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Where are we?

Energy
% Particle Physics and Cosmology:
Standard Model with 30 parameters Moy, 1019
GeV
% Why this theory!?
Why these numerical values? = 107
Aocp 10!
m, 1077
% The conventional argument:
Eventually all determined by
symmetries of the unique theory leg 107

I’'m not so sure!! Al 1012



% Why this theory!?
Why these numerical values!?

The ﬂnrﬁmgia CPrinci]g[e-j
of Old_.

“The Laws of Physics take their form
because they must allow us,
the observer of these laws,
to exist.”

This is giving up!



The Cosmofogica[ Constant”

Weinberg PRL 1987:
Why so small! An anthropic argument:

Universe becomes a A A

structureless, dilute, =
. ° »
inflating gas

pvir

Galaxies, and

therefore observers, ~

are able to form A Catastrophic Boundary
Martell, Shapiro,Weinberg :
astro-ph/9701099: Predicted Dark Energy

[Need Theory of a Multiverse!}




A Preview of Results

Successful Prediction Level of accuracy
3/4 - 1/4
V=N AQ/CD MP{ 2
m, = N, OCAQCD 2
1/4,5/4
m, A
T., = N o 100
oMy,
1/2
m, A\
Al/4 Ny ocDh 3

1/2

/ oMy
N 3°TC fra

4 —
272K f;

Also  m,,mg;m;,my; Qo, Mgy



Outline-

|. Predictions from the Multiverse

ll. The Higgs Boson Mass

lll.  Nuclear Physics and the Weak Scale

IV. Cosmological Coincidences



1. Predictions ﬁom The Multiverse-
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3% X Parameters of low energy field theory;

or important physical quantities,eg 7,

3l Environmental selection

~/

dN,ps = f(x)n(x)dInx = f(x) dInx



Camstrogﬁic Boundaries

2

A

»= In many situations there are .
catastrophic boundaries -- A 5
physics makes a sudden )
transition
I”l()C)A

%% This regime change induces !
a sudden change in 5 (x) :
A B

% The crucial assumption:

f(x)is peaked fon
towards the boundary

* Most observers
near boundar



A Comgam’som

% Symmetries

symmetries restrict the parameter space.

Assumptions:

symmetries, representations, symmetry breaking

s Multiverse

physics of catastrophic boundaries:
eg nuclear stability, formation of galaxies.

Assumptions:

a multiverse force towards the boundary

catastrophic nature of boundary

A . no observers

~
~
~

/ . Mmost universes
~
~

~

Vf/\\




ffaﬁe and Real Predictions

f(x) 4
A fake prediction: a

.
S
=¥

A real prediction:

No observers

Most universes
|
Xobis X
|

Calculated from the physics _ !
of the catastrophic boundary — Xc

Assume Vf sufficiently large
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How close to the @ouncfary?

. |
Define f(x): v, = 7(x) dinx Define force: F=Vf= ?)lnf
nx
Power law: f o< xV Gives: F=p
V 4 ™
______ _)—}_ _)If > e - 21/19
/2 X1)2 e X _A1/2 y
F=p 5 3 2 | 12 1/3 1/5




11) The Higas Mass

Brian Feldstein, LJH,
Taizan VWatari;
hep-ph/0608 121

Galaxies V(H)

A Phase A H
Avoiding a helium boundary VT ‘

universe: later




The Phase Bouncfarg

Assume: SM up to some large scale Agy,

0.3% 0.4 0.241 0.42 0.43 0.44 0.45

EWV phase boundary is catastrophic boundary

e

.

Environmental
predictions for

My My

J




‘J-[lggs and T op ‘Mass Predictions

' —172.6GeV 25GeV
— (110.5+4.4 (2 - | . |
] 1.4GeV . | p
A x
‘ . o Top and QCD . |
2 loop 3 loop: contributions to running running to
running — 109 Arkani-Hamed, Dobovsk - pole
Senatore,Villadoro 0808.2399
176.7+2.21 POV
. .2 10
_ .. glO \/177

\
. relatively /
" Insensitive to

SM cutoff p sufficiently large for a tight
Higgs mass prediction

Suppose LHC finds 7 ~ (120 -130)GeV e p~1-2 !
only a SM Higgs my ~ 115GeV =» p~10 !



T.Vl} Nuclear Boundaries

Stability of Nuclei

BBN



Nuclear Smﬁiﬁ’g Boundaries

Relevant parameters (
o

Me Ny

9 9 9
mp mMp Mp

)

Yasunori Nomura,
L) H
arXiv:0712.2454

2d slice
1000 [ - . 1 | ' ] Damour
Me = Me,o / Donoghue
100 L | arXiv:0712.2968
no complex nuclei <
10 L m, —m, —m, > 3MeV i
4 )
L —— } ——— Tip of theCone!
& 1k e — SR m
EO - Vf R ‘\\"\/y Bp <0 '
LN stars exotic Muy.d.e
01 | | |determined by nuclear
m, < m,+m, kphysics of boundaries)
no stars
0.01 | _
\ Closeness to
, , , , ' n boundary
0.008 001 | | (I)O1 0.1 1 10 1(I)O 1I000
Mu/Mu,o (10 - 30)%



fllno{ersmncfing Coincidences

Why are the three
contributions to Q(n — pev)
comparable?

Me, Ny, Mg

are determined by the
physics of the boundary

N




YH7 YHe

The BBN Bouncfarg

Relevant quantities:

W my—my o< Agep 1.3 MeV

N Ti(v) 0.8 MeV

YHe

He universe:
no H burning stars

Our universe is within
a factor 2 of a change
of regime




The Weak Scale-

L
He
universe heavy nuclei -
TR DN o unstable runaway direction
()
‘\
. | \\\ window width is factor 2 to 3,
n unstable A closes up as Yy increases
' > Vd
Yd.
i 3/4 o 1/4
sz Our universe is within a factor of 2 of V. ~ AQCD My

the critical point

als . ;
% Does this require a strong force on v?
ie does it exclude dynamical EVWSB !?!



The Force on v

He Fy =
universe F,,=0

heavy nuclei
unstable

n unstable

He b, =
universe F,, = —

heavy nuclei
unstable

n unstable

>

Yd

Perhaps preferred

He
, F.
universe

n unstable

[

F,=0
=0
J

\yd

heavy nuclei
unstable

Another BBN boundary:

Vv

A

>

Yd

e N
F,=0
He
. F, =0
universe - y,

heavy nuclei
unstable

I'Se




Sy[it Sugersymmetrg

Arkani-Hamed, Dimopoulos

th/0405159
Mg, Tg 0
\ 0 Compelling evidence for an
I amount of fine tuning of
2 L H HY A
o " eg 107 G
h,q couplings V2
Works even if v 3w, b, hy, hy,
Yukawas scan: ] » Coicid 7 M Ma 7= s -;fz """"
oincidence
universe > V |rrmmtemmmme
y X~ A:SQ/(?LD M})f heavy nuclei

unstable

n unstable




Clm]g[icau’on:

Certain crucial parameters are being
related by environmental selection

m, =~ SEM

B

These parameters are not determined
by symmetries or by accidents

At the
factor of 2 level



fl\/} Cosmofogica[ Coincidences

Raphael Bousso, Yasunori Nomura, LJH

\/

e Well separated cosmic eras: 1,1 < Ipwsp < locp K feg

% Broken down recently:

~
IN = Lyir = lpgg = tCOmp
Amount of Amount of \ Inverse Compton
Dark Matter & eg, QED scattering from CMB
Dark Energy

Size of primordial ~ bremsstrahlung
density perturbations

( h

Why are these time scales all 10°~'” years?

. J

Hard to imagine a symmetry explanation

L

% Seek order of magnitude understanding!!



The Cosmological Constant

Catastrophic boundary:

must form non-linear proto- -
galaxies before CC fuels inflation\

CC problem solved  _ v/

Amount of Dark Energy predicted
(A ~ Pyir l.e. [Ip~ tvir]

Nobs ™

Weinberg PRL 1987

Most universes a
dilute inflating
homogeneous gas

S causal diamond

0.8 0.7

Martell, Shapiro,
Weinberg
astro-ph/9701099

0.6 -
0.6 -
0.5 -

04

03 -

Probability density
o
N
Probability density

0.2 - 0.2 1

0.1

‘Bousso, Harnik
© Kribs,Perez
' hep-th/0702115

0.0 ¢ ‘
-124 -123 -122

121 120 ~119 /‘! 0.0 56
log( p, )

-125

124 -123  —122
log(p, )

\
\
\
\\
~121  -120 -119 /\!



The CC Cl{unaway Problen

%  Suppose p,; scans A,

*
*
*
*
*
<
*
*
*
*
*
N\

> pvir

% f(pvir, A) Might reach a maximum at some point

This preserves A ~ p,; but the value cannot be predicted

%  Need a second catastrophic boundary



The Galax Coofin Catastrophe

3% Compute ionization and 4 Bremsstrahlung rate

cooling boundaries too low

Relevant parameters

Nno ionization

(X'7 m67 mp; pvil”a MPZ) M

! —> pvir
pvirc

3% Pyir. predicted from proto-galaxy cooling physics:

( )
M, -3 ,v)4 laining th inciden Lrad ™~ Ly
Pvir, ™ 172 N(8>< 10 eV) eXpiaining the coincidence rad Vir

\_ Pl )

and as a bonus: r N

o> My, 1067 1010
M, ~ 7 5 "™ 0°'GeV ~ 107" M
m,' “my
\_ y,




Sofw’ng the CC CRunaway Problem..

A . cooling virialization

2 scanning parameters
and
2 catastrophic boundaries




Inverse Comgﬁm Cooﬁ’ng

%  Why is our galaxy so closeto s
: . A
inverse Compton cooling?

Bremsstrahlung

rate too low ' :
2 All M cool via

M. |-=== inverse Compton
c

no ionization

- Puir
53 Assume Compton
cooling is catastrophic

»  This radically changes the scanning analysis

2 Small region in p,;, is tip of higher dimensional cone!

Puir ~ Q) Ty, el (Qo, Toy)



Scanning Qo, Teq

\
Teq 4 \

Vf ‘\ All M cool via

\ v inverse Compton
\

w V.
% ymild force to

Vtip of cone

Bremsstrahlung
rate too low

Teq,c """""""""""" :
SN
Qo. o

\J . . .
#  Explains the coincidence [tComp ~ tmd]
3% Two predictions r A i 1/4  5/4°

Qo, ~ o Loge ™~ 1/2

. P, \ oM, )

% Qo,T,, areeach factor 100 from the critical point; e.g.

f(Qo,Toy) ~ QO/Telq/z



Symmetries & The Multiverse

3% Standard Model == Beyond Standard Model

3 Environmental selection does not care
what the underlying theory is

N Independent parameters that allow for the variation of

meamuvmdvvaAa Q07 Teq

(Lose Higgs prediction)



Conclusions: A Com]g[ew Scheme-

)Cz&

The idea:
assume multiverse force - Tip of the
towards catastrophic edges Cone
\Ji of e
.r Nuclear stabilit , ,
4 Aocp Aocp Aocp
":’ BBN : » Ye,u,d
Agcp
< Virialization A
2 Proto-galaxy cooling: Teg, Qo M q
g ) \ .« .
. AQCD, s A missing boundary?
What determines My 3% Multiverse distribution?
\ J \

% [he discretuum?

3K Will LHC discover unnatural EVWSB?



