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Qutline

® Brief intro - the multiverse and the hierarchy problem
® Weakless universe

® \Weakful vs. weakless and flavor in the multiverse
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The Multiverse

® The existence of multiverse is predicted by various
fundamental theories:

® Eternal inflation produces causally disconnected
“pocket universes’.

® String theory yields a vast landscape of local energy
minima.

huge number of universes, each
one has its own laws of physics

Saturday, February 25, 12



The Multiverse and the Hierarchy
® [he gauge Hierarchy problem:




The Multiverse and the Hierarchy
® [he gauge Hierarchy problem:

large quadratic corrections
to the Higgs mass

Myeax < Mp) K ‘ |

Saturday, February 25, 12



The Multiverse and the Hierarchy
® [he gauge Hierarchy problem:

large quadratic corrections
to the Higgs mass

Myeax < Mp) K ‘ |

® |n the multiverse:

Saturday, February 25, 12



The Multiverse and the Hierarchy
® [he gauge Hierarchy problem:

large quadratic corrections
to the Higgs mass
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® |n the multiverse:

Higgs VEV close

to its measured

Agrawal, Barr,
SM Va.l uc Donoghue & Seckel
. hep-ph/9801253,
assume fixing all the SM hep-ph/9707380

parameters except the Higgs VEV

given the SM parameters _ n,
require stable atoms -
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The Multiverse and the Hierarchy
® [he gauge Hierarchy problem:

large quadratic corrections
to the Higgs mass

Myeax < Mp) K /

® |n the multiverse:

Higgs VEV close

to its measured

Agrawal, Barr,
SM Va.l uc Donoghue & Seckel
. hep-ph/9801253,
assume fixing all the SM hep-ph/9707380

parameters except the Higgs VEV

given the SM parameters __ n_
require stable atoms -

> anthropic solution to the
hierarchy problem
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Weakless Universe

Harnik, Kribs & Perez,
hep-ph/0604027

® Hospitable universe without weak interactions

® The Higgs VEV take its natural value: v~ Mpy

® The same QCD scale as the observed: AECD = Ach

® 3 light fermions: ¥ = y?v@/v* [ =u,d,e faffe, Jenkdns &

: . . arXiv:0809.1647
® All the other fermions are heavy: my > AQCD

® Decreasing the Baryon asymmetry by two orders of
magnitude than in our universe.
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Weakless Universe

Harnik, Kribs & Perez,
hep-ph/0604027

® Hospitable universe without weak interactions

® The Higgs VEV take its natural value: v~ Mpy

® The same QCD scale as the observed: AECD = Ach

® 3 light fermions: ¥ = y?v@/v* [ =u,d,e faffe, Jenkdns &

: . . arXiv:0809.1647
® All the other fermions are heavy: my > AQCD

® Decreasing the Baryon asymmetry by two orders of
magnitude than in our universe.

® Stars shine by fusing protons and deuterium.

® Type la supernovae can still produce heavy elements.
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Scanning over the Higgs VEV and Yukawa in the multiverse

/ weakful

— Pmeasured ({OCEB})
N Pmeasured ({O‘j})

/

weakless
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Scanning over the Higgs VEV and Yukawa in the multiverse

/ weakful

Pmeasured ({04?}) . anthropic
r = if r <1 I:: > : .
Pmeasured (12 }) solution fails

Weal(less Pmeasured ({az}) =P ({Oé@} ‘ObSQI‘VGl")

ratio of the i
r = X | probabilities to produce

Higgs VEVs

/2

()
A2
M5,

In agl"eement W|th Q Arkani-Hamed, Dimopoulos

& Kachru,

landsapce toy model hep-thiosoios2
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the corresponding mass
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Weakful vs.Weakless

Scanning over the Higgs VEV and Yukawa in the multiverse

/ weakful

_ Pmeasured ({&?}) TRl II: anthrOPiC

r = : :
Pmeasured (12 }) solution fails
Weal(less Pmeasured ({az}) =P ({az} ‘ObSQI‘VGI‘)
. ratio of the Yukawa
ratio of the e
r = . X | probabilities to produce
Higgs VEVs ,
/ the corresponding mass
2
(V)
P (”U) ~ T \
MPI

Py (y) =7
In agl"eement W|th Q Arkani-Hamed, Dimopoulos

& Kachru,

landsapce toy model hep-thiosoios2
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Flavor in the Multiverse

® VWhat is the Yukawa distribution over the multiverse?
® Assume simple flavor dynamics
Y X v

e - universal small parameter
() - flavor-dependent charge, with pg (@) ox Q"

Gedalia, Jenkins & Perez,
arXiv: 1010.2626
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Flavor in the Multiverse

® VWhat is the Yukawa distribution over the multiverse?
® Assume simple flavor dynamics
Y X v

e - universal small parameter
() - flavor-dependent charge, with pg (@) ox Q"

> Py (y) X /dedQPe(G) po(Q) o (y _ EQ) B log™ v

Y

Gedalia, Jenkins & Perez,
arXiv: 1010.2626
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D . ratio of the Yukawa

__ Pmeasured ({CMZ }) ratio of the ol

r = — . X | probabilities to produce
Higgs VEVs

Pmeasured ({a;k })

(=
Mp

the corresponding mass

for heavy fAQCD/’U@ Py (y)dy <
quarks fAQCD/Mpl py (y)dy i

Gedalia, Jenkins & Perez,
arXiv: 1010.2626
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Weakful vs.Weakless

D :
Pmeasured ({CMZ }) ratio of the <ol
r = = X | probabilities to produce

4 Higgs VEVs
Pmeasured ({az }) 55 the corresponding mMass

()~

for heavy fAQCD/’U@ Py (y)dy <1
quarks fAQCD/Mpl py (y)dy i

> ratio of the Yukawa

Aqcp /v®

for light 0 py(y)dy " {6.7”1 n < —1
A M i i
quarks I; Qcp /Mpi py (y)dy 1 n > —1

Gedalia, Jenkins & Perez,
arXiv: 1010.2626

Saturday, February 25, 12



Weakful vs.Weakless

g v® \° g ;6.7_2’”’_2 n < —1
g 1 n>—1

» r K 1 for n > —21




Weakful vs.Weakless

v® \ 7 y <(6.7_2”_2 n < —1
i 1 n> —1

\

r<<1tforn>-21

if there is any
flavor dynamics




Weakful vs.Weakless

> v® 1\ ? y <(6.7_2’”_2 n < —1
1 n > —1

\

| r<1forn> —21

if there is any
flavor dynamics

anthropic

™ r<l . .
solution fail
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Weakful vs.Weakless

a ’ g <(6.7_2’”_2 n < —1
Mpq 1 n>—1

\

r<<1forn>-21

if there is any
flavor dynamics

anthropic

S <1 . .
solution fail

but we live in a weakful universe
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Flavor in the Multiverse

® Check the implications of no new physics related to
flavor physics

® , < —21, the charge distribution around zero, take the
limit case of ) = 0.

® No charge for the Yukawa, they are random matrices.

® The eigenvalues distribution (with flat measure for the

entries)

py (1, y2,y3) o (12— 12)" (13 — 12)" (13 — v?)” y1yays

Haba & Murayama,
hep-ph/0009174
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Pmeasured ({Oé;k}) Higgs VEVs
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Weakful vs.Weakless

D
D d |\ O ratio of the
__ Ymeasure ({ ? }) < X | probabilities to produce

T = — .
Pmeasured ({Oé;k}) Higgs VEVs

v® \ 2 /
(38

A /’UEB max )
( 0 REPIT dyy XQCD/U@ dy2dys Dy, yz,ys (Y1, Y2, 93) » (MP1>4
)

Aqop/M maz
fO i Pldy]‘ f/:\yQCD/MPI ddeyS py17y27y3 (y17 yQ? y3

> ratio of the Yukawa

the corresponding mass

> r > 1 The weakful wins!
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1.5+
1.0IF
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I ! Yukawa
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0.5 1.0 1.5 20 25 3.0 eigenvalues
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Flavor in the Multiverse

® There is some hierarchy in the fermions mass

1.5+
1.0IF
0.5+
I ! Yukawa
UL . =i Aianaan
0.5 1.0 1.5 20 25 3.0 eigenvalues

but not enough
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Outlook

® Still work in progress
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