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Italian, US cosmologists present alternate explanation
for accelerating expansion of the universe: Was
Einstein right when he said he was wrong?

Why is the universe expanding at an accelerating rate,
spreading its contents over ever greater dimensions of
space? An original solution to this puzzle, certainly the
most fascinating question in modern cosmology, was put
forward by four theoretical physicists, Edward W. Kolb of
the U.S. Department of Energy's Fermi National
Accelerator Laboratory, Chicago (USA): Sabino Matarrese
of the University of Padova; Alessio Notari from McGill
University (Canada); and Antonio Riotto of INFN (Istituto
Nazionale di Fisica Nucleare) of Padova (ltaly). Their study
was submitted yesterday to the journal Physical Review
Letters.
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¢ T. Futamase, PRL (1988)

¢ T. Futamase, MNRAS (1989)
¢ T. Futamase, PTP (1993)

e T. Futamase, PR D (1996)



DRI ZEDHS8H(?)

backreactioni®id®
REMRZEE D!




(1)

backreaction
- - ¢




REDFHIE
Wicd&lb
FE—IRTHS




Ly, GE
FHIE—REH
Friedmann
TWLWWLWaDH?







BRAFANICIEME R %I
FF—HRICD
E1IMICIE
FriedmannTd&WESS




Friedmai“J: WiEs>5



IRy
Friedmann=g
&EiE?



“EIGZRE” “scale factor”



Einstein 51D F131L




back reaction




Ax =0 7ZRbH...

i\ - 8nG

a 3 Pb
FHEISdustDEITZEFRIIT
[ERAIDRE SFriedmann




LU
Einstein 12X\ DIER1E
[c& D, —fiRICIS...




.\ 2
a I3z
(g) =g P

effectivelcdustH oD
IRILF—DERAIICES LT
WAEDICHZXD




<nh
back reaction



(2)
7. 3—1t=
MEZIES50D?




comoving synchronous
gauge TH4...

M. Kasai, Phys. Rev. D 52, 5605 (1995)

The metric:

I 20 |
ds® = —dt* + a*(t) (1 | \If(a:)) 0ij + 2a(t)V ;5 | dz*da’







The averaged Einstein eq.:
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Newtonian gauge TH...

T. Futamase, Phys. Rev. Lett. D 61, 2175 (1988)
T. Futamase, Phys. Rev. D 53, 681 (1996)

The metric:

ds® = —(1+ 2¢(x))dt* + a*(t)(1 — 2¢(x))d;; dx'da’
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3-dim. volume V/

V = /D \ﬁdgil?, Y = det(%j)

The scale factor a(t)
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The deviation from a uniform Hubble flow

i i g
Vi = K, 0"

a/ -]










— — > (Too)

backreaction (& + (77 X)) D&F5?






dust DFEHIRILF—EZE -

.0
p+3—-p=140

a

EREIEZZELTH, EBAL
dustEUThBDFESFELZBELTE
RSN THI T backreaction Dk
A TEDS.



FRBELE..

1
Ar(Ga? (

p = (Too + ppav”) -
D)

DD p DIHDBLUTZHIT

. a









CL_47TG_
a 3 P

e backreaction [FHIERZ NN
EBEHRES S ERLV. d/a ZR
HH5DIE o DA,



STl

d_47TG_
a 3 P

e backreaction [& a/a Z/hN& <
9D,

|



- (0,0,

9@2

e backreaction [F1IEFHIZIE & UL
ThDED.




asb5lc...
e pslldDgauge (comoving
synchronous) COifEm

—3X
-$E®E§E%;5Um



No-Go Theorem

FE—RIEDRIEAICE DT
FHISIEE R &
LaWDTE !




53

kasai@phys.hirosaki-u.ac.jp




