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Abstract

Using the I band SFI++ catalog, we study the Tully-Fisher (TF) relation

of spirals systematically, and focus on whether its third parameter exits. Com-

paring to the previous studies, we not only benefit from this large sample, but

use a residual relation to study whether the third parameter exits without a as-

sumption of the form of the third parameter in TF relation. By studying the

correlation between residuals of the TF relation (∆M) and residuals of the log

R–log W relation (∆ logR), we find that the scatter of the TF relation is reduced

significantly (up to ∼ 50% for Sc spirals and ∼ 40% for Sb spirals) when R23.5 is

introduced as a third parameter making the ‘fundamental plane’ of spirals. It is

not so significant when the disk scale-length Rd is adopted as the third param-

eter, which can only reduce ∼ 20% of the TF scatter. Besides, by studying the

residual relations in different log W bins, we find the spiral galaxies are actually

located on a curved surface rather than a plane in the parameter space of log

M–W–R23.5.

In this work, we also try to find out the main contributor to the morpho-

logical dependence of the TF relation. By modeling the dynamics and stellar

populations of different type spiral galaxies in combination, we find that al-

though the shape of the rotation curve is correlated with the galaxy morphology,

the dependence of the maximum rotation velocity on the morphology is weak.

Therefore, the morphological dependence of the TF relation is mainly contributed

by the stellar population. By modelling the morphological dependence in differ-

ent wavebands, we find that the difference of the stellar population of different

morphological type is mainly originated from the bulge-disk composition effect.

Keywords: spiral galaxies, Tully-Fisher relation, the third parameter, mor-

phology, dynamics, stellar population
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(Fundamental Plane)"Ä�¡´3 1987c� Djorgovski & Davis [56]Ú Dressler

�< [59] ©Ouy�§L«�µ

logRe = a log σ0 + b log Ie + c, (1.2)

Ù¥ Re´@.(X�k��»§σ0´Ù¥%?��Ý�ÑÝ§Ie´k��»

S�²þ¡�Ý£Ie = L/(2πR2
e)¤"d²¡�¤±�½Â�@.(X�Ä�¡§

Ø=´duT�''X�~;� (∆log Re ≈ 0.08)§
�ÙëêÑ´(X�Ä�

(�ëê"du�Ý�ÑÝ σ0Ú¡�Ý IeÑØ�6u(X�ål§Ï
ÏL'

�(XÀ���d�§ (1.2)�O�ýé�����(X�ål"dÙ���(

Xål�Ø��k FJ'X���"@.(XÄ�¡�ù«ål��§��±?

�Ú^uïÄMÇ~ê±9(X��Ä�Ý|� [118, 21, 77]"

e¡ò©Ol*ÿÚnØü��¡é@.(X�Ä�¡?1{�£ã§ä

N�nã�ë�©Ù [1]"

L 1.1: ØÓÅã�@.(XÄ�¡�A��ê

5
 Åã (Xê8 a −b ∆log R

Dressler�< B 97 1.33±0.05 0.83±0.03 0.079

1987c [59]

Djorgovaki�< rG 106 1.39±0.14 0.90±0.09 0.079

1987c [56]

Jørgensen�< U 41 1.25±0.08 0.86±0.05 0.067

1996c [112] B 91 1.20±0.06 0.83±0.02 0.071

g 109 1.16±0.10 0.76±0.04 0.090

r 226 1.24±0.07 0.82±0.02 0.084

Pahre�< K 251 1.53±0.08 0.79±0.03 0.096

1998c [146]

Scodeggio�< B 38 1.40±0.09 0.88±0.05 0.07

1998c [174] V 41 1.35±0.13 0.88±0.05 0.07

r 54 1.35±0.09 0.93±0.05 0.08

I 75 1.70±0.13 0.83±0.03 0.09

H 73 1.66±0.10 0.85±0.03 0.09
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K 29 1.70±0.17 1.03±0.13 0.07

Mobasher�< V 48 1.44±0.04 0.80±0.03 0.074

1999c [137] K 48 1.38±0.26 0.75±0.05 0.072

Bernardi�< g 9000 1.45±0.06 0.74±0.01 0.056

2003c [13] r 9000 1.49±0.05 0.75±0.01 0.052

i 9000 1.52±0.05 0.78±0.01 0.049

z 9000 1.51±0.05 0.77±0.01 0.049

La Barberar�< r 1430 1.42±0.05 0.76±0.003 0.064

2008c [125] K 1430 1.53±0.04 0.77±0.003 0.062

Hyde�<  g 50 000 1.40±0.05 0.76±0.02 0.062

2009c [103]  r 50 000 1.43±0.05 0.79±0.02 0.058

 i 50 000 1.46±0.05 0.80±0.02 0.056

 z 50 000 1.47±0.05 0.74±0.02 0.054

La Barbera�< g 39993 1.384±0.024 0.788±0.002 0.095

2009c [126] r 39993 1.390±0.018 0.785±0.002 0.082

i 39993 1.426±0.016 0.780±0.002 0.079

z 39993 1.418±0.021 0.793±0.002 0.079

Y 39993 1.467±0.019 0.785±0.002 0.081

J 39993 1.530±0.017 0.795±0.002 0.083

H 39993 1.560±0.021 0.795±0.005 0.087

K 39993 1.552±0.021 0.790±0.005 0.089

Jeong�< FUV 29 1.25 0.73 0.14

2009c [107] NUV 29 1.82 0.75 0.08

FUV 34 1.09 0.55 0.17

NUV 34 1.11 0.58 0.14

Jun�< 0.55µm 56 1.23±0.10 0.86±0.04

2008c [113] 2.2 µm 56 1.42±0.11 0.81±0.05

3.6 µm 56 1.55±0.11 0.89±0.04

4.5 µm 56 1.47±0.11 0.92±0.04

5.8 µm 56 1.57±0.13 0.92±0.05

8.0 µm 56 1.55±0.14 0.75±0.05
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1.1.1 @@@...(((XXXÄÄÄ���¡¡¡���***ÿÿÿ

1.1.1.1 ØØØÓÓÓÅÅÅããã***ÿÿÿ���ÄÄÄ���¡¡¡

Ä�¡¥� σ0d1Ì*ÿ��§ÏdÏ~@��äN�ÿ1ÅãÃ'"X

Jb�@.(X�(x©Ùvk»�þ�FÝ§@o Re��*ÿÅãÃ'"X

J?�Úb�ØÓ�þ@.(X�(x¤©´�Ó�§@o3ù«�¹e@.

(X�Ä�¡�ëê aÚ bòØäkÅã�65§ØÓÅãÄ�¡": c�Ø

ÓKò�NØÓÅã�1'��É"Ïd§ïÄ@.(XÄ�¡�Åã�65

én)@.(X¥�(x¤©±9(x»�©Ùäk�©­��¿Â"

XL 1.1¤«§��@�l��1�Cù	Å���S§Ä�¡��Ç a�

ÅãkCz§�,ù«CzØ²w§
�Ç bA�ØC [13, 125, 103, 126, 113]"

Ä�¡ù«�Åã�CzÌ�´duØÓ�þ�(X�(xØÓÚå� [113]"

3b	9¥!�ù	Åã§duN´É�CÏð(/¤!�D�1�ÔnÅ�

�K�±9�������§Ù@.(XÄ�¡�ïÄ�k�u?�Ú�\"

1.1.1.2 ØØØÓÓÓ���¸̧̧¥¥¥���ÄÄÄ���¡¡¡

3(X��?(�¤ìnØ¥§(X�5�ÚÙ¤?��ºÝ(��¸�

��'"¦+Xd§éu@.(X5`§ÙÄ�¡´Ä��¸k�'5��3

�½��Æ [50, 13, 58]"��5¿�´§Ä�¡��¸�'5��UÚù£k

'"Fritz�<3£�
 2005c±c�'u|(XÚì(XÄ�¡�É�©Ù

Ú^Ä�¡ïÄ(X�ù£üz�©Ù�@�§3¥�ù£? (z*0.5)|(X

Úì(X�Ä�¡vkwÍØÓ§3�p�ù£?§��mKk��²w��

É [75]"

1.1.1.3 ØØØÓÓÓùùù£££???���ÄÄÄ���¡¡¡

@.(X3ØÓù£?�Ä�¡�N
@.(X�üzA�"�3*ÿþ§

Ä�¡XÛ�ù£üz§��3X�½��Æ"

��5`§Ä�¡�Xù£�üz´�±ýÿ�"Äk§3(X� ReÚ σ0

�±ØC��¹e§(x�X�m��Äüz�±¦�(X3pù£?w��

�§l
¦Ä�¡3ëê�m¥u)²£ (=�Ç�Ó§�":ØÓ)"Ùg§3

Ä�¡�Và ($�þà)±c�(X�Ì§�à (p�þà)±Pc(X�Ì§
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c�(X'cP(X�¯/CV§=$�þà� Ie�¯/O\"3ù«�¹

e§Ø
Ä�¡�":k²wüz	§Ù�Ç a�ò¬�ù£�O\
~�"

3*ÿþ§k�
ïÄ�(uyÄ�¡��Ç a¬�ù£�O�
Ñ�~

� [200, 112]",
§éõ'uÄ�¡üz�*ÿ§ÃØ´(Xì¥��´|¥

�§Ñ@�§¥ù£? (0.1 < z < 1.0)�Ä�¡�C� ($ù£)(X�Ä�¡�

'k²£§=3�½k��»Ú�Ý�Ñ�¥ù£(X�� [75, 78, 203, 189]"

I�5¿�´§̂ Ä�¡ïÄ(Xüzk
²w�Øv�?"Äk§��

'�$ù£�(XÚ3pù£?w��(X¿Ø�½Ü·"Ï�XJ(X´X

{��Äüz§Kù�'��±¤á¶�´XJ(XkÌ¿Ü½öáÈL§§=

X8�ý�(X3pù£?�U´�.(X§@où«'�ÒC�E,ÚJ±

n)
",	§É�*ÿY²���§�±^5ïÄÄ�¡�pù£(X��

é�§Ïd�éJépù£Ä�¡Ú$ù£���Ä�¡?1î�/ÚOþ�

'�"

1.1.2 @@@...(((XXXÄÄÄ���¡¡¡���nnnØØØ)))ººº

du@.(X¥ð(�Ñ$Ä�ÄU�Cq�(X�oÄU§K3ÄåÆ

²ï��¹e§d�{ü� å½n��µ

σ2 ∝ GMdyn

Rg

∝
(
Mdyn

M∗

) (
Re

Rg

)
ΥIeRe, (1.3)

Ù¥ σ ´n�²þ�ð(�Ý�Ñ§Rg ´(X� å�»§Mdyn ´(XÄå

Æ�þ (o�þ)§M∗´(X�ð(�þ§Re´(X�k��»§Υ´(X�1

' (=M∗/L§Ù¥ L´(X1Ý)§Ie´k��»S�²þ¡�Ý"b�@.(

X�²þ�Ý�Ñ σÚ*ÿ��¥%�Ý�Ñ σ0 !ÄåÆ�þMdynÚð(�

þM∗!k��» ReÚ å�» Rg©O�5�'§¿� Υ´~ê§Kkµ

Re ∝ σ2
0I

−1
e , (1.4)

=d å½n���Ä�¡�nØ�Ç�� a = 2, b = −1"

@3 1987c<�Òuy=¦�Ø¤k�*ÿ�A9[Ü�{�K�§*ÿ

��Ä�¡��Ç (31ÆÅã a ∼1.3–1.4§−b ∼0.8–0.9)ÚnØ�E,ØÓ§

=�éun��Ä�¡§*ÿ��Ä�¡k:/��0(tilt) [59, 56]"
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@.(XÄ�¡����Ï§�±dþ¡�nØí�¥^��A�b�

©Û��§Ì�kn��¡µ�´@.(X��Ý�Ñ¿ØU���L(XÄ

U£Ïd å½nØU^úª (1.3)L«¤[29]§�´ØÓ�þ�@.(X��1

'�m�3XÚ��O (= ΥØ´~ê) [63]§n´@.(X3(�ÚÄåÆþ

�©ÙØ´���Ó� (= σ/σ0,Mdyn/M∗, Rg/ReØ´~ê) [29]"

�,<�®²y²@.(XÄ�¡����(�±^þãù
�Ï5)

º§�´?Û��üÕ��ÏÑØv±��)ºù�¯K [88, 15]§¿��«�

Ï�K�äNkõ���3�½��Æ§EI�?�Ú/ïÄ"X Busarello�

<@� 15 ���´du^=ÄUvk�Ä§55 ´du(X�ÄåÆØÚ

�Úå�§�e� 30 ´d(xÚ(�ØÚ�Úå�"
 Trujillo�<@� 3/4

�Ä�¡��´du(XÄåÆÚ(�Øþ!Úå�§1/4´du(xÚå�

[191]"

1.2 ���...(((XXX��� Tully-Fisher'''XXX

éu�.(X£AO´^µ(X¤§Ù1ÝÚ��^=�Ý�m�3X�

;���''X§= Tully-Fisher'X (±e{¡ TF'X)"d'X´ TullyÚ

FisherÏLé�(X+!M81(X+ÚM101(X+¥ 10�Cå^µ(X��

©Û��� [194]§ÙÄ�/ª�µ

M = a(logW − 2.5) + b, (1.5)

Ù¥ M ´(X�ýé(�§W ´õÊV�°�AÚå�Ì�Ð°§�¡�

�ÝÐ°§���^=�Ý Vmax ¤�'"du W �ÿþØ�6u(Xål§

Ïd�@.(X� FJ 'XÚÄ�¡aq§TF 'X��±^5��C�(

X�ålÚ�Ä9�»�MÇ~ê"Tully Ú Fisher |^¦�¤�Ñ�'X

M = −3.5 − 6.25 log Vmax í�
¿åìÚ�=ì�ål�ê©O� 30.6 ± 0.2

Ú 30.5± 0.35 [194]"

e¡é TF'X�ïÄ?Ð�­:µã§k' TF'X��[µã�ë�

©z [2]"
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L 1.2: ØÓÅã��.(X TF'X��ÇÚ�Ñ

5
 Åã (Xê8 a ∆M/mag

Tully ÚFisher 1977c [194] B 10 −6.25 0.3

Aaronson�< 1979c [4] H 29 −9.5 −
Aaronson�< 1983c [5] B 262 −8.82 0.30

H −12.07 0.28

PierceÚ Tully 1988c [151] B 60 −6.86± 0.32 0.37

R −7.64± 0.29 0.31

I −7.85± 0.29 0.28

H −9.25± 0.43 0.31

PierceÚ Tully 1992c [152] B 15 −7.48 −
R −8.23 −
I −8.72 −
H −9.50 −

Giovanelli�< 1997c [82] I 555 −7.68± 0.10 0.34

Master�< 2006c [128] I 807 −7.85± 0.10 0.32

Pizagno�< 2007c [154] g 162 −5.48± 0.23 0.46

r −5.96± 0.20 0.42

i −6.32± 0.22 0.42

z −6.59± 0.24 0.42

Meyer�< 2008c [134] B 351 −8.51± 0.23 0.33

K 860 −9.38± 0.19 0.25

Giovanelli�< 2008c [129] J 888 −9.07± 0.12 0.43

H −9.02± 0.11 0.38

KS −10.02± 0.10 0.37
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1.2.1 TF'''XXX���***ÿÿÿ

1.2.1.1 (((XXX���������KKK���

TF'X� 2�Ä�*ÿþ£(XÀ(� mÚÌ�°ÝW¤��©*ÿ�

Ñ7LÒ(X�� i�)�*ÿ�A\±U�§Ù¥é*ÿ(�m´�SÜ�

1U�§é�°W ´�ÝKU�§
ùü�U�������� im�'X´

���"i��§(X��¡�*ÿö§dSÜ�1Úå�!éÀ(��U�Ò

��",��¡§(X��� i��§�°W �*ÿØ�Ò��"Ïd§�


UéÄ�*ÿþ�������U�§7L¿©5¿��(X�ÜnÀ�"~

X§TullyÚ Fisher�Ð¤À^�(Xþ÷v 80◦ > i > 50◦ [194]"

1.2.1.2 ØØØÓÓÓÅÅÅããã***ÿÿÿ��� TF'''XXX

TF'X�k´� Tully & Fisher3 BÅãuy�§�´��Ò�y²3ù

	ÅãÙ�Ñ¬�� [5]§Ï�3ù	Åã�*ÿÉ(XSÜ�1�K���§

¿�ù	Ë�U�Ð/L�(X¥ð(��þ"L 1.2o(
k'ù�¡ïÄ

��
©Ù"X§1979c§Aaronson�<Äkuy H Åã TF'X��ÑÝ�

�£�'Xê r��¤ [4]"1988c§PierceÚ Tully|^�=(XìS��(X

��� CCDÿ1]�uy§B!RÚ I Åã TF'X��ÑÝ©O� 0.37!0.31

Ú 0.28 mag [151]"3Meyer�< 2008c�ïÄ¥ [134]§B Ú K Åã� TF'

X�*ÿ�ÑÝ©O� 0.40 magÚ 0.33 mag§S��ÑÝ©O� 0.33 magÚ

0.25 mag"Giovanelli�< [82]ÚMaster�< [128, 129] Ñ@� I Åã�*ÿ�

��§Ï� I Åã*ÿØ=É�1�K�' B Åã�§
� CCDÿ1�A'

H ÅãÐ"¦���� TF'X3 I Åã�S��Ñ��´ 0.33 mag"

,	k<5¿� TF 'X��Ç�*ÿÅãm�'X§¿��Ç�Å�


CÍ®¤½Ø"1979 c§Aaronson �<Ò�Ñ§ù	Åã TF 'X¥��

Ç£≈ −9.5¤²w�'��1Åã£−6 ∼ −7 [194]¤�Í [4]"1983c§Bottinelli

�<²(�Ñ§�Ç´Å��ëY¼ê§¿�Ñ�Çl B Åã� −5Cz� H

Åã� −10 [26]"1992c§PierceÚ Tullyd(XìS 15�^µ(XÚØ5K

(X��§�Ñ B!R!I ÚH Åã TF'X��Ç©O�−7.48!−8.23!−8.72

Ú −9.5 [152]§ù�(J��<õgÚ^ [106, 19]"2007c§Pizagno�<d 162

�(X3 g!r!iÚ z ù 4�Åã���*ÿ]�uy§TF'X��Ç©O

� −5.48!−5.96!−6.32Ú −6.59 [154]"�C§Masters�<ÏLé 2MASS�
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J!H!KS Åã*ÿ]��[�©Û§Ó��Ñ�Ç�Å�
CÍ�(Ø§��

XÅ��?�ÚO�§�ÇØ2²wCz§ìC�� −9 ∼ −10 [129]"

1.2.1.3 ØØØÓÓÓ(((XXX///������ TF'''XXX

<�¤'%�,��­�¯K´ TF'X´Ä���(X�/�aOk'§

k'ó�o(3L 1.3¥"

k�ó�vkuyù«/��'5"X§Aaronson�<3 1983c��ó

�¥�(Ø´§3ù	Åã TFëê�(X/��m¿ÃwÍ��'5§37

Åã�=LyÑ�N��'5 [5]"n�§1988c Pierce�<�ó� [151]§±9

1994c Bernstein�<�ó� [14]Ñy¢
þãÄ�(Ø"

�´kéõó�§cÙ´CÏ��
ó�§|± TF'X/��'5��

3§
�@�3áÅãù«/��'�²w"@3 1978c RobertsÒuy3�

½�^=�Ý?§�@.�^µ(X��1Ý�� [162]"Rubin�<3 1985

c\¡§SaÚ Sc(X TF'X��ÇC��Ó§�3 B Åãk 2 mag�":

�§
3HÅã� 1 mag�":� [164]"1997cGiovanelli�<3 I Åãuy§

� Sbc9��a.(X� TF'X�":�'§Sa/Sab(X�":ü$
 0.32

mag§
 Sb(X�":$
 0.10 mag [82]"2000c Sandage3 BÅãuy�½

TF'X�Ç� Sa(X�":' Sc(X�$ 0.68 mag [170]"2004c RussellÓ

�3 BÅãuy Sb(X�":' Sc(X�$ 0.57 mag [167]"�C§Russellu

y SbÚ Sc(X3 H Åã�²þ":�É´ 0.19 mag [168]",	§Masters�

<^ SFI++ù��� I Åã^µ(X��y²§éu Sa!SbÚ Sc(X§�Ç

©O� −5.52!−7.07Ú −7.87§̀ ²ØÓ/�� TF'X��ÉØ�´{ü�

²£§
�ù«�É�Ú(X�1Ýk'µéu��1Ý (�þ)�(X§ù«

/�Úå�":�É�²w [128, 129]"

TF'X�/��'5�åÏ�U´duØÓ/��(X�(xØÓ£Ú

å TF'X¥�(�M Cz¤§½ö(X��ÄåÆØÓ£Úå��^=�Ý

VmaxCz¤§½öüö�ØÓ"3�©1oÙ¥§·�òÒd¯KÐm?Ø"
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L 1.3: �«©z¥�(X/��'� TF'X"

ë�©z Åã a. a b ∆M

Aaronson�< B Sa/Sab −6.89 −20.36 0.71

1983c [5] Sb −9.68 −20.69 0.38

Sc −8.81 −21.07 0

H Sa/Sab −10.90 −23.25 0.00

Sb −10.73 −23.19 0.06

Sc −11.19 −23.25 0

Rubin�< B Sa −9.95 −19.74 2.25

1985c [164] Sb −10.2 −20.75 1.24

Sc −11.0 −21.99 0

H Sa −11.57 −22.72 1.35

Sb −10.12 −23.48 0.59

Sc −12.59 −24.07 0

Sandage B Sa/Sab −6.97 −20.46± 0.12 0.68± .13

2000c [170] Sbc/Sc/Scd −6.97 −21.14± 0.06 0

Russell B Sab∼ Sc II-IV −5.24± 0.10 −20.42± 0.16 0.51± .18

2004c [167] Sbc/Sc I-II −4.91± 0.20 −20.93± 0.09 0

Masters�< I S0/Sa/Sab −5.52± 0.40 −21.34± 0.07 0.32± 0.07

2006c [128] Sb −7.07± 0.17 −21.45± 0.03 0.21± 0.08

Sbc/Sc/Scd −7.87± 0.15 −21.66± 0.02 0

Masters�< J S0/Sa/Sab −6.09± 0.30 −21.84± 0.06 0.12± 0.06

2008c [129] Sb/Sbc −7.80± 0.19 −21.81± 0.03 0.15± 0.04

Sc/Scd −9.23± 0.20 −21.96± 0.02 0

H S0/Sa/Sab −6.08± 0.27 −22.62± 0.05 0.16± 0.05

Sb/Sbc −7.80± 0.19 −22.64± 0.03 0.14± 0.04

Sc/Scd −9.17± 0.20 −23.78± 0.02 0

K S0/Sa/Sab −6.95± 0.24 −22.85± 0.03 0.21± 0.04

Sb/Sbc −8.64± 0.17 −22.92± 0.02 0.14± 0.04

Sc/Scd −10.09± 0.18 −23.06± 0.02 0

Russell Ks Sa/Sab/Sb − − 0.19± 0.10

2009c [168]

5¿µ¤k� TF'X®^úªM = a log(Vmax/200 km s−1) + b­#L«"3Ó�ó

�¥§�éu Sc(X� TF'X�": (b)§Ù§a.(X�":�^∆M L«"
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1.2.1.4 ØØØÓÓÓùùù£££???��� TF'''XXX

TF'X���(Xüz�.�­�*ÿ�å§�^uïÄ�G(X�Ä

åÆüzÚð(üz¤ [214]§Ïdkéõó�´'u TF'X�ù£üz�"

3ù
ó�¥§k�vkuy TF'X�üz�A"X§1999c§Vogtéù

£��� 0.2*1� 100��G(X�ïÄ [205]§uy��/ TF'X�'§�

(X TF'X��ÇÚ":¿ÃwÍ�É§∆MB <0.3 mag"2005c§Conselice

�<|^ 101�ù£�� 0.2 < z < 1.2��G(X§?Ø
K Åã TF'XÚ

ð(�þ TF'X§uyüöÑ�LyÑüz�A [40]"2006c§Flores�<©

Û
 35� 0.4 < z < 0.75�(X�*ÿêâ§(JL²l z = 0.6å§K Åã

TF'XÚð(�þ TF'X3�Ç!":±9�ÑÝþÑvk¥yüz�A

[72]"

,��¡§kéõïÄ(J|± TF 'X�ù£küz"1996 c§Vogt

�<Çkéù£�� 0.1*1� 9�V|(X?1
ïÄ [206]"¦�uy§�

�/ TF'X�'§ù
�(X� B Åã1Ý=pÑ� ∆MB ≤ 0.6 mag"Ø

È§Rix�< [161]Ú Simart�< [180]|^ØÓ���£(Xê©O� 24Ú

22§ù£��©O� 0.16*0.34Ú 0.23*0.43¤�Ñ ∆MB ≈ 1.5*2 mag"2002

c§Ziegler�<|^ù£�� 0.1*1� 60��.|(X��ïÄ
 B Åã�

TF'X [214]§uy��þ(XvkLyÑ²w�üz�A§����þ(X

� TF'X��Ç� −5.77 ± 0.45§��/(X��Ç (−7.92?0.18)�'w�

��"¦�@�ù�U´(X�1Ýüz�(J§��U´Ï�3¦����

¥Ö¿
�1ù£��u 0.2�7(X��"��kïÄy¢
(X�1Ýü

z�(X�þk' [121, 22]"2006c§Weiner�<|^���(X£3 B Å

ã�k 1 000�(X§3 J Åã�k 670�(X¤?Ø
 TF'X�üz�¹

[208]§ù£��� 0.4 < z < 1.2"¦�3ü�ÅãÑuy
 TF'X�Ç�ü

z§�L�£�ù£?¤�'§8c£�ù£?¤��þ�(X�1Ý�'��

þ(X~���õ§ù�(J� 2002c Ziegler�< [214]�(ØTÐ��"�

C§FernSndez-Lorenzo�<�\ïÄ
B!RÚ IÅã TF'X�üz¯K§�

k 344�(X§��ù£� 1.3 [67]"¦��(Ø´ TF'X¥yÑ1Ýüz�

ª³§=�äk�Ó^=�Ý��/(X�'§L��£�ù£¤(X�1Ý�

�§¿� 3�Åã�":�A��Ó (∆M = 1.0± 0.15 mag)"
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Ø
±þ�¢ÿïÄ§C�Ac5�
�öé TF 'X�å
Úüz¯

KlnØþ?1
&¢"~X§1999c Steinmetz�</Ïp©EÇ��»Æ

�[§ïÄ
 TF'X�å
¯K [184]"¦�uy§z = 1��.(X TF'

X� B Åã1Ý�'y3��� 0.7 mag§��
¢ÿïÄ(J�Î"2007

c§Portinari�< [157]ÏLé�G(X/¤Úüz��»Æ NN¦6NÄåÆ

�[§uy3 z = 0 ∼ 1Ïm§B Åã TF'X��Ç¿vküz§�":K�

O� 0.85 mag§��?uØÓ*ÿ(J�¥m�NC"¦�@�§dy���

)�ÏÌ�´1Ýüz�A§
ð(�þ TF'X (�e!)K�Ñy²w�ü

z"�´§ù¿Ø¿�X�O(X�ð(�þvku)Cz"z3 1 → 0Ïmü

�(X��þÏ~¬O� 0.5*1�§��Ó�^=�Ý��A/O�§u´3

ð(�þ TFãþ(X ��CzÌ�Ly�÷X TF'X�üz§
ð(�

þ TF'X��£�§�":Ú�Ç¤¿Ø¥yÑ?ÛwÍ�üz�A"

1.2.1.5 ­­­fff���þþþ TF'''XXX

²;¿Âþ�1Æ TF'X´1Ý–^=�Ý'X"�@3 1988c§<�Ò

@£� TF'X�¤±¤á§́ Ï�(X^=�Ý���o­f�þ�'§


�ö´�«��Ä��'X [148]"­f�þ�)ð(�þÚíN�þüÜ©§

�ð(�þ�'� TF'X¡�ð(�þ TF'X§�­f�þ�'� TF'X

¡�­f�þ TF'X [51]"

2000c§McGaugh�<uy§Ø�L� 90 km s−1 �@
V(X3ð(�

þ TF'Xþ� �§�²w$ud��(X�Ñ�[Ü��§½ö`da(

X TF'X��Ç'�(X5�Í§,
3­f�þ TF'Xþù«y�ØE

�3 [133]§ù´Ï�V(X¹k�~´L�íN§l��þ` TF'X�N


(X^=�Ý���o­f�þ�m�'X§
=�Ä(X¥ð(�þ�1Æ

TF'X�´§��«CqLã"

UMcGaugh�<�ó���§Ø�<é�9­f�þ TF'X�¯K?1


õ�¡�&¢ [51, 12, 204, 92]"X§2007c de Rijcke�<ïÄuy§¦+Ù

��¥(X��þ�Éé�§3ð(�þ TF'X�$�þà£ð(�þM∗�

u 109¤@.£E¤Ú�.£S + Irr¤(X©Ù3�e�­�Ó�^­�NC§


3 9.0 < logM∗ < 12.0��S�^��5[Ü [51]",��¡§3­f�þ TF

'Xþ§8.0 < logM∗ < 12.0��S�@.Ú�.(X�±^Ó�^��éÐ

/[Ü§
�[Ü°ÝÐuð(�þ TF'X¥���Ü© [133]"
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1.2.2 TF'''XXX���nnnØØØ���...

1.2.2.1 ������������...

3����.¥§b��´(X���¤©§¿���¡�Ý��ê/ª

I(r) = I0 exp(−r/Rd)§Ù¥ Rd Ú I0 ©O´�I�Ú¥%?�¡�Ý§K��

o1Ý Ld�

Ld = 2πI0R
2
d . (1.6)

2b��þ�âfÑ´3�;�þ$Ä§K

V (r)2 =
GM(r)

r
, (1.7)

Ù¥ V (r)´�» r?�^=�Ý§M(r)´�» rS�o�þ"XJ��^=

�Ý Vmax ´3 r = sRd?*ÿ�§òúª (1.7)²�§¿��Ä (1.6)Ú�1'

Υ ≡M(sRd)/Ld§�

Ld = V 4
max

s2

I0Υ2

1

2πG2
, (1.8)

XJ I0Υ
2 �^=�Ý Vmax Ã'§¿�ÿþ Vmax ��»��I��'~�

½£= s�½¤§KnØ TF'X�éê�Ç� 4 [=úª (1.5)¥ a = −10.0]"

1.2.2.2 VVVÔÔÔ������...

ùp0�Mo§MaoÚWhite 1998c�©Ù¥J���.£{¡MMW�

.¤[136]§d�.b�(X�k�Ú'¤©"

Äu¥¥ �. [91]§V'����»½Â� r200§3d�»S�²þ

�þ�Ý´d'¤?ù£?��»�.�Ý� 200 �§= ρh = 200ρcrit =

200 × 3H(z)2/(8πG)§Ù¥ H(z)´ù£ z ?�MÇ~ê"Ïd§éuù£ z ?

�'§Ù�» r200Ú�þMh���^'�7=�Ý Vh©OL«�µ

r200 =
Vh

10H(z)
; Mh =

V 2
h r200
G

=
V 3

h

10GH(z)
. (1.9)

duÑÑÚË��^§'¥�íN¤©Åìà8¤�"b���þ�'�

þ�'� md§@o��þ�±L«�Md = mdMh"XJ�Ñ��Úå�^§

�ò'£ã�ü�§¥§K��^=�Ý�~þ§=��^=�Ý Vmax = Vh"

2b�¤k��kÓ��ð(�1' (Υd ≡Md/Ld)§K��nØ TF'Xµ

Ld =
mdV

3
max

10GH(z)Υd

, (1.10)
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Ù�éê���Ç� 3§=�§ (1.5)¥ a��� −7.5"

¢Sþ§'�Úå³ØU^�§¥{ü£ã§Ïd Vmax 6= Vh§���Úå

�^�ØU���Ñ"

1996c Navarro, Frenk & white^ê��[��®¥ � åzVÔ�'

��Ý©Ù�µ

ρh(r) = ρcrit
δ0

(r/rs)(1 + r/rs)
(1.11)

({¡ NFW) [140]§Ù¥ ρcrit ´�»�.�Ý§rs ´A��»§δ0 ´A�É~

�Ý£overdensity¤"d©Ù�éê���Ç3(X¥%?� −1§
3��

»?� −3"½Â'�¥%àÝ c ≡ r200/rs§K�» r (�u r200)S�'�þ

�µMh(r) = 4πρcritδ0r
3
s [1/(1 + cx)− 1 + ln(1 + cx)]§Ù¥ x ≡ r/r200"� x = 1

��'�o�þ§�Mh = 200ρcrit4πr
3
200/3 '�§N´y�µ

δ0 =
200

3

c3

ln(1 + c)− c/(1 + c)
. (1.12)

,	�Ä� ρcrit = 3H(z)2/(8πG)Úúª (1.9)�� ρh(r)�,��L�ªµ

ρh(r) =
V 2

h

4πGr2

c

[ln(1 + c)− c/(1 + c)]

r/rs

(r/rs + 1)2
. (1.13)

XJ�Ñ��Úå�^§K��^=­�� V 2(r) = GMh(r)/r§̂ =�Ý

3 r ≈ 2rs�����§,���»O�
�úeü"¢Sþ§��/¤�¤±

K�^=­�§Ø�´Ï���Úå�^�Ï�'¥%«àÝ�UC"�
©

ÛdL§§b�3à8��§'´ý9�§¿�'¥ ��±¥G§Kü�VÔ

�âf��ÄþÒ¬Åð"=éu��âf§Ð©3�» ri ?�ª3 r?§Ù

GMf (r)r = GMh(ri)ri§Ù¥Mh(ri)´�/¤�c�» riS��þ£úª (1.11)

½ (1.13)�È©¤§Mf (r)´�ª�» rS�o�þ§Q�)3Ð©�» riS�

V'�þq�) rS���þ§=Mf (r) = Md(r) +Mh(ri)(1 −md)§Ù¥ md

E´��þÓo�þ�'~§
Md(r) = Md[1− (1 + r/Rd) exp(−r/Rd)]"3ù

pb�
­f�Ð��Ý©ÙÚV'���§¿��ªvká��þ�­fÚ

V'�©ÙE��"

^=�Ý­�d�ÚV'�Ó�^�)µ

V 2(r) = V 2
d (r) + V 2

DM(r), (1.14)
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Ù¥ V 2
DM(r) = G[Mf (r) −Md(r)]/r´V'�)�­�§
 Vd ´d�ê��)

�^=­�"ë�©z [20]¥�úª (2-169)§Vd(r) = 4πGµ0Rdy
2[I0(y)K0(y)−

I1(y)K1(y)]§Ù¥ µ0´�¥%?��þ¡�Ý§y = r/(2Rd)§Ii(y)ÚKi(y)´

1�a.Ú1�a.�.z� Bessel�§ (äNO�� [20]¥�N¹ 1.C.7)"

�ÄVÔ�� MMW�.¤õ�ýó
^µ(X� TF'X�":Ú�

Ç§Ïd´^µ(X/¤�.�²;ó���",
§MMW�.EkØv�

?§§��Ä
(X�'Ú�¤©§
vk�Ä(XØ¥é^=­���z"

3�©1oÙ§·�ïÄ TF'X�/��65�§ò?�Ú*ÐMMW�.§

Ú\Ø¥¤©§&?Ø¥é�^=­���z"

1.3 ���...(((XXX���ÄÄÄ���¡¡¡

É�@.(XÄ�¡uyL§�éu§éõó�Áã3 TF'X¥Ú\1

nëþ§l
�ï�.(X�Ä�¡ [196, 210, 43, 122, 94, 176]"�,þ!®²

J�§TF'X�*ÿÅã!(X/�Úù£�Ñ�'§�´§�
�@.(X

Ä�¡�éA§<���ò(X�»�� TF'X�1nëþ",
�8c�

�§�vk(½(X�»´Ä´1nëþ§=�.(X´Ä��3��aq@

.(XÄ�¡�'X"

1.3.1 ���...(((XXXÄÄÄ���¡¡¡���***ÿÿÿ

3*ÿ�¡§�
ïÄ@��.(X�Ä�¡�3§Ï��»�Ú\�±

¦��.(X� TF'X��Ñ²w~�"X§2000c Koda�<uy§3n�

ëê�m log L–log R–log V ¥�.(X©Ù3��aqÀL��¡þ [122]§X

ã 1.1¤«§¿^ L ∝ (V R)1.3£ã
ù��.(XÄ�¡§¿�¦�@�ü�

'X (L–V!V –RÚR–L)Ñ´ù�ÀL�¡�ÝK"�� Han�<nÜ
3�

Åã*ÿ� 500��.(X§@��.(X�Ä�¡�V�±L�� L ∝ V 2R§

¿�uyÄ�¡��Ñ' TF�~�
�� 50  [94]",	§1999cWillicku

y¡�Ý�±�� TF'X�1nëþ§¿�ù�Ä�¡L«�µV ∝ L0.28I0.14
e

[210]"Ù¢§31Ý�½�§(X¡�Ý��u�»"

�´§�k�ö3ïÄ
 TF�í��@� TF�1nëþØ�3§½ö`

´1nëþ��^ØwÍ [211, 196, 43]"1999c Courteau & Rixuy TF'X

3�Ý���í� ∆ log V Ú1Ý–�»'X3�»���í� ∆ logR�m�
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ã 1.1: �.(XÄ�¡�«¿ã§� Koda�< 2000c©Ù [122]"

'X�Ç�∆ log V/∆ logR ∼ −0.19± 0.05§��u/���0b����−0.5

(äN?Ø� 1.3.2!)§Ïd¦�@� TF1nëþ��^Ø²w [43]"2007c

Pizagno�<uy TF�í��,Ú�
(XA� (XôÚ!àÝ)�'�´¿

ØÚ�1Ý�»�' [155]"2007c Gnedin�< [87] ^ð(�þM∗ �O TF

¥�1Ý§=ïÄð(�þ TF'X (logM∗ − log V )§@��.(X�Ä�¡

�,�3£V ∝ M0.27
∗ R0.09¤§�´Ù�ÑÚ TF�A��� (©O� 0.048 dex

Ú 0.049 dex)§=�.(XÄ�¡¥�»ëþ�é5`Ø­�"

Cc5�kïÄ@�§3DÚ�1Ý TF'X¥�» (½¥%¡�Ý)¿Ø

´kÔn¿Â�1nëþ§�´�»�±´­f�þTF'X (= logMs−log V )
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�1nëþ [69, 213, 61]"~X§2008cAvila-Reese�<uyÙ­fí�'X1�

�Ç� ∆ log V/∆ logR ≈ −0.15 ± 0.04§�´éuð(í�'XÚ1Ýí�'

X§Ù�'5A��� (�Ç©O� −0.09Ú −0.07)§=I�Ø2´Ù TF'X

�1nëþ [9]"

I�5¿�´§3ù
ïÄ¥§(JØ���ó�¤^��{��ØÓµ@

��.(XÄ�¡�3�ïÄ§A�Ñ´��/©Û V –L–Rn�ëþ�'X

9Ù�Ñ���¶,
@�Ä�¡Ø�3�ïÄ§A�Ñ´©Û� TF'X�í

�∆ log V �Ù§ëþ�'X"Ïd§·�@�ØÓ�ïÄ(Jé�U�ïÄ�

{ØÓk�½�'X",	§'u�.(XÄ�¡´Ä�3�É�½�<��

½�K�"X3 Courteau & Rix�<�ïÄ¥é��í�'X��Ç�−0.19§

¦�@�Ä�¡Ø�3¶,
 Avila-Reese�<��Ç=�−0.15%@�Ä�¡

�3"

1.3.2 ���...(((XXXÄÄÄ���¡¡¡���nnnØØØ¿¿¿ÂÂÂ

¦+3*ÿþ�.(X�Ä�¡´Ä�3�k�½��Æ§�éÙ�35

�ïÄÚ&?é�.(X�/¤nØ%k­��¿Â"

b�4à�¹µ­f�´(X����þ¤© (=/���0b�)§(X�

^=�Ý�Cq� V 2 ∼ GM/R§Ïd(X�»ÒAT´­f�þ TF'X (

� V ÚM �')­��1nëþ",	§3�½M ��»�� (=àÝ��)

��=Ä�¯§Ïd3ù«4àb�e ∆ log V Ú ∆ logRkr�K�'§¿�

∆ log V/∆ logRAT� −0.5"


3,	��4à§XJ­f�^��Ñ!(X��dVÔ�'Ì�§K(

X�^=�Ý V ��d'��þ (
Ø´­f�þ)û½"ù«�¹e§­f�

þ TF'X�S��Ñ ∆ log V §��d­f�þ�½�'�þ��ÑÚå�§


ù«�Ñw,�(X��»Ã'§ÏdJ±^Ú\�» R��1nëþ��

{\±�Ø [176]"

¯¢þ§�.(X´?uþãü«4à�¹�m�"3IO�eVÔ��

»Æ�.¥§�.(X��´3VÔ�'Jø�³³e¥ /¤� [136]"éu

�á�eVÔ�'§Ù TF'XL«� Vm,h ∝ Ma
h§Ù¥Mh ´ å�þ§Vm,h

1
­fí�'X´­f�þ TF'X�í�Ú log Ms − log R'X�í��m��''X§aq/kð

(í�'XÚ1Ýí�'X"
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´3 å�» Rh ?�7=�Ý§ê��[�(J¥ a ≈ 0.32 ∼ 0.30 [140, 7]"


 å�»Ú å�þ�m�'X�±{ü/£ã� Rh ∝ M
1/3
h [136]"�
ò

'�IÝÇ=�¤­fIÝÇ§I��� Vm,h Ú­f��^=�Ý Vm,s �'

X!Rh Ú­f©Ù�» Rs �'X!9Mh Ú­f�þMs �'X"éu�þ§

üö�m�'X���±{ü/^­f|©ëêms\±£ã§=Ms = msMh"

éu�»�m�'X§b�­fÔ�ÚVÔ�äk�Ó��Äþ©Ù§�3(

X��/¤L§¥�ÄþÅð§Kk�I� Rs ∝ λRh§Ù¥ λ�'�g^ë

ê"éu Vm,hÚ Vm,s�'X§Ù'� Vm,s/Vm,h¬�X��I��~�(= λ�

~�)Ú ms �O\
O\"λ�~�Ú ms �O\Ñ¬O\�¤°éu�þ�

��^=�Ý Vm,s��^"Ïd§éu�½�þ�Mh�'5 £̀RhÚ Vm,h�

½¤§3 ms �½��¹e£=Ms �½¤§���» Rs ÚÙ^=�Ý Vm,s äk

�½�K�'5§=­f�þ TF'X¥ −0.5 < ∆ log Vm,s/∆ logRs < 0.0§


Ù�'§ÝK�6ums!λ��.ëê���Ú©Ù [176]"

éuð(�þ TF'X5`§λ�~�Ø=¦(X� Vm,sO\Ú R∗£ð(

�þ©Ù��»¤~�§ÙÓ��¬¦ð(�þM∗O\"Ù�Ï´§λ�~�

¬¦�¡�ÝO�§l
¦�íN=�¤ð(��ÇOp"ù�§λ�CzÚå

�(X3 TFëê�m�£ÄÌ�´÷X TF'X���§Ïd R∗¿ØU��

1nëþÚ\
wÍü$ð(�þ TF'X��Ñ"�éuð(�þ TF'X§

1Ý TF'X��¹�U��E,§Ï�(X�1'��ÑÚëþ V!LÚ R

�*ÿØ�Ñ¬?�Úfzk�U�3�1nëþ��^"

nþ¤ã§ïÄ�.(X� TF'X3ØÓ�¹£­f§ð(§1Ý¤�1

nëþ£Ä�¡¤̄ K§�±?�Ú\�n)�.(X�(x!ÄåÆA��/

¤ÚüzL§§l
�å�.(X�/¤Úüz�nØ�. [179]"

1.4 ���©©©���ïïïÄÄÄ888���

éu�.(X§TF'X®²��[�ïÄ§¿�±^�.éÐ�)º"�

´'u�.(XÄ�¡´Ä�3�k�½��Æ"

'u�.(XÄ�¡�ïÄ�¤±�3�Æ§ÙÌ��Ï��Ò´Ï�"

���þ!����"
 SFI++êâ¥�Ñy�?�ÚïÄ�.(XÄ�¡

Jø
�U"SFI++nÜ
�
±cuL� I Åã�*ÿêâ§�¹�� 5000

��.(X"�
¦ù
*ÿêâþ!!Ú�§Ù¤k1Ìêâ®²^Ú���
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{­#O�§,	§dØÓ�{���^=�ÝÐ°�®²?1
Ú�U�£�

�1�Ù¤"

@3 2006cMaster�< [128]Ò®²l SFI++¥°À
 807��.(X§

?1
 TF'X�ïÄ§¿���
(X��ÄÚMÇ~ê H0"�ÙØÓ�´§

�©�ïÄ­:´ TF'X�1nëþ§¿�·�¿Ø¯kb½nëþ TF'

X (=Ä�¡)´²¡§
´ÏLïÄ TF'X�í��ª��nëþ TF'X

�äN/ª"

Ød�	§�©�,��ïÄ­:Ò´�.(X TF'X�/��'5�

åÏ"TF'X�/��'5�äNLy´3�½��^=�Ý?§�@.�

.(X�1Ý¬XÚ/ �§¿�ù« �3áÅã*ÿ¥�²w"éu�«

/���.(X§ÏL�[ÙÄåÆÚ(x§©Û TF'X�/��'�Ì�

�Ï´duØÓ/��(X�(xØÓ�´ÙÄåÆØÓ"

�©(�Xeµ1�ÙÌ�0� SFI++êâ¥±9·����ÀJÚ?

n¶1nÙïÄ TF'X¥�1nëþ¯K¶1oÙÏL�[ TF'X©ÛÙ/

��'5��)åÏ"





111���ÙÙÙ êêêâââ

�8c��§�,®²uL
éõ'u^µ(X TF'X�©Ù§�´ù


©Ù�(Ø%E,�3�
Ø��?§cÙ´'u TF'X1nëþ�¯K"

�,��±5<�Øä}Á^ØÓ�/ª!½öÚ\ØÓ�1nëþ§�´Ï

�É�(X^=�Ýÿþ���§��vk��� TF��Ñy§¤±�ÒÃ

{JpÚOïÄ(Ø���5"���C§Springob�<Jø� SFI++êâ¥

�ÑyâUC
ù�yG [183]"

2.1 SFI++êêêâââ¥¥¥

SFI++ ´ Springob �<3 2007 co(uL�!;�^5ïÄ^µ(X

TF'X�êâ¥"ù�êâ¥Ì�dþ­V 90c�*ÿ¿uL��
êâ§

X SCI (Spiral Cluster I-band) [84, 85, 82, 83]§SC2 (Spiral Cluster I-band 2)

[47, 46]§SFI (Spiral Field I-band) [99, 100]§±9��y3�vküÕuL�

SF2 (Spiral Field I-band 2)|¤§,	 SFI++êâ¥�^�
 Mathewson3

1992cÚMathewson & Ford3 1996c©OuL�ü|êâ [131, 130]§9¿Ê

i.(XoL (Uppsala General Catalogue of Galaxies, UGC)¥� 172�(X

[141]"Springob�<^Ú���{­#O�
¤kù
(X�1Ìêâ§�y


ù
êâ���5",	§3|¤ SFI++êâ¥�§¦���Ø
@
�k

ÿ1]�vk1Ì]�½1Ì�þØp�(X!½ö�k1Ì]�
vkÿ1

]��(X"éu*ÿ]�k­E�(X§SFI++�ÀJÙ¥*ÿ�þ�p�

êâ"XJ��(XÓ�k HI1ÌÚ1Æ1Ì*ÿ�§SFI++���uÀJ

HI1Ì",	§¦��&?gC�*ÿ]� (= SF2)§¤±XJ3 SF2ÚÙ§

fêâ¥¥Ñk,�(X�*ÿ]�!
�*ÿ�ØÓ�§SFI++¬ÀJ SF2

¥�*ÿ�"

��§SFI++êâ¥�¹
 4861�kp�þêâ�(X"ã 2.1´ù


(X��U©Ù��ÈÝKã"dã± R.A.¸6h!Decl.¸0◦ �¥%§n^�

©OL« b = −20 ◦, 0 ◦,+20 ◦ éA/�¹"ã¥ØÓôÚL«3�»�Å�µ

(Cosmic Microwave Background§CMB)e�ØÓù£"



22 ^µ(X TULLY–FISHER'X�1nëþ9/��'5�ïÄ

ã 2.1: �ã5g©z [183]§́ SFI++êâ¥¥�(X± R.A.¸6h�¥%��

m©Ù�ÈÝKã"Ù¥�n^�©OL« b = −20§0§+20◦��¹"ã¥Ø

ÓôÚL« CMBe�ØÓù£µcz < 1000 km s−1�(XL«�7:§1000 <

cz < 3000 km s−1�(XL«��:§3000 < cz < 5000 km s−1�(XL«�

É:§5000 < cz < 7000 km s−1 �(XL«��:§7000 < cz < 9000 km s−1

�(XL«�ù:§cz > 9000 km s−1�(XL«��ùÚ:"

Ï� SFI++´d�
fêâ¥|¤§¤±��êâ¥�*ÿÒ��u¦

^
éõØÓ�"�º"'X§3 HI�>1Ì*ÿ�§̂ �
{II[U©Æ

Ú>l�¥% (National Astronomy and Ionosphere Center)� 305� Arecibo

"�º!{II[�>U©� (National Radio Astronomy Observatory)� 91

�Ú 42� Green Bank"�º!{IniU©�� Nancay�>"�º!±9

�IêÊ�>U©Æ¬ (Max Planck Institute for Radioastronomy) � 100 �

Effelsberg"�º¶SFI++¥�1Æ1Ì´ÏLe³ Siding SpringU©�� 2.3

�"�º!{I PalomarU©�� 5� Hale"�º!93�|� Cerro Tololo

{³U©� (Inter-American Observatory§CTIO)� 4�"�º*ÿ��¶Ù¥

�1Æÿ1^�´ Siding SpringU©�� 1�Ú 3.9�"�º!{I Kitt Peak

I[U©� (KPNO)� 0.9�"�º!CTIO� 0.9�"�º!æ�nóÆ�

(Michigan-Dartmouth-MIT§MDM)U©�� 1.3�McGraw-Hill"�º"
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'u�«*ÿÚ�©êâ?n�[!§ë�êâ�5
©z"e¡·��

{ü�0��e SFI++¥�fêâ�Ì���ÐÀJA�"

2.1.1 SCI

SCI´���¹ 24�(Xì�êâ¥§¿�;�^5ïÄ TF'XÚì�

Ä�"©Ù [83]¥�[/£ã
 SCI¥�z�(Xì9Ù¤
(X�ÀJL§

ÚÀJ^�"

ù
ì3 CMB ¥�²þò1�ÝÑ�u 10 000 km s−1 "§��LÝ

(richness)©Ù�2§3�m�©Ù�'�þ!"¢Sþ§SCI��)�
3Ù

±c (= 1997c±c)uL�êâ§X Pierce & Tully3 1988 [151]!Han3 1992

[97]Ú Han & Mould3 1992 [98]*ÿ�êâ§SCIéù
*ÿêâ®²^�Ó

��{?1
U�"

2.1.2 SC2

SC2�¹
�U 54�!ò1�Ý cz3 5000*25 000 km s−1�m�(Xì§


�z�ì¥k 5*15��^u TF'XïÄ�(X"Dale�< [47, 46] Ò´

^ SC2êâ5¼��p�þ� Sc.(X� I Åã TF'X§¿�ïÄù
(X

ì��Ä§¿?�Úíä�(X+3 CMB¥�$Ä"

2.1.3 SFI

SFI �¹ 2000 �|(X§ÙÀJ^�´µ3�(X+�Ie cz �u

7500 km s−1!B ÅãÀ(��u 14.5 ÚÌ�°Ý�u 100 km s−1",	�k

�ù£Cz��»��µéuò1�Ý cz < 3000 km s−1 �(X§Ù�¶

a 7L÷v 2.5 ′ < a < 5.0 ′§
 3000 < cz < 5000 km s−1 �(XL÷v�

^�� 1.5 ′ < a < 5.0 ′§5000 < cz < 7500 km s−1 �(XL÷v�^��

1.3 ′ < a < 5.0 ′"ù«�»���±¦zü ù£��S*ÿ��(Xê8Ä�

��"

2.1.4 SF2

SF2Ì�´é�
®²k HI½1ÆÅã1Ìêâ�(X?1ÿ1*ÿ"Ù

*ÿ��´ −15 ◦ <Decl.< +35 ◦!cz < 10 000 km s−1§,	Ù(X��÷v1
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ÆÅã��» a > 0.9 ′"SF2¥(X� HIÌ�Ú1Æ^=­�©Od Springob

�<(2005) [182] Ú Catinella�< (2005) [35]Jø"§� I Åã(Xÿ1´d

KPNO� 0.9��"�º*ÿ��§��*ÿ
 2300� 23 ′ × 23 ′�|«§Ù¥

1900�|«´p�þ�*ÿ§�� 500�*ÿ«®²� SC2CX",	§SF2

�ã�?nÚ SC2��"

2.1.5 ÙÙÙ§§§

Mathewson3 1992cÂ8
HU« 1355� Sb*Sd(X§ù
(X��

» a > 1.7 ′!�� i > 40 ◦ !Õ� |b| > 11 ◦§¿��Ü©(X�ò1�Ý�

u 7000 km s−1"Mathewson & Fordêâ´,	� 920� Sb*Sd(X"ù
(

XÀgî³H�U©�£European Southern Observatory§ ��ESO§{¡

îH�¤Atlas� ESO-UppsalaÑUOy [3]"d���ÀJ^�´ 1.0 ′ < a <

1.6 ′!4000 < cz < 14000 km s−1§¿���ÚÕ��ÀJ^�ÚMathewsonê

â�����",	§SFI++¥��)l UGC [141] ¥ÀÑ 250 < l < 360 ◦�

45 < b < 80 ◦� 172�(X"

2.2 ^̂̂������ëëëêêê999ÙÙÙUUU���

Ï� SFI++´dõ�êâ��|Ü
¤�§XJ��^�����*ÿþ

?1ïÄ§K(J¬k�½� �§¤± Springob�<^Ú���{­#O�


 SFI++¥�1Ìêâ§
��òÙÿ1êâ�
�
U�"�!äN0��

©¥^���
ëê9ÙU�"

2.2.1 (((XXX������

SFI++¥(X�ýé(�!�ÝÐ°Ú�»ÑI����U�§ÏdÜn

/O�(X����~­�"SFI++¥O�����{�©z [83]¥���§

^�úªµ

cos2 i =
(1− ecorr)

2 − q2
0

1− q2
0

, (2.1)

Ù¥ q0 ´�¢S�¶'£c/a¤§éu Sbc9���(X§� 0.13§éu�@a

.�(X§´ 0.20¶ecorr´ýÇ�ÀwÝ (seeing)U��§

ecorr = 1−

√
(1− ē)2 − ψ2

1− ψ2
, (2.2)
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Ù¥§ψ´ 0.5��*ÿ�ÀwÝ���Ø±(X IÅã¡�Ý(�� 23.5 mag

arcsec−2?���¶��§̄e´3,ã�»��S�²þýÇ§�¦3d�»�

�S�(X�¡�ÝLy��ê©Ù"

2.2.2 ýýýééé(((���

3 SFI++¥§(X I Åãã��ÿþ§9À(�Ú*ÿØ��O�ÑÚ

Haynes�<� SFIêâ?n��� [99, 100]¶Ù kU�^
 Han [97]�¶Õà

X�1U�æ^�´ DIRBE (Diffuse Infrared Background Experiment)�D©

Ùã [172]¶éu(XS�g�1§K´^
©z [84]p�úªµ

∆MI = −γ lg(a/b) , (2.3)

Ù¥§∆MI ´±(��ü �g�1þ§aÚ b´�¡�Ý[Ü���ý��

��¶Ú�á¶§¿� aÚ b®²^ [84]£ã��{?1
ÀwÝU�§γ´�

�Ú(X�ù	Åãýé(� (MI)�'�þ"SFI++¥^�� γ–MI 'X5

gu©Ù [85]¥�ã 7§ÙäN´µ

γ = 0.5, MI > −19.1;

γ = 1− 0.417(MI + 20.3), −20.3 < MI < −19.1;

γ = 1.0, −21.8 < MI < −20.3;

γ = 1.35− 0.35(MI + 22.8), −22.7 < MI < −21.8;

γ = 1.30, MI < −22.7.

(2.4)

ù�úª�¦^´b�
^µ(X���§Ïdéu¡�(X (face-on)§a = b§

Ùg�1þ ∆MI = 0§
ý�(X�g�1þ��"Ïdù�g�1U���

uò*ÿ��ýé(�U�(X¡�·���(�"

��5¿�´©z [84]3o(Ñù�g�1úª�§^���Ì�´d

SbcÚ Sc(X|¤�§�´ SFI++êâ%�¹
êþØ��Ñ��@.^µ

(X"éu�@.^µ(X§Ï�Ù�'�þ§=¦��ý�Ùá¶ b�Ø¬�

~�§¤±Ù���U�$�
§?
Ùg�1�$�",
��.(X�g�

1��U�$�
"Ï���.(Xé�Uk�õ��D§Ù�1þ��§d

þª��ÙéA� γ �A��§¤±dù�úª���g�1Ò�$�
"Ï

d§ù«du(Xa.ØÓ
Úå�g�1���XÚ ��U¿Ø­�§¤

± Springob�<@�ù��1úª�±^3�@.^µ(X¥"
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,	���J�´§3 Springob�< 2007cuL�©Ù¥§'uO�(X

ýé(��^��ù£�£ã´ØO(�"3Ù©Ù¥�Ñ§̂ �ù£´(X

���ù£"�´¢S3 SFI++¥§XJ(Xáu,�(Xì½|!¿�´ In

(X£(½�¤
(X¤�§̂ 5O�(Xål�ù£´ù�(Xì½|�ù

£¶XJ(X´|(X!½ö´,�(Xì½|� In+(X£�U´¤
(X¤

�§̂ ��ù£â´(X��ù£¶
�XJ(Xáu�
AÏ�(Xì|�§

X Cancer§�Ä�¬�E, (äN�©z [128]Ú [83])"3O�ýé(��¦^

��»Æ� Ω0 = 0.3!ΩΛ = 0.7!H0 = 100 km s−1Mpc−1"

2.2.3 ���ÝÝÝÐÐÐ°°°

3�ïÄ¥^��,��­�ëêÒ´£ã(X^=�Ý��ÝÐ

°"SFI++¥��ÝÐ°êâ�¹ü«a.µ*ÿ 21cmÅ�? HIÌ��Ð°

W21 Ú*ÿ1ÆÅã^=­�£Optical Rotation Curve§ORC¤���1Æ�

ÝÐ°WORC"

'u HIÌ��ÝÐ°�ÿþÚU�3©z [182]¥k�[£ã§ùp�´

{ü�0��e"Äk§̂ õ�ª©O[ÜÌ�üÊ§XJ,?�[Ü6þ´

dý�6þ¸�~�6þ��þ��£root mean squeer¤����§K½Â�

¥:£midpoint¤§ü�¥:�m�°ÝÒ´Ð°§±�Ý�ü �Ò��ÝÐ

°"ÿþ HIÌ��ÝÐ°�§�Ü©�¹^�´��õ�ª£=��¤[ÜÌ

�üÊ§�k�ê�ÿ^
��õ�ª"ã 2.2´©Ù [182]¥���~f§Ù

¥W50Ò´Ì��ÝÐ° (��u�!¥�W21)"

HIÌ��ÝÐ°��q²L
ù£U�!¤ìU�!D(U�!ë6U�

±9À�ÝKU�"²LU����ÝÐ°W21L«�µ

W21 =

(
Wobs,21 −∆s

1 + z
−∆t

)
1

sin i
, (2.5)

Ù¥§Wobs,21´*ÿ���ÝÐ°�§zÚ i©O´(X�ù£Ú��§∆t�L

ë6U�§ùp�� 6.5 km s−1§
 ∆s = 2∆vλ§Ù¥ ∆v´�1Ìÿþª��

m�©� (± km s−1�ü )§λ´ ∆v�¼ê
�¼ê/ª�1Ì�&D'Ú

²wa.k' [182]",	§3O�W21 �Ø��§Ó��Ä
*ÿØ�Ú�«

U�Ø�§¿�´��æ^©z [83]¥�úªÚëêO��§=µ

ε2W21
=

ε2Wobs,21
+ ε2s

(1 + z)2 sin2 i
+

ε2t
sin2 i

+ ε2iW
2
21 sin2 i , (2.6)
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ã 2.2: �ã5g©z [182]§́ ÿþ HIÌ��ÝÐ°�~f"(a)ã´�IO�

HIÌ§(b)ã´&D'����¹§(c)ã´Øé¡Ì��¹"Ù¥W50L«�

ÝÐ°§Vsys´(X�ò1�Ý§üÊ��� (õ�ª)´^���:[Ü��"

Ù¥§εWobs,21
´ Wobs,21 �*ÿØ�§εs Ú εt ©O´ ∆s Ú ∆t �Ø�§©O�

0.25∆sÚ 0.25∆t§εi´��U�Ø�§

εi =

[
d(1/ sin i)

d (e)

]
εe,

Ù¥ εe = 0.090− 0.12e+ 0.037e2"

3 SFI++ ¥§¤k�1Æ�ÝÐ° WORC Ñ´^ Giovanelli & Haynes

(2002) [80]� polyex�.[Ü(X^=­����"d�.½Â§3ål(X

¥% r?�^=�Ý�µ

VPE(r) = V0(1− e−r/rPE)(1 + αr/rPE), (2.7)
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Ù¥§V0´ORC�Ì�§rPE´ORCþ,«��êI�§α´ORC	Ü« (�

�»?)�Cz�Ç"3�¹ 83  ��1o1Ý��» (ropt)?§Ù VPE Ò´

1Æ�ÝÐ°WORC"��§WORC��
ÚW21���ù£Ú��U� [35]"

3 SFI++ ¥§XJ,(X�ü«�ÝÐ°Ñkÿþ§
��þÑé

Ð§SFI++��¬ÀW21 ��d(X��ÝÐ°"Ï��~(X� HIíN©

Ù��A�´ð(�ü�§¤±*ÿ HIÌ��±�l�(X���»?"3

SFI++¥§��k 60 �(X^�W21§�e� 40 ^WORC"¿� SFI++k

Ø� 20  (873�)(XÓ�kü«Ð°§Catinella �<(2007) [36]^ù
êâ

òùü«Ð°?1
'�§uyùü«Ð°kXÚ�§W21 XÚ/�uWORC"

¿�§ù«XÚ�Ø=Ú ORC÷�»�òÐk' (òÐ��Ð°���)§�Ú

ropt?� ORC�Çk'"¦�[Ü��'Xµ

W21/WORC = 0.899 + 0.118rmax/ropt, þ,� ORC;

W21/WORC = 1.075− 0.013rmax/ropt, ²�ORC.
(2.8)

Ù¥ rmax´ ORC���òÐ�»§/þ,� ORC0� ropt?� ORC�Ç�u

0.5 km s−1 arcsec−1§/²� ORC0� ropt ?� ORC�Ç�u 0.5"SFI++¥^

dúªòWORC �
U�§Áã�Øü«�ÝÐ°m�XÚ�§¿òU�L�

W21ÚWORCÚ�¡�WTF§3�Ù¥^W {üL«"

2.2.4 (((XXX���»»»

�©ïÄ�´^µ(X� TF'X§¿Áãé��1nëþ¦Ù�Ñ²w

~�§
(X�» RÃ¦´��éÐ�ÿÀö"Ï� RØ=Ú(�!�ÝÐ°

��´Ä�ëê§
������°"

3 SFI++¥�Ñ
ü«(X�»µ1Æ�» ro
83LÚ�1Ý�» ro

23.5"Ù¥

ro
83L ´d(Xã����§́ �¹ 83 1Ý��»§=þ!¥� ropt"éu1

Ý©Ù´�êÓ+�(X5`§(XI� ro
d ' ro

83L/3.21"
 ro
23.5´(X� I Å

ã¡�Ý� 23.5 mag arcsec−2?��»"§��ü Ñ´�¦£arcsec¤"

�
��¡�� r23.5§aqu(��¡�U�£=g�1U�¤§^©z

[85]¥�úª£6¤µ

ro
23.5/r23.5 = (a/b)β (2.9)

Ù¥ ro
23.5 Ú r23.5 ©O´*ÿ��»Ú����¡��»§a/b ´^©z [84]
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¥��{U�ÀwÝ��(X¶'§β ´��� I Åãýé(�k'�

þµβ = 0.03(MI + 20.0) + 0.25£�©z [85]¥ã 7b¤"

Ó�/§�±��¡�� rd§̂ �´©z [85]¥�úª£5¤µ

ro
d/rd = (a/b)α, (2.10)

Ù¥ α = 0.04(MI + 20.0) + 0.18£d©z [85]¥ã 7a�¤"

äN/§(X�»�¡�U�úªL«�µ

R23.5 = ro
23.5 ×

3.14dA

18× 36
(1− e)0.03(MI+20.0)+0.25 , (2.11)

Rd = ro
d ×

3.14dA

18× 36
(1− e)0.04(MI+20.0)+0.18 , (2.12)

Ù¥§R23.5Ú Rd´± kpc�ü ��»§dA´^(Xù£O�����Ä�

IX¥���»ål§eL«(X�ýÇ§� (1− e) = b/a"

2.3 ���©©©���������ÀÀÀ���

SFI++ êâ¥¥�k 4861 �(X§Ù¥ 4319 �®²� Springob �<

(2007) [183]úÙ
�»�§ù
k�»��(X´·�ý�I��"�
�

yïÄ(J�O(5§·�^�
^�?�ÚÀJ��"Äk�Ø(X¥I Å

ãýé(��Ø� εMI
�u 0.15�(X 220�§2�Ø 276��ÝÐ°�éê

� log W �Ø� εlog W �u 0.06�(X"�
~�(X�ÄéålÿþÚ TF

'X�Ñ�K�§q�
 CMB X¥ò1�Ýcz < 3000 km s−1�(X� 721

�",	§�Ä� TF'X�/��'5 [82, 48, 128]§·��ïÄ
 SbÚ Sc

(X"ùp� Sb(X½Â�3 RC3XÚ (Third Reference Catalogue of Bright

Galaxies) [53]Sæ^�(X/��è T � 3�(X¶Sc(X¢S´ T=4§5§6

= Sbc/Sc/Scd(X"�, SFI++®²ò(X�a.�
U�§¦�ØÓa.

(X��� TFA���§�´�
ïÄ�:�5§31nÙ�ïÄ¥·�kò

��¥� Sb(X��/�U�§=òÙ(�~� −0.1− 0.9(logW − 2.5) mag"

·�vïÄÙ§a.�(X§Ï�§��êþ�é��£4319�(X¥�k

278�Ù§a.(X¤§ÚOd�Ø²w"ã 2.3¥�J�òù
ÀJ^�/�

�L«
Ñ5"�d��§·�����¹k 2899�(X"

ã 2.4w«�´ù
(X£�?1�/�U�¤� TF'X§Ù¥n��L

Sb(X§���L Sc(X§¢�´[Üd 2899�(X��� TF'X§ü^
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ã 2.3: 4319� SFI++(X��
Ä�ëþ�ÚO��ã"ù
(X��»®

d Springob�<Jø"R��J�L«���Ü©ÀJ^�"

J�L«Ù 3��þ���Ñ�� (3 σrms)"äN�[Ü�{3 2.4.3!¥üÕ

0�"dã�±wÑ§k
: l[Ü'X���"·�^S�{�
@
 

l�u 3 σrms�(X§���� 2835�(X���©��ª��§Ù¥k 1093

� Sb(XÚ 1742� Sc(X"d�ª��� TF'X´µ

MI = (−7.514± 0.012)(logW − 2.5)− 20.726± 0.002 , (2.13)

^:�L«3ã 2.4¥§Ù�Ñ´ 0.391 mag"d(J�Ó�ïÄ I Åã TF'

X� 1997c Giovanelli�< [82]9 2006cMaster�< [128]�(JÄ���§

¦�����Ç©O� −7.68Ú −7.85"
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ã 2.4: �âÄ�ëþÀÑ� 2899�^µ(X� TF'Xã"¢��L[Üù


(X��� TF'X§ü^J��Lù�'X� 3σrms�Ñ"̂ S�{�Ø 3σrms

�	�(X�§���©��ª��§:��L�ª��� TF'X"

2.4 ���555£££888���{{{

3þ!¥·��Ñ
Äu��êâ[ÜÑ� TF'X"¯¢þ§êâ�[

Ü(J3�½§ÝþÚ[Ü�{k'"ùp0�3[Ü TF'XÚÄ�¡��

~^����¦{ [105, 66, 82]Ú��q,{ [44]"

2.4.1 ���������¦¦¦{{{

���¦{£q¡��²�{¤´�«êÆ`zEâ"§ÏL��z �

�²�Ú§Ïéêâ��Z¼ê��"�âgCþÚÏCþ�ÀJ�ØÓ§±

9��zëþ�ØÓ§���¦{q�©�~^� 6«"
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1!��£forword¤���¦{�¦êâ3 y ¶����Ñ£χ2¤��"é

u'X y = ax+ b§�¦

χ2 =
N∑

i=1

(yi − axi − b)2

σ2
yi

+ a2σ2
xi

(2.14)

��§Ù¥ N ´��¥êâ:�êþ§σyi
Ú σxi

©O´1 i�êâ:� yÚ x

��Ø�"

2!��£inverse¤���¦{§=�¦ x¶����Ñ��§Ù χ2�µ

χ2 =
N∑

i=1

(xi − (yi − b)/a)2

σ2
xi

+ σ2
yi
/a2

. (2.15)

3!êâ:�£8��R�ål£�Ñ¤��"XJcü«�{���

£8���Ç©O� a1 Ú a2 §d�{����Ç� a3 = 1
2
[(a2 − a−1

1 ) +

sign(Sxy)
√

4 + (a2 − a−1
1 )2]§Ù¥ sign(Sxy)´ Sxy =

∑n
i=1(xi− x)(yi− y)��K

Ò§Ù¥ x =
∑n

i=1 xi/n, y =
∑n

i=1 yi/n",�§�â£8���Ç�±��Ù

": b = y − ax"

4!1 1«Ú1 2«£8���²©�§Ù�Ç� a4 = (a1 + a2)
−1[a1a2 −

1 +
√

(1 + a2
1)(1 + a2

2)]"

5!1 1«Ú1 2«£8��AÛ²þ§Ù�Ç� a5 = sign(Sxy)
√
a1a2"

6!1 1«Ú1 2«£8���â²þ§Ù�Ç� a6 = (a1 + a2)/2"

3þã����¦{¥§V¹X��b�§=^5[Ü�'X´�^vk

S��Ñ��"̄ ¢þ§3U©ïÄ¥éõ²��''X£IÝÆ¤́ �3S�

�Ñ�"3ù«�¹e§�±^��q,{Ó�©Û*ÿØ�ÚS��Ñ"

2.4.2 ������qqq,,,���OOO{{{

��q,{´^5¦������'VÇ�Ý¼ê�ëê"����¦{

��§éu�5'X§DÚ���q,{�´{ü/òÙw¤�^�§=Ù��

ëþ�kü�µ�Ç aÚ": b§ÏLo�'X�Ñ�d*ÿØ�Úå��Ñ�

'�§��'X�S��Ñ"�´�õê�5'X´k�½S��Ñ�§=�

5'X¢SATkn�ëþµ�Ç a!": bÚS��Ñ σ"éu*ÿØ�4�

��Oêâ:§DÚ�{¬¦Ù�­��§[Ü(J¬k �§¢SþÏ�S�



1�Ù êâ 33

�Ñ��3§AT2\þ 1/σ2 �§±~�ù
�O:��­£�� D’Agostini

�< 2005c�©Ù [44]¤"e¡{ü0�XÛ3�ÄS��Ñ�^��q,{

���5'X�n�ëþ"

XJ,(X iÎÜëþ� a!bÚ σ ��5'X§ÙgCþ�*ÿ�� x̂i

�§ÙÏCþ�*ÿ�� ŷi�VÇ�

p(ŷi|x̂i, σx,i, σy,i, a, b, σ) =

∫ ∞

−∞
dyi p(ŷi|yi)p(yi|x̂i)

=

∫ ∞

−∞
dyi p(ŷi|yi)

∫ ∞

−∞
dxi p(yi|xi)p(xi|x̂i) ,(2.16)

Ù¥ σx,i Ú σy,i ©O´ x̂i Ú ŷi �ÿþØ�§xi Ú yi ©O´ x̂i Ú ŷi �ý¢

�§p(ŷi|yi)!p(yi|x̂i)!p(yi|xi)Ú p(xi|x̂i)´�
VÇ"

b�d[Ü'X�S��Ñ´pd©Ù§=(X i�ý¢gCþ� xi �§

Ùý¢ÏCþ� yi�VÇÎÜpd©Ù§L«�µ

p(yi|xi) = (2πσ2)−1/2 exp

[
−(yi − ȳi)

2

2σ2

]
, (2.17)

Ù¥

ȳi = a(xi − x0) + b

Ù¥ x0��ÀJ¦ aÚ bØ�'§= a3�Z[Ü�N� 1σa�Cz§Ø¬K

� b�[Ü(J",	§b�*ÿ� x̂i Ú ŷi �éuý¢� xi Ú yi �©O´p

d©Ù§=

p(ŷi|yi) = (2πσ2
y,i)

−1/2 exp

[
−(ŷi − yi)

2

2σ2
y,i

]
p(x̂i|xi) = (2πσ2

x,i)
−1/2 exp

[
−(x̂i − xi)

2

2σ2
x,i

]
. (2.18)

2b� x̂i 3*ÿØ���SÙý¢�� xi �VÇÑ��§= p(xi|x̂i)�~ê§

K p(xi|x̂i) = p(x̂i|xi)"@o§Ò�±��(X i�VÇ p(ŷi|x̂i, σx,i, σy,i, a, b, σ)"

Ïd§éu¤k�(X§oVÇ�éê��µ

lnL =
∑

i

ln p(ŷi|x̂i, σx,i, σy,i, a, b, σ)

= −1

2

∑
i

ln(σ2 + σ2
y,i + a2σ2

x,i)

−
∑

i

[ŷi − (ax̂i + b)]2

2(σ2 + σ2
y,i + a2σ2

x,i)
+ C . (2.19)
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�� lnL�éA�£a!b!σ¤§Ò´d�5'X��Ç a!": bÚS��Ñ σ"

��5¿�´§XJòúª (2.19)¥� σ��0§Kd�{ÒÚDÚ��{��


"

2.4.3 ���©©©���£££888���{{{999������������555UUU���

éuØÓ���§äN¦^=«�{[Ü�ûu���ëê��5!Ø�

�&E!ÏCþÚgCþ�ÀJ�äN�¹"{üå�§�©¦^�´U©ï

Ä¥�~^������¦{§Ø
�Ä�Ù�{ü	§�Ï��©'5��

:��´(X3 TF'X�MI£= y¤����Ñ"

�ó�¥^��[Ü�{äNXe"éu'X y = f(x)§Ù χ2L«�µ

χ2 =
N∑

i=1

(yi − f(xi))
2

σ2
yi

wi , (2.20)

Ù¥§N ´��¥(X�êþ§σyi
´1 i�ê(X� y �Ø�§wi ´ù�(

X��­"± TF'X�~§Cþ x�L TF'X¥� (logW − 2.5)§f(x)´

a(logW − 2.5) + b§yÚ σy ´MI ÚÙØ� σMI
"

,	§[Ü�^��ëþ�k(X�­ wi"widüÜ©|¤µ�ÝÐ°�

éê� logWi �Ø� (L«� σlog Wi
)Ú*ÿ�¢��V(XÚå����Ø

��5"σlog Wi
���(XÓ��­��¶
(X�V§Ù�­��"XJ^

w1iL« σlog Wi
Úå��­§̂ w2iL«du���Ø��5
Ú\��­§K

1 i�(X�o�­Ò�½Â� wi = w1iw2i§� w1i = σ−1
log Wi
§
 w2i´1Ý¼

ê£Luminosity Function¤����(���ã�'�§Xã 2.5¤«"ã 2.5

w«
��£ 2835�(X¤�(�©Ù��ã§z�«m¥�(Xê8�Ó¶


­�´1Ý¼ê§L«�����^µ(X���1Ý©Ù�¹§̂ ëê�

α = −0.5ÚM∗ = −21.6� Schechter�§L«§¿�?1
IOzU�¦Ù�

à£MI < −21.0¤�©Ù�(���ãÄ�­Ü§Ïd§éuMI < −21.0��

�(X§Ù�­ w2i��½� 1"ùp§é¤ka.�(X·��^
��1Ý

¼ê£ã§Ï� SbÚ Sc(X�1Ý¼ê�Oé� [18]"��§Ò�±��(X

�o�­ wi§¿�§��8�z�(X�oê8§=
∑
wi = N"

3�©1nÙ�¤k[Ü¥§Ñ^
(X��­ wi"Ø
ã 3.8Úã 3.11

¥�Ø��^ bootstrapO�	§ëê�Ø�£X TF'X¥ aÚ b�Ø�¤Ñ

^∆χ2 = 1.0��"XJ,'X�ÏCþvkØ�êâ§·�� σyi
= 1.0§¿�
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ã 2.5: �ª��£2835�(X¤� IÅã(����ã"z�«m¥(Xê8�

Ó"­�´�L1Ý¼ê� Schechter�§§Ùëê´ α = −0.5ÚM∗ = −20.6§

¿�ÙpÝ®�N�§±­Ü��ã��à (MI < −21.0)�©Ù"

Ù¤kXê�[ÜØ�I�2¦±
√
χ2

min/(N − 2)§Ù¥ χ2
min´[Ü(J� χ2

� [158]"





111nnnÙÙÙ ^̂̂µµµ(((XXX��� TF'''XXX¥¥¥111nnnëëëþþþ���ÚÚÚ\\\

3�©1 1.2!¥®²J�§TF'X�±^5ÿþC�(X�ål"3 I

Åã TF'XS��Ñ��� 0.3 mag [82, 128]§éA�ål��Ø����

15 "XJ TF'X��Ñ2~�§d�O�°Ý¬�p"

TF'X��ÑÌ�kn«å
µ�©êâ�ÿþØ�!ëþU�¥�Ø(

½!9Ù§�Ï"ÏLJpêâ�þÚU?ëþ�U��{§�±~�cü��

Ï�K�"Ïd TF'X�Ñ��)�UÌ�´du1n��Ï§ddÚå�

�Ñ¡� TF'X�S��Ñ [82, 128]"�
~�S��Ñ§<�Áãé� TF

'X�O�ëþ [25, 133, 213, 61]§½ö3 TF¥Ú\1nëþ [196, 210, 43]"

3�© 1.3!¥§·�®²{�0�
3 TF'X¥Ú\1nëþ!�ï^µ(

XÄ�¡�ïÄyGÚnØ¿Â"

�
��'u1nëþ��&(J§I�k���þ!� TF êâ�

�"�C Springob �<nÜ¿úm
�� I Åã!�^u TF ïÄ�êâ

¥§SFI++£��1�Ù¤"dêâ¥�)
�� 5000�^µ(X§́ 8c��

� I Åã TF��"Äu SFI++§TF'X®²�c[/ïÄ§¿�ÏLéÜ

2MASSêâïÄ®�*Ð� J!H!K Åã [128, 129]",
§SFI++�vk�

^5ïÄ TF'X�1nëþ"

3�Ù¥§·�ò^l SFI++êâ¥����� (� 2835�(X§��

ÀJ��1�Ù)ïÄ�» R´Ä´ TF'X�1nëþ"�±c�ïÄ�'§

·�Ø=^ SFI++ù����Jp
ïÄ(J��&Ý§
��'% R��

TF'X1nëþ�äN/ª"3±c�ïÄ¥§Koda�<3ÙïÄm©�Ò

b�nëþ TF�/ª� L ∝ (V R)α§aq/ Han�<^�´ L ∝ V αRβ",


§Shen�< 2003c�ó�L² R ∝ Mα §Ù¥M ´(X�þ§éu�þ�

u 1010.3 M⊙ �(X α = 0.4§éu�þ�u 1010.3 M� �(X α = 0.15"Ïd§

���ÜnÚE,�ßÿ´§R��1nëþ3n�ëê�m��¤�U¿Ø

´��²¡§
´��­¡"Äud�Ä§·�vkýkb� R�Ú\/ª§


´l TF�í�m©§ÏL�[ïÄ R� TFí��m�'X§Áã`² R´

Ä´ TF'X�1nëþ§¿é�nëþ TF'X�äNL�/ª"

3�Ù¥·�¬kïÄ¿üØ§(X¤?��¸Ú(X/�é TF'X�
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K� (� 3.1!)",�ÏL©ÛÚ\ R´Ä�±~� TF'X�í�§y² TF

'X�1nëþ´Ä�3 (� 3.2!)§¿�©Û R��1nëþ�äN/ª (�

3.3!)"��´{ü�o(Ú?Ø (� 3.4!)"

3.1 ���¸̧̧ÚÚÚ(((XXX///������KKK���

��@�§(X�üzL§É��¸�K�µ�(X?\p�Ý«�§Ùí

N��l§¦Ùð(/¤Úð($ÄÑÉ�K�"ÏdØÓ�¸¥� TF'X

�UØÓ [138]",	§TF'XÚ(X/��k�½��' [82, 48, 128]",


/�Ú�¸ùü�Ï�qk�½���K�§3p�«@.(X�õ§
$�

«¥��.(X'~��"

ã 3.1: ^u'� TF'X� 4�f�� (Sbì(X!Sb|(X!Scì(XÚ Sc

|(X)� log W ©Ù�¹"
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SFI++¥Qkì¥�(X�k|¥�(X§
��¹õ«a.�(X"Ï

d3ïÄ TF'X�c§7Lk�Ä�¸Ú(X/�éÙ�K�"ò 2.3!�

�� 2835� SFI++(X§©� 4�f��µSbì(X!Sb|(X!Scì(

XÚ Sc|(X"ÏL'�§�� TF'X§y²^·����ïÄ TF'X´

ÄÉ�¸Ú(X/�K�"I�5¿�´§TF'X��Ñ´^=�Ý�¼ê

[82, 128]§Ïd=¦ù
f��k�Ó�S� TF'X§�´XJ^=�Ý©

ÙØÓ§§�[Ü��� TF'X��UØÓ"Ïdù 4�f��I��?�

ÚÀ�§¦Ù^=�Ý log W ©Ù�¹��"·�À����� (Sbì(X�

�§369�(X)�^=�Ý©Ù��IO§Ù§ 3�f��ÏL�Ù'���

�ª�f��"ù 4��ªf��� log W ©Ù�¹�ã 3.1"

L 3.1: 4�f��� TF'X[ÜXê

f�� N0 N a b σrms/mag

ì, Sb 369 369 −6.410± 0.032 −20.664± 0.006 0.374

|, Sb 724 369 −5.886± 0.034 −20.658± 0.005 0.365

ì, Sc 657 358 −7.766± 0.033 −20.716± 0.006 0.345

|, Sc 1085 369 −7.464± 0.040 −20.734± 0.006 0.415

5¿µN0 ´�f��3'� log W ©Ùc�(Xê§N ´'���

(Xê"aÚ b´d'��������"

ù 4�f��� TF'X�P¹3
ã 3.2ÚL 3.1¥§Ó�ù 4�f��

¥� SbÚ Sc(X©O|¤
,ü���§Ù[Ü(J��P¹3ã¥"�±w

Ñ§ù
ëê©�²w�ü|§Sbf���ëêÚ Sc�kwÍ«O§
3�½

(X/��ìf���ëêÚ|��É��§ù�(J�©z [48, 82, 48, 128]

�(J��"Ïd§3�e5�ïÄ¥§·�òé SbÚ Scü«/��(X©O

?Ø§
Ø2�Ä�¸�K�"

3.2 111nnnëëëþþþ���ÚÚÚ\\\

(X���²~�^�1nëþÚ\� TF'X¥§
���b�nëþ

TF'X3ëþ�éê�m¥´��²¡§�¡�^µ(X�/Ä�¡0"��

c�ïÄaq�´§·��^�» R��1nëþ¶ØÓ�´§·�l TF'
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ã 3.2: 6�f��� TF'X�Xê'�ã§Ù¥k Sbì(X!Sb|(X!Sc

ì(XÚ Sc|(X��§±9 Sbì(XÚ Sb|(X|¤� Sb��§Scì(

XÚ Sc|(X|¤� Sc��"Ø���LXê�[ÜØ�"¤kêâ´²L

�/�U��"

X�í� ∆MI m©§ÏLïÄ§��»�'X§(½�»´Ä´ TF'X�1

nëþ"Ù¥§í� ∆MI ½Â�*ÿ�� I Åãýé(�MI ~�d[Ü'X

í��ýé(��§= ∆MI = MI − a× (logW − 2.5)− b"ã 3.3L«�´ Sc

£�>¤Ú Sb£m>¤(X� TF'X§¢�´[Ü(J§Ù[ÜXê aÚ b�

L 3.2§dd'X=��í� ∆MI "

Äk§·��Ñ
(X�»�í� ∆MI �'X§Xã 3.4¤«"ã��þ

�´ Sc(X� ∆MI–log R23.5 'Xã§mþ�´ Sc(X� ∆MI–log Rd 'X

ã§�e�´ Sb(X� ∆MI–log R23.5 'Xã§me�´ Sb(X� ∆MI–log
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ã 3.3: Sc£�>¤Ú Sb£m>¤(X� TF'X"¢�L«[Ü(J"

Rd 'Xã"ã¥�ùÚ��L«3z�î�I£�»¤«mS� ∆MI �²þ

�£��­O�¤"Xã 3.4¤«§�,�Ñ��§�´(X�»�í� ∆MI �

(�'"

,
ù«�'�U¿Ø´S��§
´du∆MI Ú log RÑ´ log W �¼

ê [213, 61, 9]"�
�Ød�A§·�I�k©Û log R–log W 'X§���

log W Ã'�í� ∆ logR§2òÙ� ∆MI ?1'�§XJ§��'K`² R

���1nëþÚ\ TF'X"

ã 3.5w«�´ log R–log W 'X"�þ�´ Sc (X� log R23.5–log W

'Xã§mþ�´ Sb(X� log R23.5–log W 'Xã§�e�´ Sc(X� log

Rd–log W 'Xã§me�´ Sb(X� log Rd–log W 'Xã"ùÚ��Ó�L

«3z�î�I«mS�p�Iþ���­²þ�"�±wÑ§ù 4�'XÄ

�þÑ´�5�§·�ò log R–log W 'XL«�µ

logR = c (logW − 2.5) + d, (3.1)

Ù¥ cÚ d´[ÜXê"ã¥�¢�L«[Ü(J§Ù[ÜXê��3L 3.2

¥"dd'Xí�� log R2�*ÿ�'�§Ò���í� ∆ logR"

Ïd§Ò�±ïÄí�'X ∆MI–∆ logR§Xã 3.6¤«"3ã¥d��m

dþ�e©O´ Sc(X� ∆MI–∆ logR23.5 'Xã!Sc(X� ∆MI–∆ logRd

'Xã!Sb(X�∆MI–∆ logR23.5'Xã!Sb(X�∆MI–∆ logRd'Xã"

ùÚ��Ó�L«3z�î�I«mS�p�Iþ���­²þ�"�±wÑ§
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ã 3.4: í�∆MI ��»�'Xã"�þ�´ Sc(X�∆MI–log R23.5'Xã§

mþ�´ Sc(X� ∆MI–log Rd 'Xã§�e�´ Sb(X� ∆MI–log R23.5

'Xã§me�´ Sb(X� ∆MI–log Rd'Xã"ã¥ù��L«3z�î�

I£�»¤«mS� ∆MI �²þ�"

ù 4�í�'XÄ�þ�Ñ´�5�§¤±·�òÙL«�µ

∆MI = e ∆ logR + f, (3.2)

Ù¥ eÚ f ´[ÜXê"ã¥�¢�L«�í�'X�[Ü(J§[ÜXêÓ

���3L 3.2¥"

XL¤«§4�í�'X�": f ��Ñ�C 0.0§d�nØ�Î"Ï�3

nØþ?Ûí�§�) ∆MI Ú ∆ log R§�²þ�ÑAT´ 0.0"��5¿�

´§í�'X��'5�r§cÙ´�»� R23.5 ��¹§éu SbÚ Sc(X§

Ù�'Xê©O� −0.726Ú −0.859¶¿�í�'X��Ñ' TF'X��Ñ
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ã 3.5: (X� log R–log W 'X"�>ü�´ Sc(X��¹§m>´ Sb(X

��¹¶þ>ü�´ log R23.5–log W 'X§e>´ log Rd–log W 'X"¢�´

§��[Ü�§[ÜXêÑ�3L 3.2¥"ùÚ��L«3z�î�I«mS�

²þ�"

²w��§éu�»� R23.5��¹§�Ñ~�
�� 42 "Ïd§�»�±´

TF'X�1nëþ§¿� R23.5' Rd�·Ü� TF'X�1nëþ"Han �<

[95]±9 Shen �< [177]�Ñ@��1Ý�» R23.5�·Ü� TF'X�1në

þ"ù�U´Ï��1Ý�»�ÿþØ=Ú��I� Rd k'�Ú(X�o1

Ýk'"

3þ¡�ó�¥§·���ò¤k�'Xw��5�§ù¢Sþ�duï

Ä^µ(X�/Ä�¡0"dúª (1.5)!(3.1)!(3.2)��µ

MI = α (logW − 2.5) + β logR + γ , (3.3)
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ã 3.6: d��mdþ�e©O´ Sc (X� ∆MI–∆ logR23.5 'Xã! Sc (

X� ∆MI–∆ logRd 'Xã! Sb (X� ∆MI–∆ logR23.5 'Xã! Sb (X�

∆MI–∆ logRd 'Xã"¢�´§��[Ü�§[ÜXêÑ�3L 3.2¥"ùÚ

��L«3z�î�I«mS�²þ�"

Ù¥ α = a− e× c§β = eÚ γ = b − e× d + f"òL 3.2¥�êâ�\d�§
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L 3.2: SbÚ Sc(X��
�5'X�[Ü(J

Sb (1093) Sc (1742)

a −6.196±0.020 −7.742±0.014

b −20.656±0.004 −20.728±0.002

σrms(2P)* 0.367 0.400

R23.5 Rd R23.5 Rd

c 1.226±0.018 1.028±0.024 1.264±0.015 0.954±0.020

d 0.872±0.003 0.278±0.004 0.886±0.002 0.318±0.003

e −3.266±0.075 −1.912±0.075 −3.868±0.055 −2.098± 0.065

f 0.022±0.007 0.020±0.009 0.024±0.005 0.024±0.008

r** −0.796 −0.608 −0.859 −0.612

σrms(3P)*** 0.230 0.301 0.206 0.319

5¿: MI = a (log W − 2.5)− b, log R = c (log W − 2.5) + d, and ∆MI = e ∆ log R + f

* üëþ TF'X��Ñ
**í�'X��5�'Xê£linear correlation coefficient¤
***nëþ TF'X��Ñ

¥§Ò�±�� SbÚ Sc(X�Ä�¡�äN/ªµ

Sb, R23.5 : MI = (−2.192± 0.111) (logW − 2.5)−
(3.266± 0.075) logR23.5 − (17.786± 0.067) ,

Sc, R23.5 : MI = (−2.853± 0.092) (logW − 2.5)−
(3.868± 0.055) logR23.5 − (17.277± 0.053) ,

Sb, Rd : MI = (−4.230± 0.092) (logW − 2.5)−
(1.912± 0.075) logR23.5 − (20.105± 0.024) ,

Sc, Rd : MI = (−5.741± 0.076) (logW − 2.5)−
(2.098± 0.065) logR23.5 − (20.037± 0.031) .

(3.4)

'� log R�Xê�éu log W �Xê�§= e/(a − e × c)§�� logR23.5 �

d�²w' log Rd��§ùÓ�`² logR23.53nëþ TF'X¥' log Rd­

�"

±þ0��´lí�∆MI m©��nëþ TF²¡'X�L§"ùp·�

�^±có�¥�ïÄ�{§��[Ü
^µ(X�Ä�¡§=òÓ����

^�����¦{[ÜÄ�¡§¿��Ä
ýé(��Ø�Ú(X�­"d�
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{���[Ü(J´µ

Sb, R23.5 : MI = (−2.284± 0.045) (logW − 2.5)−
(3.185± 0.033) logR23.5 − (17.881± 0.042) ,

Sc, R23.5 : MI = (−2.903± 0.035) (logW − 2.5)−
(3.833± 0.025) logR23.5 − (17.327± 0.033) ,

Sb, Rd : MI = (−4.233± 0.033) (logW − 2.5)−
(1.863± 0.025) logR23.5 − (20.149± 0.031) ,

Sc, Rd : MI = (−5.723± 0.024) (logW − 2.5)−
(2.108± 0.019) logR23.5 − (20.062± 0.025) .

(3.5)

�±w�§d(J�þ¡�(J�~��"

o�§� Rd �'§R23.5 ��U´ TF'X�1nëþ"� R23.5 ��1n

ëþÚ\�§Sb(XÚ Sc(X�'X�Ñ©O~�
 37.3%Ú�Ð� 48.5%"

�,Xd§3e!¥§·��´�Ä
¤k��¹§�)�»� Rd��¹"

3.3 nnnëëëþþþ TF­­­¡¡¡'''XXX

±c��Ü©ïÄÑb�nëþ TF 'X£= M–log W–log R¤´�²

¡ [122, 177, 95]"3þ!¥·��y²
ù�b�Ä�þ´Ün�"�´k


ïÄL²ù�b�é�ULu{ü§nëþ TF'Xé�U´­¡"'X§3

Kauffmann�< [115]Ú Shen�< [178]�ïÄ¥ÑL²§V(X� log R–M

'X��(X�¿Ø�Ó"XJØÓ log W «mS� log R–MI 'XØÓ§Ké

A�í�'X∆ logR–∆MI 3ØÓ log W «mS¬kØÓ��Ç"3�!¥·

�Áã©Ûd¯K§¿©O?Ø�»� R23.5Ú Rd��¹"

3.3.1 R23.5 ������111nnnëëëþþþ

Äk©Û R23.5 ��1nëþ��¹"ã 3.7Ú 3.8©O´ Sc(XÚ Sb(

X3 8�ØÓ log W «mS�í�'Xã"log W 3 2.28 (2.32)� 2.7 (2.74)�

m� Sc (Sb)(X�©¤ log W °ÝÑ� 0.07� 6°§
 log W < 2.28 (2.32)

9 log W > 2.7 (2.74)�(X©O|¤
,	ü�«m"z�«m� log W ²þ

�Ñ�I3
fã�mþ�"ã¥�í�þ ∆MI Ú ∆ logRÑ´3þ!¥O�

���§=¤k Sc (½ Sb)(XÑ^Ó�� TF'XÚ log R–log W 'XO�í



1nÙ ^µ(X� TF'X¥1nëþ�Ú\ 47

ã 3.7: Sc(X3ØÓ log W «mS�í�'Xã§�»^�´ R23.5"z�«

m� log W ²þ�Ñ�I3
fã�mþ�"¢�´d� log W «mS�(X

[Ü∆MI = e ∆ logR����5'X§Ù�Ç eI3ã�e�"�
'�§¤

k Sc(X�oí�'X^J�L«
Ñ5"ùÚ���Lò1�Ý�u 3500

km/s�(X"

�"{üå�§·��½ f = 0.0§=[Ü ∆MI = e ∆ logR§ò����Ç eI

3
z�ã��e�"ã¥�¢�L«[Ü(J"�
'�§¤k Sc (½ Sb)(

X�oí�'X^J�L«
Ñ5"dùü�ã�±wÑ§éu SbÚ Sc(X§

ØÓ log W «mS��Ç e�(kXÚ5�É"

�
/�/L«d�É§·����Ä(X� e–log W 'X§�ã 3.9"ã

¥z�:þ�Ø���Ld:��Ñ"��'�§Sb (Sc)(X�oí�'X�

�Ç�9ÙØ�©O^Y²¢�(:�)ÚÙNC�ÒKL«"
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ã 3.8: Óã 3.7§�´£ã Sb(X��¹"

Xã 3.9¤«§�N5` SbÚ Sc(X� e�(� log W Cz§
�Czª

³��§Ïdy¢
·�'unëþ TF'X´­¡�ßÿ"I�5¿�´§é

u Sb(X (n�)§XJ�ÄÙ¤k�:§��±^{ü���£ã e� log W

C���¹§�´XJ�KüàØ����ü�:§eq�±@�� log W Ã

'§=Ùnëþ TF'XCq�²¡",	§�N5` e–log W 'XØ´{ü�

�5'X§3 log W �u 2.4?§�Ç e� log W �5Æ�C�§ùÜ©�në

þ TF'X´�­�¶
3 log W > 2.4?§eA�Ø� log W Cz§ùÜ© TF

'X�Cq�²¡"�
½þ/£ãd e–log W 'X§·�^­�

e = −8.0 +
4.94

1 + 10−3.0(log W−2.14)
(3.6)

Cq[Üã 3.9¥¤k�: (�) SbÚ Sc(X)§Xã¥J�¤«"

ò e�ù�L�ª�\úª (3.3)¥§Ò�±��nëþ TF­¡'X"�



1nÙ ^µ(X� TF'X¥1nëþ�Ú\ 49

ã 3.9: Sb (n�)Ú Sc (��)(X�í�'X��Ç e� log W �'Xã§�

»´ R23.5":þ�Ø��d bootstrapO���"J�dã¥¤k:Cq[Ü

��"Y²¢�Ú:�©OL« SbÚ Sc(X�oí�'X��Ç§ÒK«L

«ù
�Ç�Ø�"

±��§�éunëþ TF²¡§nëþ TF­¡¬4ÙE,§
�éu TF'

X��Ñ�?�Úü$�^k�£�� 2.3.3!¤",	§�, e� log W k5

Æ/Cz£cÙ´éu Sc(X¤§�d e–log W 'X=·^u 2.2 < logW <2.8

��"¦+Xd§·�E|±ù«E,�­¡§Ï�nëþ TF'Xé�U´S

��­� (� 3.3.4!3.3.6!)§XJ^{ü�²¡[Üd'X§[Ü(Jò¬�

6u���ÀJ�� (� 3.3.5!)"
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ã 3.10: Óã 3.7§�´�»^�´ Rd"

3.3.2 Rd ������111nnnëëëþþþ

�þ!aq§�»� Rd � Sc(XÚ Sb(X3 8�ØÓ log W «mS�

í�'X�©OL«3ã 3.10Ú 3.11¥§Ù e–log W 'X�L«3ã 3.12¥"

�ã 3.9w«�(JØÓ�´§�»� Rd �ã 3.12¥�z�:�Ø���é

��§
�ÃØ=«(XÙ�Ç e� log W �CzÑØ²w§cÙ´�Küà

Ø�����:��"Ïd§Rd��1nëþ� TF'X��C²¡"

3.3.3 TF'''XXX���ÑÑÑ���CCCzzz

·�o(
�Ù¥Ñy��« TF'X��Ñ§Xã 3.13¤«"l��m

�g�üëþ TF'X��Ñ!�»� Rd �nëþ TF'X��Ñ!�»�

R23.5�nëþ TF'X��Ñ!�»©O R23.5�nëþ TF­¡��Ñ"Xã
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ã 3.11: Óã 3.8§�´�»^�´ Rd"

¤«düëþ�nëþ§TF'X��Ñ~���§cÙ´±R23.5��»�¶


nëþ TF'Xd²¡�­¡�§�ÑCz¿Ø²w§ù�U´Ï���¥�

�þ(X�ê8ÓÌ�§
nëþ TF'X�´3��þàk�­"

3.3.4 ÙÙÙ¦¦¦���{{{

�
?�Úy²nëþ TF'X�(�­£�Ø²w¤§·�^ Bernardi�

<��{ [13]��/w0nëþ TF'X¡�ý¡§Xã 3.14Ú 3.15¤«"ã¥

�p�I´nëþ TF²¡��Ñ§=R�uù�¡�í�"XJù�²¡´

MI = α (logW − 2.5) + β logR + γ§KÙR�í�Ò´

∆o ≡
MI − α(logW − 2.5)− β logR− γ√

1 + α2 + β2
. (3.7)
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ã 3.12: Óã3.9§�´�»^� Rd"

î�I´÷²¡�¶����Iµ

XFP ≡ X
√

1 + α2 + (MI − αX)
α√

1 + α2

=
X + αMI√

1 + α2
, (3.8)

Ù¥ X = (logW − 2.5) + (β/α) logR + (γ/α)"dã^�Ä�¡´·�[Ü�

��úª (3.4)"ã¥z��:�L��(X§n�L«z� XFP«mS�²þ

XFP �Ú²þí�§O�²þ���Ä
(X�ýé(�Ø�Ú�­"n�þ

�Ø���L©Ù�Ñ"ã 3.15�Ùaq§�´�»^� Rd"�±wÑ§�»

ÃØ´ log R23.5 �´ log Rd§Sc(X�Ä�¡Ñ' Sb��²w£XFP �©Ù

���2¤§
�§��Ä�¡�(Ñk
�­"
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ã 3.13: 3�Ù¥Ñy��« TF'X��Ñµl��m�g�üëþ TF!n

ëþ TF¿��»� Rd!nëþ TF¿��»� R23.5!�»� R23.5 ���5

nëþ TF��Ñ"Ù¥�n�L« Sb(X�'X�Ñ§��L« Sc(X�

'X�Ñ"

3.3.5 ���­­­ÄÄÄ���¡¡¡���AAA^̂̂

éu�»� log R23.5� Sc(X§Ï�Ù�Ç e� log W Cz�²w§¤±

XJ(X��kØÓ� log W ©Ù��§Ò¬��ØÓ� e§=ØÓ�nëþ

TF'X�Xê (α, β, γ,)"�
y²d*:§l·�� Sc(X��¥ÀÑ
 5

�f��§§�kØÓ� log W e� (log Wlim)"^ TF'X²¡£Ä�¡¤�

�[Üù
f��§��Ù α, β, γ§¿^ÎÒL«3ã 3.16¥"ØÓÎÒ�L

ØÓ�Xê§Xê�Ø��~�§ÏdÙØ��A��:CX"ã¥�­�©O

´d�ªµα = a− e× c£¢�¤!β = e£J�¤Ú γ+13.0 = b− e× d+13.0£:

�¤ýÿ��Xê�Cz�¹§Ù¥ a!b!cÚ d�½�L 3.2¥��§e´3
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ã 3.14: ±^µ(XÄ�¡�¥%�R�í�÷ù�²¡�¶���©Ù�¹§

�»� R23.5§þã´ Sc(X��¹§eã´ Sb(X"n�L«z� XFP «m

S�²þ XFP �Ú²þí�§O�²þ���Ä
(X�ýé(�Ø�Ú�

­"n�þ�Ø���L©Ù�Ñ"

,� log Wlim��S�¤k log W «m�í�'X�Ç�\�²þ�§¿�z

��Ç��­´Ù«mS¤k(X��­��êÚ"Ï� e–log W 'X��3§

¤±dd�{��� TF'X�Xê¬� log WlimCz"

Xã 3.16¤«§:Ú�Ä�­Ü§̀ ²ýÿ�nëþ TF'X� log Wlim

�Cz�¹Ä��("�´I�5¿�´§log Wlim > 2.3� αØ2�Î§ùØ

=´Ï� log Wlim�����¥� log W ���Ä§?
K�
[Ü(J��

&Ý§Ì��´Ï�3ýÿ (¢�)�b�
 a�½§�´¢Sþ a´� log Wlim

Cz� [147, 204]"~X§log Wlim = 2.4�§a ¢S�´ −7.262± 0.030 (Ø´ý
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ã 3.15: Óã 3.14§�´�»� Rd

ÿ^�−7.742± 0.014)§
Ù cÚ e��EÎÜýÿ§=©O� 1.262± 0.025Ú

−3.496± 0.062§Ïd�±O�Ñ α = −2.850§ù���[Ü���(J��"

3.3.6 ���ÄÄÄ���KKK���

3�»�R23.5� e–log W 'X¥ (ã 3.9 )§log W ��� e�C−5.0"��

5¿�´§du(X�ÄÚå�ålÿþØO(§�Ó�¬�)�Ç�� −5.0

�í�'X"Ï�ýé(�M ∝ −5 log d§Ù¥ d�(X�ål§
(Xýé�

� logR ∝ log d§¤±duålÿþØO(Úå�ýé(��Ø� ∆M Údu

Ó��ÏÚå��»�éê��Ø�∆ logR�m�'X�∆M ∝ −5∆ logR"

�
`²(X�Äé�Ù�(J´ÄkK�§·�3ã 3.7!3.8!3.10Ú

3.11¥^ùÚ���Lò1�Ý�u 3500 km/s�(X§ù
(X�ålÿþ
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ã 3.16: Sc(X���nëþ TF'X��XêÚ�� log W e��'X"¢

�!J�Ú:�©OL«d e–log W 'X���ëê α!βÚ γ + 13.0�Cz�

¹"�«ÎÒL«�´��[Ü������Xê"

É�Ä�K���"�±w�§ù
Cå(X�Ù¦(X�'¿vk²w«O§

Ïd·����z� log W «m¥� e�´S��§
Ø´du(Xålÿþ

ØO(Úå�"

3.4 ooo(((ÚÚÚ©©©ÛÛÛ

3�Ù¥§̂ SFI++êâ¥¥ÀJ�^µ(X��£2835�(X¤§ïÄ


 TF'X"ÏL'� TF'X�í�� log R–log W 'X�í��m�'Xu

y§�1Ý�» R23.5 �±�� TF'X�1nëþ§
(XI� Rd ��1n

ëþ��^¿Ø²w"¿��uy§± R23.5�1nëþ� TF'X¿Ø´X²
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¡§cÙ´éu Sc(X"�ÙÌ��(J9?Øo(Xeµ

1. uy TF 'X�1nëþ��3yâ"~X§düëþ� TF �nëþ

�£±R23.5�1nëþ¤§Sb(XÚ Sc(X�'X�Ñ©O~�
 37.3%

Ú 48.5%§í�'X��'Xê©O� −0.796Ú −0.859"

2. ÏLïÄí�'X��Ç e� log W �'X§uynëþ TF'X (=

MI–log W–log R23.5§¤¢�^µ(XÄ�¡) Ø´X²¡§
´k
�

­",
^E,�­¡£ãnëþ TF'X¿ØU¦Ù�ÑwÍü$§Ï

�3��¥��þ(X�êþÓÌ�§nëþ TF'X3��þà��­

K�Ø�"

3. du^µ(X�Ä�¡´S��­�§Ïd�X log W ������C

z§[Ü���^µ(X�Ä�²¡¬XÚCz§ù�U´±c�ó��

��Ä�¡�gØÓ��Ï"
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é@±c<�Òuy
 TF'X�/��'5µ3�½�^=�Ý?§�

@.�^µ(X��1Ý��[162]"
�ù«1Ý�É�Ú*ÿÅãk'§3

áÅãù«�É�� [128, 129]"TF'X�/��'5�åÏ�U´duØÓ

/��(X�(xØÓ£Úå TF'X¥�(�M Cz¤§½ö(X��Äå

ÆØÓ£Úå��^=�Ý VmaxCz¤§½öduüö�ØÓ"

Äk©Û(X(xÚÙ/��'X"���@.^µ(X'��.�ôÚ

 ù"Devereux & Young @�ù«ôÚ�É´du(X�Ø¥Ú��m�'~

ØÓÚå [54]"Ø¥�(x��'�(x�P¿�7á´Ý��p§ÏdØ¥ô

Ú¬�ù§�@.^µ(X�Ø¥'~��§g,¦���(X�ôÚ ù",

	§Kennicutt�<ò(X©)�Ø¥Ú�¤©§¿�'�ØÓ/�^µ(X�

�¤©�ð(/¤{¤§uy��.(X��(x²þ5`�´�c� [120]"

,	§©Û(X^=ÄåÆÚ(X/��m�'X"�,^µ(X�^=

­����@�äkÚ��/G [149, 150]§�´Ek�
yâL²§���.

^µ(X�'�§�@.(X�SÜ«��^=­�þ,�¯ [41, 143]"~X

Noordermeer&Verheijen @�XJ^ìC^=�Ý Vasymp �O��¦^� Vmax

K��þ Sa (X¬�Ð�©Ù3 TF 'Xþ§ùL² Vmax Ú/��' [143]"

3nØ�.�¡§eVÔ��?�»£ ΛCDM¤µee��
�/¤�.

�±éÐ�¢y TF'X�":!�ÇÚ�Ñ [45, 136, 135, 153]"�´§ù
�

.¿ØU��^5ïÄ TF'X�/��'5¯K§Ï�ù
�.���Ñ


(XØ¥Ü©�K�"ù
�.�,��Û�´Ù(x¿Ø´d(X�,�Ô

nL§û½§
´^¯kb½��1'(½"

ù�Ù¥§·�^�.£ãØÓa.^µ(X�(xÚÄåÆ§¿�Áã

éÑÚå TF'X/��'5�Ì��Ï"äN/§3ÄåÆ�¡·�^ Mo,

Mao & White [136]JÑ�ÄåÆ�. (MMW�.)§¿�3dÄ:þO\
Ø

¥¤©"3(x�¡§·�©O£ã�ÚØ¥�ð(/¤{¤£SFH¤§,�^

(xÜ¤�.��§�3ØÓÅã��1'"



60 ^µ(X TULLY–FISHER'X�1nëþ9/��'5�ïÄ

4.1 ^̂̂µµµ(((XXX���ÄÄÄåååÆÆÆ���...

·�^{z�MMW�.£ã^µ(XÄåÆ�¹§¿�3dÄ:þ�Ä


Ø¥��z"3·���.¥§íNÚVÔ��Ðþ!�·Ü3�� å²

ï�'¥"²LÑÑÚË�e%L§§íNÅìe%eü§¿�eüL§¥�

ÄþÅð§Ïd�ª/¤
���G(�"�ª/¤�(X�ð(�þ½Â�

M∗§Ù�Ð©'�þMh �'�� ms ≡ M∗/Mh"XJ(X¥Ø¥¤Ó�'~

� fb§KØ¥Ú���þ©O�Mb = fbM∗ÚMd = (1− fb)M∗"3�Ù¥·

�^Ú�� ΛCDM�»�.§¿�H0 = 70 km s−1 Mpc−1§Ω0 = 0.3§ΩΛ = 0.7§

­f��þ�Ý ΩB = 0.04"

Ï�^µ(X�±©�'!Ø¥Ú�nÜ©§¤±ïÄÙÄåÆ£=^=

­�¤�©O�Ä
ùn�ÄåÆ¤©"e¡òéÙ©O?Ø"

4.1.1 '''

3�½��»¥§'� å�» r200 Úo�þMh �±^7=�Ý Vh L

«£úª (1.9)¤"
�§®²¥ ¿ åz²ï�'�Å NFW �»�Ý©

Ù[140]£�úª (1.14)¤"Ïd§XJ'�7=�Ý Vh®²�½§@o���ù

�'��Ý©Ù!�»9�þ§�e���I�(½�þÒ´¥%àÝ c"3ù

£ z?§c���Ì�Ú'��þk' [140, 28]"·�^� c´3ù£� 0��

{üëêz�. [177]µ

c = 8.5

(
Vh

100 km s−1

)−1/3

. (4.1)

Ïd§'�©Ù�¹�Úëê Vhk'"

4.1.2 ØØØ¥¥¥

b�^µ(XØ¥Ü©��þ¥¥G©Ù§¿�Ù�þ�ÝÎÜHernquist

©Ù [101]µ

ρb(r) =
Mb

2π

a

r

1

(r + a)2
, (4.2)

Ù¥§Mb ´Ø¥�o�þ§a´Ø¥�I�§§ÚØ¥�k��» Re (�1Ý

�»)�'X´ Re ≈ 1.82a (©z [101]¥�úª(38))"d�þ�Ý©Ù�ÝKC

q�ý�(X�²;� R1/4 ¡�Ý©Ù"dúª (4.2)��§�
ïáØ¥�
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ÄåÆA�§Ø
�þMb	§�I���I� a½k��» Re"Ïdb�Ø

¥�lý�(X���–�þ'X [178]µ

Re(Kpc) = 3.47× 10−5

(
Mb

M�

)0.56

, (4.3)

K�»Ò�ÏL�þ��§ρb(r)Ò��Mb�'"

4.1.3 ���

b�^µ(X��¡�þ�Ý©Ù´�ê/ªµµd(r) = µ0exp(−r/Rd)§Ù

¥ µ0 ´�¥%�þ¡�Ý§Rd ´�I�"K��þ´µMd = 2πµ0R
2
d"Ï�

��*ÿ��ÉÙ¥%?Ø¥�K�§¤±·�¿vk^*ÿ��^µ(X�

R–M 'X���.¥� Rd–Md 'X"Ú MMW��§·�b����� Rd

d'�Ð©�Äþ Jhû½"
 Jh�±dg=ëê λL«µ

λ = Jh|Eh|1/2G−1M
−5/2
h , (4.4)

Ù¥§Eh ´'�oUþ"b�¤k�âfÑ3�;�þ$Ä§��§��oÄ

U§2^ å½n����ä� r200�'�oUþ�µ

Eh = −G(4πρcritδ0r
3
s)

2

2rs

[
1

2
− 1

2(1 + c)2
− ln(1 + c)

1 + c

]
= −GM

2
h

2r200

fc , (4.5)

Ù¥

fc =
( c

2

) 1− 1/(1 + c)2 − 2 ln(1 + c)/(1 + c)

[c/(1 + c)− ln(1 + c)]2
,

��'��Ý©Ù (c)k'"

�±Ün/b�µz�­fâf��ÄþÚz�VÔ�âf��Äþ��§

¿��Äþ3ØÓÔ�¤©�mØ�p=�§K�ª/¤����Äþ´

Jd = mdJh , (4.6)

Ù¥ md ´�¥�­fÔ�ÓoÔ��'~",��¡§éu�½�^=­�

V (r)§��o�Äþ�µ

Jd =

∫ r200

0

V (r)rµd(r)2πrdr

= MdRdV200

∫ r200/Rd

0

e−uu2V (Rdu)

V200

du, (4.7)
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Ù¥ V200 ≡ V (r200)ØÉ��K�"Ï��¡�Ý��ê©Ù§¤± r200 � Rd§

È©þ��±��Ã¡"��dúª (4.4)!(4.6)Ú (4.7)���I��µ

Rd =
1√
2
λr200f

−0.5
c fR(λ, c,md, fb) , (4.8)

Ù¥

fR(λ, c,md, fb) = 2

[∫ ∞

0

e−uu2V (Rdu)

V200

du

]−1

.

fR Q�'��Ý©Ùk'q��ÚØ¥�Úå�^k'"Ïd§e®�ëê

c!md§fb Ú λK�±����� Rd"ù«�{���^µ(X���*ÿ(

J�~�¬Ü [186, 178]"I�5¿�´§d fR´ (λ, c,md, fb)�¼ê§'vk

�ÄØ¥¤©�MMW�.õ
�� fb§Ï�3·��^=­� V (r)¥kØ

¥��z (� 4.1.4!)"

ê��[®²L²§'�g=ëê λ�lg,éê©Ù§Ù©Ù�¥%�

λ*0.04!�Ñ σln λ *0.4§¿� λ�©ÙA�ØÉ�»9'��«A��K�

[16]"{üå�§·�vk�Ä λ©Ù��Ñ§¤k(XÑ�Ù¥m� 0.04"

4.1.4 ^̂̂===­­­���

nÜ�Ä'!Ø¥Ú�nÜ©�ÄåÆ�z§Ò���^µ(X�^=­

�µ

V 2(r) = G
MDM(r) +Mb(r)

r
+ V 2

d (r) . (4.9)

Ù¥MDM´VÔ�'��þ(dúª (4.1)Ú md��§��1 1.2.2.2!)§Mb

´Ø¥��þ(�dúª (4.4)��)§V 2
d (r)´d�¤©�z�^=�Ý£��

1 1.2.2.2!¤"

dc¡n��!��§'!Ø¥Ú���þ©Ù�±^�
�.ëê (X

Vh!c!λ�)L«§ÏdÏLN��.ëê�±��ØÓ�^=­�",
§�


��^µ(X�^=­�§Ø
(Xo�ð(�þM∗ 	§�I���Ùn

�|¤Ü© ('!Ø¥Ú�)�m��þ'"ùÒ�9�ü�ëêµ­f¤©¤

Ó�'­ ms ÚØ¥����þ'� B/D = fb/(1 − fb)"ms �½Â�'7=

�Ý Vh (='�þ)�¼êµ

ms =
0.13

1 + (Vh/150 km s−1)−2
. (4.10)
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3��þ'¥§Ï�Ù³³�f§íN�	6L§�k�§¤±k��'~�­

f�N�
V'	¡§ÏdÙ ms ��¶
3��þ'¥§Ï�§��³³�§

¤±Ù­f'­ ms ��§�C�»�­f¤Ó'­ ΩB/Ω0 ≈ 0.13 [209]",�

�ëþ B/D��� 0.5!0.3!0.1§©OéAu Sa!Sb!Sc�.(X [181]"

ã 4.1: Vh = 120 km s−1��.(X�^=­�"Ù¥¢��L(X^=­�§

:�!J�Ú:y�©O�L
'!Ø¥Ú�¤©é^=­���z§ÉÚ!ù

ÚÚ7Ú��©O�L Sa!Sb!Sc.��.(X

ã 4.1w«
^·���.���n«a. (Sa/Sb/Sc)�(X�^=­

�§Ù¥¢��L(X^=­� (=3ØÓ�»?o� V )§:�!J�Ú:y

�©O�L
'!Ø¥Ú�¤©é^=­���z"ùn�a.��.(Xk

Ó��7=�Ý Vh = 120 km s−1§�âúª (1.9)!(4.10)9M∗ = msMh��§

Ùð(�þ�´���§¿��M∗ = 3× 1010M�"lã¥�±w�§éu�@
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.�^µ(X§Ï�§��Ø¥¤©��§¤±Ù�.ýó�^=­�3(X

¥%?þ,�¯§ÏdÙ VmaxÑy3����»?§
�Ù Vmax����"

�´§dd�.ýó� Vmax ���(Xa.f�'§Sa (Sb)� Vmax ��

'éA� Sc�p 1.5  (1.0 )"ù´Ï�§dã 4.1�±wÑ§�, Sa(X (É

�)�Ø¥��z'Ù§a.��§�´ Sc (7�)(X����zq´�²w

�§ùÒÜ©/�Ö
ØÓa.(X� Vmax �O§,	§ØÓa.(X�'�

�^�Oé�"

4.2 ^̂̂µµµ(((XXX���(((xxx

Ø¥Ú�Ø
ÄåÆØÓ�	§Ù(x�´ØÓ�"Ø¥¥é�k�C/

¤�ð(§Ùð(���P¶�´��ð(/¤�I��§=¦y3Ekð(Ø

ä3�þ/¤"

3�!ó�¥§b�Ø¥¥�ð(´c#� 10 Gyr�ü(xð(§
��

ð(/¤{¤ (star formation history§SFH)´�ê/ª�§¿�L«�µ

SFR(t) ∝ exp(−t/τ) , (4.11)

Ù¥ SFR(t)L« t��(X�ð(/¤Ç (star formation rate§SFR)§ τ ´

SFH��mI�"d{ü�©ÛL�ª�±�LØÓa.� SFH"'X§� τ

����C 0�§ù�ªfÒL«ü(x� SFH¶� τ �Ã¡�§3(X��

�{¤¥Ùð(/¤ÇÒ´~ê"·�ò(X��c#Ó��� 10 Gyr"

1994c Kennicutt�< (±e{¡� K94) [120]ò^µ(X� SFH^ü�

ëê b£ãµ

b ≡ SFR

〈SFR〉
, (4.12)

Ù¥§SFRL«8U�ð(/¤Ç§
 〈SFR〉´L��²þð(/¤Ç"¦�
�â^µ(X� UBVôÚÚ Hα 6þ�� b��§¿�uyéu Sa/Sb/Sc(

X§b�;.�©O� 0.12/0.33/0.84§Ù�Ñ��� 0.05/0.15/0.20 1"3úª

(4.11)¥�ù
 b�éA� τ �¥m�©O� 3/5/30 Gyr§¿�τ� 1σ ���

1bd K94¥�L�¯��§3dL�¥�Ñ
�«ga.(X(�) Sa/Sab/Sb/Sbc/Sc/Scd )� b

�"�ÙSaÚ Sab� b��²þ��·�� Sa� b (≈0.12)¶Sb� b�=�·�� Sb� b (≈0.33)¶

Sbc/Sc/Scd� b�²þ�� Sc� b (≈ 0.84)",	 b���Ñ��d K94¥�ã 6 (b�©Ù��ã)�

O��"
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[2,4]/[4,7]/[10,∞] Gyr"ùp τ � 1σ��´d b��Ñ���§¿� 1σ�Ll

32 � 68 � τ ©Ù��"I�5¿�´§éu Sca.§3O�Ù τ ���

�§Ù b��þ�½� 1§=éA� τ �∞§d SFH�²þ(x´dúª (4.11)

����c��"

Äu±þb��Ø¥Ú�� SFH §^ Bruzual & Charlot �#��(x

Ü¤IO (�¡� CB07) [27]§�±©O��Ø¥Ú�ØÓÅã��1'"3

CB07¥kØÓ7á´Ý!ØÓc#�(x§Ù1Ì!�þ!�Åã(�ÚôÚ

��®�§�â(X/¤{¤�±^ù
(xÜ¤(X§Ïdù
Ü¤(X�

(�Ú�þÑ´®��§¤±Ù�1'�®��"·�^�(x�7á´Ý�

�½�����§ð(�Ð©�þ¼ê^�´ Chabrier [37]�§¿���Ú��

ð(�þ�©O� 0.1 M�Ú 100 M�"

��§XJ�½z��.(X�ð(�þmsMhÚ B/D�§Ò�±��Ù

ØÓÅã�ýé(�"Ï�doð(�þÚ B/D��±��Ø¥Ú���g

�þ§2�â§��g��1'§�±��§��g�1Ý (ýé(�)§§��

\=(Xo1Ý (ýé(�)"

4.3 ���...ýýýóóó(((JJJ

3�!¥§ò?Ø�.ýó� TF'X�/��'5§¿�*ÿ�'�"é

uz�(Xa.§·�Ñïá
 11��.(X§ù
(X�'�7=�Ý Vh

3 100� 200 km s−1�m��§¿���m�� 10 km s−1"dúª (4.10)�±

��éA�­f'­ ms ������ 0.04–0.084§�âúª (1.9)�±��'

�þMh���� 3.4× 1011–2.7× 1012M� §üö�¦K�±í��.(Xð

(�þ���3 1.4× 1010� 2.3× 1011M��m"

d 4.1!�±��§(½^=­�Ø
I�ð(�þÚms	§�I� B/D

��§éAu Sa!Sb!Sc§Ù©O��� 0.5!0.3!0.1"
 4.2!�©ÛL²§

��(X�(x§Ø
ð(�þÚ B/D 	§�I�Ø¥Ú���g� SFH§

qÏ�Ø¥®²b��ü(x§¤±�.¥Ò�k��gdëþµ�/¤�

I τ"Sa/Sb/Sc(X� τ �½� K94¥��§= τ �¥m�©O� 3/5/30 Gyr

§1σ��©O� [2,4]/[4,7]/[10,∞] Gyr§d�.{¡� K94�."
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4.3.1 I ÅÅÅããã TF'''XXX

�Ckéõ I Åã� TFêâ*ÿ [83, 47, 207]"dÅã�*ÿ'�ù� H

Åãk�Ð� CCDÿ1§Ó�'�7� BÅã� TF'X�Ñ��"3�©1

�ÙÚ1nÙ^�� SFI++êâ¥Ò´ I Åã�"Master�<@3 2006cÒ

l SFI++¥J�
¤¢���(X§¿éØÓ(Xa.� TF'X?1
ïÄ

[128]§±eò^M06L«dïÄó�"3�!§·��ï�.(X§ýÿ I Å

ã TF'X§¿òÙ�M06�(J'�"

ã 4.2: �.ýó�ØÓ/�^µ(X� I Åã TF'X"n�!��Ú(Ò©

O�L Sc!SbÚ Sa��.(X§ù
(X� TF'X^¢�L«"M06�*ÿ

TF'X^J�L«"dτ � 1 σCzÚå� TF'X�Cz��§̂ :�L«"

K94�.ýó� I Åã TF'X�w«3ã 4.2¥§Ù¥ Sc!SbÚ Sa(X

�©OI3�þ!mþÚ�e��ã¥§n�!��Ú(Ò©O�L Sc!SbÚ
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Sa��.(X§ù
(X� TF'X^¢�L«"��é'§M06�*ÿ TF

'X^J�L«"��ð(/¤�I τ 3 1σS�Cz§¬¦��[ TF'Xk

�Cz��§3ã¥^:�L«"3d��¥§��� τ �)�TF'X�":

���§=�½ Vmax� τ ��(X��"

Sc (�) Sbc/Sc/Scd)^µ(X´ TF'X�Ì�ïÄé�§Ï��.^µ

(X� HIÚ HαÌ��r§Ù�ÝÐ°�N´ÿþ"ÏdéõïÄÑ´ë� Sc

� TF'X§òÙ§/�� TF(J��A�/�U� [83, 47, 214]"3��.

¥§Sc(X�ëêk����ê��[���;.� (X λÚ c���)§k�

���*ÿí��!vk�?ÛN���(X τ*30 Gyr)"dã 4.2�±w�§

·��.ýó� Sc(X� I Åã TF'XÚM06�*ÿ(J�~/��"

�´§éu SbÚ Sa(X§·��.ýó� TF'XÚM06�*ÿØ��

�"ýó� Sb (τ = 5 Gyr)� TF'X�":'*ÿ�XÚ/ �§=�.ýó

�1Ý �"� τ ��þ� (7 Gyr)�§d�OC�§�´E�*ÿØÎ"�[

?Ø� 4.4!"

éu Sa(X§*ÿ�� TF'X��Ç²w'�.ýó��§édkü�

¡)º"Äk§�X©z [82]ÚM06?Ø�@�§Sa� TF'X�Ç��É´

�±ý��§Ï� Sa(X���Ø��5�~�§AO´3$1Ý«§ù¦�

'X�Ç�C�",��¡§3·��.¥ Sa� B/D´~þ 0.5§�´db�

�ULu{ü"3M06¥ Sa(X�¹n�fa. S0/Sa/Sab"3ùn�fa.

¥§�@a.(X (S0)� B/DXÚ/ �§Ó�(X�XÚ/ �§¤±�X

Vmaxl$�p§B/DXÚ/Cz§ù��±¦�*ÿ TF�ÇC�"nØþù§

ÏLÚ\ B/D� Vmax�Cz§�±��*ÿ� Sa� TF'X�Ç§�´·�

¿vkù��§Ï�·�Ø�Ú\�õ�Ø(½Ï�"

��u TF'X��Ç§Ù":[Ú��~Ð",	§éõ'u TF/��

'5�ïÄL«Ù":kÚ�£Ä§= TF'Xk²£ [82, 167, 168]"Ïd3e

!·��^":�£Ä ∆M L« TF'X�/��'5"

4.3.2 ØØØÓÓÓÅÅÅããã��� TF///������'''555

∆M L«ØÓ/�� TF'X��É§§´ TF'X3 Vmax = 200 km s−1

(=log Vmax=2.3)?�":£Ä"�¤±ÀJ Vmax = 200 km s−1§́ Ï�d�é

A�ýé(���´^µ(X1Ý¼ê�M∗§¿�3(����¥d?�(
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X�õ"Ïd TF'X�£ã�µ

M = a log

(
Vmax

200 km s−1

)
+ b , (4.13)

¿� ∆M = ∆b"

ã 4.3: TF'X3ØÓÅã�/��'5§��©¥"

3ã 4.3¥w«�´3ØÓÅã� TF/��'§= SbÚ Sc�m� ∆M§

9 SaÚ Scm� ∆M"�.ýó§∆M Úk�Å�k�½��'"3 0.33–2.2

���Å���S§Åã�) U!B!V!R!I!J!H!K"·�nÜ
�
©

z¥ØÓÅã� ∆M §�3L� 1.3¥§¿�â§��Å�:3
ã¥"ØÓ

�ö�(J^ØÓ/G�:L«§äN®3ã¥`²"I�5¿�´§�
ï

Ä¿vk�w«3ã 4.3¥§�)©z [164]Ú [82]�ïÄ§9 [170] ¥ Sb(X

�ïÄ"©z [164]uy SaÚ Scm�(�� ∆M 3 B Åã�� 2 mag!3 H
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Åã� 1 mag§�Ù§<�ïÄ(J����§¿�©¥vkO� TFëê�Ø

�§Ùz�a.�(Xê8 < 20§Ïdvk�Ñd(J"©z [82]¥�êâ®

²�M06��Ú^¿­#©Û§ü�©Ù�(J�N��§Ïd�Ø2IÑ"

[170]¥ Sb(X� TF'Xv�¦^§Ï�§�Ù{�Ü©ïÄ���´§Ù"

:$�' Sc(X��$§=∆M(Sb-Sc)< 0"

ã 4.3¥�¢�L« K94�.ýÿ�(J"� τ 3Ù 1 σ ��SCz�§

�.ýÿ� ∆M �Cz��^ÒKL«"�±w�§ÃØ´ Sb/Sc�":��

´ Sa/Sc�§K94�.ýÿ�Ñ'¢S*ÿ�²w �"~X§3Cù	Åã

*ÿ��":��²þ�´ ∆M(Sb-Sc)*0.15 magÚ ∆M(Sa-Sc)*0.20 mag§

,
�.ýó�%p�∆M(Sb-Sc)*0.45 magÚ∆M(Sa-Sc)*0.60 mag"ù`

²§XJ K94�.ýóØÓa.^µ(X��(x��É (= Sa§Sb§Sc(X

� τ ©O� 3§5§30 Gyr)´�(�§K TF'X�":��É¬'*ÿ���

�õ"

XJ��ð(/¤�I τ �C§���þ�§K�.ýó� ∆M Ò¬�C

ÒK�e>.§=Ù�*ÿ���O¬C�"Ïd�±�Ä��4��¹µSa

Ú Sb(X�� τ �Ñ� 30 Gyr§=éuØÓa.^µ(X§Ù��(xÑ´

���§ÙoNôÚ�¤±ØÓ�´Ï�ÙØ¥���m�'~ØÓ"�
�

K94�.«O§·�òù«4à�¹P�/Ü¤0(composition)�."

Ü¤�.ýó�(J^:�L«3ã 4.3¥"-<¯¯�´§dd�.ýó

� ∆M§ÃØ´ Sb/Sc�´ Sa/Sc�§Ñ�NþÚ*ÿ��§AO´3Cù	

Åã"3 B Åã§ýó� ∆M '*ÿ���
§ù�U´Ï�3·���.¥

vk�Ä�D�1�K�"XJ�@.^µ(X�¡��D�1�­�§K3

7Åã ∆M ¬'·�ýó��� (�[?Ø�e!)"

��I�5¿�´§∆M Ø=Ú(xk'§�Ú(X�ÄåÆk'"c¡

®²y²µéuð(�þÓ�� 3× 1010 M��(X§Sa (Sb)(X� Vmax' Sc

��*1.5 (1.0) §éA� ∆M*0.04 (0.03) mag(�ÅãÃ')"ù«�z�L

«�ã 4.3¥�Y²J�",
§�±w�§(xE,´TF/��'�Ì��

zö"
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4.4 ???ØØØ

3�[^µ(X�ÄåÆÚ(x��3�
Ø(½Ï�§X�.ëê��

�Ñ!Ø¥a.!9(X����D�1�"e¡©O?Øù
Ï�"

4.4.1 ���...ëëëêêê���������ÑÑÑ

3·���.¥§Ø
'�ëê τ 	§���.ëê��Ù;.�
Ø�

ÄÙ�Ñ"�´ê��[Ú*ÿÑL²§¤k�.ëêÑk�Ñ [135, 109, 177]"

XJ�.ëê��Ñ´ÕáCþ§¿�Ú(X�/�Ã' (�X·��.^�

@�)§Kù
�Ñ�¬¦ýó� TF'X��ÑO\§
Ø¬K�·��?Û

(J [135, 177]"

�´(Xa.�UÚ^=ëþk'"��� λ�±¦����Ø¥�N´

d��Ø­½/¤ [178]§Ïd�)�@.�^µ(X"�Ò´`§��Ä λ�

�Ñ�§�@.^µ(X� λ �§Ù Vmax¬�� [135]§Ïd3�(x)º�

∆M¬~�"

4.4.2 ²²²;;;ØØØ¥¥¥ÚÚÚ���ØØØ¥¥¥

3�ó�¥§{ü/ò¤k�Ø¥Ñ½�²;�Ø¥§=ÙÝKÑ�IO

ý�"

�´Ø¥��E,§<�òØ¥Ì�©�ü«a.µ²;Ø¥Ú�UdÙ

§ÔnL§/¤��Ø¥ (pseudo-bulge) [70, 71, 76]"²;Ø¥aquIO�ý

�(X§¡�ÝÎÜ²;�R1/4©Ù§ôÚ ù"�Ø¥�(x�c�§Ù�Ý

©Ù�±^ n²w�u 4� Sersic©ÙL«"²;Ø¥���3u�@.^µ

(X¥§Ù�þ��"Ø¥�ð(�þ�Ü©´3²;Ø¥¥ (*90 §[76])"

XJ�.¥�.^µ(X (X Sc)�Ø¥´�Ø¥§KÙ�@.^µ(X�

(x�É¬��§Ï��Ø¥'²;Ø¥�7"Ïd¬O\ýó� ∆M §½ö

∆M ØCI�~�(X���É"

4.4.3 ���DDD���111

3·���.¥§vk�Ä(XSÜ�D�1�K�§ØÓa.�(X�

�1�UØÓ"
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���3�´§�Ü© TF'X�*ÿïÄ��U�
Ü©��D�1§X

©z [82, 128, 129]"¦�U��1��{��© 2.2!¥��1U��{��§

Ñ^�©z [84]¥�ëþµ

A = γ log(a/b)

ò¤k��ÑU¤¡� (face-on) �§¿�b�¡�*ÿ��D�1� 0 (=

a/b ∼ 1� A ∼ 0)"

�´§=¦´¡�^µ(X§Ù�1�U�ØU�Ñ [175, 60]§Ï�Ù��

¥%«�4�´1Æþ� [84]"¡����1�(Xa.�mkE,�'X"

��¡§��.^µ(X��¥íN´L§Ïd�U�¹�õ��D [185]¶,

��¡§�@.^µ(Xk���Ø¥¤©§Ø¥É�D�1�K���§Ï

�3(X¥%«��D�©Ù��¸� [193, 60]"Ïd§nÜ�Äùü��A§

oN��D�1�U�Ú(Xa.f�'"�C©z [139]^õÅãêâïÄ@

�§�D�1þ�(Xa.k�f�oNª³µSb>Sa>Sc"

éu@.^µ(X§XJÏ�Ù���àÝ§Ù¡��D�1'�.^µ

(X��²w§Ïd¬�) ∆M "Ï�3�~^µ(X�;.�1­�¥§B

Åã��1' K Åã�� 5�õ [175]§¤±*ÿþÏ�1�Úå� ∆M 3 B

Åã��§ÏdÒ�±)ºÜ¤�.3 B Åãýó� ∆M  ��¯K",	§

XJ3·���.¥�Ä�D�1§
�@.^µ(XÀJ����D�1§

KÜ¤�.ýó� ∆M Ò¬C�§
�Ù(J¬Cqu K94�.ýó�"

4.5 ooo(((

3�Ù¥§ÏL�[^µ(X�ÄåÆÚ(x§·�ïÄ
�/��'�

TF'X"3�[^µ(XÄåÆ�§̂ 
MMW��/¤�.§¿�3ÙÄ:

þO\
Ø¥¤©"3(x�¡§·�©O½Â
Ø¥Ú�� SFH§¿���

Ø¥Ú��g��1'"Ø^?Ûgdëê·���.Ò�±éÐ��[Ñ*

ÿ�� Sc(X� I Åã TF'X"

?�Ú/§éu TF'X�/��'5§ÄåÆÚ(x��^´ØÓ�"Ä

åÆ�)� Vmax²£ (½1Ý²£ ∆M )´ÚÅ�Ã'�"
d(xÚå�/

��' (∆M)´ÚÅ�k'�"Ïd§éuØÓÅã� TF'X�/��'�

ïÄ§́ �å^µ(XÄåÆÚ(x�k��{"
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·��ïÄL²µ�,ÄåÆ��^ØU�Ñ§�´ TF'X�/��'

5Ì�´du(x��^§=ØÓ/��(XkØÓ�(x§
ù«(x�É

´duØÓ/�(X�Ø¥���²þ'­ØÓ"
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��¡§�©^ I Åã� SFI++êâ¥XÚ/ïÄ
^µ(X� Tully-

Fisher (TF)'X§¿X­&?
1nëþ (�» R)´Ä�3�¯K"�±c�

ïÄ�'§·�Ø=^
����
��'% R�Ú\/ª"ÏLïÄüëþ

TF'X�í�∆M Ú log R–log W 'X�í�∆ logR�m��'5§·�u

y�1Ý�» R23.5��1nëþ�Ú\§¦ TF'X��Ñ²w~�§éu Sb

Ú Sc(X©O~�
∼ 40%Ú∼ 50%",
(X�I� Rd�1nëþ�^¿

ØwÍ§§�Ú\=U¦�Ñ~� ∼ 20%"

,	§ÏLïÄØÓ log W ��S�í�'X§·�y²
± R23.5�1n

ëþ� TF'X¿Ø´X{�²¡§cÙ´éu Sc(X��",
^E,�­

¡£ãnëþ TF'X¿ØU¦Ù�ÑwÍü$§·�y�^µ(X�Ä�¡

´S��­�§Ïd�X��¥ log W ������Cz§[Ü���^µ(

X�Ä�²¡¬XÚ/Cz§ù�U´±c�ó����^µ(XÄ�¡�g

ØÓ��Ï"

,��¡§ÏL©O�ï^µ(X�ÄåÆÚ(x��.§·�ïÄ
 TF

'X�/��'5�å
¯K"éu TF'X�/��'5§ÄåÆÚ(x�

�^´ØÓ�"ÄåÆ�)� Vmax ²£ (½1Ý²£ ∆M )´ÚÅ�Ã'�"


d(xÚå�/��' (∆M)´ÚÅ�k'�"Ïd§éuØÓÅã� TF

'X�/��'�ïÄ§́ �å^µ(XÄåÆÚ(x�k��{"

3ïÄ^µ(XÄåÆ�§·�^
MMW��/¤�.§¿�3ÙÄ:

þO\
Ø¥¤©"3(x�¡§·�©O½Â
Ø¥Ú�� SFH§¿���

Ø¥Ú��g��1'"·��ïÄL²µTF'X�/��'5Ì�´du(

x��^§=ØÓ/��(XkØÓ�(x§
ù«(x�É´duØÓ/�

(X�Ø¥���²þ'­ØÓÚå�"

�©�Øv�?´§¤^��� SFI++�,'��§�E,Ø
þ!§E

,"�V(X"Ïd�©�(Ø£X e–log W 'X¤�U����ÀJk�½

�'X",	§3ïÄ TF'X�/��65�§�"����¤©ÚØ¥¤©

©l����5�å�."XJk��þ!�!�ÚØ¥©l��� TF��§

@o TF'X�1nëþÚ/��65ÒÑ�±���p°Ý�ÚOïÄ§�
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�±?�ÚJp TF'X��ål½I�{�ÿþ°Ý§l
�é(X/¤�

.Jø�Ð��å"

,	I�5¿�´§�©3?Ø TF'X1nëþ��ÿ§�Ä� TF'X

�/��65ò��U/�?1
©a§�´%vkò/��� TF'X�1

nëþ?1?Ø"w,§�«Ün�ßÿ´^µ(X�/���U´ TF'X

�1nëþ§l
ò TF'X�ù«/��65k�/Ú�3'u1nëþ�

ïÄ¥"aq�ïÄAT3e�Úó�¥mÐ"
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McKay, J. A. Munn, R. Nichol, S. Okamura, D. P. Schneider, A. R. Thakar, and D.

G. York. Early-Type Galaxies in the Sloan Digital Sky Survey. III. The Fundamental

Plane. AJ, 125:1866–1881, April 2003.

[14] G. M. Bernstein, P. Guhathakurta, S. Raychaudhury, R. Giovanelli, M. P. Haynes,

T. Herter, and N. P. Vogt. Tests of the Tully-Fisher relation. 1: Scatter in infrared

magnitude versus 21 CM width. AJ, 107:1962–1976, June 1994.

[15] G. Bertin, L. Ciotti, and M. Del Principe. Weak homology of elliptical galaxies.

A&A, 386:149–168, April 2002.

[16] P. Bett, V. Eke, C. S. Frenk, A. Jenkins, J. Helly, and J. Navarro. The spin and

shape of dark matter haloes in the Millennium simulation of a Λ cold dark matter

universe. MNRAS, 376:215–232, March 2007.

[17] D. Bettoni, R. Falomo, G. Fasano, and F. Govoni. The properties of low redshift

radiogalaxies: the fundamental plane and central black hole mass. New Astronomy

Review, 47:179–182, September 2003.

[18] B. Binggeli, A. Sandage, and G. A. Tammann. The luminosity function of galaxies.

ARA&A, 26:509–560, 1988.

[19] J. Binney and M. Merrifield. Galactic astronomy. 1998.

[20] J. Binney and S. Tremaine. Galactic dynamics. 1987.

[21] J. P. Blakeslee, J. R. Lucey, J. L. Tonry, M. J. Hudson, V. K. Narayanan, and B.

J. Barris. Early-type galaxy distances from the Fundamental Plane and surface

brightness fluctuations. MNRAS, 330:443–457, February 2002.
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M. A. Lara-López, M. Pović, and M. Sánchez-Portal. Evolution of the optical Tully-

Fisher relation up to z = 1.3. A&A, 496:389–397, March 2009.

[68] I. Ferreras, P. Saha, and S. Burles. Unveiling dark haloes in lensing galaxies. MNRAS,

383:857–863, January 2008.



ë�©z 81

[69] C. Firmani and V. Avila-Reese. Disc galaxy evolution models in a hierarchical for-

mation scenario: structure and dynamics. MNRAS, 315:457–472, July 2000.

[70] D. B. Fisher and N. Drory. The Structure of Classical Bulges and Pseudobulges: the
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