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STRING PHENOMENOLOGY

See also :.. Acharya’s talk

* Particle content
* Coupling constants
* Energy scales

-. | I--Ihh
¢ Cosmology ‘%
w .":.. iy R
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STRING PHENOMENOLOGY

— — .
See also Bobby Ac arya s 'rqlk

* Particle content
* Coupling constants
* Energy scales —

- Cosmoiogy %

Good prospects for type 1B string flux compqc’rrflca’non?‘fi--";"'f'?""- '
with D-branes

Generalized elec’r_r_omqg*;‘ne’ric fluxes to:
* Avoid massless exotic particles
* Control the scale of SUSY breaking
* Finetune the Cosmological constant

__Diego Gallego (UPTC) SUSY 17 Mumbai, December 11-15



- Can fluxes explain the 1

of ’rhe cosmolo jic Lc ns’rcm’r,2
R '

[r——

| _ _ ST ;
In the con’rex’r o‘F‘Leu'ge Volume Compccﬂﬂcahons we
are able to anoly’rlcclly cons’rruc’r ’rhese novel vacua.

PN ~ i Ve
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\/ FLUX COMPACTIFICATIONS

The complex structure and axio/dilaton muduli acquire "/
[Godins et al. '01]

'

dynamics from fluxes 0 1

Depending on the periods and flux vector

= u' - F; — SH.
e ) _ fAI 3 3
e " (fB; F35H3)

=
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/'~ FLUX COMPACTIFICATIONS

The complex structure and axio/dilaton muduli acquire e/
[Godins et al. '01]

!

dynamics from fluxes 0 1
WOZ—NTZﬁ 2:(_11 O)

Depending on the periods and flux vector

'

1
= u! - F;— SH
—nd F. —
2T ]::L F; (IBI F3SH3)
With the Kdahler potencial
K =—In[~i($ - §)] - In (ili’ ©1i)

Standard procedure: find SUSY preserving solutions ~ [KKLT'03] 0

OsWy + 0sKWy = 8; Wy + 8, KWy = 0 )

| | ) |
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'~ LARGE VOLUME SCENARIO

-, Kdhler moduli in Swiss-Cheese manifolds
i\"'\'nz Ll

N
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\/‘ LARGE VOLUME SCENARIO

-, Kdhler moduli in Swiss-Cheese manifolds
\ small

YW o= Wy + Z AT -

& = X

Kix = —2In = [ —i
K V + 5 5
-

N "\Lnl all .

V=(mr")? — Y (1s7°)2
g1

B = QaF > 1 [Quevedo et al. '05-on]

Large volume expansion with -

f *’Nslzlill] v m—La mall = a2
Voo — a D ol bozge™ YT Cso /T T
LVS = 333 Vo 23 Y .
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LARGE VOLUME SCENARIO

-, Kdhler moduli in Swiss-Cheese manifolds
\. small

YW o= Wy + Z AT -

; a—58Y"
Kk =—21In V—i—5<—1 )

2 2

-
\Lln all
3 3

V=(mr")2 - ) (n.7°)3

g1

By = BuF > 1 [Quevedo et al. '05-on]

Large volume expansién with

s A«’stlnl] v m—La N mall prm— |
Voo — a D ol bozge™ YT Cso /T T
LVS = 3,3 ~ 5 53 v il

Has a minimum at exponentialy large volume V bs 2. =~
min ~ P € "VLs,
1 2

VLVS ’ min ~ \-/
- ]Y3

min
J J
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~/ NO-SCALE SUGRA NON-SUSY SOL'S

0, N’
No-scale property
K(X,T) = Ex(X)+ Kr(T)  W(X,T) = Wx(X)
and L. .
Kp(Kr) 'Ky =3
Then
Fr=KrWx(X)#0 V=MWt +K\Wx[?>0
"

L
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~/ NO=-SCALE SUGRA NON-SUSY SOL'S

o/
" No-scale property
K(X.T)= Kx(X) + Kr(T)  W(X.T) = Wy (X)
and .. .
Kp(Kp) ' Kr =3
Then
Fr=KrWx(X)#0 V=MWt +K\Wx[?>0
Look for non-SUSY sol's in the X sector [Marsh et al. '14]
Fy ~n<1 s (V) >0
An almost flat mode
2 2 ®

o/
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‘/ DECOUPLING IN LVS ~

'
Y

Nearly factorizable models [D.G. 15]

W(X,T) = Wx(X) + Wo(T) + eWyin(X, T)

KX T)=Kx(X)+ Kpr(T)+ eK,,;-(X,T)

v

-/

| | o |
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V/ DECOUPLING IN LVS I
Nearly factorizable models [D.G. 15]
WX, T)=Wx(X)+Wp(T)+ Wi (X, T)
KX, T)=Kx(X)+ Kp(T) + €Kiz (X, T)
The X-sector can be integrated out with

Wi + KxWx ~ ¢
The effects on the T dynamics are suppressed by 0(62)

N

o/
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-/ DECOUPLING IN LVS ¥

Nearly factorizable models [D.G. 15]
W(X,T) = Wx (X) + Wr(T) + eWipnia (X, T)

KX, T)=Kx(X)+ Kp(T) + €Kiz (X, T)
The X-sector can be integrated out with

Wi + KxWx ~ ¢
The effects on the T dynamics are suppressed by 0(62)

This is the case in LVS with

e~ 1/V

N

o/

. J | |
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For LVS
N )
! FXFX
- V = | 2 l + Vivs

Thus Minkowski if
ne~1/VV>en1/V

The analysis for no-scale holds!

\_ 5

L

| | ) |
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For LVS
- )
‘ FXFyx
- V = | 2 ‘ + Vivs

Thus Minkowski if
ne~1/VV>en1/V

The analysis for no-scale holds!

Decoupling not destroyed for it is
still suppressed!

/

- 0

e
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FLUX VECTOR SPACE

From the parent basis of 3-forms {9, Q, D;Q, DiQ}

[Candelas & de la Ossa. '91]
— —;* — - —;*
{H7 11%, D;11, D11 } is a basis
With the projections

ﬁTzﬁ* — _I_ie—Kc.s_ DzﬁTZDj_f[* _ —iKije_KC'S'

D, I = 1" D, 11" = D;I" ¥ D1 =0

N £

L

| ' Y L
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FLUX VECTOR SPACE

From the parent basis of 3-forms {9, Q, D;Q, DiQ}

[Candelas & de la Ossa. '91]
— —»* — - —»*
{H7 11", D;11, D;11 } is a basis
With the projections

ﬁTzﬁ* — _I_ie—Kc.s_ DzﬁTsz_ﬁ* _ —iKije_KC'S'

D,II = 07 ¥ D,11* = D, DI =0

Any vector in the flux space

- n

— — —

V — jeKee. ((HTEV’)H N (ﬁTE{?)ﬁ* _ (KﬂDEﬁTEE;)D;ﬁ - (KﬂDjﬁTE?)DIH*) :

L

. J | |
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_/ DECOMPOSING THE FLUX VECTOR

"/
SESUIIE 7y — DLW — 8u W 4 KW,
ZAB =DaFp =04 + KaFp — [(ABF(
Then the Hodge decomposition reads
- . f‘ 7" ~ — =
N = jeftes ( —H()H* ‘SD-H+F’D,H*) :
Kz
(3,0 x(O 3) \(2,1) x(1,2)
=

</

| ' Y L
Diego Gallego (UPTC) SUSY 17-Mémbai, December 1 1-%



| \ -/
_/ DECOMPOSING THE FLUX VECTOR

REISHROESS oy — DLW — GV & KW,

ZAB =DaFp =04 + KaFp — [(ABF(

Then the Hodge decomposition reads

N = jeKe -( I — W,Il* — Z”Dﬁ+PDﬂﬂ.

\(2,1) x(1,2)

(3,0 xmm

(2,1) and primitive fluxes

— o Z S q
‘\v - i(‘]\r“‘-. - 'b D;H .
Kg \/

| ' Y L
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| ““STEPS TO NON-SUSY FLUX VACUA

1. Choose convenient moduli space point p

s
< 2. Choose a value for ,
—1
r — el . - Z o —
Zl g > Zij N = lE-”.RC‘E" — _rb DEH
. ng
p
9

o/
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| ““STEPS TO NON-SUSY FLUX VACUA

1. Choose convenient moduli space point p

<~ 2. Choose a value for » ~
o — — Z = iy
i S ) 5
p
3. Solve
!‘*IZ[J‘}):—/\*J‘J. ZIJF'J:—TFI
4. This fixes superpotential VEV |
r : S B B e
A - N = —ieffes | WoII* + =2 D;
Wolp = A 1e (ITDH e DH)
p
=

L

. J | |
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| “““STEPS TO NON-SUSY FLUX VACUA

1. Choose convenient moduli space point p

< 2. Choose a value for . ~
i Z 3 > 7y N = jees. (i; Diﬁ)
3. Solve ’
o Z1glp = —A*vg, Z1,F! — T,
4. This fixes superpotential VEV _1_
n*0|p — & N = —jeffe=. (TTbﬁ* - ﬁD;ﬁ)
] P

5. Use this for “standard” LVS and determine Vo
6. The eigen value problen fixes the Goldstino direction. Take
F]:T]ij‘p qwl/\/V() < 1 o
N —ieker (E5q i - ZSp,gi+ D0 || -/
Kg S )
—_— At L
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o/ ¢ EXPLICIT EXAMPLE CP*, .,
D

efined by h'l'=2 A1 =272 52 ./

(u ) ——;(u )“u“— ul(u")) (u ) - 311111'—4—'—;11'——%11 —IL(J)%—.

Y e
_ 1 ((_in —T’)) / - (_iT.s — )%/z) ¢ = _X(g(};g))g(:a) ~ 131
92 2 2 )’ o

or _

lvlw

v

</

| | o L
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\/ EXPLICIT EXAMPLE CP?, .,
D

efined by h'l'=2 A1 =272 52 \/

(u ) ——;(u )“u“— ul(u")) (u ) - 311111“—4—'—;11'——%11 —IL(J)%—.

—1\ 3/2 5 L b
S ( e I e R I
9\/§ 5 i )" . :

Then with p = {S = u! = v? = 2i}

or _

lulw

Ay = =22
It is found 10
WO]p = 104, VI, = 6360 Vi]p~—1.15 x 1071
—“19()1 ( (i.(()).% \ (_UJH\ o/
vr ~ | +0.189i | . P~ el =l o v
1+0.0365i \j”)i ) \‘llj‘ )
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ACTUAL VACUUM

- Moduli i
o S~ 1.96i, u'~203i, u®~10971i,
77~ 9.64, V= 11300
Masses
m32 g ma_ m? N ma i ma._ m3_
L6 10 | 1IBXI0 ™ | 356810 ¢ | 2128107 220310 3wl
S il = o
MRe(T+) Mn(T+) M (T) MR e(T?)
118 1072 | L1010 | 2068 x10°* 0
Cosmological constant ®

V ~9.03 x 10714,

——

ol
o

-/

J
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/ SOFT TERMS
v

© Visible sector realized in D-branes wrapping a cycle Tsm: ~
~ * Decoupled from the original T5. . ms /2
1/2 ™~ ~ M
f=c15+coTsm- V Viin
M 113 /2 Mo
1/2,StLVS Vmin \/m
=

o/

J J
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SOFT TERMS
=7

-~ Visible sector realized in D-branes wrapping a cycle Tsm: e
~ * Decoupled from the original T~. ms /2
M1/2 ~ \/T ~ TNTb
f=c1S+c2Tsm. -
mg3 /2 Mo

M Y m~J
1/2,8tLVS ™ 3 v
* The no-scale == cancellation of the leading T contribution
Although F> smaller the S con’rribu’rion is comparable in general

I — Lh XI v A/S a(l ---)C(IC& S
m§/2
2 2 2
Ml/sz ~ (Aapy)” ~ Bp ~ v e
1min

=

o/

| J J
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SOFT TERMS
w

-~ Visible sector realized in D-branes wrapping a cycle Tsm:

~ * Decoupled from the original T~. ms /2
M1/2 ~ ~ TNTb

f=c15+calsm- V Viin
113 /2 Mo

M Y m~J
it vmin V Vmin
* The no-scale == cancellation of the leading T contribution
Although F> smaller the S con’rribu’rion is comparable in general

I — Lh XI v A/S a(l .”)C(.y(_:v& 4+
mg/z
2 2 2
Ml/sz ~ (Aapy)” ~ Bp ~ v e
1min

=
A degenerated spectrum!

Then given mpv > H50T'eV J

no room for a WIMP scenario. 0

, J |
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—4 CONCLUSIONS ®

- We report a new kind of dS vacua in the Large volume scenario:
* Important contributions from the SU sector to SUSY breaking.

* No extra ingredients like anti D-branes and a minimal set of
fields.

* Are not deformations of standard LVS vacua.

* A sistematic step-by-step procedure is developed to construct
such.

* The visible sector present a generic degenerate spectrum.

o/
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W CONCLUSIONS A

!

~  We report a new kind of dS vacua in the Large volume scenario:
* Important contributions from the SU sector to SUSY breaking.

* No extra ingredients like anti D-branes and a minimal set of
fields.

* Are not deformations of standard LVS vacua.

* A sistematic step-by-step procedure is developed to construct
such.

* The visible sector present a generic degenerate spectrum.

v
WOk oo
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SOME PREVIOUS HINTS

Numerical Non-SUSY sols for the flux SU potential  [Saltman-Silvertein'04]
Numerical dS sols in STU models [Blabéick, Roest & Zavala '14]
Random Matrix Models with dS vacua [Achucarro, Ortiz, Sousa'l 5]

* Aprox no-scale super gravities and dS vacua [Bercnocke, Marsh & Wrase'1 4]

o/
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| For LVS
e’

~  Thus Minkowski if
ne1/VV>e~1/V

The previous analysis holds!

L -

For KKLT: up-lift naively requires
F* ~ F! o~ Mg*USY

such naively

2 2 2
mZ ~ M5y ~ My

/

l Working with both sectors separately is not justified! l J

E W, |

-

. ——— - .
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