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IbeEUcHEN: Natlralnessiand landscape
MBEEFYUIIding wWith intersecting branes
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iENEEnAscape of string vacuua ™ s
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SN ELa Ve delinten: e erfiective field theory: X'Is
than Y inrstring theory if the number of
ENBIMENDIOYically acceptable vacua leading to X is

BIGEr than| the number leading to Y.
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= isHstifies: to look for * phenomenologically acceptable
— Vacua “ ? But, first, one has to define what is
=~ phenemenologically acceptable vacuum ”
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dRtersecting brane models
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= Introduction to the art of “perturbative
string models for phenomenology™?
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SENIVERthEDrY: hasi N=8! SUSY.
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3 ;é.dmb’act space

Localization implies :

e breaking of translation invariance

Goldstone bosons = scalars on the brane




SENIENEREDNY has N=8, SUSY.
|Q("r]“/r]l‘0 G'fG 'i’-" C“ 1s]0)] f "-’.
IVEIENCER =
ér_supersymmetric — SUSY spontaneously broken =
ferm ons
2 Qr HE Brane:
— = N 4:SUSY linearly realized

-.v—‘

= 5—‘;—';_*5’- NE4-SUSY non linearely realized: overall U(1) (goldstones and

~— goldstinos).

g

s — N=0 (or N=1) SUSY from intersecting branes




N=2, 1,0 multiplets
at the intersection

. » N=4 multiplets (brane 1)

N=4 multiplets (brane 2)




Stability of intersecting branes: no tachyons

2d: no tachyon at the intersection =parallel branes only = SUSY
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Stability of intersecting branes: no tachyons

2d: no tachyon at the intersection =parallel branes only = SUSY

4d: no tachyon at the intersection =parallel or orthogonal branes
only = all or half SUSY
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Stability of intersecting branes: no tachyons

2d: no tachyon at the intersection =parallel branes only = SUSY

4d: no tachyon at the intersection =parallel or orthogonal branes
only = all or half SUSY

6d: arbitrary angles !!! = SUSY or no SUSY possible!!!
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ealIENIEs00s: SUSY multiplets on, the briahe®

—

o N=2 gljge)lges N=4 multiplets

I8Vector

1 vector
4 Weyl fermions
3 complex scalars

=

W* vector
chiral 3 A, chiral




SullEl#Sand sleptons: SUSY breakmwhe“ —a—
IUESECHION _ -

SN e e anglest O, 62 anal 51 therthree toril stchi that thereis an N= 1
SUSe _eserved at the intersecuion (ex 01+62-63 =0). Quarks and' leptons
IEN e =1 multiplets.

) Aﬁ'e MEW: 05: by very little such that 01+62-63 =D. Then SUSY is broken

— SEpontaneously by a D-term.
= ';'-5"
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Squarks andileptons get masses (up to charges):

‘










Loop generated SUSY breaking masses for “bulk” states

1
Dirac masses for N=2 gauginos Mﬁz =fd2ﬁ_W'WaA“ ~ gﬂ
M M,
2
Dirac masses for N=4 gauginos Mﬁz =fd20LW'D A A" = gﬂ
M M

N N

1 a
Majorana masses for gauginos M), = f d 20@ WP W W =~g> —%

S S

Scalar partners of gauginos g.m;
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WisgiRaout the tHiggs, sector?

SN ENIGESHTUILPIELS Come as ypermultiplet
SINIENTPEIEMELER IS EItner:

— fe'e paliameter (branes separation)
= 0fie-loop induced:

® The Higgs scalars are fine tuned to get the right electroweak scale.




INIEELONR O couplings?

sHOF N=4:With one KHiggs scal.ﬁi-ght

M, =9.7x10"GeV
m, ~8.5x10"” GeV
M =7.4x10"GeV




M, ~28x10"GeV

m, =~ 4.5x10” GeV
MDD =72x10°GeV




M, ~45x10°GeV

m, ~1.1x10"” GeV
M =2.7x10°GeV




5 40! Not enterin the RGE for unification

r IR0 are important for getting a
flc date




The 1

NONIEREWIROS BBV OCRITIGHENINES
rliggsiiles dlone canrnet berthe DM becalse off the
vecco coupling.

MIXING pwith light binos is necessary.
BHE mixing must induce a mass splitting between the

=t SuWerHiggsinos at least of order 100 KeV.
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% — the lightest bino has a mass of at most order 100
-~ TeV.
e — the lightest bino has just a Majorana mass.
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J r {15! j Iudes the N=2 model withione Higgs: too light
of 9 -’er 10 ' KeV.
=2 _-,f:ﬂ'fand one Higgs Is border line

— DarkSUSY: mvl.1 TeV :
- ® OK for N=2 with two Higgs doublets
o Extra parameter (brane separation) to make N=4 work.
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2 llghteSt F]“TMUF‘I”"TT'I"’L’L"U|lrl-llllm-c‘-l1-—-_. [
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J Mb-,é fd [IIgIven; by similar expressions can be compared:

vﬂ' -

= b<<mb|nos overclose the universe
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~o-Mpbh>>mOK

® N=4 work as for the last case above
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Niestime of extra states (IN=2.Gase)l S

. N

SteclalisiGecay 1Nte daudinges, Dirac gitinos decay.
| 'rrou,, i60p), Difac Winos decay Into Higgses and
rlic Jr SIN0OS:

7c Iow energies, both binos couple to Higgs and

= ﬁggsmos
® Only stable particle is the LSP
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Biiestime. of extra states (IN=4.Ga5E)"
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SN ElReiREIE iErmions will decy as before (the N=2 part).

74

SE Othier half will have to decay through massive string
= States.

&= No: problem for gluinos and winos

———
——

= = _ [life-time of order 1/10 of the age of universe for binos.
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IESEIt Merchant AndiHis Denkey

ANPEEIDIDBERNGOVENISHDOIKEY Lo thENSEashore Lo buy Salt. [HisTread home
EVAEhOSsIa stheam INter WhICh his Donkey, making a false step, fell by:
e ENRanEESE Up again with his load considerably: lighter, as the water
IEIEERIE SaEK:

*'é’d'dler ietiiaced hisisteps and refilled his panniers with a larger
ety el salt'than before. When he came again to the stream, The

.
'——

= == onkey fell down on cJaurpose in the same spot, and, regaining his feet with

—

i SEWeIght o his load much diminished, brayed triumphantly as if he had
B Obtained what he desired.
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e Peddler saw. through his trick and drove him for the third time to the

coast, where he bought a cargo of sponges instead of salt. The Donkey,

againi playing the fool, fell down on purpose when he reached the stream,

but the sponges became swollen with water, greatly increasing his load.

ﬁnddthus his trick recoiled on him, for he now carried on his back a double
urden.




