


THE

VERY
EARLY
UNIVERSE

25years on

In 1982 we
held a workshop the first
on the very early observations of

universe in Cambridge.
This was a time of great
excitement in the field.
Inflation had just been proposed
as a possible answer to some of the
problems of the Hot Big Bang model|
but it was not clear how it would work
or what its observational consequences
would be. The workshop was attended
by nearly all of the leading people in the
field and after animated and occasionally

cosmic microwave
fluctuations by COBE
and 21 years before the
predictions of inflation were
confirmed in detail by WMAP.
On the 25th anniversary of that
historic workshop it seems approp-
riate to review the inflationary model,
consider new theaoretical developments,
compare observations and contrast with
other scenarios for the very early universe.
heated discussions, we all agreed on what | am, therefore, inviting you to The Very Early
is now the standard accepted picture of e Universe 25 Years On ...
slow roll inflation. This was 10 years before : Stephen Hawking
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UMIVERSITY OF CAMBRIDGE

Department of Applied Mathematics and Theoretical Physics
Stlver Street, Cambridge CE3 gEW
Telephone: Cambridge (0223} 31645

Dr. A. H. Guth,

Certer for Thecoretical Fhysies,

Lakoratory for Nuclear Science and
Department of Physies,

M,I,T,
Cambridge - Massachusctts, 02139,
Tnited States of America. 14 October, 1981,

Teser Dr. Guth,

As you may know, the Nuffield Foundation has provided funds for a series
of workshops on Quantua Gravity and related topics, MNext year we are
planning to hold 8 workshop here in Cambridge om the wvery early Universe
(<1 aec). The dates enviseged are June 21st to July 9th 1982,

The standard model seems to provide a satisfactory account of the evelution
of the universe after 1 sec but it assumes certain initial conditions such as
thermal equilibrium, spatial homogeneity and isocropy with small fluctuetions,
gpatial flatness, and the haryon to entropy ratic. The aim of the workshop
would be te discus2 how these conditions could have arisen from physical pro-
cesses in the very early universe on the basis of grand unified theories and
quantd® gravity. Topics covered would include phase transitions, the
gemeration of haryom number, the production of monopoles, primordial black
holes and other long lived particles, the existence and nature of the initial
singularity, particle creation and the otigin of fluctuations. As in previous
years the aim would be to limit the formal programme to shout two seminare a
day to leave time for informal discussion,

We would like to invite yom to take part in the workshop., We conld pay
your airfare and subsistence, but we would ha grateful if you could take
advancage of any cheap fares that ara convenient to ensble us ¢o stretch our
limited funds as far as possible.

Flease let us know whether you will be able to come. We would be prateful
for any comments you may have om the organization of the workshop or of topics
to be discussed.

Yours eincerely,

C}”‘? éf 6[ f; T |
%—Qﬁ% L&;;w'\w%

Stephen W, Hawking
Gary W. Gikhons




WOFFIELD WORKSHOF ON THE VERY EARLY UNIVERSE

Camhridge, June 21gt = July Sch,. L9282

Plesse return this form as soom as possible to:-
Dr. G.W. Gibbons,

DAMTF,

Silver Street,

Cambridge,
Enpland.

Name B arirELssssnatriaE A a R e e
Address [T I I
R

Tele Wo; e rw A A M AA Al addAdaa AR L EEELE I s A n

Telax HoO: oo iiivecasnassssnnamnsnrarssisasnnensns

I plan to Arrive OO weivivevensesacarsacrtanannns ETOH  wenarcersnrasannes
T plan to leaVe ON  sesnssmsssssvovnrnssssaannsns TOT e T

1 will be accompanied BF  .iueu-intisnnaaaniesionnsanannnnnnnnnnrbstbrsssns

I estimate my air fare will be ............ iisirssbaaiaann
I would like to contribute to the Proceedings (answer TES/WO)  avvuianviias
College accommodation will be suitable for me (answer TES/NO)} s.vviiinsies

If not, state yvour accommodation needs

G. W, Gibbons




UMIVERSIYY F CaMHRINGE
Department of Applied Mathematics and Theoretical Physics

Silver Street, Cambridge ¢B3 gEW
Tetephome: Cambridge (1223} 51444

Profomcant A, Guth, 7 January 1582
Cenler for Thoovetical Physics,

Laboratory for Nuclear Science & Department of Physios,
Massachuselts Institute of Technology,

Cambridge,
Massachusetts 92139,
U.5 R

Dear Frofessor Gath,

hold
with
wiil
Encat

I am writing about the Nuffield Workshop which we plan to
in Cambridge in the summer. It would help as enormously
the planning 1f you gould let us know whether or not you
ne ahle to attend falrly scon. You may be interested to
that the following have already agreed to come:

G. Lazarides, F. Wilzek, D. Nanopoulos, { Shafi,
1.. ¥an Hove, J. Barrow, A. Vilenxin, J. Eardean,
P, Steinhardt, D, Page, J. Ellis, 3. Wolfram.

Best wishes,

- - i
5 i .

!

L-/‘}E;."-’VJ L? N

Gary Gibbons




UNIVERSITY OF CAMBRYLIGE

Department of Applied Mathematics and Theoretical Physics
Silver Street, Cambridge CB39EW
Telephons ;. Cambridoe 37643

2nd February 1982

Nuffield Workshop on the Very Early Universe

June 21lst — July 9th 1383

Dear participant,

We are writing te bring you up to date on the plans so
far. The fellowing have already agreed to come:

J. Preskill, J. Hartle, M. Turner, I. Novikov, A. Stargbinsky,

G. Lazarides, F. wilczek, D. Nanopoules, Q. Shafi, L. Van HAove,
T. Barrow, A. Vilenkin, J. Bardeen, P. Steinhardt, N, Page,

J. B1llis, and 5. wWolfram. In addition we intend tco ilnvite
several pecple from this country, We also hope that other
Russians will be able to come. We are negotiating with Cambridge
University Press about the pozsibility of publishing the
proceedings with the title “"The Very Farly Universe™ edited by
G.W. Gikbong, 5.W, Hawking and 5.T7.C. 5iklos and we hope that
you will contribute a paper.

We plan to accommodate participants at Sydney Sussex College
which will be paid for by the Nuffield Foundation. In addition
we are able to pay you a small subistence payment. Please f£ill
in the attacked form telling us what your travel plans are.

We can pay your air fare but we would appreciate your taking full
advantage of any cheap fares that might be available. It wouli
be a great help if you could let us know the likely cost of your
travel.

Yours sincevely,

CL> Lyblene

G.W. Gibbons
5.W. Hawking
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G. Lazarides

F. Wilczak
'
D.V, Napopoulos

Q. Shafi

J. M. Rardeen

P, J. Steinkardt

P.¥, Page
J. Ellia
J. B, Hartle
8. Wolfram
M. §. Turner

I. . Novikov

Whicehouse Apartaent,
Condult Head Road,
Cambridge.

Mrs. Polly Hill,
43 Broadway,

Granchester, Cambridge

Sidney Suasex College

Whitehcuse Apartments,
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Canbridge.

Eidney Sussex College
Mrs. Hinton, ’
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et S 2 5TI; .

1%th June -

- 28th June — 9th July

20th Tuns - 10th July

2lar Jume - Sth July

21st Jume - 9th July

20th June - 11tk July

20ch Juna -
2ik
54T June -
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NUFFIELD CONEFERENCE - ROOM LIST

Foom Not

F2 HMarkov Yilzeak Ellis
Fl7a Praskill Lazarides

F21 Guth Linde Steinhardt
F}5 Hu Turner Novikow
519 Hartle Bardeen Starobinskii
84 Shafi

510 Vilenkin

521 Dolgow Barrew

G6 Parry

G7 Page

G5 Welfram

Nanapoulos




UNIVERSITY OF CAMBRIDGE

Depariment of Applied Mathemaucs and Theoretical Physics
Silver Street, Cambridge CR39EW

Toleplome  Cambeire ST003

Nuffield Workshop on the Very Farly Universe

Carbridge June 2lst te July 9tk 1982

LDear Participant,

We cnelose a preliminary programme for the first week.
This consists of a numbsr of reveiw talks on the varions arcas
of interest. In the following two weeks we hope to arranse a
programme of new contributions to the subject.

The dates and place of the accomodation arranged for ¥ou
is shown on an accompanying glip. Acconmodation for unaccompaned
participants will be at Sidncy Susser College and will be on a
bed and breskfzst basis. A subsistenge allowance will ba paid
for olher meals which may be taken in the University Centre which
is like a Faculty Club. Thexe will he a buffet supper for all
participantg ond accompanying spouses in the Beves Room, Kings
College at 7.30 p.m. on Monday June 21st, There will zlso he a
buffet supper on July 8th.

It will not be possible to accommodate people in Eidney
susseX before Supnday 20th. Those arriving on that day sheould go
dirzetly to the TPorters Lodge at Sidney Susscs Cellege where they
will be directed to theoir reoms. Judy Fella will be available
in the Cepartment of Applied Mathematics and Theoretical Physics
on Lhe morning of Menday 2ist June to answer any queries. Those
staying in apartments sheould go direetly tc their appartrent.

In case of zny difficulty ouvtside office hours call 2.W. Gibbhons
on Cambiridge 63034,
A “

. S B=a,
%S“J %fﬁéﬁW”

G.W. Gikbons

SaW, Hdawking




UNIVERSITY OF CAMABRIDSGE
Department of Applied Mathemarics and Thecretical Physics
Silver Street, Cambridge cB3 gEW
Telephone: Cambridge (0223} 51545

Nuffield Workshoo on the Very Early Universe

Canbridge : June 21 to July 3, 1982

Prograwe for Week 1

"What secretaries want from

Monday, 2lst June .
The Very Herly Universe".

Monday 21 June 2.30 - 3.45 Prof. M.J. Rees "lhat Astrophysicists went
fram the Very Early niverse".

Tuesday 22 June 11,15 - 12,30 Prof, F, Wilczek- "Particle Physlcs and the
Very Early Universe".

2.0 - 345 Frof. A. Guth "Phase Transitions in the
Very Early Unlverse".
Wednesday 23 June 11.15 - 12.30 Prof. M. Linde "Phase Transiticns in the
Very Early Universe".
2.0 - 3,45 Prof, J, Hartle "Duantun Gravity in the
Very Early Universe”.
Thursday 24 Nme 11,15 - 12,30 Prof, J. Bardeen "Fluctuations in the Very
Early Universe®.

2,30 - 3.45 Prof. J. Ellis "AME and super-GITS in the.
Very Barly Universa". ‘

Friday 25 June 11.15 ~ 12.30 Prof. J. Preskill "Monopoles in the Very Early
’ Universa". :
2,30 = 3.45 Prof, Q. Shafi "strings in the Very Early
Universe”.

IECTUFES WIILL BE HELD IN SEMIMAR ROOM A
First Floor
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Mmiday 28 June

Tuesday 28 June

m&%mm

Thursday 1 July

Friday 2 July

Nuffield Workshop on Yhe Very Farly Universe

Carbridge : June 21 - July 9, 1982

Programme for Veek 2

11,15 - 12.%0
2.20 - 32.45
11,15 - 12,30
2,30 = 3.45
11.15 - 12.20
2,30 - 3.15
3,15 - 4,00
11.15 ~ 12,00
12,00 - 12,45
2.30 - 3,15
.15 - 4.00
11,15 - 12.00
12.00 - 12.45-
2.0 - 3.15
3,15 - 4.00

Prof. P. Steinhardt

Prof. A. Starchinsky

Prof, TI.D. Novikow

Prof.. 5.W, Bawking

Frof. M, Turmer
. - w

Prof. J. Bardeen
Prof. A. Starchinsky

I, Mozs

B. Allen

Prof. A.D. Dolgov
Dr, M, J. Perry

Dr. G.W. Gibhais

"The New and Newer
Inflationary Universe®.

"Phase Trangiticns with
Prolonged Intermediate
de Sitter Stage and
Fluctuatiens™,

"Generation of Priinordial
Perfurbations in the early
Oniversa",

"The End of Inflation”.

"Fluctuaticns and Galawy
Formation in an Inflationary
Universe" .,

"The Evolutian of Density
Perturbaticons during Single
Bulinle Inflation".
MCozmology with Imftiz?

de Sitter Stage cauned hy
Quantum Gravitaticmal Effects

"Infra-red prchlems in
de Sitter space”.

"Effective Potential in
de Sitter spaca”.

"Cravitational Effects on _
Coamclogical rhase Trapsitic

" Eymmetry Beﬁavioux at

finite tamerature in v
 Dynamical Spacetimes", .

Cogmological term Canoellatic:

"Instahility of de Sitter
Spaca?". i

"Cosmie Baldness”.

"Hew to Live with Negative |
pPotentials in anti~ce Sitter




- UNIVERSITY OF CAMBRIDGE
Department of Applied Mathematies and Theoretical Physics :
- Silver Street, Cambridge cB3 gEW ) !

Felephose: Cambridge {0223) 51645

Buffield Workshop on the Yery Farly Universe

Combridge : Jupe 21 = July 9, 19572

Programme for Week 3

Monday 5cth July 11.15 - 12.00 Dr. D.W. Sciama "Masaive Neurrinos and
Photinos in Astronomy™.

12,00 - 12.45 Prof. G, Efstathiou "Ohservational Evidence omn
i and the fluctuatiops,"

2,30 - 3.45 Prof. M. A, Markov "Scme remarks on the problem
of the Very Early Universe',

Tuesday 6th July 11,15 - 12.15 Prot, A. Vilenokin "Cosmiec Scrings”.

12,13 - 12.30 J. Luttraell "Damnicg of Strinps™.
2.30 - 3,15 Prof. 4. Linde "Om the Poemibility of

maghetic momopole confine-
weot in the early universe™.

3.15 - 400 Prof., D. N. Pape "Menopole Annihilation”.

Wednegday 7th July 11~15 — 12,45 Prof. DI, Nanopoules "Super Cosmelogy, monopeles
and proton decay''.

2,30 -~ 3.45 Prof. A. Cuth "Fluctpations in an
Inflationary modal™,

Thursday 8ch fuly ~  11.15 - 12.45 Prof, Lazarides "Some Cosmological Constrainﬂ
Constraints om GUTI". ?

2.30 - 3.45 Prof. A, I, Dolgowv "Baryon Productiem in the

new Inflaticnary model',

Friday 9th July 11.15 - 12.45 Prof. ¥, Wilzecek "Fun with Monopoles and
Axioms",

THE END































WMAP: Wilkinson
Microwave Anisotropy Probe

Images courtesy of NASA/WMAP Science Team
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The Multiverse

Diagram by Fred Adams
























