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sity of the universe during both matter and radiation domi-
nation. During matter domination, the massive neutrinos
cluster on very large scales but free-stream out of smaller
scale fluctuations. This free-streaming changes the shape of
the matter power spectrum (Hu et al. 1998) and, most
importantly, suppresses the amplitude of fluctuations. Since
we can normalize the amplitude of fluctuations to the
WMAP data, the amplitude of fluctuations in the 2dFGRS
data places significant limits on neutrino properties.

The contribution of neutrinos to the energy density of
the universe depends upon the sum of the mass of the light
neutrino species:

��h
2 ¼

P

i mi

94:0 eV
: ð6Þ

Note that the sum includes only neutrino species light
enough to decouple while still relativistic.

Experiments that probe neutrino propagation from
source to detector are sensitive not to the neutrino mass but
to the square mass difference between different neutrino
mass eigenstates. Solar neutrino experiments (Bahcall et al.
2003a) imply that the square mass difference between the
electron and muon neutrino is �10�5 eV2. The deficit of
muon neutrinos in atmospheric showers imply that the mass
difference between muon and tau neutrinos is 10�3 eV2

(Kearns 2002; Pakvasa & Valle 2003). If the electron neu-
trino is much lighter than the tau neutrino, then the combi-
nation of these results imply that m�� < 0:1 eV: still below
the detection limits for our data set. On the other hand, if
m�e � m�� , then the three neutrino species can leave an
observable imprint on the CMB angular power spectrum
and the galaxy large-scale structure power spectrum. In our

analysis, we consider this latter case and assume that there
are three degenerate stable light neutrino species.

Figure 14 shows the cumulative likelihood of the combi-
nation of WMAP, CBI, ACBAR, and 2dFGRS data as a
function of the energy density in neutrinos. On the basis of
this analysis, we conclude that ��h2 < 0:0067 (95% confi-
dence limit). If we add the Ly� data, then the limit slightly
weakens to ��h2 < 0:0072. For three degenerate neutrino
species, this implies that m� < 0:23 eV. This limit is roughly

Fig. 13.—Constraints on the geometry of the universe:�m-�� plane. Two-dimensional likelihood surface for various combinations of data:WMAP (upper
left); WMAPext (upper right);WMAPext+HSTKey Project (supernova data [Riess et al. 1998, 2001] are shown but not used in the likelihood in this part of
the panel) (lower left);WMAPext+HSTKey Project+supernova (lower right).

Fig. 14.—Marginalized cumulative probability of ��h2 based on a fit
to the WMAPext+2dFGRS data sets (dashed line) and the cumulative
probability based on a fit to theWMAPext+2dFGRS+Ly� data sets (solid
line). The vertical lines are the 95% confidence upper limits for each case
(0.21 and 0.23 eV).
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Fig. 3. Exclusion diagram at 95% C.L. for the standard halo model

(4 × 1011 M� inside 50 kpc). The dashed lines are the limits towards

the  by  1 and  2, the thin plain lines are limits towards the

 and the thick line is the combined limit from the five  sub-

experiments. The dotted lines are the limits that would be obtained

considering no observed events: they indicate the overall sensibility

of the  dataset. We also indicate the limit that would be obtained

if the three very long duration events on the  were considered as

background (label “-1 only”): the limit is lowered in a negligible

way in the 2–3 M� mass range.

values of the mass. This occurs quite naturally since the ob-

served  and  candidates have quite different characteris-

tics. At high mass, for instance, our method will consider 

candidates as signal and  candidates as background, thus

weakening the limit obtained by the  alone. It illustrates the

(marginally significant) incompatibility between the candidates

observed by  towards the  and the .

6. Comparison of LMC and SMC results

Another way to gauge the present results on microlensing to-

wards the  is to compare them directly to the result of the

 collaboration towards the  (Alcock et al. 2000). Such

a comparison is made easier by the fact that the expected tE

distributions of halo microlenses towards the  and  are

very similar: their averages and widths differ by only a few per-

cent, and these differences are much smaller than the widths

themselves. The ratio of the optical depths towards the  and

 is more uncertain; for a spherical isothermal halo, it is ex-

pected to be about τSMC/τLMC ' 1.4, but this value can be

lower for flattened halos. Actually, it was proposed to use ob-

servations towards the  to evaluate the galactic dark halo

flattening (Sackett & Gould 1993).

In their analysis A, the  group has listed 13 microlens

candidates with an average duration < tE >= 36 days and

a width of the tE distribution compatible with all microlenses

having the same mass. From this, they compute an optical depth

τ = 1.2 × 10−7, of which about 1.0 × 10−7 is attributed to halo

lenses. This translates into an expected number of events for

the present   data set of

Nevts = N∗
Tobs

< tE >

2

π
< ε > τSMC ,

where N∗ = 5.2 × 106 is the number of  stars monitored

by , Tobs = 5 yrs is the total duration of the observations,

and < ε >= 0.146 is the average  detection efficiency for

microlensing events of duration < tE >' 0.1 yr. (This average

efficiency is obtained by interpolating the values in Table 3, and

is normalized to u0 < 1.) Substituting these numerical values

leads to Nevts = 2.4 × (τSMC/10−7).

There are, however, no   microlensing candidates

that are compatible with the tE distribution observed by the

 group towards the : candidate -1, the shortest of

all, is very likely due to a lens in the  (see parallax analysis

and the discussion that follows in 98); the other 3 candidates

all have durations longer than 240 days, clearly incompatible

with an average of 36 days. From this absence of microlens-

ing candidates with the required duration,  can exclude

τSMC > 10−7 for events similar to those in  sample A,

at better than 90% C.L. The value corresponding to the spheri-

cal isothermal halo model, τSMC = 1.4 × τLMC ' 1.4 × 10−7 is

excluded at better than 96% C.L.

7. Discussion and conclusions

The analysis of five years of microlensing data towards the 

yielded four candidates, and allowed us to put stringent limits

on the amount of galactic dark matter made of compact objects.

Objects with a mass between 2 × 10−7 M� and 1 M� cannot

account for more than 25% of the mass of a standard spheri-

cal, isothermal and isotropic Galactic halo of 4 × 1011 M� out

to 50 kpc.

The new method described in this paper to combine the re-

sults and use all the information available on the events has

one drawback compared to methods used in previous works: it

could be more sensitive to the halo model, adding an extra de-

pendence on the velocity distribution. Previously, only the in-

fluence of the halo model on the number of expected events has

been studied, as in 98. A change in the velocity distribution,

however, would mainly shift the “dent” in the 2  limit.

In addition, since the final exclusion limit is quite flat over a

large range of masses, the final result should not be influenced

by reasonable changes in the velocity distribution assumptions.

This limit excludes a sizeable fraction of the allowed do-

main shown in Fig. 12 of Alcock et al. (2000).

All the candidates that have been detected so far towards

the  have long durations, and seem more compatible with

unidentified variable stars or self-lensing within the cloud than

with halo objects. These would need to have supersolar masses

to account for such durations.

The statistics are still very low for a quantitative compar-

ison of the  and  samples of microlensing candidates.

They have, however, quite different characteristics which is

poorly compatible with a unique population of lenses.
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JLKNMPORQTSTOVUXWZY\[P]EQ^WZ[P_`Ya_bWZUX]^ced%f W  MP]GUVS^ghS^[eUi_`Sjd\W ° KNOXgkSl_mf MP[nS Â STUi_`SlgkY\QTOVKodpS^[oUXYpd\d\Sq]VYpgkrbd\S ø ]VKNMPOXQTSsSTUDd\ST[eUXYpd\dpSrtKN[PQuUVMbS^dpd\S^]^cvgkKoMbwNS^ghS^[eUX]xOXSTdaWyUXY ° ]zdpY\[D{S|WZY\OVS|] ù [bS}_`KN[P[bS~rPWo]z_`S|]zOb{S^]VMbdpUXWZUX]x]VM í ]VWNgkghS^[eU�]VWZUVYa] ° WNY\]XWZ[eU|�  S^MbOX]QuKoMbOX��S|]R_bSqd\MbgkY��STOXSs_`KoYpwoST[eUE_`KN[PQ ÁSTUVOXSsST�`WNgkYp[D{STS^]�rbd\MP]DST[�_R{STUXWNYpd%�`��KNM�]RW�woKN[P]�Ob{S^WNdpYa]`{S�] ô ]GUb{S^gkWZUVYa�eMbSTgkST[eUE_`S^]W  M�]�UXSTgkST[eUlQuKNg��bY\[PWZ[eUjdpS|]jghS|]GMPOVS|]q_bS^]j_`STMb��QuKoMbdpS^MbO�]sS^[�rPOVS^[PWZ[eUjST[�QTKNgkr`UXShMP[�S Â STUl_bSh�PdpS^[P_`Y\[b��KNM�MP[S Â SuU�_`SRrPWNOXWNdpdaWy�`SN�|JLKNMbOL]VY��zQ^WZ[P_`Ya_bWZUX]^c|MP[bSR_bSRQTS^]�r�Ke]V]VY\�bYpd\YpUb{S|] ° KoMbOV[PY�ULMb[bSDgkSTY\dpd\STMPOVSR_�{S^]XQuOXY\r`UVY\KN[z_bS�daWsQTKNMbOX�tS_`Sld\MbgkY��STOXSN�  S|]DrPWZO�WZg��STUVOXS^]R_`SxQuS|]EW  MP]GUVS^ghS^[eUX]E]VKN[eUEOb{S|]GMPg�{S^]R_bWZ[P]Dd\SjUXWN�bd\S^WZM��b� �b�gÃ SEQTWN[P_`Ya_bWyU��P]X�N� Ê ¹ g��  fG{STUVKNY\d\SR]VKNMbO�QuSRS^]GU��bOXYpd\d\WN[eUVSDSuU�d\S^]LS^OVOXSTMbO�]�OVS^d\WZUVY\wNS|]�]VMbOLd\S^]�gkS^]VMbOXS^]L_`S ¯ Mb��]GKo[eUr�STUVYpUVS^]^�  S L � rPWZOD_`S^�NOb{Si_`SqdpY\�tSTOVUb{Sq_`Ssd%f W  MP]GUVS^ghS^[eUD]GUXWN[P_bWZO�_�QuKogz�bY\[D{SsS^]GURrtSuUXY�U|c`rbOXKN�PWN�bdpS^gkST[eU�rPWNOXQTS�oMPS~QuS^]xSTOXOVS^MbOX]l]VKN[eUz]VMbOXS^]GUVY\g�{STS^]^����{S^WZ[PghKoYp[�]Tc�daW�QuKoMbOX��S~_`S�dpMbgkY��STOXSkrbOb{S^]VST[eUVSkMb[PS~du{ST�P�STOXShWo] ô g�{SuUXOVY\SdpKoOX]�_bSid%f WNghrPdpY ® QTWZUVY\KN[�� � [nW  MP]GUVS^ghS^[eU�ST[~UVST[�WZ[eURQTKNgkr`UVSq_`Sid%f S Â SuUE_`SirPWNOXWNdpdaWy�`SES|]�UD]GY\�N[bY ® Q^WyUVY\wNS^gkST[eUghS^Ypd\d\STMbOx�eM�f Mb[IW  MP]GUVS^gkST[eUz]�U�WZ[P_PWZO�_ ø ® �NMbOXS��b� ¨3¨Qù �  S L � rPWZOx_bST�NOP{S|]q_bS�dpY\��S^OGUb{S�]Tf WZg�{S^dpY\KNOXS�WNdpKoOX]l_bS�|� ¹�� �b� ¹ �W � �o� � �`� Ê �gÃ SlQTWN[P_`Ya_bWyUD�N[ Ê �N�o�Zg ø�  ½dÀ � ù � ¬ SlQTWZ[�_`Y\_PWyU�WI{SuUb{S¡{STUVMP_bYu{SsrPWZO � ¢ STOXMbSNc � ¸3¸3¸A� � � [}W  MP]�UXSTgkST[eUErbOXST[PWN[eUST[~QuKogkr`UVSsMb[bS�{STUVKoYpd\Si]VKNMbO�QuS��PYp[PWNYpOXS�S|]�U�QTKNgkrPWZUVY\�bdpSqW�wNS|QDd\WxQTKNMbOX�tSi_`Sid\MbgkY��STOXSEKN�P]VSTOXw£{STS ø ® �NMbOXSs�P� ¤N� ù �gÃ SiQ^WZ[P_`Ya_bWZU£�N[ Ê � � Ê d%� ¬ f S|]�U£d\SiQ^WZ[P_`Ya_bWZU��eMbY�]VSi_`Ya]�UXYp[P�NMbSi_PWZ[P]£dpSi_bY\WN�NO�WZgkgkS o ¼¦¥ _`SidaW ® �oMbOVS��P� � ¹ � ½ WQuKNMPOV�tS�_`S�d\MbgkY��STOXSErbOb{S^]VST[eUVSDMb[bSsWN] ô g�{STUVOXYpSDd\KNO�]�_`S�d%f WZgkrbd\Y ® Q^WyUXYpKo[�� � [~W  MP]GUVSTgkS^[oURW�wNS^QDS Â STU�_`S�r�WZO�WZd ¼d\WZ��S�S^]GU�]VYp�o[bY ® QTWZUVY\wNSTgkS^[oU�gkSTY\dpd\STMbOL�eM�f Mb[�W  MP]�UXSTgkST[eU�]�U�WZ[P_PWZO�_mcTg�WZYa]�[�f S^]GUvrPWo]�UXKZUXWNdpS^gkST[eUL]XWyUXY\] ° WZYa]XWZ[eU
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Z ��Ô���	Rý�Õ¨Ö�� © É

bs 301 CCD 3 Quart m
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bs 301 CCD 6 Quart n
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bs 304 CCD 6 Quart m
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)
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gn 401 CCD 4 Quart l

10 5

10 6

2500 3000 3500 4000 4500
HJDEROS (jours)

f R
 (

A
D

U
)

10 5

10 6

4400 4450 4500 4550 4600
HJDEROS (jours)

f R
 (

A
D

U
)

10 4

2500 3000 3500 4000 4500
HJDEROS (jours)

f B
 (

A
D

U
)

10 4

4400 4450 4500 4550 4600
HJDEROS (jours)

f B
 (

A
D

U
)
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gn 402 CCD 3 Quart l
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gn 404 CCD 0 Quart l
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gn 404 CCD 7 Quart m
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Z ��Ô���	Rý�Õ¨Ö��  É

gn 406 CCD 5 Quart n
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	������� Õ ��� ý���£ÿ��

gn 408 CCD 5 Quart m
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Z ��Ô���	Rý�Õ¨Ö�� ÉP�

gn 409 CCD 3 Quart k
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gn411 CCD 4 Quart l
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gn 411 CCD 5 Quart k
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	������� Õ ��� ý���£ÿ��

gs 200 CCD 1 Quart m
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`badcfeÇ�P� �63 g�ý�àyß`ÝTÞ�âuÛxÙoâ�ì+ß`ã�ÚyðâTÝVâhÙyß¡ç�ØyáÇÙyÚÁÙNØZÜ£öyÛSk7� � �Zã ÷".PÀ8/lu�ü�÷täâ|ç"�Pâuìóìpâ�õyâuÝ½Ü%ÚÁç�Øyìpâ�ìpàXöeØyÝ½ÚóÜ���ãhÚÁëußPâ�üNè



Z ��Ô���	Rý�Õ¨Ö�� Ée�

gs 200 CCD 5 Quart l
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gs 200 CCD 5 Quart m
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Â�KoghrtKo]XWZ[eUXS J�WZO�WZg��STUVOXS º�K`_Ç�STd\S � º�K`_m�S^dpSx¤ º�K`_m�STd\Sj�qRMbd\��S ì �º �P� � �P� ��© �b� 3e¤í �P� � �P� ¤e© �b��¤% èDN ¤Z� � � 3 � ¤%3 �ëÊÉ ¿$¾ Ë¨Ì U � � � ��| N ë û � �P� � � � � �b� É
¢ Y\]X�eMbS ë É ¿$¾ Ë¨Ì U � � � ��| N ë û � � � � �P� 3 �b� Êë ÉÀÍ ¾ Ë¨Ì U � � � � | N ë û � �P� ¤ �P� ¤ ¤`� ÊqRO�WN]E]VrbYpO�WZMb� } Os��� � ÿ Æ í � � � � � ¤b� ¤ � � �+©y�
Y\[eUVSTOX[bS|] � ¤ � } O���� � ÿ Æ í � �b� � �í ¤ë É À ¾ Ë¨Ì U � � � ��| N ë û � �P� � �P� ¤ �b��¤qRO�WN]E]VrbYpO�WZMb� } Os��� � ÿ Æ í � 3P� � �
ST�eUXSTOX[bS^] � 3 � } O���� � ÿ Æ í �  b� � �í �ëÊÉÀÍ ¾ Ë¨Ì U � � � ��| N ë û � �P� É � � ¤ �b� ÉÈ�É�Ê��®3P� � � `EØZÝVØyã�ðâuÜ%ÝVâuÛ Ùoâ½Û ÙZÚ �ôäâuÝXâuá�ÜøâuÛ ç�àZã�òPà�ÛTØyá�ÜøâuÛ ÙNâuÛ ã�à^Ù�ðâuì\â½Û .�ØyìpØoçuÜ%ÚÁëTßPâ½Û äâTÜ�ßPÙZÚeäâ½Û òbØZÝ0<ÎRõyØyáPÛ�ÎÐÏsâuì\à;(Zß`ÝVàyõ^ï�ÑdÒ�ÒÓÑ�1uèm×¨âuÛsÜ%ÝVàZÚaÛiãkà|Ù�ðâTìpâuÛsÛTàZáPÜ�átàZÝ½ãkØZì+ÚaÛ�äâ½Û�òPàyß`ÝlçXàZáPÜ¦âuá�ÚóÝsì\ØhãÕÔâTãkâlãkØyÛXÛTâÍðØhìVñ ÚóáPÜPäâuÝ½ÚÁâTß`Ý

Ù�ñ ß`á�ÝVØyêNàZáôÙoâ´Ñ�è�Ö¢× Æ í è
ØRÙÛÚ5ÜMÝ9Þ-ß%à¨à2Ú�Ü�á©Ý�âDß�ã½Þ¶Þdä¶à�å�æ¨ã½ä-Úoá¾à2Ú�ä¶çèã�Þ-Ú �©é ã½ä¶ç�ä-ÞêÙgÞ�Üèà%çèëìÝ�âgâ�à@ØRà)ØRä¶ç¶íà%à½î�ØPíà ¿ Þ¶Ù é Ý9çoâVï à � ß%Ý½ß�ÙgÜ¶íà@Ø¶à@ØPíà%Ü�à2ß�Ü�Ù�ã�Þ�îð ä¶ÙoàñÚ5Ü°Ú�ä é íà%çèÙgà2ä¶ç�à¦òÝôó 6 é ã½ä¶ç 354Fõ |gö2÷ ¹  ½÷�÷ ~>ø�ùìú } ® åeæ¨ã�äDÚ/Þ¶àTÚ�ã�á¾á¾à2Ú�Ú�à%Þ-Ú�Ùgû-âgàñÚ ð ä�ï Ý�äRüuíà%ë�íà%Þ-à%á¾à%Þ�ÜèÚ/ØRã½Þ�Üâ�à�á©ÝÓüRÙ�á�ä¶áýØÄï Ý9á é â�ÙÈþ«ß%ÝÓÜèÙgã½ÞÿÚ�à�Ú�ÙgÜ�ä-à¸Ø¶Ý�Þ-ÚTÞ-ã9Ü�çèà é íà%çèÙgãRØRà�Ø�ï ã½û-Ú�à2ç�ëÓÝ9Ü�Ù�ã�Þ�å��oï à � à�ÜiØ¶äÿû¶â�à%Þ-Ø¶ÙgÞ��ÊÚ�ä-çTÞ¶ã�Ü�çèàà2Ú�Ü�Ù�á©ÝÓÜèÙgã½ÞêÝ¸íà�Ü¶íàsÞsíà���â�Ù��Kíàsà%Þ é çèà%á¾Ù�òà%çèà�Ý é¶é çèãìüRÙgá©Ý9Ü�Ù�ã�Þ�î9à2ÞêÚ�à@û-Ý�ÚèÝ9Þ�Ü�Ú�ä¶ç�â�à2Ú¾íà�Üèä-ØRà2Ú�ØRà &��àÑ £°r�r ë�à%çMÚKâ�à@ß�à2Þ�Ü�çèà� Ý9âÛÝ�ß�Ü�Ù ð ä¶à¾à�Ü´â�à2Ú/Þdä-Ý	�½à2Ú�ØRà º Ý	��à2âgâÛÝ9Þ � | ��
 ã½Þ-Ú�ãDî� ÷½÷¶ö î &��
Ñ £�� ã�â�âÛÝ9û«ã�çMÝÓÜ�Ù�ã�Þ>î�� ÷�÷�� ~ � å���ï Ý9ä¶Ü�çèà é Ý9ç�Ü2îÄã½ÞwÞ-àÜ�Ù�à%Þ�Ü é Ý�Ú�ß%ã�á é ÜèàêØRàêâVï à%ü�Üèà%Þ-Ú�Ù�ã�ÞÕà%ÞÕâÛÝÓÜèÙÈÜèä-ØRàTØ¶à2Ú�ß��DÝ9á é Ú�ã½û-Ú�à2ç�ë�íàñÚ%îÀâÛÝôÚ�ÜèÝÓÜèÙ�Ú�Ü�Ù ð ä¶àTÝ½ß�Ü�ä-à%â�âgà©Þ¶à é à2ç�á¾à�Ü�ÜèÝ�Þ½Üé Ý½Ú¨ØRà�á¾à2Ú�ä¶çèà é âgäDÚ�þ-Þ¶à½å & Þ¶þ-Þ�î-âVï à%çèç�à2ä¶ç¨Ú�ä-ç � Þ¶à é çèà%Þ-Øià2Þ#ß%ã�á é Üèà ð ä¶à�â�Ý©Ú�ÜèÝ9Ü�ÙÛÚ5ÜèÙ ð ä¶à é ã�ÙÛÚèÚ�ã½Þ¶Ùgà2Þ¶Þ¶à½î-ß�à ð ä¶Ùà2Ú�Ü¨ëÓÝ9âÛÝ9û¶â�à�Ø¶Ý9ÞDÚsâ�Ý¾á¾à2Ú�ä¶çèà/ãÄòä#âgàñÚ�ß�ã½Þ½Üèç�Ù�û¶äRÜèÙgã½Þ-Ú�ØRàñÚ�íà%ë�íà2Þ¶à%á¾à2Þ½ÜMÚ)òÝ¾âÛÝ é çèã 
 ã�ÞDØRà%ä¶ç�ã é Ü�Ù ð ä¶à�Þ¶à´Ú�ã�Þ�Ü é Ý�ÚPÜèç�ã éØRÙÛÚ é à%çMÚRíà%àñÚ � ë�ã½ÙgçPÜèÝ�û¶â�à2Ý9ä 3 å�� � å

�>Ýiß�ã½á é Ý9çMÝ9ÙÛÚ�ã½ÞôØRà¾Þ¶ã½Ú)á¾à2Ú�ä¶çèà2Ú/Ýìë�àñß´â�à2Ú é ç-íàñØRÙ�ß�Ü�Ù�ã�Þ-Ú)ØRàñÚ)Ú�Ùgü�á¾ãdØÄòà%â�à2Ú'à�ü é ã½ÚRíà2Ú é â�ä-Ú��-Ý9ä¶Ü � ÜèÝ�û¶âgàñÝ9ä 3 å �à�Ü�þ��ä¶çèà 3 å 3 � é à2ç�á¾à%Ü@ØRà�ß�ã�ÞDß�â�ä¶ç�à ð ä¶à��
� ��à é çèà%á¾Ùgà2çsá¢ãRØÄòà%â�à ö ØRà | �@à2ç�ä¶à½î ö������ ~ çèà é çèãRØRä¶ÙgÜ�û¶Ùgà2Þ�â�à2Úsá¾àñÚ�ä¶çèà2Ú�Ø¶à &��
Ñ £©r�r ë�à2çèÚ�â�à2Ú ð ä-ÝÓÜèç�à�ß%Ùgû¶â�à2ÚØRà2Ú�û¶çèÝ½Ú�Ú é Ù�çèÝ�äRüÄå��>à@ç¶íà2Ú�ä¶âgÜèÝÓÜ�Ø¶à@âÛÝ�ß�ã½á é Ý9çMÝ9ÙÛÚ�ã½Þ©ØRà@âÛÝ´á¾à2Ú�ä¶çèà@ØRà'â�Ý é ç�ã 
 ã�Þ-Ø¶à%ä¶ç�ã é ÜèÙ ð ä¶à'à � à2ß�Üèäsíà2à é Ý9ç| �'à%çèä¶à�î ö������ ~ îìà%Þ é Ý9ç�Ü�ÙÛß�ä-âgÙ�à%çeë�à2çèÚ ¼ £ ß�äRÜèÙ�îÓÝìë½à2ß�ß%à%â�âgà é ç¶íà2Ø¶ÙÈÜèà é Ý�ç�â�à�á¾ãRØÄòà2âgà ö Ú�ä����Kíà%çMÝ9ÙgÜ�ä¶Þ¾Ý9â�âgã½Þ���à2á¾à%Þ�ÜØRà´âÛÝ©û-Ý9çèçèà´ØRà ö'Æ ó ×! í òÝ � ×! í à%ÞdëdÙgçèã�Þ>å � à é à%ÞDØ¶Ý9Þ�Ü2îDâ�ÝTØRÙ � íà2ç�à2Þ-ß�à´à2Þ�Ü�çèà´â�Ýêá¢àñÚ�ä-ç�à�à%Ü'â�à�á¾ãRØÀòà%â�à´Ýìë�àñßä¶Þ¶àsû-Ý9çèçèà�ØRà ö6Æ ó ×! í íà�ÜMÝ9ÙgÜBØRàsâVï ã½çèØ¶ç�àsØRà"� µ å9æ@ã9Ü�çèàPá¢àñÚ�ä-ç�àsë�à2çèÚ�âÛÝ'á ¢à2á¾àPØRÙ�çèà2ß�ÜèÙgã½Þ�àñÚ5ÜñîÓà%â�âgà½î9ß�ã�á é Ý9Ü�Ù�û¶â�àÝìë�à2ß�ä¶Þ¶à@û-Ý9çèç�à�ØRà ö'Æ ó ×# í å��>à2Ú é ç¶íàñØRÙÛß�Ü�Ù�ã�ÞDÚeØ¶ä©á¢ãRØÄòà%â�à��/Ø¶à | �'à%çèä¶à½î ö������ ~ Ú�ã�Þ�Ü°íà$��Ý9â�à%á¾à%Þ�Üoß�ã½á é ÝÓÜèÙgû¶â�à2ÚÝìë�à2ß¢Þ¶ã�Ú�á¾à2Ú�ä¶çèà2Ú2î�á©Ý9ÙÛÚ�Ú�ã�Þ�Ü´â�íà$�-òà%çèà%á¾à%Þ�Ü é âgäDÚaíà2âgà2ë�íà%à2Ú2îoòÝôß%Ý�ä-Ú�àêØRàêâÛÝ¦ß�ã�Þ�Üèç�Ù�û¶äRÜèÙgã½ÞaØ¶ä�ØRÙ�Ú ð ä¶àÃíà é Ý9ÙÛÚ2îá¢ã½ÙgÞDÚ©û¶Ù�à%Þxß�ã½Þ½ÜèçèÝ�ÙgÞ�Üèà é Ý9çêâ�à2Ú©ç-íàñÚ�ä¶âgÜèÝ9ÜèÚ¾ØRà &��
Ñ £�r�r ë½à%çMÚ¾âgà%� º � à�ÜTâ�à £ º � å � à2ß�Ù'Ú�à2á�û¶â�àôØRã�ÞDßÙgÞ-Ø¶Ù ð ä¶à2ç�ä¶Þ¶à©ç¶íà%à2âgâ�à¢Ú�à%ÞDÚ�Ù�û¶Ù�âgÙgÜ¶íà¾ØRà©âÛÝiá¢àñÚ�ä-ç�à é ç¶íà2ß%Ù�Ú�à¾ØRà � Ø-Ý9Þ-Ú/â�à é âÛÝ9Þ � Ý9âÛÝ�ß�ÜèÙ ð ä¶àôòÝiä¶Þ¶àÊíà%ë�à2Þ�Ü�ä¶à2âgâ�àé ç¶íà2Ú�à%Þ-ß%à'ØRà�á©ÝÓÜèÙ�òà%çèà)ß2Ý�ß��síà2à)Ø-Ý9Þ-Úsâ�à�ØRÙ�Ú ð ä¶à�å
� à2Ú�ß�ã½á é Ý9çMÝ9ÙÛÚ�ã½Þ-Ú)ç�à é ã�Ú�à2Þ�Ü�ß%à é à%Þ-Ø-Ý9Þ�Ü�Ú�ä-ç´â�ï � zdé ã�Ü&��òàñÚ�à ð ä¶à©â�à2Ú´Ú�ã�ä-çèß%à2Ú/Ú�ã½Þ�Ü�Ú�ÙgÜ�äsíà%à2ÚêòÝ(' ×! í å � à%Ü�Ü�àØRÙ�Ú�ÜèÝ�Þ-ß�à¢à2Ú�Ü´Ý�ß�Ü�ä¶à2âgâ�à%á¾à%Þ�Ü/Ü�çñòàñÚ@Ù�Þ-ß�à2ç�ÜMÝ9Ù�Þ¶à�îÄØRà é â�ä-Ú/ä¶Þ íà%ÜèÝ9â�à%á¾à2Þ½Ü�ØRàñÚ)Ú�ã�ä-çèß%à2Ú/ØRà%ëdçMÝ9ÙgÜ/Ý�ä-ÚèÚ�Ù ¢à�Üèç�à é çèÙ�Úà%Þ�ß%ã�á é Ü�à½å � ÜèÙÈÜèç�à°ÙgÞ-Ø¶Ù�ß2ÝÓÜ�Ù 
 îÀâgàñÚ é ç¶íà2ØRÙÛß�ÜèÙgã½Þ-Ú¨ØRà¾ß�àñÚ@á¾ãRØÄòà2âgàñÚ@ØRÙ�á¾ÙgÞdä¶à2Þ½Ü�ØRà���' 6 Ú�Ùeâ�Ý�ØRÙ�Ú�ÜèÝ�Þ-ß�à é Ý�ÚèÚ�àØRà)'�òÝ�� ×! í à%Ü@Ý9ä��½á¾à%Þ�Ü�à2Þ½Ü¨ØRà �½÷ 6 Ú�Ù�âÛÝ¢Ø¶Ù�Ú�ÜèÝ�Þ-ß�à é Ý½Ú�Ú�à/ØRà*'iòÝ  ×! í å� ��à2Ú é ç�ã 
 ã�Þ-ØRà2ä¶çMÚsã é ÜèÙ ð ä¶àñÚ�ØRã�Þ¶Þsíà%àñÚ é Ý9ç�â�à�á¾ãdØÄòà%â�à�ØRà | � çèà%ÞDÝ�ß��¶à2ç,+$-�. ì�/ î ö������ ~ Ú�ã½Þ�Ü�íà$�½Ý�âgà2á¾à%Þ�ÜPà2Þ#ûDã½ÞÝ�ß%ß%ã�çMØaÝìë�à2ß©ß%à%â�âgàñÚ ð ä¶àêÞ-ã�ä-Ú�á¢àñÚ�ä-ç�ã½Þ-Ú%å�0Kà%çMÚ´â�à�ß�à2Þ�Ü�çèà � Ý9âÛÝ�ß�Ü�Ù ð ä-à�î>â�à%ä-ç�ç¶íà2Ú�ä¶âgÜèÝÓÜ´àñÚ5Ü é âgäDÚaíà2âgà2ë�íà ð ä-àß�à%â�ä¶Ù�ã½ûRÜ�à2Þdä é Ý9ç &��
Ñ £Tr�r Ýìë�à2ß)â�à2Ú��Kíà2Ý�Þ�Ü�à2Úsçèã�ä1��à2Ú2å���àñÚ¨Ý9ä¶Ü�à%ä-çèÚ�á¾ã½Þ½Üèç�à2Þ�Ü@ß�à é à%ÞDØ¶Ý9Þ�Ü ð ä¶à � ØRÙ�á¾ÙgÞdä¶àØRà ö ó 6 à%Þ 
 Ý9ÙÛÚ�Ý�Þ�ÜsëÓÝ�ç�Ù�à%çsâVï Ý�Þ���â�à è N´Ø¶à ö ó � òÝ ��÷ � å� ��à2Ú�ëìÝ�âgà2ä¶çMÚ é ç¶íà2ØRÙgÜ�àñÚ é Ý9ç>âgàñÚÄá¾ãdØÄòà%â�à2Ú ö à%Ü � ØPíàñß�çèÙÈÜMÚ�Ø¶Ý�Þ-Ú | & ëÓÝ9Þ-Ú ÖFq à%â�ã 8 ä¶çèãÓë«î�� ÷½÷ � ~ Ú�ã½Þ½Ü�à2Þ�ûDã½Þ´Ý�ß2ß�ã�çMØ



ö�ö;3 ¯�°32�±�ýTþLÿ��548²�±�ÿH³�´�³�µ����:¶�ÿS³�±qþ�ý)·�¶=�¥�sþ � ³��¤���6�������236�2:¯Eþ�ý)·�¶=���
Ýìë�à2ß¨Þ¶ã½Ú�á¾à2Ú�ä¶ç�àñÚ�Ú�Ù«â�ï ã�Þ�Þ�ï Ù�Þ�Ü�çèãRØRä¶ÙgÜ é Ý½Ú�Ø¶à)Ú�ä¶çMØRà%Þ-Ú�ÙgÜ¶íà@Ú é Ù�çèÝ�âgà)ß�ã½á¢á¾à'ÙgÞ-Ø¶Ù ð äsíà'à%Þ 3 å � å � îdß�à ð ä¶Ù«Üèà%Þ-ØwòÝÝ9ä��½á¢à2Þ�Ü�à%ç�âÛÝ é çèã 
 ã½Þ-ØRà2ä¶ç�ã é ÜèÙ ð ä¶à é ç¶íà2ØRÙgÜ�à ¨ ä-Ú ð ä�ï�òÝ7� ÷ 6 à%ÞdëdÙ�ç�ã½Þ�å���àñÚ é ç¶íà2Ø¶Ù�ß�Ü�Ù�ã�Þ-Ú�ØRä¦á¾ãRØÄòà2âgà ö � û-Ý�ç�çèàé âgäDÚKß�ã�ä-ç�Üèà � Ú�ã�Þ�Üoß�à é à%ÞDØ¶Ý9Þ�ÜKá¾Ùgà2äRü°à2Þ¾Ý½ß%ß%ã�çMØ�Ýìë�àñß�Þ-ã½ÚBá¾à2Ú�ä¶çèà2Ú2å º Ý9ÙÛÚoß�à%ÜKà � à�Ü�Þ�ï à2Ú�Ü é Ý�Ú 
 ã�ç�Ü�à%á¾à2Þ½ÜoÚ�Ù ¼��Þ¶ÙgþDß%Ý9Ü�Ù 
 å��>àoá¾ãdØÄòà%â�à8��ØRã½Þ¶Þ¶à�Ú z Ú5Ü¶íà%á©ÝÓÜèÙ ð ä¶à2á¾à%Þ�Ü>ØRà2Ú é çèã 
 ã�ÞDØRà%ä¶çMÚÄã é Ü�Ù ð ä¶à2Ú é âgäDÚ�Ù�á é ã�ç�ÜèÝ�Þ�Ü�à2Ú ð ä¶à�ß�à2âgâ�à2Úá¢àñÚ�ä-ç¶íà2à2Ú é Ý9ç &��
Ñ £/r�r ë½à%çMÚ�â�à2Ú�û¶çèÝ½Ú�Ú é Ù�çèÝ�äRüÄå � à�á¢ãRØÄòà%â�à¢íà�ÜMÝ9ÙgÜ é çèÙ�ë�Ù�â�Ù��Kíà é Ý9ç | & ëÓÝ9Þ-Ú ÖFq à%â�ã 8 ä¶çèãÓë«î�� ÷½÷ � ~ØRä 
 Ý9ÙgÜ ð ä¶àTÚ�à2Ú é ç¶íà2ØRÙÛß�ÜèÙgã½Þ-Ú´Ú�ã�Þ�Ü�à2ÞIÝ�ß2ß�ã�çMØaÝìë�àñß¾âgàñÚ9��çMÝ9ÞDØRà2Ú�ëÓÝ�âgà2ä¶çèÚ°ØRà é çèã 
 ã½Þ-ØRà2ä¶ç�ã é Ü�Ù ð ä¶àTØRÙÛÚ é ã ¼Þ¶Ùgû-âgàñÚêòÝiß%à¾á¢ã½á¾à%Þ�Ü ¼ â7òÝ-îÀá¢àñÚ�ä-ç¶íà2à2Ú'ë�à2çèÚ)â�à¾ß%à%Þ�Ü�çèà � Ý9âÛÝ�ß�Ü�Ù ð ä-à é Ý�ç�âgàñÚ/à�ü é íà2ç�Ù�à%ÞDß�à2Ú º � � �nÑ à�Ü Ñ � � &� � ï%� { ö2÷ Á » � îdà%Þ�ØPíà2ÚèÝ�ß2ß�ã�çMØ©Ýìë�àñß¨âÛÝ�á¾àñÚ�ä¶çèà@ä-âÈÜ¶íà%çèÙgà2ä¶çèà'ØRà &8�
Ñ £¾r�r ë�à2çèÚ�âÛÝ�á ¢à2á¢à)ØRÙ�ç�àñß�Ü�Ù�ã�Þ � Ýìë½à2ß¨â�à2Ú�KíàñÝ9Þ�Ü�àñÚ�çèã�ä��½à2Ú � ã½äiß%à%â�âgà´Ø¶à º � � ��Ñ ã�ûRÜèà%Þdä¶à é â�ä-Úsç¶íà2ß%à%á¾á¾à%Þ�Ü�ë�à%çMÚPâgàñÚ:�KíàñÝ9Þ�Ü�àñÚPç�ã½ä���àñÚ%å

;=<?>�@BADC EGF�H$IKJ9C E�L�AM>�NKO P%L�AM>�NKO QSR
TVUXWZY�[]\	^ _a`	bMUXc�Y�[edgf�`$h

<?i�@B>�IKi�@ j T�kSlDm�nah m�opl�q!r�sMt uVsv sMt wBw m	o x�y!r�sMt w{zv sMt wBw m�o |$f!r1sMt zK}v sMt uV~ m	o x	lar�sMt u&wv sMt w{z m�^ y�f��%m�^ \�y
� i:���8��L9�B� T����iD�$�	NKiM@gIKH�> � i�@ h
<?H ���iM��i l j T�kSlDm n h m�o x�f m�o f�y m�o �!_ m�o _$� �
� i�� ��iMIK>�i�� lDy�y�y��
<?H ���iM��i \ j T�kSlDm n h m�o f#_ m�o ��x m�o q!\ m�o |af �
� i�� ��iMIK>�i�� lDy�y�y��
<?H ���iM��i j T�kSlDm n h m�o x!\ m�o _$� m�o f�l m�o x�q �
� i�� R�IKiM����A���i&I,�&��������� lDy�y�y��
<?H ���iM��i l jD� T�kSlDm n h m�o _�� m�o ��y l�o m!| m�o q�x l�o \
� i�� � ������@8¡5¢£iM��H�¤	>�IKHa��� \�m�m!\$� j T�kSlDm n h m�o x!\ m�o f�q m�o |�y m�o ��m m�o y
<?H ���iM��i \ jD� T�kSlDm n h m�o |	l l�opl�q l�o f!x l�o \$x \	o f
� i�� � ������@8¡5¢£iM��H�¤	>�IKHa��� \�m�m!\$� j T�kSlDm n h m�o f#| m�o |$q l�opl�l m�o y�_ \	o m
<?H ���iM��i x jD� T�kSlDm n h m�o ��l m�o |�\ l�oplDx m�o y�m l�o _
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Evolution de R(Si II) avec l´âge

-0.5

0

0.5

1

1.5

2

-15 -10 -5 0 5 10 15

Age (jours)

R
(S

i I
I)

0

0.2

0.4

0.6

0.8

1

0 0.5 1 1.5 2 2.5

∆m15

R
(S

i I
I)

-0.5

0

0.5

1

1.5

2

-15 -10 -5 0 5 10 15

Age (jours)

R
(S

i I
I)

 c
or

rig
é

rtsvurÂ : ��� Ã É���|.¯Ê®a{g±9®a{¼}�®a{P|~�3®a{U�@® j X �¬�SÈfÈfZ � |~�o®b}h®P{P|~�3®Ä��°��U{��]®��'¯��3®©����{��¾�������'±9® � ®?�b�a�����A¯��������@®�±Ã¤lÐ°?®%®M�¾��|~�¯ ��|.¯Ô®P{O±*®P{b{�|i�]®?�P�¬���<¡ ��®�¯�Ô���®OÈ'°¯��|�¯Ô°;�'±9®L°�|£¢@²�Ä � ¶]°�|.¯ � ²M§t���ty®'¯Ê®?�P}b�«��®h±9®²�;��}h°��«��®q�N¤lÐ°?®%®²�K¢|�±9°Y}�®a{P|~�3®���®j X �¬�SÈfÈ6Z�®P{[¯LÇ)°;�'±9®PÆO®?� y®A¯�|����Y°��]¯ª{'°������P�Ay®'±9°i¯������ °��i®��GRNT�UfW � �6®?�]¯��3® � �¬|~��{q{?��� y®a���i±m|.¯�������°��i®���±Ã¤lÐ°?®%®�°��¬�Ú¢®a{
�����P�3®��'¯���������®��L®A¯l¯Ô®������P�Ay®'±9°�¯������ � �L°�{ � ²n¨S®a{©�¾���«�]¯�{½�¬���«��{½�3® �¬�Ay®a{'®a��¯Ê®?�]¯�±9®a{¯{P|i��®?�P�¬���¤¡p��|��A±m�Ây®,®a{�Æ�±9®a{©�����«�]¯�{
�'±9°����P{\±9®a{n{P|i�]®a�P�����<¡x�N®L°��?�?Ô�Å�Å@²Õ¦I|^�L®?�]¯��3®PÆ=����°áy®�®@°�±9®a}h®?�]¯L�6®Ü���Gy®P{'®?�]¯�y®g±Ã¤ °Ò±P|È{L¯Ô®?}�®?�]¯8±��«�Uy®I°��«�3®e�;���]¯8±9°n�]®a��¯Ê®®a{L¯F|.¯���±m��{Gy®I®C�¾��|~�¼�����P�P�m®%®a� j XÒ�»�SÈ3ÈfZ'²
c�q ����� ( � +3$n-.$,+�+ M $I>[&643$I+ M $,/.& M�0 4f&6$'4�$ � &643$ � /.&346$,+�+3/�4�( � C�$,+3/�46$#-.$,+�5 ? &3$,+6+3$,+�- q $A; M]��� + ?*0�� -.$I+ M s 0��& 0 + M s D$'46$,+V$A&[� 0 /
( � C�$I+f/�46$b-�$,+�4 ��M�M�0 4f&L+�-.$ M 4 0 x 0�� -.$'/�4L+�-�$�4 ��? $,+�j XEkm?d�3�fZ $'&�j X � ���f�3ZA� c $,+�5 ? &3$I+3+3$,+- q $A; M]��� + ?*0��<�dq 0@� & M]� +�=$'&�=$�=$A&3/�- ? =$'$,+ ? > ?E�¦¥ (*(*$,+ 0�� &)+3/�43& 0 /�&8/ �1?*� &�=$,4,�$A& Mo0 /�4)( q =$'&3/]-�$:- q / �<0@2 J�$A& M]� 43& ? >A/]( ? $'4 �@ce�4 ��? $B-.$ � �g�3� +3$�&64 0 /�5 ��� & D�¨§ µ f;fhfª©�KQ £ 0�� $ M (9/�+ 2 46/ ? &�=$,$�$A& � /]+6+ ? C 0@?9� + 2�? $ � > � ( ?*2 4�=$'$ª$ � ( 0@��u /�$,/�4r- q 0�� -.$B$A&$ � ¦]/�; Q + � C�$,+3/�43$ �dq $,+f& M]� +)p ��2 (*$ � v 0 /]+ �]0 /]+�+ 0 C�C�$,+�- 0@� >\> 0@� >A$ � &64�=$,+)+f/�4�/ � $�=$A&6/]-.$g-.$g+f& ��� - � 4L- ? + � & ?*0��2]� +.=$,$ +3/�4ªj Xlkm?d�f�6Z[�
 w��M 4 0 > D$,-�$\- q ��2�0 46- D� ( � C�$I+f/]43$K-.$Kj XEkm?d�3�3Z +3/�4:>Ls � 7%/�$g+ M $,>A&346$ � �8$'&f&6$O7%/ ��� & ? &�=$ $I+�&w/ � 4 ��M�Mo0 43&ª$ � &346$-.$,/.; M 4 0 x 0@� -.$'/]46+\-.$�4 ��? $,+ �d w� C�$,+3/�46$�>Ls � 7%/�$ M 4 0 x 0�� -�$'/�4\$ � 4�=$ � ( ? + ��� &:&34 0�? + � J�/]+f&3$,C�$ � &6+ Mo0 ( �m� �0 C ?�� /.;��/ �V� J�/]+�&6$'C�$ � & Mo0 /]4:-)=$'&3$'46C ?9� $'4�( �hM�0 + ? & ?*0�� $'&:( � 5 � (9$,/�4:-./�C ?*��? CO/�C-.$K( � 4 ��? $ Q $A& -.$'/.; � J�/�+�&6$'C�$ � &6+:+f/�4(*$,+)¦ ��� >'+�-.4 0�? &�$A& u@� /]>Ls�$\-.$g( � 4 ��? $ ��ce� C�$I+f/�46$\-.$\j XEkm?S�f�fZ)M $'/.&K�$'&346$w$ � &346$ M 4 ? +3$8J�/]+37%/ q�D� / � $K7%/ ?*� £ ��?9� $\-�$J 0 /]46+ ��M 4 D$,+ª(*$OC � ; ? CO/]C �«¥�� +3/ ? &3$ Q > 0 C�C�$NC�$ � & ?*0���� =$K- ��� +B(*$ M]� 4 ��u 4 ��M s�$¬ ���.� µ Q (9$I+:+ M $I>[&643$I+:> 0 C�C�$ � >A$ � &D� �$A&643$ - 0 C ?*� =$,+ M]� 4ª(9$I+84 ��? $,+)-.$I+1=$'(A=$'C�$ � &L+8-./ u 4 0 / M $\-./Gx�$'4ª$A&�( � 4 ��? $ -�/y+ ? ( ? > ? /�C > 0 C�C�$ � >A$ D� - ? + M]� 4 � � g &643$ ��8$ M $ � - ��� & Q ( � C�$I+f/]43$ª-.$8j XEkm?e�f�fZe�dq $,+f& M (9/]+ep ��2 (*$ª- D$,+e(9$ª-)=$ 2 /.&�-.$)( � -.$,/.; ?ED$,C�$)+3$'C ��?*� $ ��M 4 D$I+d(*$)C � ; ? CO/]C ���0 /]4w-)=$'&3$,43C ?*� $'4 / � - 0 C ��?*� $�-.$�> 0�� p ��� >'$ Qo0�� > 0 464 ?*u $gj Xlkm?S�3�fZ -�$�+ � > 0 464�=$'( � & ?*0���� 5@$,> RNTVU�WyX 5 0�? 4:p u /�46$



¼.¾�®.¾ »°¯²±�¿�¸³±�»°´ªµ¶´¡ÀSº¸·º¹�º:¿»µ:º»¯¼µ½±¾·.º¼¹³± × ¿ F¤¿]F
¿ ����ZAQd� p � - q � 5 0@? 4g-.$I+\C�$,+3/�43$I+\s 0 C 0@u]D$ � $,+ Q�?*� -)=$ M $ � - ��� &3$,+g-�$h( � C ��u@��? &6/]-.$1-.$h( � +f/ M $,4 ��0 5 �]�e w��0@2 +f$,435@$� ( 0 4L+�( � 5 � 4 ?�� & ?90@� -.$wj XEkm?e�f�fZ > 0 464 ?9u =$ � 5�$I>�( q ���u $ �m��0 /�4)>Ls � 7%/�$ +f/ M $,4 ��0 5 � / � $ C�$I+f/]43$w/ ��? 7@/]$ -.$\>A$ 4 ��M�Mo0 43&$,+f&B$ � +f/ ? &3$ � &f&64 ?*2 /ª=$'$ � � q $,+f&B( � C 0i� $ ��� $\-�$gj XEkm?S�f�3Z +3/�4B( ��M =$,4 ?*0 -.$\$ � &346$ � HwJ 0 /�46+B$A&¶À\HwJ 0 /]46+ M]� 4B4 ��M�Mo0 43&� /yC � ; ? CO/�C �
{h|OÁ ÂÄÃ��ÆÅ^]B�Æ�ÈÇÊÉËÇÍÌÎ� �N_³�ÏÅ�ÉË�ÃÐÉV�'�Ñ�n_z�a`ÒÅ
cS� +f& ��� - � 4L- ? + � & ?*0�� -.$,+�+3/ M $'4 ��0 5.t -.$n& �mM $ ���¢��Mo0 /]4 2 /.&�-.$n4�=$,-�/ ? 46$�( � - ? + M $,46+ ?90@� -�$#( � C�$,+3/�46$-.$�- ? +�& ��� >'$ D� ( q ��? -�$�-�$�>'$,+ 0�2 J�$A&6+ � � 0 C�C�$ 0�� ( q � 5%/ � /¢>Ls ��M]? &643$�¬ QzMo0 /�4�(*$,+h+3/ M $'4 ��0 5.tÏ-.$y& �mM $ ����? ($,+f& Mo0 +6+ ?*2 (*$�-.$�-)=$'p ��? 4�/ � $#C ��u@��? &6/]-.$ ��2 + 0 (9/]$n> 0 464 ?*u =$'$ Q $ � &6$ �]��� &�> 0 C M &6$�-.$,+�> 0 464�=$'( � & ?*0�� +<$ � &643$#(*$,+C ��u@��? &6/]-.$I+ ��2 + 0 (*/�$,+ª$'&:-.$,+�> � 4 � >A&�=$,4 ? +�& ? 7%/�$I+ M s 0 & 0 C�=$A&64 ? 7%/�$,+ 0 /�+ M $I>[&34 0 +6> 0@M�? 7@/]$,+ �
� ��� +�& 0 /.&6$�( � +3/ ? &6$ Q�0@��� $y&34 ��? &3$'4 � 7%/�$�( � C ��u@��? &6/]-.$V- ��� +�( �n2]��� -�$ �<Q ! " �) w� 5@$'/.& M 43$ � -.46$y$ �> 0@� + ? -)=$'4 � & ?*0�� -.$'/.;�> 0 434�=$'( � & ?90@� +r+ ? CO/�(9& ��� =$'C�$ � & ����0 /�4�>'$'( ��Q.0���� J�/�+�&6$ ( � 46$'( � & ?*0�� +f/ ? 5 ��� &6$��

!#"ÔÓ�!ÖÕ" ÀØ× U�XÚÙ^Uª_ÜÛ'UAZ ÀØ×¦Ý XÚÙ Ý _ÜÛ Ý Z X ¿ � F Z
�8$A& � J�/�+�&6$'C�$ � &\$,+f&\4]=$ � ( ? +.=$K+3/�4\/ � ( 0 &g- 0@��� =$�-.$h+f/ M $'4 ��0 5.t�-.$�& �mM $ ��� $ � &346$O(*$,+\C ��u���? &3/]-�$,+ ��2 + 0 (*/�$I+!#"�-.$h>'$,+K+3/ M $'4 ��0 5.t�$A&O-.$,/.; 0@2 +3$'465 ��2 (*$,+\+ M $,>A&34 0 +6> 0@M�? 7%/�$I+ 0 / M s 0 & 0 Cb=$'&34 ? 7%/�$I+ Ù�U $A& Ù Ý �ec�q � J�/]+f&3$,C�$ � &-)=$'&3$,43C ?*� $\(9$I+ M]� 4 � C D$'&346$,+ª! Õ" Q × U�Q«Û'U�Q ×¦Ý\$'& Û Ý � !¸Þàßâá" $,+f& � ( 0 46+ª- 0@��� =$,$ M]� 4\�

! Þàßâá" Ó !#" _ × UiXÚÙ^U)_ÜÛ'UAZ�_ ×¦Ý XãÙ Ý _ÜÛ Ý Z X ¿ � �@Z
� ��� +8( � +f/ ? &6$ Qm? (^+ q ��u�? &)-.$ > 0 C M�� 46$'4r( � 4�=$I-./]>A& ?*0�� -.$ ( � - ? + M $'4L+ ?*0�� +f/�4�!¸Þàßâá" 0�2 &6$ � /�$ $ � 4]=$ � ( ? + ��� &�( q � J�/]+ �&3$,C�$ � & D� ( q ��? -�$\-�$\-�$'/.; 0@2 +f$,435 ��2 (9$I+ M s 0 & 0 C�=$A&64 ? 7%/�$,+ � 5�$I>w>'$'(*(9$ 0�2 &3$ � /�$\7%/ ��� -<( q / � $g-.$,+ª-.$,/.; 0�2 +f$,435 ��2 (9$I+$,+f&�j XEk.?d�f�fZA�

{h|¾ä åçæÒèé���ÃÐ�K�'�ÑæêÅëÉËÇB�ìè �ÇîíÐï�æðÉËÇB�ìÉËÇ �ñí³�ÏÅ�ÉË�ÃÐÉV�'�Ñ�¶íz�ÎæÒÅ
c $ M 46$'C ? $'4 � J�/�+�&6$'C�$ � &�$,+f&�4�=$ � ( ? +�=$�$ � /.& ? ( ? + ��� &�(*$\& � /.;<-.$g-)=$I>A4 0�? +3+ ��� >'$:7%/ ?*� £'$)J 0 /]46+ ��M 4 D$,+8(9$\C � ; ? CO/�C-.$K(*/�C ?*��0 + ? &�=$ RNT�UfW $'&:( � > 0 /](9$,/�4 ��_�aX 5 0�? 4 � ò $ u@�]� /�(9& Qo�ôóõóöóI�eMo0 /�4:/ � $ ���]� ( � +f$g+ ? C ? ( ��? 46$K+f/]4:/ � ( 0 &w-�$+3/ M $,4 �]0 5mtb-.$ª& �mM $ ���\M (9/�+N=$A&6$ � -�/ Z[�% w� > 0 C M]� 46$�>A$'& � J�/]+f&3$,C�$ � & � 5�$,>ª>'$'(*/ ?]0@2 &3$ � /�$ � /�& ? ( ? + ��� &�( q / � $:-�$B>A$,+-.$,/.;<7%/ ��� & ? &�=$,+8$A&)j XEkm?d�3�3Z[�.crq 0@2 +f$,435 ��2 (9$ M s 0 & 0 Cb=$'&34 ? 7%/�$:( � C 0�?*� +8> 0 464�=$'(A=$'$ � 5�$I>�j Xlkm?S�3�fZ $I+�& �½_�a¤X p u /�46$¿ � ´ ZA�] w� (9$\58=$,4 ? p]$B$ � > � (*>'/�( ��� &8(*$,+ª> 0 $ 	 > ? $ � &6+ª-.$\> 0 464�=$'( � & ?90@�ê÷�X j Xlkm?S�3�fZ�ø6� _�aNZ $'& ÷�X j Xlkm?S�3�fZ�ø6RNTVU�W�Z[Q 7%/ ?5 � (*$ � & ó]� · ´ $'& ó]� ¿@Ùh43$I+ M $,>A& ? 5�$,C�$ � & � v 0 & 0�� + 7%/�$�(9$�> � (�>A/](�-�$,+:x � >[&6$'/�4L+ -.$�> 0 464�=$'( � & ?*0��y�dq $,+f&wx ��? &g7%/�$N+3/�4\(*$( 0 & -�$,+NF�·�+3/ M $'4 ��0 5.t -�$K& �mM $ ���hM 4�=$,+3$ � &�=$'$I+ � /�& ��2 (*$ � /ù¿ � FK$A&\7%/ ? + � & ? +fx 0�� &:(*$,+ >A4 ? & D$,43$I+B-.$N7%/ � ( ? &�=$O-)=$I>A4 ? &L+M (*/]+\s � /.& ��� ( M $'/.&K- 0@� ><�$A&346$O46$ � -./ ? C M 4�=$,> ? + M]� 4 ( � x ��?92 (9$I+3+3$N-.$�( � +f& � & ? +�& ? 7%/�$ �º¥�� $Îú�$A& Q +3/�4\/ � ( 0 &\-�$1· ó+3/ M $,4 �]0 5mt�-.$�& �%M $ ��� $A;m&34 ��? &3$I+ -�$ � ò $ u��]� /�( & Q]�ôóöóõóI� (*$�> � (�>A/�(�-�$ ÷�XERNTVU�Wöø3�`_baNZ - 0���� $ ó]� � F � /�( ? $,/n-�$

ó�� ¬ µ Q 5 � (9$,/�4g> � (*>'/�(A=$'$ D�yM]� 4f& ? 4g-.$ ��0 &346$N( 0 &g4�=$,-�/ ? & ��� ( �dq $I+�& M]� + M�0 +3+ ?92 (9$h-.$h> � (*>'/�(*$'4 ÷oX j XEkm?S�f�3ZÎø3�`_baOZ $A&
÷�X j XEk.?S�f�fZÎø6RNT U�W Z +f/]4g(9$�( 0 &�=$A&6$ � -�/ Q > � 4\(9$I+K+ M $,>A&346$,+g> 0 4643$I+ Mo0�� - ��� &6+ + 0@� & ?*� - ? + M�0@��?92 (9$I+ � �8$h+3$'4 0�� &K- 0�� >(*$,+�-.$,/.; M]� 4 � C D$A&643$I+ Q j XEkm?S�f�3Z $'& � _na1Q 7%/ ? +f$,4 0@� &ª/�& ? ( ? +.=$,+�- ��� +ª(9$g+3$,> 0�� - � J�/]+f&3$,C�$ � & �
c $I+�5 � (*$'/]46+8-.$»û Õ $'&ª! Õ" + 0@� &)-8=$A&6$'46C ?9� =$'$,+ � / M 4�=$ � ( ��2 (9$�$ � x ��? + ��� &r/ �<� J�/]+f&3$'C�$ � &)+ ? CO/�(9& ��� =$B-.$\!#"�$ �x 0�� >[& ?*0�� -.$ XERNT�UfW@Qm� _�aOZ +f/]4)(*$ ( 0 &)$ ��u ( 0�2]��� &8(*$,+�· ó +3/ M $'4 ��0 5.t¡-.$w& �%M $ ��� -.$ � ò $ u@�]� /�(9& Qo�ôóõóöóI�l�] w� p�;.$û Õ $'&g! Õ" � /.;�5 � (9$,/�4L+ 0@2 &3$ � /]$,+ Q ·.F © ¿ýü Tÿþ�� þ !����\$A& _ F,Ù © FIÙ T ×���43$I+ M $,>A& ? 5�$,C�$ � & �d w� 4�=$ � ( ? +f$K$ � +3/ ? &6$N(*$,+-.$,/.; � J�/�+�&6$'C�$ � &6+ Mo0 /�4 XlROTVUfW�Q.� _�aOZ $'& X j XEkm?e�f�fZAQ�� _�aNZ[Q $'& 0@� > 0 C M]� 46$ (9$I+)- ? + M $,46+ ?*0�� +ª-.$g!¸Þàß¾á" ��c $,+M]� 4 � C D$A&346$,+ Û'U $A& Û Ý\+ 0@� &8p�;)=$I+r46$,+ M $,>[& ? 5@$'C�$ � & D� F � Fw$A& óNM�0 /�4�(9$\> � + XERNT�UfW@Qm� _�aOZ $'& D�Òó]� � Hg$A& óNM�0 /�4�(*$> � + X j Xlkm?S�3�fZ[Q]��_#aKZA�]c $g4�=$,+3/�(9& � &ª-.$I+�-.$'/�; � J�/�+�&6$'C�$ � &6+ M $'46C�$A& � ( 0 46+ª- q =$,>'4 ? 46$N�

! Þàßâá" Ó !#" _£ó�© H µ Xãó]© F<¬ Z	��XlROTVUfW�_ F © F Z _n��© H�F X ó�©�� H Z	�nXY��_#aOZ X ¿ � ´ Z



F¤¿ � ¸�¹:º:»°±Æ¹ ¯¼´ ¼.¾ º:¿wº:ÀSÁ · ´ µ½´ · ·�»°´w¸²¹ ¯»´ ·

Corrélation entre R(Si II) et ∆m15 et B-V
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Diagramme de Hubble du lot des 17 supernovæ
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