%54 % % 3M AHIFERFFROE AT R Vol.54 No.3
2026 5 A Journal of Henan Normal University (Natural Science Edition) May 2026

ST 5 2 B 1l S I 1 s 51 ) P
RIRF I RS LE 5

B AR R B R bt
FER IR K2 PSR 32 Be . b 5T 100875)

W OE AR H A RIS AR BT R S RS S — R SR I IE B
R 8 Z2 1 S 56 UL I TS A SCAE X 18— AR R B S ) 5T 0 S s R pi AR B A S AN TR T T SO X i 51 1 B A
SR R A T A DR ] AT R e i R R e R | ke B O AT 5 %) O 00 Ak R R i R R ' Bk RORS Bt e 2 ity e ) 4K
ﬁ‘XﬂF’lE&éljJIEVM‘DF%WTE*”L??XTH:Eﬁﬁ”i KA, ?Eflkﬂﬁl'%}lJ‘JIEi%XTT“EEﬁiﬁﬁﬁéljjﬁé‘&,i_ﬁﬂl:l:ﬁ
BT 51 15 BN AT O R AR R R B AR E B il e XL i 1) BB T e X A B0 | o B IR R G A T A Ay r 4
KﬁﬁﬂﬂfﬁE%@Eﬁlgljﬁiw/ﬁﬂﬂﬁ%lﬁﬁi.

KPR B AR MR R R s s

FESES P145.2 XERFRERD A X EHES :1000-2367(2026)03-0092-09

B2 2 T R L G A AR o O o gl L B R ) ) 2 AR v Y B T ) G R MR O A

TG 2 ARG T A 51 Fy e A 7P T4 A LASE I 2 S g, B AR OBE L i R R DL 1/ 1 7 S
1970 4, R K & 5 (RUBIN V) IR FE (FORD KO Wl f 2 il 7l % 5 2R A e i 4k AR AT 2 3, L &
JiE % b 2 A e BE B Ak 25 TP 4 B N R T AR S B AR b iy R e W B B A AT AT B 1 E TS R R
JE i 45 ok & 0K 285 B & AT e i R 3R I S RE ATy 2 B RO Ik B R IERE it 2k B R O
NS )2 B B AN — oM 51 38 R ARON RN DO T SRR A A 1) S AT O — B O S SR AL T R ) B A
TE R UEHE

I 0 A AR 22 AT R 09 i 8 1A 6 458 55 AH B4R R B R (WIMP)Y Y VBl F Caxion) ™ 1B M i+
(sterile neutrino) ™ * I JF A 2RI Y A H 1 B H ATk 1k R B K BLIRE 4 B AF A 0 B B TE A AS R T
5 ) Jo A S B A R 2 AR BRI B AR AN 5 LA ) 0T A 19 00 A R A B R SOUR I 8 42 . 3¢ S 310 4 1
E LR 5] 318 (modified Newtonian dynamics, MOND)Y2 10 H1 5| A JE L5 LA A 09 37 K a8 51 F1 O g
549 50 A 51 F Bag 1 A

B H AT Ak S WP 5T n] ) R AR IR T SR R SR IR TR A T SCOM XS IR 5| T s AT AR R AN

11 [0 0. ST v O 28 8 10 5 DA S0 B0 R 8 SR 43 S 2 P AN ) £ B ) R A 07 AR SO B B SR e

JE 2 FIURS 1 e % il £k 42 5532 (spitzer photometry and accurate rotation curves, SPARC)™I X & 25| 1 3
Y I ) Jo AL Y AT % L BIF 5T

Wofs B #5:2025-09-04; 18 [ H #3:2025-09-21.

BESWE  HEARPAIEAS (12475046) 5 h e m B SEABHIF L 55 2% L 00 5% 42 W 1.

PEE B BT AR (2001 — ), 55 H RN b 50 1 R 27 B F 52 A2 F 5 0 1) Oy K A 9 B L E-mail : 202321160021 @ mail.
bnu.edu.cn.

BEIS1EE . W F 4, E-mail: zjcao@amt.ac.cn.

SR AR ST B sk, B A B T R R A ot 2 U U AR 48 | O S A IR ) SRR R NS L RIF S (] R A K A 2
CHRFBL2 /) 2026,54(3) :92-100.(Yin Bangsheng, Cao Zhoujian.Comparative study of modified gravity theory
and dark matter model based on galaxy rotation curve observation data[J].Journal of Henan Normal University

(Natural Science Edition) ,2026,54(3) :92-100.D0O1:10.16366/j.cnki.1000-2367.2025.09.04.0001.)



% 3 BHRRE A TEZABEHEUNBEGSEET AR R FER TR 93

1 SPARC EZR#iE

BRI B EIEEE & P ORI S AR SPARCY B8 175 D & F 00 BUIE FE AR 38 00 10 %5 3 o
i, X B R 3 25, 4 B XN Quality flag #5328 Que=1,2,3.Qu., =1 WIEIE & i = i 19, 36 99 4.
Q=2 B Gf, 3 64 /I\-Qﬂag:'g A 12 1.
B PR A B 0 8 B TE AL RN O A% BRI 2R T B A A L LR L A B Y B R e R Vo, A M 3 B
AN TR0 S50 4 4 T X 7 ) e 2 o JRE ok B o R R AR A AN () 0 J5 2EL 43 1) 0 IO G A o R TS 3. R R N AR
FH 35 TR 300 5 A A5 750 280 ) G e R 2 e A R R TR 4 5 0 A A AR 2 i T R e A o R
TE R PO ER OGRS Y IR B IR L OC RN T TG M A AR O B A B R Z R O R 5 A
He 2 B AR & I DAAE AR R ) S5 A A U TSR0 2 9 40 1) e e i R I A SR TG B 3R LA SO e 2 8UR FHRA
ARG AE SPARC 46 b (5 T OGS 80 y =180 LA, 76 T SPARC $d8 1) 53 B e % 3 B 40408
HUBEAE L B2 7 O Bt B 3l AR R 2 IR 0 BTG L 28 v BT A st Uk, 3 T SPARC Bl R 4 ' B
JE Y AL AR e TR T LA SRR
V2 _ylkvzlk+yllvlzl+vz ’ (D
Horb R AR bar R AR 41051 F1 IS H W A9 R WAE L disk FoRn 2 R, bul RO EER, gas RRAIEK.
SPARC M 175 MR RZH A 32 MREREAPOBER R v, =1.4 v, Y AR R AR FE PO ER
Vo =0 ANFEHE y, .
K TR 43 o % 1 SN AT A Al A 5 3250 A 76 B R A1 L f A 0 Gt V| 0BTk b . TR (D AR
Vbar - y(lxskaisk + 1'4ydiskvbul Vo 1V (2)

2 MEYIREER

SRS HUIE 5 ) 50 2 IS 2 A4 o AH R BB X R R R W B4 ) SOR X 18 B AR |y B A LA AR
51 7R AT L A I A S A TR A o A R v i T B ) R ) T 43 A % B AR SR Al NFW (Navarro, Frenk and
White) i ) J5T 68 74 12
O xrw € po/(*(lJf*) )
Hrr, oo i r, ﬁ%’]%%%ﬁ%%ﬁﬁﬂ@%ﬂ?&V*ﬂ*ﬁ‘ﬂﬁ'f“*ﬁ XJIJ:JC AT R 5 B A2 - N BT AL 3 B I
%ﬁﬁﬁ%’aoJ.MNFw(r):47rpol’f[ln(1+(7’/7‘s)) W] FUHITA G, LR w6 A R e i
S FE H TR S wm:L’M
o, Flr 3X 2 ASHT DL S b R ik B
_(OcrilAvir ¢ _l( M,
o I+ — (e /A+en’ T ¢ 4 0
Hrh, o = 3H,/8xG 59 MG A X B H, MW ELG T A 51 0w 8A , 4 B 5 0 e
S8, Zl-‘jCER 200. /T LME FHAE R BT 280 M MR SH ¢ KAk NFW W54 Bk 8 9F — 20 % L 44 1L i
S M, MBRESE c AKF, R T NFW s ) I A A A o
M.
lg(i) =m +nlg c,m =—8.469 388,n =10.204 82,
10%h M,
Hrp, h =0.72 2T F S HAME R HE AT ERES L c RZ)H NFW Y Bk 8 A 6 2 R BAT AR
(SRS B . Ji TR R UL I 5040 >k 1 o X 1> S 4L

3 BERSFEHS HER

PR T A G E R UIRIE N F =GM M, /r* b G 2% 8L MEG 3 AL I R R T 4 07 4 5

1/3
)




94 T IR IL K FIRCA RAF RO 2026 4

J1E BERE IE B AT I X 5 Wl B AR 0 G R 8 5 12 2 B R B AN R A G ol B0 2%
AN TR B A B A 5 | ) 3RS AR SCRRIL R BOE P i G A 0T A 5 1R AR
3.1 Milgrom i

e 1 R A S5 A O A A8 AR T | 0 BES CR SCRR i Milgrom BE8) UL SCER[ 33 LR A Milgrom Hig
16 PR 2 A 5 R T AT DL AR I b SRR S B U A B T R

G(r)=G,/(1—exp(—/V. /(a,r))), (3)
Hrb, Gy B HET AL W EV,, BWwET A I E R Er R REEBEE (S WLAKX2),a, 2
Milgrom Bt i i f 2 S50 RN F k5 B R TG SCik[24] —FF BE AR EREAARFEN S a0,
43 ) 308 e WL A 4 Of i E
3.2 ENM-£2EPKkEIHS] 1L (metric-skew-tensor gravity, MSTG)
JERL-4 OBk 5] BR 2 th MOFFAT S50 R4 JORR 5k 3 51 ) e X 1 (9 4 3400 A
I ECH

- < M<> r r
G(r)=G, {1+ [-—[1—exp(— A+ -]}, (4)
M r, r,

Hrp, M Z2ERZRLSFE M, flr, 2ISHAE 2 DRES M, flr 2 CHR
(GoM)/ri =c H,,
Hrr, o) BOGHL,H, EMEEECBBED M, 7] LU »o 3038 2 68 bW £5 40 51 X6 AS 6] 2 R 3 00 i 2
S8 r,.
3.3 mEREESIAER
KT 5| 7 B B fn R RN R T Y AL 0 R AR R R
[GIIMI[a]=[V]".
T3 A HENIN 1 R R E AL A RN (B AR AR A B BT o O SH B Y 4 RO LIE [ M o Vj el bk 2 AN
iR 51 1 H G ORI R H e R LTRSS A% R MOND HUS B i ok B, f 45 28 JU M JE 72 i R
) RUBE B2 3R (9 2l ) 2 1) R, A 2 3 4 T (9 5 B R SCRR S i s b 51 70 B8
G=G,(1+a, /a), (5)
Hor o M BE 2 e 51 1 BEAS i R 22 S50 SRk (36 148 L i s b 51 o B W X 7 A1 2k 51 7 BRI Y
55 St PR
TEIZG TR T, B AR e e s i R Ry
, Vi VL VL AV, a
V= 2
Horp, r SRR E R RO EEE N EE . S8 o, MBUE R E Z IG5 5 X HOU s £ 6 A TR 2 &R
i E S a . .
3.4 EEEIES| /1 i (renormalization group correction to general relativity, RGGR)
0 B A S IE 1) 5| 0 B0 T B R AR (), A5 )07
G :L, (6)
1+ 29ln #

0

Hrr, ¢ BA5| S HRE, ¢, BEANSFAGL] )13, 0 BEBRBEIES] )RR E S8
TEZG| 1R T B R e R R
V=V (1—(c,a"/¢)),
Forpr, o) SR OB 38 2k X L UL DN ASCHE XA (] B 2R 3 O E S8 0.
3.5 BRRflFTHITA
TR R T S R A B AR B E 5] B A B S A W B Y L P A A A0S 1R

b



% 3

BEHROR L F AT 2 Rk s W XA RO 0915 2T H B e A AR A A L A R

95

AT A i 22 3 (3~6) 43 il R

GOr) =G

Hrp, M B SFE,.r BRI SAES, -,

0

1
G,M
1 —exp(— ’ i)
Clo r
G =G, (1+

sG(r) =G {1 +r,

')

GM

0

RRANSHHE. ik 4 DR BOLE 1L X ey

A 0 r r
M[l exp( E)(l"‘;)]}y

-

0

G
)G (r) I—
1+ 29ln —
-

N R SR D

/J\RTE%%IJJJ/J\%% R R R B KA W 8 5 58 v B A il AT AR L

1.04

&

~ 1

G)
l.
1.
2.0
1.8

&

>

G)

4 HEME

vl

(a)Milgrom ~ 1.0 F (b)NSTG
T[S
2l ost
s 0.6
=
= 0.4
|
s oz}
<
S 0o ; : : :
3 0 2 1 6 8 10
a, /
G()Mr r/r,
(c) Inverse a | (@RGGR
5 F
4 | ===unphysical region
= 3
L
G) 2t
I s
1 1 1 1 () _____ 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.5 1.0 1.5
a, o
G(,Mr r/r,)
K1 BT N IEBUTH S TR BTN
Fig. 1 The behavior of the effective gravitational constant in the case of point particle

%

R DU 37 5 B, R FH I 2R BE R B SR 4 R B (MCMOC) O 2k 1 0] B A BRI ABE A8 L 35 1 0L 0 550 B M 5 560 4k
AROPAT VI R 2 B I 6 M R 0 A AT A A 2 0 S e A A A R S ) e A (PR IR D).

F1 HAPNSHALBMESHABCEE
Tab. 1 The ranges of prior probability distributions for parameters of models
LR S8 3t Fl LA ki EX i By
- 7 gisk [0.20] Mg /Lg B R4 SRR 5K e 3 5] ) Bl T, [0,100] kpe
NEW 115 4y 5 45 7 ¢ [0,100] 1 R He 5]y B a, [0.100] 10 * cm/s?
Milgrom i ag [0.100] 10 % em/s? dHHEEIES] s T [1079,10°%] 1
B 7 AR G A o A UL U 45 22 45 G i 0 3 A T X TR B R L BUAR SR DL RO
—N/2 — 1 N Vobs (7'1. ) o Vmodcl (ri ) 2
LD | 6) =2n {H oCr, }exp{*gzizl . .
Horp, N AU ) A R G LV o 23 R L E@E%ﬁﬁ%i_f#ﬂ?ﬂﬁ%‘ﬁ%i%% Vo B T

BRI 2 B9 2 R e . ] Python Wiy EMCEE #6177 of i

T MCMC #1 & . 5 8 A n L&



96 T IR IL K FIRCA RAF RO 2026 4

S v o FIAR R B PRI ASE A 2 50 (.
it I 28 A O G 30 R il R BV AR AR X0 B R T e ity 2 vy 400 AR
) 1 N Vo, GH—=V_ D,
X'“:N*lefl( o(r,)
Horf, PR A SN A SCRT A BRI A 2 A A S EL TR P =208 X0 > 6, Bhik b %t
YT AS e FH R i B 12 L R W R e s 7
XFF A BRI E O T HEWBANEE T T4 fff FH D1 i 374 e ) 41 (Bayesian inference criteria, B) 6] -
B=—2ln% (2|6)+2PIn N.
B /N 3R W B AR A AU S UL AR R G ] B R 2SR LB 2 DAL AB =B, — B BR[| AB | <2
M) 2 ASBRRHLG ROR A BT A0 22 55 IR Z LI B /NBY IR B 10 A58 AU 4005 000 5 4 o

5 HFHRAW

TR 2 g T WG B RN A 4 A Be AR ) R J7 B A R £ 3 A it 28 (cumulative distribution func-
tion, CDF) . 5L & R0 8 40y (4 455 AR 6F 37 19 R O 3R B o 50 A o 4 s 20 AN BT 2 vl DL 3, -4 IR ik
w3751 ) HHS BT LG ) AR R 2L T A LA RO T Milgrom PRI TR AN 2 b 51 ) B S AL 7R I B
% ) ST AR A B A 25 R 2 B AU RO AR B R 5| ) B B AL AT R 3 SR T B A B R R A OC. n SR A
SPARC $di PEP T A 1 175 A~ B &R W85 OR L w  BTA RL 4 A8 i 2R BB SPARC 08 4 v %k 4l
L AFI 99 AR R (Que = 1), WU BRI Py B 8 AT 22 A48 Z L5 S0CR .

b

1.0 1.0

— NI'W — NI'W
— Milgrom — Milgrom
08T _ys16 081 _yste
— inverse a — inverse a
0.6  — RGGR 0.6
5 5
0.1 r 0.1
0.2 f 0.2 f
@0,,,71,2,3 0,71
0.0 . s 0.0 =
0.1 0.4 1 4 10 0.1 0.4 1 4 10

B2z SEEHAAMA

Fig.2 Distribution curves of the 72, cumulative function

WRAE M|y BSR40 A % SRR B AT NFW AR R R4 33 /4 455 80 6k 17 549 DL i 307 3 b7 40 90 22 8
R A3 A1 i 2ot 25 W1 S e o A5 DULAR e AL 3 rhml DA & B, B -4 I R 5 1 37 1| g B9 A R N B 48 TE 5
77 B R D G T I 9 SR R B FL A R T Milgrom B e A A RN iz b5 | o BRI Y U Fb i ) 5 AR R L
ARG ROR AT 2 B985 R X 2 A FIE 0 3 BEas g — 3.

XEREIE 2(h), 2RI 3, Ul A SPARC B8 42 v ot i B4 1 99 AN B2 &R O Qe = D AE BT 4 PR
803 BT i BRI s ) DL S0 4 B 40 25 2R R o 8 A ity 2 e I I ) o A AR IR R TR 5| ) B R B 2
A2 BRSSO T 53 81 3 A BRI AR H LY I 4y o A5 A EL A A 1 1005 ROR.

HR A 20 1 20 6 B R AT 40 2, T A A R A A 13 28400 H 48 ARiEAE 0~ 1287 Hidr,0~2 i jij ¢
W B & Cearly-type galaxies) ,3~6 X i €A £ & (spiral galaxies),7~9 X} if i & £ (late-type galaxies) ,
10~12 X} pf 2 %% 2 & (starburst galaxies) &M XiX 4 28 2 R 43 3647 R 7 BRR B0 dh 4438 (K 5) %
TR R R -4 PR 5K B 37 51 g B A R A R A G 5| ) B AR R B i ) B R A 0 U S ROR s T
Milgrom B i& A6 BY FN 3 sz 1151y B ve A5 0 DU) L 15 ) S35 28 B A 4 FR 4005 S8R 0 T30 s /22 R I ) o A
RUFD 4 R B e 5] ) BE MG BOR 2 22 A Z 00 T 30 &R B R4 IR sk i 37 5 | ) BRI B [ I ) Jo
BERY B T 4 19 900G ROCR 5 10 Milgrom BRI R AL A0 Sz e | g B9 A5 R R0 o 8% 48 1 51 ) B0 455 A B I )



% 3 4 B R LEF AT E Zoa s w KON BB 015 B3] Bt Fe s AL AL 3T I AR R 97

JRA T (AU ROR 22 A 2 0 T R 8 B AR, -4 S Pk sk i 37 5| ) B 1 R R E B B A 5| ) B AR T L I
Py R R AT R e 405 ROCR 5 T Mlilgrom BRIV RSN Sz 5| 7 BRIS AR R L 5 49 SR 2 1 40045 ROCR A 22

0.4
0.4t (b)
s o0af
b g o
Q +
= o
E o2} $
- & 02t
o >
— >
® <
g 01 = 0.1
= NFW better 8 . — NFW better
= Milgrom better = MSTG better
0.0 . - 0.0 "
2 10 100 3 000 2 10 100 3 000
‘ B, lgl'nm—BVFW ‘ . —
0.5
0.4 (D)
0.4
g g
T 03r b
2 g 0.3
& &
B 0.2¢ z 0.2
3 ol 3
= : = NFW better < 0.1 — NFW better
= inverse a better = RGGR better
0.0 + L 0.0 s L
2 10 100 3 000 2 10 100 2 000
B .« By ‘BRLL{BAFW
B3 175 MR AB| SELRRE A £
Fig.3 Distribution curves of |AB| cumulative function for 175 galaxies
0.5 0.5
(a) (b)
= 0.4F = 0.4
S 0.3F S 0.3t
& 2
> 0.2 > 0.2
pet e
E o1t — \FW better E 01 — NFW better
= Milgrom better = MSTG better
0.0 . . 0.0 . .
2 10 100 2 000 2 10 100 2 000
B Wi 1gme\ru ‘ B\!foBr\F\\
0.4 (c) 0.4 (d
s g
T 03t 0.3
2 g
& &
0.2 To02
g g
< 0.1F —N\FW better E 0.1F — NFW better
— inverse a better = RGGR better
0.0 + . 0.0 . .
2 10 100 2 000 2 10 100 2 000
B, ree By Broi By
4 Q,,, S99 MR R AB| SRR B i dh 2%

tlag

Fig.4 Distribution curves of [AB| cumulative function for 99 galaxies with Q, =l

6 P DL ok S0 e 1 40 2 2R AR ek o3 A 2T 4 26 B R A i R AT O3 CRRE SR I ST-SH) AT 5 18 3 264U,
Bl ST M, Xk TR0 2 AR VA B R4 S PRk A 1 51 ) BRI ) TR T B U ROR 25 T S2 R T xt
TWET AR BE LA PR K B 3 5 | g B AR R B TE 51 ) BRI R LU I ) R R A 48 ROR R 22 K
S3 RN TR AL AR -4 S Bk i 3 5 | ) BR A A5 TR G T IS W RO Y A 400 RO s BB R T U B
VAU T ) S R 1) 4005 S8R 228 £ 5 Milgrom BRISASE AL RN 3 iz LE 51 g BR84S D L I ) o A Y B A A



98 T IR IL K FIRCA RAF RO 2026 4

25 AL SR X T B 2R B &R (8 S4) , Milgrom BILISBE AL RN Sz Lo 5| 0y B0 450 7Y L e gy o 485 70 B A A 22
R 0L R 5 (EL R - 4 I AR i H 3 5 | BV ASE TR R B 3R 48 1E 5| 0 BRI A R A L By JBRRR R £ 480 R

SRR U 43 B 45 R R WG Bl 5| ) BV AR TR A HSCHE i R R 0 T AR KA A 1 3 T, AN g ) T A AR £
FIRE ADVFX RIS TR R R AR 51 018 BT R RE SR — B R R fe i @& 251 ) 388 1
i 5 B2 B 3 A = 51

1.0 1.0

— NFW — NFW
0.8 F —Milgrom 0.8F — Milgrom
— MSTG — MSTG
0.6 b — inverse a 0.6 F — inverse a
= — RGGR = — RGGR
o (&)
0.4 F 0.4}
0.2 0.2
(a) (b)
0.0 . . L 0.0 L . .
0.1 0.4 1 4 10 0.1 0.4 1 4 10
V4 V4
1.0 1.0
— NFW — NFW
0.8+ — Milgrom 0.8 f — Milgrom
— MSTG — MSTG
0.6 F — inverse a 0.6 F — inverse a
= — RGGR = — RGGR
o o
0.4 0.4
0.2} 0.2
(c) ()
0.0 L . 0.0 . .
0.1 0.4 1 4 10 0.1 0.4 1 4 10
xe 13

(a)early-type galaxy; (b)sprial galaxy; (c)late-type galaxy; (d)starburst galaxy.

K5 NSRRI | AB| FBERE A 2L

Fig.5 Distribution curves of |AB| cumulative function for four types of galaxies

6 = %

F AR T T 2k Qi 75 0 A 51 0 T A LI 45 SRR 51 R R ST IR ) 5 B e SR UL E s (B LR H R 6 R
AT SO AT 98 2 A 8 T AR B ) i) e

A SCRI T SPARC B8 e v iy 175 A~ L 8 WL 45 S5 2505 | 7 3498 0 40 o 45 AU R AT T % LU B9 R B
B 05| g B R TR A KU fifp B BE 0 D T HORURSCNE 2 G B BB A A 1S B0 48 k5 | 0 BEAE L I ) TR Y 8 B 44U
B B A RS DU AN Rz A Rk B LGRS i . T B 08I0 KR 4 TG v T DX 8 2o | g RS T ) R

ARIHAT 4 PG| 7 BE , 23 AR 4 Bh A R B A 8O0 A 510 R BT 8 R TR R R R A
A S| ) BRIS R B O i B AR A Y SR O i 8 e | ) B S B A e R U AR A SO A L R
ORI E R AN R R B AR A 8O A S R BT S 6 It A B R ]2 R R R AR
[vi) 5 A B9 0 Jo 2 A o TH 153 0P SO0 R0 AL AT BB B0 1A ) BT 30T A5 51 0 A S ok ok AEL 2 30 % A9 o A
AU BN ) 45 R A0 FEBCRS E 33K A 1 0 75 3RO PR S A i ) 30 AL 7 125

A SCHY o3 B4 R B L A R B AE 205 | 0 BE AT LT i A 8807 A 51 05 B0 eR 808 AR #E4T X 23 5 R I A2
BT B i 2k p) L 95 2R 2 WA ] o 6 2 2 S AR AN [ o 28 14 5 28T A5 51 3 R B0 2B RT3 AS DR 7 19 02
AN R R L 2R SCHF AR R A B80T A 51 ) BRABOE 2R 45 2R 02 A 2 o UL K 4 15 22 B0 UL B B i 2R 52
ey 22 G SR BERE FH 1) (0 LI 45 2R, 5 L A5 | g B LI Sk b S A 56 3 A4 45 SRR 2 A HR Y. 0 Hr 45 SR O BNE AT
R A 7S AT LR © AT B9 ROT A 51 3 I 25 A2 R A S A e wes | B AT REIE X



i AR F AT 2 R At S M SR 0915 BT ) 22 e W FOBE A 2 e AT R 99

(1]

2]
(3]

[4]
(5]

(6]

(8]

9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

(18]

[19]
[20]

[21]

[22]

(23]
[24]

[25]

[26]

Bt 5% B F R (DOT:10.16366/j.cnki.1000-2367.2025.09.04.0001).

Z % x M

ZATRIMAYLOV K.Dark Matter,Rotation Curves,and the Morphology of Galaxiesl EB/OL].(2021-08-30)[2025-08-31].https://arxiv.
org/abs/2108.13350.

BERTONE G,HOOPER D.History of dark matter[]J].Reviews of Modern Physics,2018,90(4) :045002.

APRILE E,ABE K,AGOSTINI F,et al.First dark matter search with nuclear recoils from the XENONnT experiment[ ]J].Physical Re-
view Letters,2023,131(4):041003.

COLLABORATION C.Dark sector searches with the CMS experiment EB/OL].[ 2025-09-01].https://arxiv.org/abs/2405.13778.

ARCADI G,CABO-ALMEIDA D,DUTRA M,et al. The waning of the WIMP; endgame? [ J]. The European Physical Journal C,2025,
85(2):152.

GOODMAN C,GUZZETTI M, HANRETTY C,et al. ADMX Axion dark matter bounds around 3.3 peV with dine-Fischler-srednicki-
zhitnitsky discovery ability[J].Physical Review Letters,2025,134(11):111002.

BARINOV V V,BURENIN R A, GORBUNOV D S, et al. Towards testing sterile neutrino dark matter with the Spectrum-Roentgen-
Gamma mission[ ] |.Physical Review D,2021,103(6):063512.

ZAKHAROV E I,BARINOV V V,BURENIN R A, et al. All-sky limits on sterile neutrino galactic dark matter obtained with SRG/ART-
XC after two years of operations[ ] ].Physical Review D,2024,109(2) :1.021301.

CARR B,KUHNEL F.Primordial black holes as dark matter; recent developments[J]. Annual Review of Nuclear and Particle Science.,
2020,70:355-394.

YUAN C,CHEN Z C,HUANG Q G.Probing primordial-black-hole dark matter with scalar induced gravitational waves[ ] ].Physical Re-
view D,2019,100(8) :081301.

WANG S,WANG Y F,HUANG Q G,et al.Constraints on the primordial black hole abundance from the first advanced LIGO observation
run using the stochastic gravitational-wave background[ J].Physical Review Letters,2018,120(19):191102.

SANDERS R H.MCGAUGH S S.Modified Newtonian dynamics as an alternative to dark matter[]]. Annual Review of Astronomy and
Astrophysics,2002,40:263-317.

RANDRIAMAMPANDRY T H,CARIGNAN C.Galaxy mass models: MOND versus dark matter haloes[ J ].Monthly Notices of the Roy-
al Astronomical Society,2014,439(2):2132-2145.

SMOLIN L.MOND as a regime of quantum gravity[]].Physical Review D,2017,96(8) :083523.

MILGROM M.MOND vs.dark matter in light of historical parallels[ ] ].Studies in History and Philosophy of Science Part B: Studies in
History and Philosophy of Modern Physics»2020,71:170-195,

DUERR P M,WOLF W J.Methodological reflections on the MOND/dark matter debate[ ] ].Studies in History and Philosophy of Science,
2023,101:1-23.

LI X,CHANG Z.Gravitational deflection of light in rindler-type potential as a possible resolution to the observations of bullet cluster
1E0657-558[ ] ].Communications in Theoretical Physics,2012,57(4):611-618.

MEIEROVICH B E.Galaxy rotation curves driven by massive vector fields:Key to the theory of the dark sector[]].Physical Review D,
2013,87(10):103510.

KHOURY J.Alternative to particle dark matter[]J].Physical Review D,2015,91(2):024022.

MOFFAT ] W.Gravitational theory,galaxy rotation curves and cosmology without dark matter[]].Journal of Cosmology and Astroparti-
cle Physics.2005,2005(5) ;3.

LI X, TANG L,LIN H N.Comparing dark matter models, modified Newtonian dynamics and modified gravity in accounting for galaxy ro-
tation curves[ J].Chinese Physics C,2017,41(5):055101.

HAGHI H,AMIRI V,ZONOOZI A H,et al. The star formation history and dynamics of the ultra-diffuse galaxy dragonfly 44 in MOND
and MOG[]].The Astrophysical Journal Letters,2019,884(1):L25.

L1 Q,MODESTO L.Galactic rotation curves in conformal scalar-tensor gravity[ J ].Gravitation and Cosmology,2020,26(2):99-117.
KHELASHVILI M,RUDAKOVSKYI A, HOSSENFELDER S.SPARC galaxies prefer Dark Matter over MOND[ EB/OL].[ 2024-03-
09].https://arxiv.org/abs/2401.10202.

LELLI F,MCGAUGH S S,SCHOMBERT ] M.Sparc: mass models for 175 disk galaxies with spitzer photometry and accurate rotation
curves[ J].The Astronomical Journal,2016,152(6):157.

CASERTANO S.Rotation curve of the edge-on spiral galaxy NGC 5907 : disc and halo masses[ ] ]. Monthly Notices of the Royal Astro-
nomical Society,1983,203(3):735-747.



100 T IR IL K FIRCA RAF RO 2026 4

[27] KENT S M.Dark matter in spiral galaxies.I-Galaxies with optical rotation curves[J].The Astronomical Journal,1986,91:1301.

[28] SCHOMBERT J,MCGAUGH S.Stellar populations and the star formation histories of LSB galaxies: [ll.stellar population models[ EB/
OL].[2025-03-09].https://arxiv.org/abs/1407.6778.

[29] NAVARRO J F,FRENK C S,WHITE S D M. The structure of cold dark matter halos[ ]J]. The Astrophysical Journal,1996,462:563.

[30] LIPF.LELLI F,MCGAUGH S.et al. A comprehensive catalog of dark matter halo models for SPARC galaxies[ J]. The Astrophysical
Journal Supplement Series,2020,247(1):31.

[31] HAGHI H.KHODADADI A,GHARI A,et al.Rotation curves of galaxies and the stellar mass-to-light ratio[ J].Monthly Notices of the
Royal Astronomical Society,2018,477(3) :4187-4199.

[32] MACCIO A V,DUTTON A A, VAN DEN BOSCH F C.Concentration, spin and shape of dark matter haloes as a function of the cosmol-
ogical model: WMAP1,WMAP3 and WMAP5 results[ J].Monthly Notices of the Royal Astronomical Society,2008,391(4) :1940-1954.

[33] MILGROM M.A modification of the Newtonian dynamics as a possible alternative to the hidden mass hypothesis[ J].The Astrophysical
Journal,1983,270:365.

[34] MCGAUGH S S.The baryonic tully-fisher relation of gas-rich galaxies as a test of Acdm and mond[ J]. The Astronomical Journal,2012,
143(2) :40.

[35] DEN HEIJER M,OOSTERLOO T A,SERRA P,et al. The HI Tully-Fisher relation of early-type galaxies[]].Astronomy &. Astrophys-
ics,2015,581:A98.

[36] CHRISTODOULOU D M,KAZANAS D.Interposing a varying gravitational constant between modified Newtonian dynamics and weak
weyl gravity[ ] ].Monthly Notices of the Royal Astronomical Society Letters,2018,479(1) :1.143-1.147.

[37] BHATIA E,CHAKRABARTI S.,CHAKRABORTY S.Phenomenology of renormalization group improved gravity from the kinematics of
SPARC galaxies[ ] ].Physical Review D,2024,110(12) :124014.

[38] HAMBER H W,WILLIAMS R M.Renormalization group running of Newton's constant G: The static isotropic case[ ] |.Physical Review
D,2007,75(8) :084014.

[39] FOREMAN-MACKEY D,HOGG D W,LANG D,et al. Emcee:the MCMC hammer[ ] ].Publications of the Astronomical Society of the
Pacific,2013,125(925) :306-312.

[40] SCHWARZ G.Estimating the dimension of a model[J]. The Annals of Statistics,1978,6(2) :461-464.

[41] AN J C,XUE Y D,CAO Z J,et al. The effect of the gravitational constant variation on the propagation of gravitational waves[ ] ].Physics
Letters B,2023,844:138108.

[42] SUN B,AN J C,CAO Z J.Constrain the time variation of the gravitational constant via the propagation of gravitational waves[ ] ].Physics
Letters B,2024,848:138350.

Comparative study of modified gravity theory and dark matter model

based on galaxy rotation curve observation data

Yin Bangsheng, Cao Zhoujian

(School of Physics and Astronomy, Beijing Normal University, Beijing 100875, China)

Abstract: A series of experiments including perihelion precession, starlight deflection, gravitational redshift, Shapiro
time delay, reference frame dragging, gravitational wave and other more and more observations are consistent with the theory
of general relativity. However, at the same time, whether dark matter is a mysterious substance or a gravity theory different
from general relativity remains an unresolved issue. The rotation curve of galaxies is the earliest observational evidence that
triggered the study of dark matter. This article compares the modified gravity theory and dark matter model using Spitzer pho-
tometry and precise rotation curve measurement data. Our key idea is mapping the modified gravity theories to an effective
gravitational constant, and comparing the modified gravity theory with the dark matter model based on the behavioral charac-
teristics of the effective gravitational constant and the ability to interpret the observed data on galaxy rotation curves. But con-
servatively speaking, we cannot clearly distinguish modifying gravity theory from dark matter models.

Keywords: rotation curve of galaxy; dark matter; modified gravity theory
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