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Abstract: Anthropic arguments based on selection effects for observers have been claimed to succesfully explain the measured value of the
cosmological constant.In this talk | review the fundations of such claims in the context of probability theory and show that different (and equally
legitimate) ways of assigning probabilities to candidate universes lead to totally different anthropic predictions. As an explicit example, | discuss a
weighting scheme based on the total number of possible observations that observers can carry out over the entire lifetime of the Universe. | show
that thisleads to an extremely small probability for observing a value of the cosmological constant equal to or greater than what we now measure, in
marked contrast with the usual result.

| also discuss principles of consistent probabilistic reasoning, showing that the anthropic principle as applied in most of the literature is logically
inconsistent. | conclude that current implementations of the anthropic principle display a worrysome lack of predictivity, and cannot be used to
explain the value of the cosmological constant, nor, likely, any other physical parameters.
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Pinning down the cosmic recipe (R.’ZZT

o Quality & quantity of data has increased dramatically
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Pinning down the cosmic recipe (Pif

o Quality & quantity of data has increased dramatically

Angular Scale
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Large scale structure (P“

e Growth of structures and remnant of the acoustic oscillations
in the early Universe

Sloan Digital Sky Survey
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Large scale structure (P“d

e Growth of structures and remnant of the acoustic oscillations
in the early Universe BAO signature (SDSS LRG sample)
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Luminosity distance measurements

Qxﬂjrd
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o« Supernovae tvpe la as (almost) standard candles
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Luminosity distance measurements
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o« Supernovae tvpe la as (almost) standard candles
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Accumulating evidence P
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Accumulating evidence (Q;Zd_
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Accumulating evidence
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The accelerating Universe P
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Dark energy: a component with (possibly time
dependent) negative pressure
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The accelerating Universe (-Pﬁ“"d

VSICS

Dark energy: a component with (possibly time
dependent) negative pressure
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The coincidence problem (Qrfﬂrd
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o Since
Pmat € (] +2')3
but »
Py = const,
matter—-cosmological
constant equality
epochis atz ~ 0.7
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A temporal selection effect? (Q;Z;‘f‘

Lineweaver & Egan. astro-ph/0703429
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More anthropic coincidences? (-B.’if
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More anthropic coincidences? (B::
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Coincidence #1: the strength of the strong force
« Apparently fine tuned within 1%

o Weaker: no D fusion; stronger: runaway H burning
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More anthropic coincidences? (Bif
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Coincidence #1: the strength of the strong force
« Apparently fine tuned within 1%

o Weaker: no D fusion; stronger: runaway H burning

Coincidence #2: the strength of the EM force

o« The EM force is 1077 times stronger than gravity. This numerical
coincidence ensures that main sequence stars are stable
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More anthropic coincidences? (Bj:

Coincidence #1: the strength of the strong force

« Apparently fine tuned within 1%

Weaker: no D fusion, stronger: runaway H burning

Coincidence #2: the strength of the EM force

The EM force is 1077 times stronger than gravity. This numerical
coincidence ensures that main sequence stars are stable

Coincidence #3: the proton-neutron mass difference

Key to Big Bang Nucleosynthesis. Fine tuned within 0.1%
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More anthropic coincidences?
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Coincidence #1: the strength of the strong force
o« Apparently fine tuned within 1%

o Weaker: no D fusion; stronger: runaway H burning

Coincidence #2: the strength of the EM force

o« The EM force is 1077 times stronger than gravity. This numerical
coincidence ensures that main sequence stars are stable

Coincidence #3: the proton-neutron mass difference

« Key to Big Bang Nucleosynthesis. Fine tuned within 0.1%

Coincidence #4: the number of spatial dimensions

@xﬂj rd
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More anthropic coincidences?
BRIy 55— e et S

Coincidence #1: the strength of the strong force
« Apparently fine tuned within 1%

e Weaker: no D fusion; stronger: runaway H burning

Coincidence #2: the strength of the EM force

« The EM force is 1077 times stronger than gravity. This numerical
coincidence ensures that main sequence stars are stable

Coincidence #3: the proton-neutron mass difference

« Key to Big Bang Nucleosynthesis. Fine tuned within 0.1%

Coincidence #4: the number of spatial dimensions

Coincidence #5:- '2C resonance

@xfﬂrd
hvsics.

Page 23/87

Pirsa: 07030010

[

e o e o il S ! |




More anthropic coincidences? P

Coincidence #1: the strength of the strong force
« Apparently fine tuned within 1%

o« Weaker: no D fusion; stronger: runaway H burning

Coincidence #2: the strength of the EM force

o« The EM force is 1077 times stronger than gravity. This numerical
coincidence ensures that main sequence stars are stable

Coincidence #3: the proton-neutron mass difference

« Key to Big Bang Nucleosynthesis. Fine tuned within 0.1%

Coincidence #4: the number of spatial dimensions

Coincidence #5:- '2C resonance

« The production of '“C occurs resonantly via a “triple-

alpha process’”. Energy level fine tuned within 1% e
Fred Hoyle
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Possible viewpoints
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Possible viewpoints (-Qif
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o Deeper symmetries in the What determined those
laws of Nature symmetries in the first
place?
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Possible viewpoints (Qif
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o Deeper symmetries in the What determined those
laws of Nature symmaetries in the first
place?
o Design Outside the scope of scientific

enquiry
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Possible viewpoints (Qif
TSR e :

o Deeper symmetries in the What determined those
laws of Nature symmaetries in the first
place?
o Design Outside the scope of scientific
enquiry
o Any parameters will do No explanatory power,

probably wrong
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Possible viewpoints

Deeper symmetries in the
laws of Nature

Design

Any parameters will do

Multiverse + Anthropic
Principle:
we must live in one

“realization” favourable for
life

What determined those

symmetries in the first

place?

@xfnrd
hvsics.

Outside the scope of scientific

enqguiry

No explanatory power,
probably wrong

Introduces a (possibly infinite)
number of unobservable
Universes. Physical reality?

P T TP
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The landscape
of string theory
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The cosmological constant problem (-ij
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If the cosmological constant is a manifestation of vacuum
energy, its magnitude ~ M4,

(possibly the most spectacularly wrong prediction in the
history of science)

The cosmological constant problem:

why is A/M4p = 10123 2
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The cosmological constant problem

| hvsics

If the cosmological constant is a manifestation of vacuum
energy, its magnitude ~ M4,

(possibly the most spectacularly wrong prediction in the
history of science)

The cosmological constant problem:
why is A,/M4p = 10123 2
An anthropic selection effect?

if p./py = 550, galaxies cannot form
hence no observers
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The cosmological constant problem

If the cosmological constant is a manifestation of vacuum

energy, its magnitude ~ M4,
(possibly the most spectacularly wrong prediction in the
history of science)

The cosmological constant problem:
why is A /M, =~ 1058 2

An anthropic selection effect?

if p./pp = 550, galaxies cannot form
hence no observers

Weinberg, PRL, 59, 22 (1987):

Pirsa:
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_—We may conclude that anthropic considerations do not explain
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Brands of the anthropic principle O5S

VSICS
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Brands of the anthropic principle
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o« Weak anthropic principle (Barrow & Tipler, 1986):

The measured values of physical constants are restricted by
the requirement that the conditions are met so that carbon-

based life (us) can evolve
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Brands of the anthropic principle (-B,Zf
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o« Weak anthropic principle (Barrow & Tipler, 1986):
The measured values of physical constants are restricted by
the requirement that the conditions are met so that carbon-

based life (us) can evolve

« Strong anthropic principle (Carter, 1974).
The Universe must have the properties that allow life to exist
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Brands of the anthropic principle (-Pif
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o« Weak anthropic principle (Barrow & Tipler, 1986):
The measured values of physical constants are restricted by
the requirement that the conditions are met so that carbon-

based life (us) can evolve

« Strong anthropic principle (Carter, 1974).
The Universe must have the properties that allow life to exist

« Participatory anthropic principle (Wheeler, 1975):
Observers are necessary to bring the Universe into being
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The weak AP as selection effect

By using Bayes theorem:

Pr (Allife) o< Pr(A) Pr (life|A)

prob of observing = prior distribution * likelihood function
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The weak AP as selection effect

¢xfurd
hvsics

By using Bayes theorem:

Pr (A|life) o< Pr(A) Pr (life|A)
prob of observing = prior distribution * likelihood function

Pr(A): the prior distribution

= Reflects our prior state of knowledge (Bayesian) or relative frequency

of outcomes (Frequentist)

= Must be worked out from first principles, usually waved away as being

‘flat’. Might need to be adjusted for the presence of observers
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The weak AP as selection effect
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By using Bayes theorem:

Pr (Allife) o< Pr(A) Pr (life|A)
prob of observing = prior distribution * likelihood function

Pr(A): the prior distribution

= Reflects our prior state of knowledge (Bayesian) or relative frequency

of outcomes (Frequentist)

= Must be worked out from first principles, usually waved away as being

‘flat’. Might need to be adjusted for the presence of observers
Pr(life|A): the selection function

= Fncompasses observers selection effects for a given value of .|
e o ¥Vhat do we mean by ‘life’? What count as observers?

[
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Does the AP explain A? )=

VSICS .

Efstathiou, MNRAS 274 L37-L76 (1995) argues in favour of the AP:

o Assume that the probability of life « space density of (L., M)
galaxies

o Assume that the prior probability of .\ is uniform
o Assume that the photon entropy per CDM particle is constant
o Assume all of the other constant of Nature fixed

o Assume that .\ only influences life up to the formation of
galaxies
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The weak AP as selection effect
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By using Bayes theorem:

Pr (Allife) o< Pr(A) Pr (life|A)
prob of observing = prior distribution * likelihood function

Pr(A): the prior distribution

= Reflects our prior state of knowledge (Bayesian) or relative frequency

of outcomes (Frequentist)

= Must be worked out from first principles, usually waved away as being

‘flat’. Might need to be adjusted for the presence of observers
Pr(life|A): the selection function

» Fncompasses observers selection effects for a given value of |
e i hat do we mean by ‘life’? What count as observers?

—
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Does the AP explain A? P

Efstathiou, MNRAS 274 L37-L76 (1995) argues in favour of the AP:

o Assume that the probability of life « space density of (L., M)
galaxies

o Assume that the prior probability of .\ is uniform
o Assume that the photon entropy per CODM particle is constant
o Assume all of the other constant of Nature fixed

o Assume that .\ only influences life up to the formation of
galaxies
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Does the AP explain A?

| hvysics.

Efstathiou, MNRAS 274 L37-L76 (1995) argues in favour of the AP:

Pirsa: 07030010

Assume that the |
galaxies

Assume that the
Assume that the ¢
Assume all of the

Assume that .\ on
galaxies

p(A)

12

10

Pr(A > 0.9) = 0.025
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Does the AP explain A?

| hvsics.

Efstathiou, MNRAS 274 L37-L76 (1995) argues in favour of the AP:

o Assume that the | B

galaxies
10

L [ L e

Pr(A > 0.9) = 0.025

o Assume that the |
o Assume that the

o Assume all of the

p(A)

o Assume that | on
galaxies

A

o These assumptions suggest that the small value of the
cosmological constant may be explained by the AP”

——

Page 51/87

i e e T

xford




Criticisms of the AP (Qrfurd
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Criticisms of the AP ('Q

VSICS.

= |[nstability wrt definition of observers:

how do we compute the density of observers for a given
cosmological model? Currently mostly taken proportional to the
fraction of gas in structures - MANO offers an explicit counter-
example (Starkman & Trotta, 2006)

irsa: 07030010 Page 53/87

P T i

xford

e R Bl R e e 1




Criticisms of the AP (Bif

» |[nstability wrt definition of observers:

how do we compute the density of observers for a given
cosmological model? Currently mostly taken proportional to the

fraction of gas in structures - MANO offers an explicit counter-
example (Starkman & Trotta, 2006)

= The AP is inconsistent reasoning:

‘Reference class of observers’ and the Self-Indication
Assumption (Neil, 2006)
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Criticisms of the AP (Bif

= |[nstability wrt definition of observers:

how do we compute the density of observers for a given
cosmological model? Currently mostly taken proportional to the
fraction of gas in structures - MANO offers an explicit counter-
example (Starkman & Trotta, 2006)

= The AP is inconsistent reasoning:
‘Reference class of observers’ and the Self-Indication
Assumption (Neil, 2006)

= Which parameters are allowed to vary?
If we change other fundamental parameters at the same time,
we can compensate for larger values of \ (Aguirre, 2001)
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The selection function (-Bif

Pr (Allife) oc Pr(A) Pr (life|A)
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The selection function (-Bif

Pr (Allife) o< Pr(A) Pr (life|A)

The selection function Pr(life|A)

What counts as “observers'?
How do we predict the emergence of “life” in other Universes?

Proportionality to n,,, could be anything
Certainly important to integrate over time
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The selection function

Pr (Allife) o< Pr(A) Pr (life|A)

The selection function Pr(life|A)

What counts as “observers’?
How do we predict the emergence of ‘“life” in other L ~.. 257

L5t ewed |

Proportionality to n,,, could be anything

Sere=n

Certainly important to integrate over time ——
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The selection function

Pr (Al|life) oc Pr(A) Pr (life|A)

2 Frmanag cowen the oo recipe
1 Large soale struchure

£ Lumnosty distance messremens

The selection function = A)
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A is not enough (Qm

VSICS .

Aguirre (2001) considers
varying

q-;.rm Q! rldm! rll_'r R'! "X

M -
Observed value

Applying a variety of
selection effects,
normalizing to the
observed values, other
widely different

Predicted probability distribution

O 0 0 mes o tor cosmologies equally
R=p,/£4Q° plausible, eg:

Antrhopic prediction only ‘works’ 10-2. 104, 0. 1, 105, 107

if one fixes (Z, Q) to their observed

values &
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Which parameters should vary?
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Parsmwter Meanmz Measurcd value
g Waak coupling corstant at mz 0,420 + 0.0001
o Wembsrg sngle 04890 + 0.0000%
§» Strong coupling coretant at mz 1.221 & 0022
bR uadratic Higee cocfioem ~ —10~33

A guaruc Hims coofieiont ~ 17

G Bectron Vukawa coamphng 204 = 10—=

L Muon Vekwwa coupling 0. 0erE

G- Tason Vukera coupling 0.MO21%6233

G Upquark Yukowa souplng
iy | Down quark Yiekeowa coupling

0,001 = 000000
0,000 + 00000

L Cheern quark Yok couphiag 02 = 0.0006
G Strnage quark Yuekewa couphng 0,006 = 00002
L Top quark Yakswa coupling LOE + Q02D

(e Batwom quark Vukows coampbng 0.5 + L
sindyy | Cuark CKM matrix angle 0.2343 = 0.0ME
sin dyy Juark CHAM matrix angle 0.0413 = 0.0M3
sindyz Quark CKM matrix angle 00T + 0,005
Hia Juark CKMI matrix phase LG + Q24

Ay CPvinlaumg QU0 varuum phase < 00—

G, Electron noutrino Vekers couplng < Ly= 0%
G, Muon neutrmo Yulmws coupline < L1 = I~%

L . Tan meutrnoe YVokeea coupling < 0.1

sm#;  Nemrmo MNS mauix sagle 055 + 006
snd¥ . Nagrmo MNS matrix angle > 094

sindy,  Samrmo MNS matrix sngle <022

. Nagrmo MNS matrix phase T

~ Dwrk ersray density (1.25 £ 0.25) « 1073
i | Barwon mass per phown 4 o 050 & 008 = 1=
£ | Cad dork matter mas per photon a5 (2.5 & Q) = -8
& Neutrino mass per photon o /5, = & T m,, <09 « 0~

Q _Sonler fuctuation amplitide iy on boron 120 & Q2 « 0°
L™ | Scalar spoctral indox 0.98 = Q02

Ty | Famming of speciml index dn, < Ink [of < Q01

r Termar-w-scalar mtio (G Q) < 036

707030010 Tiarswr spect ml index Unoons trained

w | Dork srcrgy squation of state -1 201
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Which parameters should vary?
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Parameter Moanmg Leasured valge |
g Wk soupling corstant st mz 04220 + 0.0001

Ay "I'-i-t-ﬂ 04850 = 0.0000% |
§n Strong coupling coretant at mz 1221 = Q022 |
e madrane Ha cooBoent ~ —10-33

b} ‘Juartice Hige coofeicnt -~ 17

Ga Blectron YVukawa cosphng 294 = 10-%

Gy Muon Yukwwa caspling 000G |
Gy Tason Yukawa coupling 00102156233

Fr Upquark Yukawa soupling 0.000016 = O.000E
O, Dwown quark Vukewa copling 00003 + 0.00002

G Chocm quark Yukaws coupling 00072 + 0.0006

G, Strange quark Vukewa couphng 0,006 = 00002

Fe Top quark Yukwwa coupling LO2 & (1029

LY | Bawom quark Vekers coupbng 0.0 = Q00

sinéz  Quark CKM matrix angle 0.2343 + 0.0M6

sin gy Jmark CHL matnx ange 00413 = 0,003
sindys  Quark CKM moatrix angle 00087 &+ 0,000

S iguark CHM matrix phase LS + 024 |
F - CP-violating QCD vocwum phase < 0-* |
Gy, Hectron mautrmno ¥ ukera couplng < L= 0%

Gy, Muoa neutrno Yolews cosplng < L1l= 0"

L . Taa eutrmno Yukeea couplng < DLl |
sin#,  Naarmo MNS matrix sagle 055 = Q06 i
s, Nememo MNS matrix saghe > 0.94

sin®,;  Neastrmo MNS matrix angle <022 |
. Nagrmo MRS matrix phase T

Pa Dok srergy denartv (L5 £ 0.35) = 10753
i | Barvon mass per photon 4 5. 0.0 & 005 = W= |
i [ Cad dork matter mam per photon o) 5 (15 & 02 = W03

& | Nestrno mass per photon o /5, = & T m,, <09« 0~ ‘
L) Senlar Huctuauon ampltisde 45 on barmon (20 4+ 0 « 0° |
e Scnlar spoetral indox 0,98 = Q02 ‘
an Pumming of spectral index dn,, 'd Ink jod < Q01 |
r Termer-w-scalar mtio Qe J)? < 0.36

Q7030010 Tiarmer specteal index Unconstrained |
u Dok srwrgy squation o state -1 01 i
1. Bt i BiaTT M) el o W)—&0 |
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Which parameters should vary?

Parameter Moanmg Lleasurcd value |

r Wank saupling coretant at mz 0,620 + 0.0001 [

- Wenbsez angle 048200 000008 |

£ Swmag coupling conetant at mz 1.221 = Q022

e madratic Hise coofBicien ~ —10-33

b} CJuartic Hige coofeiont ol 4

G Bectron Vukawa cosphng 294 = 10-%

L Muon Vekwwa coupling 0. 00060% [

G- Tamon Yekawa coupling 002136233 |

G Upquark Yukeera coupling 0000016 £ 00000 |

oy Cown quark Vikers coupling 00003 + 000002 I

L Cheern quark Yoksss coupliag 002 = 0.0006

G, Strange quark Vulewa coupling 0,006 = 0002 '

L Top quark Yakswa coupling LOE + Q029

Ly Bawm quark Vekaws couphng 0.026 = Q0@

sin s Juark CHM matrix angle 0,233 = 0.0ME [

sy Juark CKM matrix angle 0.0413 = 0.0M3 [

sindys Juark CKM matrix angle 00T + 0,000 [

a2 Juark CKM matrix phase LG+ Q24

Ayt CP-violatmg QUD vacuum phase < =

Gy,  Beetron moutrine Vukeva couphng < L¥= %

G, Muon neutnno Yulews complne < L1 = 0-%

L . Taa eutrno Yukeoea couplng < LD

snd Nasrmo MNS matrix sngle 055 = 006

smd¥., Namrmo MNS matrix sngle > 094

s Nagrmo MNS matrix angle < 029

. Nagrmo MNS matnix phase '

P Cork ersray densmty (.35 & 0.25) = 1073

i Barwon mass per phown 8 ne 0.0 & 008 = 1=

L Cad dork matter mase per photon o e (25302 =« 0= |

. Neutrino mass per photon g /5y, = & T m,, <09« 0~

Q Scolar fuctuation amplitude ig on borimon (20 4 Q2 « 0°

e Scolar spoetral indox 0,98 = Q02 i

Ty | Famming of spectiral index dn, < Ink od < Q01
Termcr-w-acalar mtio (G Q) = 036

| -q7030010 s spacsset indus Ubcomstsuinsd

ot Dok erergy equation of state -1 201

1= [ T TRt S R W N R

Tegmark at al (2006) consider
variations in 3 parameters:

&
P
Q

(CC energy density)

@xfnrd
hysics.

(CDM density per photon)

(amplitude of initial fluct'ons)
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Which parameters should vary?

Tegmark at al (2006) consider
variations in 3 parameters:

(CDM density per photon)
(CC energy density)
(amplitude of initial fluct'ons)

Parameter Moaamg Leasurcd valge

r Wank coupling corstant at mz 06200 + 0.0001

f - Wamnberg angle 04590 £ 000008 |
£y Simag coupling conetant at mx 1.221 = Q022

B i madratic Hise coofieienm ~ —l0-33

A jmaruc Hiss cootfleiont ~ 17

Ga Eectron Vukawa cosphng 294 = 10-*

G Muon Vekwwa coupling 0.0sr

G- Tamon Yekawa coupling 0.M02136233 |
L2 | Upquark YVukews soupling 0000016 + 00K
oy Down quark Yikeowa coupling 0003 + 000002 |
L | Cheern. quark Yakows couphiag 0.2 = 0.0006

& Strnnge quark Yuekewa coupbng 00006 = 00002 |
L Top quark Vakswa coupling L0 + Q029 [
ey Batwm quark Vukewa couplng 0006 = Qi |
sindyz | Omark CKM moatrix angle 0,233 = 0.0ME [
sindyy Juark CKM matnx angle 0.0413 + 0.0M3 [
sindy Juark CKM matrix angle 00T + 0,000

2 Jmark CKL matrix phase LG = Q24 |
Pyed [CP-violavng QUL vaouum phase < 0

Gy, Hectron moutrine Vekevs coupbng < Lr= %

G, Meon eutrno Yaleva cousplng < L1 = 10-%

Lo . Taa meutrno Yukeoea couplng < DL

sm#, | Nemrmo MNS mawix sngle 055 = 006

snd¥ . Nasrmo MNS matrix angle > 094

s, Nagrmo MNS matrix angle <022

2. Nagrmo MNS matrix phase z

Pa | Dk encrgy density (135 = 0.35) = 10752
i Barwon mass per phown 4, ne 050 & 008) = 10— |
L Cad dork matter mase per photon o e (2302 =« 0= |
. Nastrino mess per photon o /5, = & T m,, <09« 0 |
Q Scnlar fuctuation amplitide ég on hormon 120 £ Q2 « W° {
n Scalar spoetral indox 0,98 = Q02 ’
D Pamming of spectmal index dn, dink [od = QY [
r Tearmar-w-scalar mtio (Q Q) < 036

707030010  Tiarswr spectml index Unoonstrai ned [
w | Derk srcrgy squation of state -1 £01

| ™ Thcnansnnrlams sl ~ameatiass biaTTT BE] (2 < Wi—&8

i

I

Show
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Which parameters should vary? (Q"fﬂm

VSICS.

e e S eesanesaaeE
P-_lﬂ"r!-l_'q Llvasurcd value

g w&.ﬂﬁmuq 0,650 + 0,000 i

N - - Teg.miark at al (2006) consider

5o |Steoag coupling cestant at mz 1221 + a0z variations in 3 parameters:

e quadratic Hise coofoent ~ —10-33 —

A CJuarnc Hise coofleiont ~ 17 B

Ga Hectron YVukews comphng 294 = 10—+ - 2 Py o the cosTc recpe

G, Muon Yukswa coupling 0000607 e (CDM dens :nmhdmm )

G. Tamon Vaokewa coupling 0002156253 ¢ SRR e

Gu | Upquark Yukaws soupling o.000016 oomar | Py (CC energy et |

9y | Down quark Yukewa ecupling 0,003 + 000002 i S————

G Chewern quark Vokoes couphag 0002 = 00006 Q (amp“tUdE 7 The comodance orobim 0”5)
oy Sermage quark Vukera coupline 0.0006 + 00002 # & teparal sakeoon offect?

G, Top quark Yukews coupling L0 & Q02D % Mer= anthwapic concidencesi

@y Batwm quark Vukewas couplng 0,006 £ QOGS £ Possie wmpoints

sndyz | Juark CKM matrix angle 0.3 + 0.0mé L1 Brmeri inflation

smiyy (mark CKA matnx angle 0.0413 = 0.0mS 1= The lendscape. of strng theory

sy (i mark CHKM matrix angle OUOERT + 0L 1= The cosmoiogeal constant probls

LT gmark ChAl matnx phase LS+ 024 o 1% s 14

Ay CP-violating QU0 vacuum phase < " 2 Eh-kiﬂ'--sm-qum

Gy, | Beerron noutrino Yukews souphng < L= 0" e 15 The mak AR s seleckivn sffect

Gy, Aeon reutrmo Yoleews couphng < L1 = W% —n 17 Ditees he: AP axplein CT7

Lo . Tas reutrmo Yukewa cospling < 010 : {2 Came af the AP

s, Naprmo MNS matrix angle 055 + 006G ST IS The ssectian functon

snd¥,., Namrmo MNS matrix ongle > 094 S ; 260 T mapemm mumier of hsenrain

sind Nanrmo MNS matrix sagls < 022 TTTTTT T 2 Ml weichiting of Lniverses

&, Narmo MNS matrix phase ? ey 221300 wehtng of Uiverses

Pa Dk srcrgy density (L35 + 025 « 0= 73 Sesring Seady

=S Barwon mass per phown (v e 0.0 £ 003} = 10— _ EndShaw | mesis answers

£ Cold derk matter mam per photon o ne (15 &+ 02 « D28 = Rmsorarg wit 550, and 514

- =m—?¢ﬁmnm'n~-:‘.-2m. <09 = 0= 6 &P mnct reference dass of absere

g _Scnlar thartnavuon amplitiade 45 on barmon 20+ 0% =« 0-° 27 Dotk ressoning requires. 55

ne Scalar sportral index 0,98 £ Q0 [] 2= wncn sorameters shouid vary?

an | mming of speciml mndex 2, 4 Ink |od = Q01 23 Cis mok anugh

r | Termer-w-scalar mtio (G /J1* < 036 30 Frai remarks & osmic houghes
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The selection function (-Q;f

Pr (Allife) o< Pr(A) Pr (life|A)

The selection function Pr(life|A)

What counts as “observers'?
How do we predict the emergence of “life” in other Universes?

Proportionality to n,,, could be anything
Certainly important to integrate over time L\&

Pirsa: 07030010




The selection function (-B;f

Pr (Allife) o< Pr(A) Pr (life|A)

The selection function Pr(life|A)

What counts as “observers'?
How do we predict the emergence of “life” in other Universes?

Proportionality to n,,, could be anything
Certainly important to integrate over time

An explicit counter-example: MANO weighting
Maximum Number of Allowed Observations

irsa: 07030010 Page 67/87
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The maximum number of observations (-ij
B = 55—~ e e

o« We suggest to use the maximum number of observations that

can be carried out instead.

o Consider the maximum amount of energy accessible to
observers:
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The maximum number of observations (-ij
BRI oy 55—~ et e

o« We suggest to use the maximum number of observations that
can be carried out instead.

o Consider the maximum amount of energy accessible to

observers:
4
Frpax ¢ Min (? [(T00 — 7?*)‘1*] ) pm(a)
n. = conformal time when observers start collecting
a(n,.) =

n_,. = comoving observers density
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The maximum number of observations (-B,If
PO o 55— —

o We suggest to use the maximum number of observations that
can be carried out instead.

o Consider the maximum amount of energy accessible to
observers:

e o i (4 [0 = m0)au]® 5 ) pm)

n. = conformal time when observers start collecting

a(n.) = o0
n_,. = comoving observers density

o Maximum number of thermodynamic processes ina.\ > 0
Universe (rare observers limit).

Nmax < Emax /kBTds
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MANO weighting of Universes ()=

VSICS

MANO = Maximum Allowed Number of Observations
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The maximum number of observations (-Bif
Pt oy 55— — i e ———

o« We suggest to use the maximum number of observations that
can be carried out instead.

o Consider the maximum amount of energy accessible to

observers:
47
Frmax o Min (? (700 — 77*)‘1*] ) pm(as)
n. = conformal time when observers start collecting
a(n,.) =

n_,. = comoving observers density

o Maximum number of thermodynamic processes ina.\ > 0
Universe (rare observers limit).

Nmax < Emax /kBTds
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The maximum number of observations (-Q;Zd
B R = 55— T e

o We suggest to use the maximum number of observations that
can be carried out instead.

o Consider the maximum amount of energy accessible to

observers:
4
Frpax ¢ min (? (o0 — 77*)‘1*] ) pm(as)
n. = conformal time when observers start collecting
a(n.) =0

n_,. = comoving observers density
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The maximum number of observations (-B;Zd
BN oy 55— e e R

o« We suggest to use the maximum number of observations that
can be carried out instead.

o Consider the maximum amount of energy accessible to

observers:
4
Frmax ¢ min (? (o0 — 77*)‘1*] ) pm(a)
n. = conformal time when observers start collecting
a(n.) = oo

n_,. = comoving observers density

o Maximum number of thermodynamic processes ina.\ > 0
Universe (rare observers limit).

Nmax < Emax /kBTds
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MANO weighting of Universes (.Q’“’md

VSICS

MANO = Maximum Allowed Number of Observations

irsa: 07030010 Page 75/87
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MANO weighting of Universes (Pm

VSICS

MANO = Maximum Allowed Number of Observations

e Rare observers limit - max number of observations that each
observer can perform

irsa: 07030010 Page 76/87
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MANO weighting of Universes (Pm

VSICS

MANO = Maximum Allowed Number of Observations

o« Rare observers limit - max number of cbservations that each
observer can perform

o [Ifaccessible volumes for observers overlap, the answer
depends on the interaction between observers - effectively
unknowable!
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MANQO weighting of Universes (Qﬂﬂfd

VSICS

MANO = Maximum Allowed Number of Observations

e Rare observers limit - max number of observations that each
observer can perform

o [Ifaccessible volumes for observers overlap, the answer
depends on the interaction between observers - effectively
unknowable!

o The correspondence between observers and observations is
difficult to compute. If we assume it is a constant, than our
scheme is equivalent to traditional AP applications, but
integrated over lifetime of the Universe
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MANQO weighting of Universes (Qﬂﬂfd

VSICS .

Starkman & Trotta, Phys Rev Lett 97, 201301 (2006)

R

T

A/A
tobs/ t0

controls the time when intelligent
observers arise and begin collecting
energy

3

7

3

Qa
n
=
U
-
c
=
-
=
o

Anthropically predicted prob. densily
)
&

Landscape minimum R

10-10 -
JOT - 10+ 0.1 1 10
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MANO weighting of Universes (Q’ffﬂfd

VSICS .

Starkman & Trotta, Phys Rev Lett 97, 201301 (2006)

tobs/tO

controls the time when intelligent
observers arise and begin collecting
energy

T Pr(R>1)

N 5x104
Ox10°
10 4x1012

3

7

3

T

Our Universe

—
-
o

Anthropically predicted prob. density

Landscape minimum R

10-10 :
10T
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MANO weighting of Universes (Qﬂﬂfd

VSICS .

Starkman & Trotta, Phys Rev Lett 97, 201301 (2006)

R

3

A/A,
tobs/ 1:0

;

3

T

Our Universe

e
m
=
&
o
o
5
= o controls the time when intelligent
E ¢ i g observers arise and begin collecting
B : E energy
A E
2 =B
% oef B T Pr(R>1)
a. o
= - m
£ ¥ . N 5x10+
- 9 . :

: | ; 9x10-6

O o 10 10-4 01 1 10 10 4x1012

The probability of \ being as large or larger than in our Universe is ~ 10
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MANQO weighting of Universes (Qﬁﬂfd

VSICS .

Starkman & Trotta, Phys Rev Lett 97, 201301 (2006)

R

3

A/A
tobs/ t0

3

=
/{L

T

> |
= i
= |
w .
b l
o !
o |
& :
- = i : controls the time when intelligent
E 1 : B s 3 observers arise and begin collecting
B : 2 P energy
3 E 1%
2 . E \
_; 10-5 : ;.’_ R T Pr (R>-I )
o S <%
b | =
= E = N 5x104
: . *
- : | Ox10°
T | 10 4x107°

The probability of \ being as large or larger than in our Universe is ~ 103
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MANQO weighting of Universes (Q*’fﬂfd

VSICS .

Starkman & Trotta, Phys Rev Lett 97, 201301 (2006)

lﬂﬂ] I

O TE N = A/A

3

i liniverse

2 Frrng down the cosmc reope: |
1 Large scale sructuns
4 Lummosiy dstance

3

T Acoumudabing svidenos

et — tObS/tO

¢ 7 The concidenoa prodem
o, | 4 & bemgoral selncton effec? |
] ¥ More anthrops concodences? . - V
N A trols the time when intelligent

i:r::;:mwm ervers arise and begin collecting
=pa et |
: 13 The cosmalogical constant peotie I._rg Y

'fﬂ_ 1% Skde 14

HELJ—'”. 15 Brands of the anthrooe precsd

deln 16 The wedk AP == selechon efes

17 Dines e AP eplaiey T2 T Pr (R>-I )
10-5 B
Caticiems of the AP

1% The salection Funcbon

20 Thes mamum number of ooseroen _4
k| 21 MUANIC wesighting of Lineeere=s | - ] 5 X ] 0

E[ 2 MBRIC weighting of Lniverses

=10 | s | 9x10-

29 Ve vs L3 anseears

Anthropically predicted prob. densily

Landscape minimum R

- ol ool vl sl soued 1) 25 Apason 554 and 5iR 1 =
S 10-377 10-s 10-* 0.1 zszd:::mewm- | FO 4x1012
R o g
7% O i nat enough

The probability of A being as larg: sssmmcmes= n in our Universe is ~ 103
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MANO weighting of Universes (foﬂfd

VSICS .

Starkman & Trotta, Phys Rev Lett 97, 201301 (2006)

> 10%« \ o R — A/AO
z : |
= ' = —
5 2 t obs/ *0
5 s |
° e : controls the time when intelligent
E : : B 3 observers arise and begin collecting
E’ _ E E energy
8. £ O\
o =5 N\ |
T anl \ \ T Pr(R>1)
% : 7 v \
5 E w1\ 1 5x10*
- 9 i
- | ; 9106
O o 10 10-4 01 1 10 10 4x1012

R

The probability of A being as large or larger than in our Universe is ~ 10
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Final remarks & cosmic thoughts (-Qm

VSICS

e« Selection effects are unavoidable: our observations
are conditional on the fact that we exist

« There have been attempts to “solve” the
cosmological constant problem by invoking
selection effects in some kind of multiverse (WAP)

o Criticisms to the anthropic principle:

- instability wrt definition of observers: different ways of counting
observers lead to totally different “predictions”

- which parameters should vary?

- consistent reasoning requires either SSA+SIA or common
reference class of observers. Answer depends on number of
companions in the class
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“‘What I'm interested in understanding is

whether God did have a choice in creating
the Universe”

(Albert Einstein)




“‘What I'm interested in understanding is

whether God did have a choice in creating
the Universe”

(Albert Einstein)

‘If only God would give me some
clear sign! Like making a large
deposit in my name in a SWiss
bank”

(Woody Allen)




