv
N¢- Calabi-Yau x M, 5, Minkowski
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Compactification
D=10 » D=4

T &
N=1 supersvmmetrv
N¢- Calabi-Yau x M, 5, Minkowski

D p-branes - W =11 ;x Mg,
Wrap — (p-3) cveles of X
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Compactification

D=10 » D=4
T &
N=1 supersymmetrv

N, Calabi-Yau x M, 5, Mmkowski

D p-branes — W =11 ;x Mg,

| i
Wrap — (p-3) cveles of X,

D g-branes

Pirsa; 0503014§1”R TI‘E[ p [ q—?’ ) C}_C 16 - HL}- 3(: H]J—; ‘
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structure
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Focus on D6-branes — Realistic Particle Physics
wrap 3-cvcles 11

In internal space intersect at points:
[11.] ° [L1,] - topological number

I[1=11'®I1*@II’— Factorizable 3-cycles

I1! | B, ] I [T, 13 [T’

seteech intersection — massless 4d fermion y Berkooz, Douglas & Tseigh *96

- - -




Engmeering of Standard Model

N.- D6-branes wrapping I1, -

N, - D6-branes wrapping IT, %
UR.) x UG, i,

p~( N , N ) -ILPFEL —numbef‘ of families

N.=3, Ny=2, [ILPOL]=3
UQ@)e x U@),
¥ ~ (3 , 2) - 3copies of left-handed quarks
&
global consistency conditions & supersvmmetry (later)
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Toroidal/Orbifold compactifications
(calculation of spectrum w/ CFT-techmques)

TNE ]
i | ome T2 ® T2 ® T2
[b,] [b,] [bs]
-
la,] [a,] la4]

(nm)=  (1.1) (1.0) (1.-1)
[LL]= [IL,'] ® [11,°] ® [LL]

R [T, ]=n, [a,]+ m,b]
homology class
of 3-cvcles

m'{l* nfll 2 11131]
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Toroidal/Orbitold compactifications
TNZ*Zy,) CFT-technique

™= E ® 15 ® T
[b,] [b] [bs]
-
(2] (2] [a;]
om)= (L) (1.0) (1-1)
[LLI= [[L,'] ® [IL,°] 2 [LL°]
ooy e L] 0]
of 3-cvcles

[NLT‘ H'JL 11131] mb* ﬂbi ? IIl‘t}i
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Global Consistency Conditions

Cancellation of Ramond-Ramond (RR) Tadpoles
Blumenhagen. Gorlich. Kors & Lust "00

D6-brane — source for C(7)

eq. for C(7) Gauss law for D6-charge conservation

Na [IX] = 0

Impossible to satisty of CY spaces (' total "tension—charge=0)
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Global Consistency Conditions

Cancellation of Ramond-Ramond (RR) Tadpoles
Blumenhagen, Gorlich, Kors & Lust “00
D6-brane — source for C(7) - RR potential
eq. for C(7) Gauss law for D6-charge conservation
N a ( [Hﬂ] + [Hﬂ~ B - 4 [Ht}ﬁ' ]*
«L- Constraints on wrapping numbers

Impossible to satisty of CY spaces ( 'total "tension = charge = 0)
Ornentifold plane - fixed planes w/ negative D6- charge
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Global consistencv conditions
tor toroidal/orbifold compactifications

> N, nin-n’ = 16
ZN n.m-m’ = 16
Z N, min;m. = 16
; N, m:m:n> = 16

age 15/46




K-Theory Constraints

Uranga’ 01, Marchesano&Shiu 04

For toroidal orbifold tvpe compactifications of the form:

T apiiiage | RSN LAAK
; Nom,m,m,

S N o123
Yy Nagm n,m

a ol
(1

S e
Y Nm' n’n’

(1 (1
e

N T ) Kk
Yy N, ni m; n.;f

{
(1

[Probe brane (prallel w/ onientifold planes)
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w/ discrete Global (Witten) anomaly |

should not induce chiral spectrum

0 mod 2Z
0 mod 2Z
0 mod 2Z
0 mod 2Z
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Angelanton). Antomadis.Dudas&Sagnotti’ 00

Non-Supersymmetric Standard-like Models (infinitely many)

Blumenhagen. Gorlich, Kors & Lust "00-01
Aldazabal, Franco, Ibanez Rabadan & Uranga "00-01

Mstring ~ Mplanck large NS-NS tadpole
large radiative corrections

Supersymmetric Standard-like Models (constrained)

w/ G. Shiu & A Uranga ‘01
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Supersymmetry (toroidal example)

I e

(2 :
4, 0y
R R
111 119 1113
arctan | —Y 1) + arctan 2| + arctan |—\3| = 0
1] 119 I3
| : o , = R,
Constraints on complex structure moduli- Ui~ ;= ~a
1
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Tvpical Features of Supersvmmetric Models

"~ Observable sector™ X “Hidden Sector™

SM w/ additional U(1)’s X Sp(2N) x Sp2M) .. ..
(descendants of Pati-Salam model) (branes || w/ orientifold planes)
+ 3-families tyvically beta-functions B <0
- more than one Higgs doublets mfrared strong dynamics:
- chiral exotics gaugino condensation w/

(SM branes intersect w/hidden sector) SUSY breaking & moduli stabilization

w/P. Langacker and J Wang “03
-3chiral superfields on each D-brane set
-brane moduli (due to non-rigid cycles)
[3-adjoints for U(N). 3-antisymmetric rep. for Sp(N)]

" ablessing™ and " acurse”
Brane splitting- Flat directions in moduli space

Gauge symmetry breaking
[* supergravity fluxes (later!)
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Status of Constructions

(1) Systematic Construction - Z: x Z: orientifolds:

(a) Original Construction (1) ; special 3-cycles w/G. Shiu & A Uranga’01
SMx U(l)BL-= x U(l) x “Hidden Sector™
chiral exotics, 12-Higgs pairs

(b) More Standard-like Models (4). special 3-cvcles w/L. Papadimitriou’ 03
SMx U(l)B1-= x U(l) x “Hidden Sector™
fewer exotics. S-pairs of Higgs doublets

(¢) Systematic search for left-right symmetric models (11)
Only SM at electroweak scale; 2 models w/ only 2-Higgs doublets:
2-models with grr=gor; w/T. Liand T. Liu hep-th/0403061

(d) Standard-like Models w/ electroweak Sp(2f). x Sp(2)r sector (3)
Splitting of branes parallel w/ O6 planes:
f=4-family model w/no chiral exotics, gr=g=
w/P. Langacker. T. L1 & T Lu hep-th/0407178
(1) Other orientifolds

(a) Zs-onentifold (1) - brane recombination Blumenhagen, Gorlich & Ott’03

g psdfopee Z2-orientifold (1) - brane recombination Honeedrers)3
¢, UL e T iy 1 (T N I i I | L 1 TV sl B (s E 7iNA




Four-familv Standard Model
Table 2: D6-brane configurations and intersection nmumbers for the four-
family Standard-like model. In the table. y; 1s the complex modulus for
the i—th torus. and 37 is the beta function for the i—th Sp group from the

i —th stack of branes.

¢ =m
I Uld)c < Sp(8)r < Sp(8) globserved * [U(4) < Sp(8) x Sp(8)| hidden
stack | N | (nt.IY) x (2. ) x (n3.13) N uF' blecldld]ll]2
a | 8] (noyx@.1)x(-1) o [o[1][afo]o e
b | 8| (0.1)x(1.0)x(0.-1) o |o|-folo]o i sncli
c 8 (0.1) x (0. -1) x (1,0) 0 0 /- 010} 0|0} nocniral
d || 8| (0.1)x (1, -1) % (1,-1) o |olf]-]-1o]a]1] comtis!
1 8 (1.0) % (1.0) x (1.0) S —
2 b (1.0) = (0. —1) = (0.1) ff — ,gz -4

Sp(8 x Sp(8)=  I-Higgs (8.8), one-family confining "hidden sector
| brane splitting J brane splitting |
ersaosoaonas G2 )L X U(2)R - 16- Higgs (2.2). four-families page 21/46
{1 broken at electroweak scale




Three-familv SM model w/Sp (2)L X Sp(2)R directly (Z2 X Z2 orientifold)

&= '.]mi
1 [rl‘“F " S{TIIETIL . S{T{Ejﬂjﬂiﬂewnﬂe " -{7[2]* SP{S.'].ﬁiddtn
stack | & (nl 1Y) « (n2. 2) « (n3.13) Cam) nH ble|d|d|2
a 8 (1.9) x (1.3) = (1. —-3) 0 0 |3|-3|0]0]o0 non-zero
h 2 (0.1) x (1.0) x (0. —2) 0 o|-lols6]le6lo Intersections
c 2 (0.1) % (0. 1) x (2.0) 0 ol|l-1-]16l6lo w/hidden sector
d || 4| (2-1)%(13)x(1.3) Y1 = 24x3/ (4 — 9%3) chiral exotics
2 8 (1.0) -ﬁu_ 1) x (0.2) X2 =3x3, B =-5

wrapping nos. of SM - for toroidal orientifold does not cancel RR-tadpoles
Cremades, Ibanez & Marchesano™03
Embedding in Z2 x Z:2 ¢nientifold-allows for cancellation of RR-tadpoles
w/ Langacker, L1 &L hep-th/0407178
* “hidden sector” umitary symmetry- necessary for RR-tadpole cancellation

[eestorms tilted: 2 Higgs (2.2). Yukawa couplings give mass to 22 and 3 fanrdszs




Moduli Stabilization

I. "Hidden sector’” strong dynamics (B < 0)- gaugino condensation

1_2_J3 1_2__J3 1 2_3 | PE AN
ji’t =, n, HHK_ m, n, 1, Ul_\nlinﬂ T, -[iz B n“n"l/m)l’-}

dilaton complex structure moduli
gauge kin. function
Example of S, Ui-fixed, SUSY broken
w/Langacker&Wang 03

II. Supergravity Fluxes:

Type IIA- less understood. study of superpersymmetry conditions
examples of nearly Kahler spaces and chiral non-Abelian D-brane sector (no time!)
w/K. Behrmndt. hep-th/0308045, 0403049, 0407163
superpotential calculation Derendinger, Kounnas. Petropoulos&Zwirner, hep-th/0411276
Type IIB- examples of SM with fluxes
T i Marchesano&Shiu hep-th/0408058. 13488132

irgy ¥ " Ky | N ra T FaTeaTea s T | irgYy T " % FEY T " 1 S e et (FaTr I | 1



Type 1IB theory & Fluxes

[D1,D3,D5,D7-branes] [ C(Zn) — RR potentials]
Fluxes better understood: supersymmetry conditions.

Gukov, Vata&Witten 99 back-reaction due to fluxes

(Giddings, Kachru&Polchinski 01 potential for moduli etc.

. rich phenomenologocal studies:
Kachru, Kallosh.Linde&Trivedi’03 cosmology: landscape etc

E g : specific flux (w' mild backreaction-internal space conformal to Calab1 Yau):
Gs = F3 — TH3
Lo o

RR-3form dilaton/axion NS-NS-3form
Supersymmetry: self-dual, primitive (2.1) form

Four-dim superpotential: W ~ f QANGg =1 I{::

My complex structure moduli  Paoe 244




Tvpe IIA: Intersecting D6-branes

!
i

l T-duality ( RY' —

R,
Twvpe IIB: Magnetized D9-branes Cascales&Uranga’03
Blumenhagen.Lust&Taylor’03
(od i | ; 1 - -
{Na. (m, . m )} m, F —mn

"""" ~-» U(1)-D-brane magnetic field
> w1 2 3
Q8, =N, n'n_

(QT)a=Nomimlm;, i#ji#k
{1 {1 (I

Flux: G3 — }73 o THJ — . i / G*; A é‘l
Xe

\Y -
< VHux . =
(47m%a’)? 213

Contributes to (D3 charge

(Quantization conditions: Ng,« = ngN, ns<£Z N, = 64
Pirsa: 05030144 L Page 25/46
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Global consistencv conditions
For toroidal/orbifold compactifications

> N, n.n-n: = 16
ZN n.m-m> = 16
Ea: N, min:mS = 16
;Na m.m-nS = 16
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D-branes & Fluxes (Tvype I

3 )

Global consistency conditions
for toroidal/orbifold compactifications

Z N, nln n
9
ZN n.m:

]
%Namanam
ZNamim n’
(1

m,_

7.

S W W oW oW

:\_'[illx = I —\_w

TR 'I“I.r_"h'l'l'

1 6 -Nﬂm; / 2

16
16
16
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Three-family SM model w'Sp (2)L x Sp(2)R directly (Z2 x Z2 orientifold)

III U(d)e » SU2)L * SU(2) Rlobservatie * [U(2) < Sp(8)|kidden

stack | N | (n'.I') x (02, P) x (n*.PF) || n HH blc|d|d]|2

a 8 (1,0) x (1.3) x (1, -3) 0 0 |3|3(0]0]0 Non-zero

b 2 (0.1) x (1,0) < (0, -2) 0 9 1-10]-6) 6 )0 Intersections

- 2 (0.1) % (0.-1) x (2.0) 0 @1-]-]€]&|0 w/lndden sector-
d 4 (2.-1) x (1,3) x (1,3) Y1 = 24x3/ (4 — 9%3) Charal exofics

2 8 | (10 .ﬁn_ 1) » (0.2) X2=2%xs, B =-5

wrapping nos. of SM Cremades. Ibanez & Marchesano 03

/2 x 72 ortentifold embedding-cancellation of RR-tadpoles
*U(2)-D9-brane w/ negative D3-charge contribution
w/ Langacker, L1 & L, hep-th/0407178v2
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f-family Standard Model w' Sp(2f)L xSp(2f)r & nsunits of flux
w/T. Lma hep-th/0409032

TABLE VII: D-brane confignrations and intersection nmmbers for the consistent f-family Standard-

# is

like Models with »p-units of quantized flux. y; is the Kihler modulus for the iR rwo-torus.

J

the beta function for the Sp group from the ;™ stack of branes. The allowed models have f = 2.1

with (nf }mexr = 2. 1. respectively.

Ud)e < Sp2f)r * Sp2f)Rle * [U(2) * Sp(8(4 — £)2 + 16 — 32n)4

1[|8(4 — £)% + 16 — 32ny

I
(1.0)(1.0)(1.0):

xz2=xaH =-5

j N (n'.mY ) (n*. m*)(n®. m?) Iln]jjrﬂ bl e d d 1
a 3 (1.0)(1.1)(1. 1) 0 [o0|t-1f(4- £ -1|-(4- L2 +1]o
b 8 (0.1)(1.0)(0. —1) 0|0]|-lo| 24— 2(4- %) |o
e s (0.1)(0.—1){1.0) o |o|l{-| a4 | 202¢-4) |o
d 1 (-2 aa-_21) x1=(16—2f)xs/(x2 — (4 — £

n=1. =4: Sp(8)L
n=2, =2: Sp(4)L

* U(2) w/ specific wrapping nos to cancel flux contrib. to Qb3 charge

Pirsa: 05030144

x Sp(S)RE
X Sp(4)r

A

brane sphttmmg

brane sphtting

U2 xUQ2)r
Sp(2)L X Sp(2)r

mtersections
w/lndden sector
chiral exotics
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w/T. Li &T. Liu hep-th/0501041

New Sets of Flux Models: D9-branes w/ negative D3 charge
part of the Standard Model

Gauge svmmetrv: U(d)e x U2 xU2)R X Sp(2N:) X Sp(2N). ..

or or \ ~ z
/ (Sp(2)L) (Sp(2)r) "Hidden sector™

SM sector contamns D- branes with negative D3-charge

New representative models (order of 20) of 3- and 4-famuly
Standard Models with up to 3-units of quantized flux.
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Three —tamllv ‘)M with 3- umts of flux (supersymmetric)

Table 5: D-brane : and intersectjon = )P 1.
no cor I en sector §Ii'?‘§"’1 1&3@1 *]f

Model — Ty — 1 [Ud)e x U(2) x Ul2) plosservaste

I

N | (n'.m'}¥n?. m)n . m?) rmﬁ bl | e r*l[iﬁhiermudlﬂl

b

~

s (1 OW1.1){1. 1) 0 0 |31 |2] W) eas=x=2
4 (LIN2 —1K1.0) -2 2 |-]-1&] s Xz =210
4 (—2. —1){4.1%3.1) = J-mmll- -1 -

hree famuly SM with 2-umits of flux

Table 6: D-g‘ e confleurations intersection numbers

M odei — 1-'1 ra [".'t.'f_ ' l|:I-{i:'.l'_ x [.iilﬂ‘luhﬂ:rmﬂc = l'gpl[ﬂ = ‘lnf }_Hddm

] N (!, mWas m2Wnc. mT) 1 ;H b || e e

=]
]

(L OM1.1)(1.—-1) 0
(2 1H2. —1W1.0) 0
(-2 —1)3.143.1) A0l -1 -—]- :

=
4

e

(0. 1IM1.0){0. =1)

Table 7:

Pirsa: 05030144

Three -family SM with [- umits of flux

D-brane configurations and intersection numbers for Model — T, — 1.

Maodel - T, — 1 | [U{d)e x Sp(2p x Ul2) plotservatte * | SHY)| misiten

] N (n'. m')(n®. m2)(n?, m?) Candl i b c |
a - (LOW3I. 13 —1)

b 2 (0. 1W0, —1)i2.0) 0 0 - 118 | -
r 4 (—2. —1)4.13.1) -G 106 | - - -
e ] = i R O O ] e la 1E ., Li
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More three-family SM's with 1

1 -unat of ﬂu_\

Table 8: D-brane configurations and intersection numbers for Model — T,

Model - Ty —2 | (U{d)e x U{2e x U(2) p|osservatte x [SP(¥) x Sp(4)| mictusess
i [I N (! mWn?. m*n*. m>) I nH b |b]|e e
i b (LOW1.1){1.—-1) 0 ) -2 ] 1 -k
b 4 (212 —-1W1.0) 0 1] - = 0
e 4 (—2 —132.1M3.1) AR |8 ) -] -] - -
03 - (L0}1.0)(1.0) B=x=nu=+4

D7) s (0.1)(1.0)(0. —1)

Table

9: D-brane configurations and intersection numbers for Model

Model -T) — 3 | [Uld)e =< U(2)r x Sp(4) plotservatte * [Sp(4)]| midden
j I N (n'.m!){n®. m?)(n?. m?) "] nF! bV | e
i ) (—1.—1}2.1){2.1) -2 20|32 5] 4

4 (1.0)(3.1)}{1.-1) 4 -1 = 0
c 4 {1.0){0, 1X0. -1) 0 0 i | &

. ] . - Yy, 22+ 2 =
D3 I = (1.0)(1. 0)}1.0) s = e 2
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Four -family SM with 3-units of flux (supersymmetric)

[no confinmg “ludden sector -SUSY breaking”|

Uld)e x Ul2) g »

SI”‘“L{ Moae rrabl ¢

Model - F5 — 1 ||

(1.0}2.1)(1.-1)
(0,10, —1}{1.0)
(—2.—1)(4.143.1)

| n'. m! 1 n®. m? M n>.m

3)

Rahler modub
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Four-familv SNI's with 2-umts of flux

Table 11: D-brane configurations and interseetion numbers for Model — F, — 1.

Model — F; — 1 Ud)e =« U(g x Ul2) glovservaste = [SPH)| miditen
i I N (n'. mn? m*)(n*. m>) I T nFl b|¥ || ¢
a 8 (LO}2 1){1.-1) 2 2 | 410|4]-10
b 1 (LL1)}2.—1){1.0) -2 2 -1-15] 3
e 1 (—2 —-1)}3.143.1) 32 |-112) -] -] - -
(D7)2 4 (0.1)(1.0)(0. —1) e=2a=2a=3/6

Table 12: D-brane configurations and interseetion numbers for Model — F, — 2.

Model — -F.‘! =2 [-ll"“f_ " 51114]1 & [-Egyﬂluﬁurruﬂt 2 [SH‘!} - Sﬂ“‘}]H&En

i N (n'. mYn? m*)}(n. m>) Cmn nFI b | e o
il (L.OW2. 1M1, —1) 2 2 -2 -10
b (0.1){0. —1)(1.0) o | o |- :

(-2 —1)(3.1%3.1)
(1.0)(1.0)(1. 0)

- -1) =
(D7)s (0. 1}1.0)(0, —1) = — 1

Table 13: D-brane configurations and interseetion numbers for Model — F, — 3.

,Htﬂ{'! -~ Fg -3 [[-‘43{' o [-{2][. X [-'12} R],Dbltrmﬂt " _SH4:||Huii:n
] l N (n'. m")(n®. mSn?. m?) I L nm rFI bV || ¢
a S (LOW2 1M1, —1) 3 2 llzl-ullall-ao
b 1 (2. 1)(1. —1)(1.0) i  |-|-la] a
filsa 05030144 c 4 (—2. —1)(3.1X3.1) iliasl-|-1-1 -

I s B 4 | e | o . 1. = e
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Four- family SM's with 1-unit of flux

Table 14: D-brane confisurations and interseetion numbers for Model — F, — 1.

Madel - F, —1 | [Uid)e = U(2)y x Sp8) gloscervasie * [SHE)| mridten
i N (n'.m' Yo . m* e . m®) | ﬂ b|V | ¢
a | 8 | aoane-n [ 2]121a]0] 4
b 4 (2. —1){2.12.1) am jsul-1-] -4
c ~ (0,140, —1){1.0) 0 o l-I-1 -
(D7)s ~ (0.1)(1.0)(0. —1) Xs=22 F+o==1

Table 15: D-brane confisurations and interseetion numbers for Medel — F, — 2.
Model — Fy, —2 | [U{d)e = U{2)g x Ul2) gl osservasie * [Sp(12) x Spid)] missen
i I N (r'. m')(n?. m*)n . ) | rH b | V| e e
(/] 8 (LLOM1.1){1.—-1) 0 0 4| 214 -6
b 1 (2143, —1)(1.0) -2 21|1-1-10 -4
c 1 (—2 —1)(2.1)(3.1) A8 |- -] -] - -
D7 | s OL00.-1) [ rve=2e=4u=241

Table 16: D-brane configurations and interseetion numbers for Model — F, — 3.

Model — FI -3 Sﬂ 16) x U{2)p = ['{.ijﬂi.d.,,n.nu,

j I N (n'. m"}n*. m*(n®. m>) |I T nH bl | c | |[ Kahler mochuli
i 16 (L 001 0 1.0) L] i 1) — 1 -1} - Xixz =06

b 4 (2. —1)(0, 143. -1) -l -1l %*%:
" 4 (—2.—1IM4.1)1.1) 6 | 58] -| - £ E
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I. Moduli Stabilization:
(a) Toroidal complex structure moduli U:- fixed by fluxes.
(b) In some cases all toroidal Kahler moduli T; - fixed by SUSY
OR

Examples of Kahler moduli fixed by SUSY & a hidden sector, w/ negative B
function, resulting in gaugmo condensation and non-perturbative superpotential:

3A3 -2
o exp | —— (1) W,
32z P | g ) + l

function of Kahler moduli  flux contrib (fixed complex structure moduli)

Weff

All toroidal Kahler moduli stabilized & SUSY restored  ( ala KKLT)

(c) D-brane splitting moduli-become massive due to flux back-reaction ( “curse™ lifted)

|[However, twisted closed sector moduli not stabilised :
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D-brane recombination moduli-could form flat directions w/Kahler moduli - problem! |




Flux SM’s with Confining Hidden Sector that

stabilizes the left-over Kahler modulus

Model — Fy —5 | [U(4)c x Sp(8)r x U(2)R|observabie X [Sp(4) x Sp(4)|Hidden
. N (nt, m)(n2, m2)(n3 m?) || HEI - =
a ol (LONL 1)(1,—1) 0 )] -1 16 -1
8 (0.1)(0, —1)(1.0) o | o] -|3 -
c 4 (—1,—1)(3,1)(2.1) -4 44 | - | - -
(D7), 4 (1.0)(0,1)(0. —1)
(D7), 1 (0.1)(1.0)(0. —1)

Sector w/negative beta functions & Kahler moduli dependent gauge functions
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I. Moduli Stabilization:

(a) Toroidal complex structure moduli U:- fixed by fluxes.
(b) In some cases all toroidal Kahler moduli T; - fixed by SUSY
OR

Examples of Kahler moduli fixed by SUSY & a hidden sector, w/ negative B
function, resulting in gaugino condensation and non-perturbative superpotential:

3A3 -2
o eXp | —— (15 W,
32z 2| 3 1)) + l

function of Kahler moduli  flux contrib (fixed complex structure moduli)

Weff

All toroidal Kahler moduli stabilized & SUSY restored ( ala KKLT)

(¢) D-brane splitting moduli-become massive due to flux back-reaction ( “curse™ lifted)

[However, twisted closed sector moduli not stabilised :
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D-brane recombination moduli-could form flat directions w/Kahler moduli - problem! |




II. Further Phenomenology: w/P. Langacker, T. Li & T. Liu, to appear
(All models descendants of Pati-Salam Models)

(a) Yukawa Couplings:
-Pati-Salam model w/ mmimal (MSSM) Higgs sector not viable;
mass matrices and mixings of the SM cannot be realized.
For the specific construction-mass only for the 3¢ family.
[Cannot give masses and mixings to 15 &2 famuly at the loop level & after SUSY
breaking. due to degeneracy of the soft-SUSY breaking mass terms (next page). |

-Models w/ non-minimal Higgs sector better. However. Yukawa couplings still
symmetric-only a handful of models w’ masses and mixings for 2* and 3*¢ family.

(b) Exotics:
-models possess chiral exotics (problem!)

-new chural flux constructions w/ mamly right chiral exotics & Yukawa couplings
to SM Higgs sector (M~ TeV) —still problem with SM precision constramnts

(¢) U{1)B-L breaking:

-VEV of right sneutrmo-problematic, due to R-parity breaking resulting m

Pirsa: 05030144

unrealistic neutrino masses!
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III. Analvsis of soft SUSY breaking mass terms:

Fluxes (and/or hidden sector strong dynamics) break supersymmetry.
Employing full Yukawa Coupling/Kahler potential calculations
w/Papadimitiriou’03
LustMayvr,Richter&Stieberger’04;Cremades.,Ibanez&Marchesano’04
one can determine soft supesymmetry breaking mass parameters in terms
of F-(and D-) supersymmetry breaking parameters in the closed moduli sector
Camara,Ibanez& Uranga, hep-th/0408064; Lust, Reffert&stieberger, hep-th/0410074;
Kane.,kumar,L.vkken& Wang, hep-th/0411125; Ibanez&Font, hep-th/0412150. . .

For all specific constructions (descendants of Pati-Salam models)

soft mass terms- degenerate among different family species

i the rnight and left sector & among Leptons and Quarks.

(The soft mass terms are governed by the intersection angles. and are the same for
different family species in the right and left sector )

Problematic for generating masses and mixings at the loop level
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w/Blumenhagen Marchesano&Shiu, hep-th/0502095

TvpellA orientifolds w/ rigid cvcles

/2 X /> orienfifold w/torsion (non-commuting Z2’s)

Rigid 3-cycles [D6-branes wrap collapsed 2-spheres at orbifold singularity x circle] -
construction of chiral models w/discrete Wilson lines

An example of one 4-family Pati-Salam type model (in Type IIB picture allows for
introduction of fluxes)

[related work Dudas et al. hep-th/0502080]

-Systematic search within Z2 x Z2 onentifold: w/T_Lm, unpublished

4 additional 4-family Pati-Salam type models (& no 3-family) (in Type IIB picture
w/fluxes allowed). different Hidden sector. Higgs sector & exotics

fadsamo 3- or 4 family GUT SU(5) models]| S




Table 3: Model-3

(nt_m" M n* m=) (> m>)

: (1.0W0. 1)D, —1)
b (1.ON2 —3)(4. 1)
e {—L2)(—2Z.1)(—4.1)
1 (1.0){1.0)(1.0)
3 al (0. 1) 1.00{(D. —1)

Table 4: Modeld

| Model4 | N | (m'.m')(n*.m )i ) [ b |V | ¢ | & |

a = (L.O)0. 1){0. 1) 212]|4] 0
: S b 4 (LO)2 —1)(4.1) -|-]110] -6
{.}ngﬂlﬂl Model e 4 (—3.2)(—21)(—4.1) e I
1 16 (1.OYI.0)1.00
2 1 (1.00{0.1)(0. -1)
3 = (010, —1)(1.0)

Table 5: Model-5

| Model-5 H N | (. m*){n*. m*)(n*. m?) |] b I b | e | e |

i e (L.OYD, 10, —1) 2121 4 0
b N 4 (L.OW2. —1)(4.3) - - 18 | 18
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Conclusions/Outlook

(1) Overview/status of supersymmetric imtersecting D-brane
constructions w/realisitic particle physics:

(a) Major progress: development of techniques for consistent
constructions on toroidal orbifold orientifolds (geometric):
explicit spectrum & couplings (no time!)

(b) Sizable nos of semi-realistic models (on the order of 20):
within 72 X 72 ortentifolds - svstematic search (w’ SN 3 families)
leading to construction of (most) classes of models there.
Readv for landscape studyv (??7?)

(¢) “The devil 1s m the details! ™:
chiral exotics (except a 4-familv example)
“realistic” Higgs sector and or Yukawa couplings
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|geometric whierarchy (no time!)]




(11) Intersecting D-branes and Fluxes

(a) Tvpe IIA: fluxes less explored. but recent progress:
(no fime!)

(b) Tvpe IIB: Chiral SM constructions w' fluxes
mitersecting D-branes == magnetized D-branes
On the order of 20 representative SM's with
3- &4-families, up to 3-units of quantized flux

Just scratching the surface!

FULLY REALISTIC CONSTRUCTIONS —at least at the level of
spectrum. coupling and all moduli stabilization (?7?)

TECHNIQUES TO ADDRESS THE LANDSCAPE
OF REALISTIC MODELS (???)

irsa: 05030144 Page 44/46




stabilizz
Star

Models

chiral fz

Click to add notes

..........

s -\ NOOEHAME >-2-A-==Z8@. R
! Outiine Diefaulk Design ox y




Pirsa: 05030144 Page 46/46




