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Concordance Model (ΩΛ=0.7 , h=0.6, χ2
d.o.f=4.6)

Defects

82 % C.M. + 18 % defects (∆l=25, χ2
d.o.f=1.1)
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d;Y<MONk_Wa�MON�_WcPHyJLdPd-UWY<dPUeMhJi_WH�QPMTUWH\]�_`MTY<Nsq 7 YLUDH��-JLK'dP[TH��<_`c-Hj~ANPMv_`H�QPM )?HRUWHRNP]\HyH��^dPUeH\aeaWMOYLNPa
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� q9� �
� Zo_WcPH}QPMTae_`JLNP]\Hr_`Y�_`cPHr_��jY NPHRMOX<c1n;Y<UWMTNPX�dfY<MTNk_`aVMTaIH5&1gAJL[�_WcPH)ZwYLUWKmgP[OJLa � ��q
�^q98 ���
� ��q9�^q�� ��UWH\Q-gP]\H _WY�_`cPHV��H\[T[�p1NPY��yN aWH\]RY<NPQ Y<UeQPH\U�]RH\Nk_`HRUWH\Q H��^dPUeH\aeaWMOYLNPa\q 7 YLU�_`c-H
aedAJi_`MOJL[sQPHRUWMv�LJ3_`MT�LH\a�_WcPHoZwY<UWKmg-[hJLa�UeH.JLQ� ) �0-) � � <�� @ % �.-<�� @��	� � �0-<�� @�
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� q 
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7 MTX<gPUWH ��q � aWcPY��ya�_WcPUWHRHVQPM )?HRUWH\Nk_�X<UWMTQ�d;Y<MONk_Wau_WY<X<H�_`cPHRU��yMT_WcSJL[T[�MT_WabN-H\MOXLc n;Y<Uea
gPaeH\Q}_WYV]\JL[O]RgP[hJi_WH�Ji[O[s_`c-H�QPHRUWMT�iJi_WMT�LH\a\q���YL_`MT]\Hu_`cPHb_��jY d;Y<MTN1_Wa+J3_�_WcPH�n;Y<UWQ-H\U�YLZ�_`c-H
+RY<NPH\a��yMT_`c}QPM,)fH\UeH\Nk_�X<UeMOQ)aWdAJL]RMONPX-q -�H�aWc-Y@�	QPM )?HRUWHRN1_��! #"!$&%!')(��yZwYLU�]\JL[O]RgP[hJi_WMONPXz_`c-H
QPHRUWMv�LJ3_`MT�LH\aRq -�Ht].JiN ].JL[T]\gP[OJi_`H'_`cPHtaedAJi_`MOJL[�QPH\UeMT�iJi_`Mv�<HRamZwY<U�_WcPHtdfYLMONk_ � 8 > 8 ��g-aWMON-X
NPYi_b_WcPHVQ-MOUWHR]R_bUWMTX<ck_bNPH\MTX<c1nfY<U �!8 >*� ��nPg-_b_`cPH'NPHRMOX<c1n;Y<UucAJ.�^MTNPX)_WcPH'a`JLK'HIQ-MOae_`JLNP]RH
ZwUeY<K _WcPH X<UWMTQ9d;Y<MTN1_,+ � 8 >!� � q � N9_WcPMOat�jJ.� �jH�].JiN�JL[v��J.� argPaWH!_`c-H�aeMOK'dP[OMv~AH\Q
ZwY<UeKmgP[OJLa � ��q
� q 
 �-� � ��q
� q � � ��ZwY<U�_`cPHuaedAJi_`MOJL[?Q-H\UWMv�iJi_`Mv�<H\aRq

(^gPd-dfY<aeH+��Hop N-Y@� �0-<�� @ JLNPQ �.-<�
���� @ ZwY<UjJL[O[ EL��aRq ��Z _WH\UjaegPnPa�_`MT_Wg-_`MTNPX�_WcPHoJLdPd-UWY<dPUeMv�
Ji_WH�H��^dPUeH\aWaeMOY<N-a�MTNk_`YoH &1gAJ3_`MOYLNPa�YLZ;KIYi_`MOYLN��jHyY<n^_lJLMTN�Joae� ae_WH\K�YLZ;]\YLgPdP[OHRQ & gPJLQPU`J3_`MO]
H5& gPJi_`MTY<NPajZwY<U�_`cPH+gPNPp1NPY��yNt�LJi[OgPH � - � �=<
�	� >,�A@ ��ZwY<U�H.JL]lc EAq���cPH\aeH��jHoaeY<[T�LH�N1gPK'H\U��
MT].JL[T[T� gPaeMONPX�_`cPH.��HR��_WY<N^�#/�JLdPc-aWY<N K'HR_WcPY^Q ZwY<UVNPYLN^��[TMONPH\JLUzae� ae_WH\K'atYLZuH &1gAJi_WMOY<N-a
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7 MTX<gPUeH ��q ��� �+NrH��-JLK'dP[OHuYLZDJ �wNPY<N^�{gPNPMvZwY<UWK ��X<UeMOQsq � _�cPMOXLcP[OMTX<ck_`aj_WcPUWHRH�X<UeMOQxd;Y<MONk_`a
�wKVJLUepLHRQInk�'Ju]\UWYLaWa ��_`YLX<HR_WcPH\U��yMT_WcVJi[O[-_WcPHydfY<MTNk_`a�NPH\HRQPH\QIZwY<U�_`cPH�].Ji[O]\g-[hJi_WMOY<NmYiZ?_`c-H
QPHRUWMv�LJ3_`MT�LH\a��wKVJLUepLHRQ)nk�tZwgP[T[?]\MTUW]R[OH\a ��q

�waWH\H'HLq XPq � 8�� " � q /yH\d;H.Ji_WMONPXt_`c-H'�ycPYL[OH'dPUWY ]\HRQPgPUWHIJLXkJiMON�JLNPQ�JLXkJLMTN ��H JiQ-�iJLNP]\Hz_`c-H
aeY<[Og-_WMOY<NtMTNk_`Y�_`cPHoZwg-_WgPUWHiq

(^MTNP]\HV_WcPH H5& gPJi_`MTY<NPa�ZwY<U�QPM,)fH\UeH\Nk_ EL��a�JiUWHVMTNPQPHRdfHRNPQPH\Nk_�_WcPMOamd-UWY ]\H\Q-gPUWHtMTa���H\[O[
aegPMT_WH\Q ZwY<U�dAJLUWJL[O[TH\[TM/+.J3_`MOYLNsq � _'�jJLazMOK'dP[TH\K'H\Nk_`HRQ gPaWMTNPX!_`cPH ��dfHRN�����JLd-dP[OMT].Ji_WMOY<N
dPUeY<X<UWJLK$MONk_`HRUeZBJL]RHLq���cPMOaGMOa�J�NAJ3_`gPUWJL[1]lcPY<MO]RHjaeMONP]RH�_`c-HjJL[TX<Y<UeMT_`c-K�MOaGK'H\QPMTgPK$X<U`JiMONPHRQ
JLN-Qx_Wc1gPa�N-YL_yaWgPMv_`HRQrZwY<U�_WcPHuKIYLUWHoX<HRNPH\UWJL[��)H\aea`JLXLH���JLaWaeMONPX � Nk_`H\U�ZBJL]\H ���	� � � q��Yi_`H)_WcAJi_I�jH�UegPN MTN1_WY J�d-UWY<nP[TH\K Ji_I_`cPHr~AUWa�_tX<UWMTQ d;Y<MTN1_VaWMTNP]\H)MT_IQPY^HRaVNPYi_
cAJ.�LHxJ�[OHRZ _mNPH\MTX<c1nfY<U�NPH\HRQPH\Q _`Y!]\JL[O]RgP[hJi_WHI_WcPH aWdPJi_`MOJL[jQPHRUWMv�LJ3_`MT�LH\aRq ��cPHRUWH�ZwY<UWH ��H
HRMT_`c-H\U dPUeH\ae]\UWMTnfH!]RH\U�_lJLMTN�

��� $�������� %�� $���') '�� $ �'Y<U [TY<aWH)Y<NPH!X<UeMOQ d;Y<MONk_tH\JL]lc _`MTKIH
a�_`H\d?q -�HtH��^d;H\UWMTKIHRNk_`H\Q �yMv_`c n;YL_`c JLd-dPUWYkJi]lcPH\azJLN-QS�jHx]lcPY<aeH _`cPHt[OJi_W_WH\UbZwY<U�_`c-H
JL]�_`gAJi[�].JL[T]\gP[OJi_`MTY<NPaRq � _zUWH5& g-MOUWHRa'J�[TY<NPX<HRUmae_WUWMON-X�aeH\X<K'H\Nk_'nPg-_'Mv_�QPY H\azNPYL_zaeg )?HRU
ZwUeY<K�JLU�_`MvZBJL]R_Wa�UWH\[OJi_`HRQt_`Y�_`cPHuY<N-[T�tJidPdPUWY��^MOKIJi_WHonfY<g-NPQAJLU��t]\Y<N-QPMT_WMOY<NPaRq
��cPH�]RY<NPae_WU`JLMTNk_�H &1gAJi_WMOY<NPa�JL[OaeY�dP[hJ.�mJLN�MOK'dfYLUe_lJiN1_�UWYL[OH�MTN�_`cPH�N1gPK'H\UeMO]\JL[-aeMOKmgP[OJ3�

_WMOY<NPaRq
��[T_WcPY<gPX<c��jH�QPYoN-YL_�NPHRH\Q�_`c-H\K _`YoaWYL[T�<H�_`cPH�H5&1gAJi_`MTY<NPa�YiZ KIYL_WMOY<Nb�jHj].JLN�gPaeH
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aecPY<gP[TQrn;Hua`Ji_WMOa�~AH\Q}Ji_�JL[O[f_`MOK'H\a�ZwYLUyJL[O[;_`cPHbX<UWMTQtdfYLMONk_`aRq 	 Y��jH��<H\U��faeMONP]RHuY<gPUyMONPMv_`MOJL[
]RY<NPQPMv_`MOYLNPabJLUWHINPYL_�H��-JL]R_mJLNPQSQ-gPHI_WY�J)aeY<[Og^_`MOYLN�HRUWUWYLU�NPHR]\H\aea`JLUeMO[v��MTNk_`UWY QPgP]RH\Q�n1�
JLNk�!N1gPK'H\UeMO]\JL[DdPUeY^]RH\QPg-UWH�_`cPHz]RY<NPae_WU`JLMTNPa�_`HRNPQ _`Ytn;H'[TH\aeauJLNPQ [OHRaWaoa`J3_`MOa�~AH\Q�JLa���H
JLQ^�LJiNP]\Ho_`c-HbaeY<[Og^_`MOYLN ZwgPUe_WcPH\URq�-�HoK'Y<NPMT_WY<Uj_WcPHu]\Y<NPa�_`UWJLMONPayJ3_yHR�<HRUe�x_`MTKIH+ae_`HRd}JiNPQ
�ycPHRNV_`c-HR�'H��^]\HRH\Qt]RH\Ue_`JLMON'_`cPUeH\aecPY<[OQ'�jH�UWHRae_lJiUe_�_`cPH�aWY<[Tg-_`MTY<Nz�yMT_`cIdAJLUWJLKIH�_`HRUWa�_`cAJi_
aecPY<gP[TQrUeH\QPg-]\Hu_`cPHuaWYL[Og-_WMOY<NtHRUWUWYLU �wHLq XPq �P�jHugPaeH�QPHRNPaWHRU�XLUWMOQ ��q

- .�� � � 2�"2� ��" 2 5 0"!�� $45 � "! 5 2	� �+3���� 2	�\%
� NmYLgPU�H��^dfHRUWMOK'H\Nk_`Ji_`MTY<Nb�yMv_`cb_`cPH�N g-KIHRUWMO]Ra���H�ZwY<g-NPQ�_`cPJi_�J�gPNPMvZwY<UWK$X<UeMOQ �BY<UGK'H\aWc �
MTa�NPYi_maWg-MT_lJinP[OH�ZwY<UbaWMTKmgP[hJ3_`MOYLNPauYLZ�aW]\Ji_W_WH\UeMONPX}�yMv_`c�aWKIJL[O[�MTKIdAJi]R_�dAJLU`JiKIH�_`H\Uea�JiNPQ
UeH\[hJ3_`MT� MTae_`MT]��<H\[TY^]RMT_WMOH\a��LHRaWd;H\]\MOJL[O[v�oZwY<UDd-UWY<X<UWJLQPH�aW].J3_W_`HRUWMTNPXonk�mJ+n-[hJL]lpbcPY<[TH��yMv_`cm[OJLUWX<H
JLN-X<gP[hJiU�KIYLKIHRN1_WgPKrq ��c-H�UeH.JLaeY<NrZwYLUy_WcPMOayMTa�_`cAJi_�QPg-UWMON-Xz_WcPHbaW].J3_W_`HRUWMTNPX�_`cPHbae_WUWMON-X
QPH��<HR[OY<dPa�UeH\X<MTY<NPab�yMT_`c c-MOX<c �wH�� _`UeMONPaeMO] ��]\gPU��iJi_`gPUeH �BHiq X-q���Ji_�_`cPH p1MTNPp1a ���ycPHRUWH _`c-H
~AN-MT_`HtQ-M,)fH\UWHRNP]\HxZwY<UeKmgP[hJia�KIMTX<ck_�nfHxNPYi_VJi]\]\g-U`Ji_WHLq �+[OaeY�_WcPHxae_WUWMON-X�]\JLN N g-KIHRUWMv�
]\JL[O[v� &eae_WUWHR_W]lc�(���M q HLq �D_WcPHtdPck� aWMO]\JL[jQ-MOae_`JLNP]RH nfH�_��jHRH\N _��jY!N-H\MOXLc n;Y<UeMONPX�d;Y<MTN1_Wa�]\JLN
aeMOX<NPMv~A].JiN1_W[T�IMONP]RUWH\JLaWHiq
���^d-MO].Ji[O[T���j_`c-H\aWH}UWH\XLMOY<NPaI]\Y<N-ae_`Mv_`g-_WH}Y<N-[T� aWKIJL[T[yZwUWJL]R_WMOY<N YLZ�_WcPH}aeMOKmgP[OJi_`HRQ �f�

QPYLKVJLMTN JLNPQ _`cPHzUeH\ae_�YLZ�_`cPHza�_`UWMTNPXxMOauUWHR[hJi_WMT�LH\[T�'&ea�_`U`JiMOX<ck_,(-q ��NPHzaeY<[Og-_WMOY<N�_WYr_WcPMOa
dPUeY<nP[TH\K �jY<g-[OQ n;H�_`Y MON-]\UWH\JLaWH�_WcPH!N1gPKmn;H\UtYLZbX<UeMOQ d;Y<MTN1_WaV_`c1gPaxQPHR]\UeH.JLaeMONPX _`c-H
X<UeMOQ�aedAJL]RMONPXPq ��cPMTaoMOa��?cPY��jH��<H\U���N-YL_�ZwH.JiaWMOn-[OH�ZwUeY<K d-U`JL]�_`MO]\JL[Dd;Y<MTN1_�YLZ��^MTHR� + _`c-H
]\JL[O]RgP[hJi_WMOY<Nu��Y<gP[OQ�_lJLpiH�JLNmMTNP]\UeH\QPMTnP[OH�JLK'Y<gPNk_DYiZA_`MOK'HLq ��NPYL_`c-H\U�aeY<[Og-_WMOY<N�MOa7_`Y�KIJLpiH
_WcPH�X<UWMTQ!QPH\N-aWH\UuY<N-[T�}Ji_�_`c-H�dP[hJL]RHm�ycPH\UeHzMT_�MTa�NPHRH\QPHRQ ��M5q Hiq��f_`YxgPaWHzJ.$ � $	� � $�' 
 �����
K'H\aecsq

��NPH�MTKId;Y<Ue_`JLNk_�ZwH\Ji_`g-UWHoYLZ�_WcPH�aWYL[Og-_WMOY<N MTa�_WcAJi_�_WcPH�]\UeMT_WMO].Ji[fUeH\X<MTY<NPa�JiUWH�K'Y��^MTNPXPq
��cPMTa K'H.JLNPaI_`cAJi_V_`cPH!K'H\aec KmgPae_ nfH JLd-dPUWY<d-UWMhJ3_`H\[v� JLQ10egPa�_`HRQ Jia _`cPH�aeMOKmg-[hJi_WMOY<N
JLQ^�LJiNP]\HRa\q ��cPHbdPUWY ]\HRQPgPUWHuMTa�]\JL[O[TH\Q ������
  '���"��,"*��� � "�� $&"��,"!$� Bq
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� N�Y<g-U�aWMTKmgP[hJ3_`MOYLNPa��jH�gPaeH\Q�_���YoQPM,)fH\UeH\Nk_�JLQAJid-_`Mv�<Hj_WH\]lcPNPM,&1gPH\aRq 7 MOUeae_�MTa�J+_WH\]lcPNPM,&1gPH
gPaeH\Q'ZwY<U�aWMTKmgP[hJ3_`MON-X+NPY<N ��]\UeMT_WMO].Ji[-aW]\Ji_W_WH\UeMONPXo�ycPHRNI��H�p1NPY�� _WcPH &1gAJL[OMv_lJi_WMT�LH�ZwH.Ji_WgPUWHRa
YLZj_`cPH'aWY<[Tg-_`MTY<N �GM q HLq ��Jrp MTNPp!dPUeY<dAJLXkJ3_`MON-Xr�yMv_`c�_WcPH'aWd;H\H\Q YiZ�[OMTX<ck_bJ��jJ.��ZwUeY<K
_`c-H
]RH\Nk_`HRU�YLZG_`c-Hba�_`UeMONPXPq 7 MOX<gPUeH���q9��aW]lcPHRKVJi_WMO]\JL[O[v�VaecPY��ya�_WcPHuae_`UegP]R_WgPUWHbYLZG_`cPHuX<UeMOQsq

κ

κ

κ

κ

κ

κ

κ
τ*

τs

σ

τ

END OF SIMULATION
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SMALL TIME STEPS
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7 MOX<g-UWH ��q9� � ( _WUWgP]�_`gPUeH�YiZ�_WcPHuN g-KIHRUWMO]\JL[sX<UeMOQ

��_y_`cPHon;H\XLMONPNPMTNPX�YLZG_`cPHuaeMOKmgP[OJi_`MTY<NI_WcPHuQPH\N-aWH +\Y<NPHuMTa�[OY ].Ji_WH\QxJi_�_WcPHu]\H\Nk_WH\U�YLZ
_WcPH�ae_WUWMON-X �ycPH\UeHz_WcPHzp1MONPp)MOa�X<YLMONPX _WYtnfH�]RUWH.J3_`H\Q�JiZ _WH\U+_WcPHzaW].J3_W_`HRUWMTNPXxJi_ � % �-q
��cPH��yMOQ-_Wc YLZs_WcPH+Q-H\NPaeH�+\Y<N-H�MOa�_lJLpiH\NV_WYmn;H�JLdPd-UWY��^MOKIJi_`HR[T�m_��yMT]\H�_WcPH��yMTQ-_`cVYLZs_`c-H
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��cPHxQPHRNPaWMv_��SYLZ�_`c-HtQPH\NPaeH +\Y<NPHxJi[OaWY!Q-H\d;H\NPQPa'Y<NS_WcPHt�yMOQ-_Wc YLZy_`cPHxp1MONPp�+ MONSY<g-U
aeMOKmgP[OJi_`MTY<NI_WcPHoU`J3_`MOY�YLZ7_`cPHuQPHRNPaWHo_`Ym_WcPH$&eNPYLUWKIJL[ (�+RY<NPHoQPHRNPaWMv_��tU`JiNPX<H\QtZwUeY<K ��_WY
� � q%��Z _WH\U�_`c-H�ae].Ji_e_`H\UeMONPX'�jHbd;H\UWMTY^Q-MO].Ji[O[T�'K'Y<NPMv_`Y<U�_WcPH�d;Y<aeMT_`MTY<NxYLZD_WcPHbp MTNPpV�yMv_`cPMTN
_WcPH�Q-H\NPaeH +\YLNPHLq �+a�aWY Y<N}Ji_�MT_�UWH\JL]lcPH\a�J'dPUeH\ae]\UWMTnfHRQ�QPMTae_lJiNP]\HuZwUWY<K�_WcPHbH\NPQ)YLZ�_`c-H
QPHRNPaWH�+\Y<NPH��jH+aWcPMvZ _�_WcPH+QPHRNPaWH�+\Y<NPH�_`Y���JiUWQV_WcPH+HRNPQ YLZs_WcPH+a�_`UeMONPXPq ��YL_WH�_`cPJi_j_WcPH\UeH
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