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ON THE EINSTEIN�CARTAN COSMOLOGY VS. PLANCK DATAD. Palle *Zavod za teorijsku �ziku, Institut Rugjer Bo²kovi¢Bijeni£ka 
esta 54, 10000 Zagreb, CroatiaRe
eived November 11, 2013The �rst 
omprehensive analyses of Plan
k data reveal that the 
osmologi
al model with dark energy and 
olddark matter 
an satisfa
torily explain the essential physi
al features of the expanding Universe. However, theinability to simultaneously �t the large and small s
ale TT power spe
trum, the s
alar power index smallerthan unity, and the observations of the violation of the isotropy found by few statisti
al indi
ators of the CMBurge theorists to sear
h for explanations. We show that the model of the Einstein�Cartan 
osmology with
lustered dark matter halos and their 
orresponding 
lustered angular momenta 
oupled to torsion 
an a
-
ount for small-s
ale�large-s
ale dis
repan
y and larger pe
uliar velo
ities (bulk �ows) for galaxy 
lusters. Thenonvanishing total angular momentum (torsion) of the Universe enters as a negative e�e
tive density term inthe Einstein�Cartan equations 
ausing partial 
an
ellation of the mass density. The integrated Sa
hs�Wolfe
ontribution of the Einstein�Cartan model is negative, and it 
an therefore provide partial 
an
ellation of thelarge-s
ale power of the TT CMB spe
trum. The observed violation of the isotropy appears as a natural ingre-dient of the Einstein�Cartan model 
aused by the spin densities of light Majorana neutrinos in the early stageof the evolution of the Universe and bound to the lepton CP violation and matter�antimatter asymmetry.DOI: 10.7868/S00444510140400901. INTRODUCTION AND MOTIVATIONAlthough the presen
e of dark matter and dark en-ergy is justi�ed by all 
osmologi
al observations, theiridenti�
ation and properties are still far from being es-tablished. The measurements of the CMB �u
tuationsare in this respe
t espe
ially valuable be
ause of thewealth and a

urate information that 
an be extra
tedfrom them.The most re
ent dis
losed results of the Plan
k mis-sion 
ontain issues like the temperature power spe
-trum, gravitational lensing or the integrated Sa
hs�Wolfe (ISW) e�e
t, up to the Sunyaev�Zeldovi
h 
lus-ter 
ounts, and isotropy, and non-Gaussianity of the
osmi
 infrared ba
kground. It seems that the old,unexpe
ted features, beyond the �CDM + in�ationmodel persist in data and are even more highlighted:1. the large-s
ale temperature power spe
trum mu
hlower than the �CDM predi
tion, limited not only tothe low quadrupole [1℄ but also to almost all multi-pole moments l < 30 (see Fig. 37 in Ref. [2℄), 2. thes
alar power spe
trum index less than 1 (see Table 8 in*E-mail: palle�irb.hr

Ref. [2℄), 3. violation of isotropy observed as hemispher-i
al asymmetry, parity asymmetry, quadrupole�o
to-pole alignment, 
old spots, and dipolar asymmetry [3℄.If the violation of isotropy will be 
on�rmed byother 
omplementary 
osmi
 observations of radiogalaxies [4℄, spiral galaxies [5℄, bulk �ows of 
lusters [6℄,or quasars [7℄, it will 
hallenge 
osmologi
al prin
iplesand 
all for new theoreti
al insights.Assuming that the observed anomalies are real phe-nomena, we try to understand and elu
idate the mea-sured physi
al features by the Einstein�Cartan (EC)
osmology. In
orporating rotating degrees of freedomof matter (spin and angular momentum) and spa
e-time (torsion) into the relativisti
 framework, the EC
osmology appears as a nonsingular theory [8, 9℄; the
osmi
 mass density 
an be �xed [9℄, the s
alar powerindex 
an a
quire a negative tilt [10℄, and spin densitiestrigger density �u
tuations [11℄ and the right-handedvorti
ity (rotation) of the Universe [12℄ resulting atlater stages of the evolution in the nonvanishing totalangular momentum of the Universe [13℄. The nonsingu-lar EC 
osmology is in 
onformity with the nonsingu-lar theory of gauge intera
tions in parti
le physi
s [14℄that 
ontains light and heavy Majorana neutrinos ashot and 
old dark matter parti
les [15℄, in
luding otherimportant impli
ations of the perturbative and nonper-671
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ts of strong and ele
troweak intera
tionsphenomenology [16℄.In this paper, we investigate and 
ompare EC and�CDM 
osmologies solving evolution equations for thes
ale-dependent density 
ontrasts, mass �u
tuations,pe
uliar velo
ities, and the integrated Sa
hs�Wolfe ef-fe
t. In the next se
tion, we des
ribe the evolutionequations and de�nitions and introdu
te our simple
lustering model. The 
on
luding se
tion deals withthe numeri
al results of the 
omputations, 
omparisonsof the EC and �CDM 
osmologies, and �nal remarksand hints for future resear
h.2. DEFINITIONS, EQUATIONS, AND THECLUSTERING MODELBe
ause any deviation from 
osmi
 homogeneityand isotropy is very small, we limit our 
onsiderationsto the homogeneous and isotropi
 geometry. We startthe evolution in the radiation era when the 
lusteringof dark and baryoni
 matter is negligible. The evolu-tion equations for matter density 
ontrasts in Fourierspa
e are derived in [17℄:d2hdt2 + 2a dadt dhdt = 8�GN (2�rÆr + �mÆm);dÆmdt = 12 dhdt ; dÆrdt = 43 �kva + 12 dhdt � ;dvdt = �k Ær4a;�dadt�2 = 83�GNa2(�r + �m + ��): (1)
We here use the notationh = 3X�=1h��; g�� = �a2[Æ�� � h�� ℄;density 
ontrasts are Æi = Æ�i�i ;k is the 
omoving wave number,a = RR0 = 11 + z ;subs
ripts m, r, and � denote matter, radiation andthe 
osmologi
al 
onstant quantities, and v is a velo
-ity. All the quantites are fun
tions of t and ~k.These equations 
an be 
ast into a more suitableform by eliminating h = 3X�=1h��

and by 
hanging the evolution variable to y = ln a:d2Æmdy2 = �12 dÆmdy 
m(
ra�1 +
m +
�a3)�1 ++ 32(2
rÆr +
maÆm)(
r +
ma+
�a4)�1;dÆrdy = 43 �dÆmdy + kv_a � ; dvdy = �Ær4 k_a : (2)Our notation in
ludes�r = 
r�
a�4; �m = 
m�
a�3;�� = 
��
; �
 = 3H208�GN ;H0 = 100h km � s�1 �Mp
�1and_a = 3:2409 � 10�18h �
ra�2+
ma�1+
�a2�1=2 s�1:The evolution equations for the EC 
osmology, ne-gle
ting small vorti
ity and a

eleration! = m = 0; � = 0; Q = Q0a�3=2 = torsion;are derived in [13℄ (Eq. (14)):�Æ1 + 2 _aa _Æ1 � 2Q _Æ2 +��13��� 53Q2 �� 13��+ �aa� Æ1 + 14 _aaQÆ2 = 0;�Æ2 + 2 _aa _Æ2 + 2Q _Æ1 +��13��� 53Q2 �� 13��+ �aa� Æ2 � 14 _aaQÆ1 = 0;�Æ3 + 2 _aa _Æ3 +��13��� 23Q2 � 13��+ �aa� Æ3 = 0;Æ � [Æ21 + Æ22 + Æ23 ℄1=2:
(3)

We assume that after the redshift zG = 10, thenonlinear bound stru
tures are formed in the form ofstars, galaxies, and 
lusters. The 
lustering of parti
lesforming halos is des
ribed by a model with only twoparameters kG and �G. This is applied to both massand angular momentum 
lustering:Q(a) = (2�)�3 Z d3kQ̂(a;~k) == Q0a�3=2�(zG � z);Q̂(a;~k) = �Q0a�3=2 exp(�jk � kGj=�G)���(zG � z)) Q0 = �Q0(2�)�3 �� Z d3k exp(�jk � kGj=�G); (4)
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osmology vs. Plan
k data�(a) = (2�)�3 Z d3k�̂(a;~k) = �0a�3�(zG � z);�̂(a;~k) = ��0a�3 exp(�jk � kGj=�G)�(zG � z))) �0 = ��0(2�)�3 Z d3k exp(�jk � kGj=�G): (5)Fourier transformations of evolution equations (3)take the following form:� _aa�2 d2�1;2dy2 + _aa �d _ada + _aa� d�1;2dy �� 2 _aahQdÆ2;1dy iFT +��13��+ �aa��1;2 �� 13�h�mÆ1;2iFT � 53hQ2Æ1;2iFT �� 14 _aahQÆ2;1iFT = 0;� _aa�2 d2�3dy2 + _aa �d _ada + _aa� d�3dy ++��13��+ �aa��3 � 13�h�mÆ3iFT �� 23 hQ2Æ3iFT = 0:
(6)

The Einstein�Cartan �eld equations de�ne the 
os-mi
 
lo
ks (see Eq. (15) in Ref. [13℄) as follows:_a = H0 �
ma�1 +
�a2 � 13a2Q2�1=2 ;d _ada = H0 12 �
ma�1 +
�a2 � 13a2Q2��1=2 �� ��
ma�2 + 2
�a+ 13aQ2� ;�aa = 13��� 16��+ 23Q2: (7)
The following de�nitions and 
onvolutions are used inEq. (6):�i(y;~k) � Z d3x exp(i~k � ~x)Æi(y; ~x);hQÆiiFT (y;~k) � Z d3x exp(i~k � ~x)Q(y; ~x)Æi(y; ~x) == (2�)�3 Z d3k0Q(y;~k � ~k0)�i(y;~k0);hQ2ÆiiFT (y;~k) � Z d3x exp(i~k � ~x)Q2(y; ~x)Æi(y; ~x) == (2�)�6 Z d3k0d3k00�i(y;~k0)Q(y;~k00)��Q(y;~k � ~k0 � ~k00):Having all the evolution equations for the EC and

�CDM 
osmologies, we de�ne initial 
onditions in theradiation era and 
hoose the parameters of the models:ai = 10�8; Ær(ai) = k1=2a2i ;Æm(ai) = 34k1=2a2i ;dÆrdy (ai) = 2k1=2a2i ;dÆmdy (ai) = 32k1=2a2i ; v(ai) = 0;�CDM:
m = 0:34; 
� = 0:66; h = 0:67; Q = 0;EC: 
m = 2; 
� = 0; h = 0:67;Q = 8><>: 0; z > 10;�2:3a�3=2; 1 < z � 10;�p3a�3=2; 0 � z � 1:Our 
hoi
e of the torsion (angular momentum) pa-rameters is guided by the 
ondition that at the zeroredshift, 
Q � �1 [9, 13℄ (at the redshifts 1 � z � 0,the galaxy 
lusters emerge, 
hanging the total angularmomentum 
ontribution of the era z > 1), while at theearlier epo
h 10 > z > 1, our 
hoi
e is guided by the
ondition to roughly mat
h the 
orre
t 
osmi
 
lo
ksand the age of the Universe:�U (Gyr) = 10h 1Z10�3 daa �
� +
ma�3 � 13Q2��1=2 ;�U (�CDM) = 13:89 Gyr; �U (EC) = 13:29 Gyr;kmin = 10�3 Mp
�1; kmax = 102 Mp
�1;kG = 1 Mp
�1; �G = 0:25 Mp
�1:We integrate the above evolution equations to therelative a

ura
y O(10�4) by lowering the integrationsteps until the required a

ura
y is rea
hed. Equa-tions (2) are solved for the evolution from ai = 10�8to aG = 1=(1 + zG) and Eqs. (6) are then solved fromaG = 1=(1 + zG) to a = 1. The Adams�Bashforth�Moulton predi
tor�
orre
tor method is used for di�er-ential equation integrations (
ode of L. F. Shampineand M. K. Gordon, Sandia Laboratories, Albuquerque,New Mexi
o) and CUBA Library for MultidimensionalIntegrations [18℄. The next se
tion is devoted to thedetailed exposure of the numeri
al results and 
ompar-ison between the EC and �CDMmodels. The relevan
eof the results for the Plan
k data are also given here.7 ÆÝÒÔ, âûï. 4 673
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Fig. 1. Density 
ontrasts at z = 0 as fun
tions of thewave number k normalized at kmax: Æm(kmax) = 1.EC � +, �CDM � �3. RESULTS, DISCUSSION, ANDCONCLUSIONSBe
ause the best �t to the Plan
k temperaturepower spe
trum is dominantly performed by the mul-tipoles l > 30, it is not surprising that the 
on
or-dan
e �CDM model is favored, but at the expense ofthe wrong �t for low mutipoles (large s
ales). By solv-ing evolution equations for the EC and �CDM with thesimple 
lustering model, it 
an be veri�ed that at lowredshifts, these two models produ
e density 
ontraststhat di�er substantially at large s
ales, while being sim-ilar at smaller s
ales (see Fig. 1).If we a

ept the following normalization on a largers
ale [13℄:(ÆM=M)RMS(a = 1; S0 = 10 h�1 �Mp
) = 1;then the pro
essed spe
tra of mass �u
tuations withthe top hat window fun
tion for the EC and �CDMmodels di�er at small s
ales (see Fig. 2):(ÆM=M)2RMS(a; S) �� N�1 Z d3kW 2(~k; S)jÆ(a;~k)j2;N = Z d3kW 2(~k; S0)jÆ(a = 1; ~k)j2;W (y = kS) = 3y3 (sin y � y 
os y): (8)
We 
an similarly evaluate the pe
uliar velo
ities asfun
tions of the s
ale and redshift with the same nor-malization as in Eq. (8):
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Fig. 2. Mass �u
tuations for three redshifts (z = 1 (a),0:25 (b ), and 0 (
)) as fun
tions of the s
ale S.EC � +, �CDM � �v2RMS(a; S) � N�1 Z d3kW 2(~k; S)�� 1~k2 �����a _adÆ(a;~k)da �����2 ; (9)giving the expe
ted results (see Fig. 3), where the EC
osmology produ
es larger pe
uliar velo
ities than the674
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Fig. 3. Pe
uliar velo
ities for three redshifts (z = 1 (a),0:25 (b ), and 0 (
)) as fun
tions of the s
ale S.EC � +, �CDM � ��CDM 
osmology at the galaxy and galaxy 
lusters
ales O(10�1) Mp
�O(102) Mp
.The 
on
lusions are not sensitive to the reasonable
hoi
es of the parameters of the 
lustering model. Theintegrated Sa
hs�Wolfe e�e
t plays an important roleat low redshifts in the evolution, if the mass densitydi�ers from unity [13℄:
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Fig. 4. Integrated Sa
hs�Wolfe terms �ISW for EC (+)and �CDM (�) 
osmologiesaISWlm = 12�il Z d3kY m�l (k̂)Æ~k �H0k �2 �� Z dajl(kr)�ISW ;�ISW (a) = �
m dda �Æ(a)a � ;r = 1Za da a�2H�1(a); Æ(a = 1) = 1: (10)
The ISW is positive (negative) for the �CDM (EC)
osmology (see Fig. 4). The stru
ture of the EC ISW
urve around z = 1 is just an artefa
t of our simplemodel for torsion with a nonanalyti
 behavior at z = 1.The 
ompendium of all our results 
an be summa-rized as follows: (1) the �CDM model 
annot simul-taneously �t the large and the small s
ale parts of thePlan
k TT spe
trum, while the EC 
an re
tify this de-�
ien
y owing to the presen
e of the new rotationaldegrees of freedom (torsion) that partially 
an
els thelarge mass density (
m = 2) when 
lustering matters,i. e., rotation (the 
entripetal for
e) a
ts opposite tothe attra
tive for
e of gravity, (2) the presen
e of theISW e�e
t is observed in Plan
k data [19℄, but withthe unknown sign; the very small low multipoles of thePlan
k TT spe
trum imply the negative 
ontribution ofthe ISW [20℄, whi
h agrees with the EC model, (3) thepe
uliar velo
ities are larger at the galaxy and galaxy
luster s
ales for the EC than �CDM 
osmologies atlow redshifts. These 
on
lusions are robust and arequalitatively valid for a reasonable variation of the 
lus-tering model parameters kG and �G. The two di�erentanalyses of the Plan
k pe
uliar velo
ities of galaxy 
lus-675 7*
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on
lusive as to whether the dataare 
onsistent with the �CDM model.Our �nal remark is that the �rst Plan
k results fa-vor a des
ription of the Universe with anisotropi
 mod-els. The �CDM and the in�ationary paradigm 
annotful�l severe phenomenologi
al requirements. We showthat the EC 
osmology with the new rotational degreesof freedom 
an resolve almost all of the �CDM modelde�
ien
ies. However, the N -body numeri
al simula-tions, in
luding the angular momenta of the CDM halosand their feedba
k onto the ba
kground 
osmi
 geom-etry, have to be applied within the EC gravity.REFERENCES1. C. L. Bennett et al., Astrophys. J. Suppl. Ser. 148, 1(2003).2. Plan
k Collab., arXiv:1303.5075.3. Plan
k Collab., arXiv:1303.5083.4. P. Bir
h, Nature 298, 451 (1982).5. M. J. Longo, Phys. Lett. B 699, 224 (2011).6. A. Kashlinsky, F. Atrio-Barandela, D. Ko
evski, andH. Ebeling, Astrophys. J. Lett. 686, L49 (2008).7. D. Hutsemékers, Astron. and Astrophys. 332, 410(1998).

8. A. Trautman, Nature 242, 7 (1973).9. D. Palle, Nuovo Cim. B 111, 671 (1996).10. D. Palle, Nuovo Cim. B 122, 67 (2007).11. D. Palle, Nuovo Cim. B 114, 853 (1999).12. D. Palle, Entropy 14, 958 (2012).13. D. Palle, Eur. Phys. J. C 69, 581 (2010).14. D. Palle, Nuovo Cim. A 109, 1535 (1996).15. D. Palle, Nuovo Cim. B 115, 445 (2000); ibid 118, 747(2003).16. D. Palle, Hadroni
 J. 24, 87 (2001); ibid 24, 469(2001); D. Palle, A
ta Phys. Pol. B 43, 1723 (2012);ibid 43, 2055 (2012); D. Palle, arXiv:1210.4404.17. P. J. E. Peebles, The Large-S
ale Stru
ture of the Uni-verse, Prin
eton University Press, New Jersey (1980);P. J. E. Peebles, Astrophys. J. 277, 470 (1984).18. T. Hahn, Comp. Phys. Commun. 168, 78 (2005).19. Plan
k Collab., arXiv:1303.5079.20. H. Kodama and M. Sasaki, Prog. Theor. Phys. Suppl.78, 1 (1984).21. Plan
k Collab., arXiv:1303.5090; F. Atrio-Barandela,arXiv:1303.6614 (to appear in Astron. and Astro-phys.).

676


