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String Phenomenology

* Too many string models?

* Or too ‘few’ models?
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Recall LHC is running:
Hierarchy Problem Proposals

« TeV SUSY

« Warped extra dimensions

 Large extra dimensions

UV complete? How to fix size of extra dimensions?

IIIII



Local String Models
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Universe

D3 Brane

or

D7 Brane
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Standard Model Localised
== (Bottom-up)

Fractional D3/D7 Brane at a singularity

(collapsed cycle)

Magnetised D7 - Brane wrapping a ‘small’ four-cycle

Blumenhagen et al. 2008

Local F-Theory

Donagi, Winhoit; Vafa, Heckman, ___ 2009
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Standard Model at (Fractional)
D3/D7 Branes at Singularities

% Collapsing single 4-cycle:
del Pezzo surfaces dP_, n=0,1, ....8 <==m

* More general singularities, e.g. Y. L.

Pirsa: 11030071



Toric Singularities
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Simple Singularities/Quivers
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Standard Models
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LR-Symmetric Models

Trinification Modelis
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N & & Conlon, Maharana, FQ 2008

Vo ) E-values (M,M.0).
— —-,> From global flavour symmetry SU(3) (?)
' 2 2
of o i v ) K.} —
-.*-.”-

SU(2)xU(1) Flavour symmetry

Hierarchy in 3 generation masses!!!!

- ! A= 0O 0
W > m - i | "
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Higgsing gives back dP,!!! \ Pdge 12/44



e.g. ‘Realistic’ dP, Models
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General Results Toric

1.Maximum number of families = 3

2. Quark Mass hierarchy: (M,m,0)
with M>>m



3. Realistic CKM
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4. CP violation

J = 3.05019 » 1075 ~ 85
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The Needle on a Haystack

Not simple GUT groups (SU(5), SO(10),...)
Search for PS, LR, SM....

Many U(1)’s but if U(1),= Z. U(1), ‘wrong’
normalisation for MSSM unification (35/3).

Then U(1), in G non-abelian (SU(4),...)

ALL SMin D3’s atleast G=PS, SU(3)3



Pirsa:

Minimal del Pezzo?

oty

* dP0 no hierarchy of masses (unless non-
commutative), no CKM

« dP1, dP2 CKM but no control of kinetic
terms (FCNC?).

« dP3 flavour diagonal kinetic terms and
realistic CKM, PMNS matrices.

11111111



Realistic Pati-Salam Model
(dP3)

(R-parity
broken)

—L i — —I-_'_l
-\“H\‘-{:_’_z
“ ._f"/ L“M ‘.
g . 8
2lb % { 2R



m - < P - el
dy » \
1 ¥ A . B
A
Y
4 > 4
y L X pr o
— B . - | |
1 &



Pirsa: 11030071

total # Fields SU((3) SU(2) U(l)y U(l):
3 X, Yoo, Zo 3 2 a a
3 X, ¥, 28 3 1 —a+k| —a—k
3 Xe. Yo 25 3 1 -a—k | —a+k
3 Lij IS, 13, 1 2 —3a —3a
3 Vg 1"51~'*"§r‘j 1 1 3a+k | 3a—k
3 Cjb(‘,’".igﬁ 1 1 3a—k | 3a+k
3 Xio, Yei, Z14 1 2 —k k
3 1 2

d yd
Xia, Yei,
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B 7297
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'CKMMatrix

& % t g . 4
ru " i ' , A2vd
Yf__ A }’ ol 4& ji .J'.\L = YF“LLL

F 3 8 &
- 3
Vexul = € 1 €
. "y
e ¢ 1
LY

*PMNS Matrix

d f :
21_;})53@%1 2 .
iz}’;“i - U9

14 Parameters vs 21 Observables
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Gauge Coupling Unification

5
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MODULI STABILISATION

| 4-cycle size: 1
(Kahler moduli)

3-cycle sizéf U
(Complex structure
moduli)

+ String Dilaton: S




LARGE Volume
Scenario
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Exponentlally Large Volumes

Perturbative (alpha’)
corrections to K
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) V-7 > withr ~ S

Exponentially large volumen + Broken SUSY!!!
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e.g.Swiss Cheese Calabi-Yau’s

Very generic

i,

5 _ = o AP
EP’.I | i 29210 = T 1 19296 12)/ Zio -\[n
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Exponentlally Large Volumes

BBCQ, CQS (2005)

Perturbative (alpha’)
corrections to K
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e.g.Swiss Cheese Calabi-Yau’s

Very generic
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LARGE Volume Implies

Standard Model on brane wrapping
small cycle or at singularity

== | ocal String Models! (‘Bottom-up’)
Also: generically hyperweak new interactions.
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Relevant Scales

String scaielMs=MP/V‘”2\

Kaluza-Klein scale|l

Gravitino mass |m5,,=W, M./V
Volume modulus mass

Lighter (fibre) moduli | M=M _/V >3
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General Scenarios

i

Msying = Mayr~ 1076 GeV

W,~10""<<1 (or W,~1 plus warping) to get TeV soft terms
Fits with coupling unification

Natural scale of most string inflation models.
Axi-volume quintessence scale (w=-0.999....)

Msiring = Mipe ~ 102 GeV

wW.~1

m,~1 TeV

QCD axion scale
neutrino masses LLHH

Msiing-1 TeV

W~1

Most exciting, but 5th Force (volume modulus m~10-'° eV naively but...)
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Relevant Scales

String scalelMs=MP/V‘”2\

Kaluza-Klein scale

Gravitino mass |m;,=W, M./V
Volume modulus mass

Lighter (fibre) moduli | M=M_/V ¥3
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General Scenarios

Mﬁmng = M;}UT"" 101!5 GE’V

W,~10""<<1 (or W,~1 plus warping) to get TeV soft terms
Fits with coupling unification

Natural scale of most string inflation modeis.
Axi-volume quintessence scale (w=-0.999.___)

Mstring = Mipe~ 102 GeV

W, ~1
m,,~1 TeV

QCD axion scale
neutrino masses LLHH

Mgyring= 1 TV

W,~1
Most exciting, but 5th Force (volume modulus m~10-'° eV naively but...)
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Aside: Anisotropic Moduli
Fixing
K3 Fibrations: 1y — Y- ERE)
T; =0V /)01;,

F’oly-lnstantcns Blumenhagen et al.

h2,0(2;) =1 and h10(%;) =0, K3! sizet,?
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el ()T ~107 mMmm € L (1

~ ()T = (V) /(T

W

3= M, -
Veub2x1ll™ = M,~ — ~ 3 TeV.
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varV
Living on the edge!!
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SUSY BREAKING
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Several Scenarios

™
+ F-term of volume modulus ~ approximate no-
scale (M__.. (~F-/Mp)) ~vanish!

1.SM cycle breaks SUSY:
Msoﬁ:‘-‘lTev (hFT/MString‘-MpNHMNE)
Volume~10'> and | ~1012 GeV.

2.SM cycle does not break SUSY
M,.,~ F<J/Mp ~ Mp/V? << M,,,
Extreme case: V~107, M



Scenario 2.

. Uplifting to de Sitter important
» Gravitino very heavy M,,,>10% GeV !!

* Generically no CMP! (M, ;,ume”M<ost)

* Minimal volume V~10%-7 .
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Conion+Palti

* X X *

But: Calculations less under control + FCNC’?



Implications

* Intermediate scale scenario
M, ~ M,/V3? ~1MeV (CMP!?)
* GUT scale scenarios
My ~ M,/V3? ~1-10 TeV
 TeV Scenario
SUSY broken on the brane:
Mv~Mp/V~10-3 eV>>Mp/ V32
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Perturbative quark masses

. Ibaneiﬁ 1982

Am~<H>F/M?~
M, M. .2/Mp2~ 1030 M,, ?

Scenario 1:

Scenario 2:
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Explicit diagrams

|
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. mup ~ TN; €
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Other sources: non-commutative B background....
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CONCLUSIONS

Contiriuous progress on Local model
building and Large volume scenario

Several SUSY breaking scenarios
(M~m5,, My, 2M 12, my,2 M, ), €

Local model building

Many open questions

Flat directions,
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