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Abstract

With the rapid development of astronomical observation technology, the measurement of dark
energy has reached a high precision. However, it is urgent to further explore the properties of
dark energy, the standard cosmological model that describes the evolution of dark energy, and the

SCEG| M B, R, PR, iR AR R S T T SR D] RIS RAKIEL, 2024, 12(3): 19-33.
DOI: 10.12677/aas.2024.123003


https://www.hanspub.org/journal/aas
https://doi.org/10.12677/aas.2024.123003
https://doi.org/10.12677/aas.2024.123003
https://www.hanspub.org/

physics behind the cosmological parameters that interact with each other in dark energy models.
At present, the most consistent dark energy model with observation experiment results is the
cosmological constant model, and other cosmological models have not been excluded by observa-
tions. Therefore, it is very important to construct different dark energy models and analyze the
evolutionary behavior of their model parameters. In this paper, we investigate the influence of
different parametrizations of dynamical dark energy on neutrino mass, and analyze the relation-
ship between dynamical dark energy and neutrino mass in the Barbosa-Alcaniz model and the
Jassal Bagla-Padmanabhan model for the first time. In this paper, we combine three important as-
tronomical observations that measure the relationship between cosmic distance and redshift, in-
cluding the type la supernova observation, the baryon acoustic oscillations observation, and the
cosmic microwave background observation. Overall fitting of neutrino cosmological models and
analyze the fitting results of neutrino mass and other cosmological parameters. Compared to the
results in the general Chevallier-Polarski-Linder model, the Barbosa-Alcaniz model provides a
larger neutrino mass, and the Jassal-Bagla-Padmanabhan parametric model provides a smaller
neutrino mass. The different parametrization of the equation of state of dark energy affects the
neutrino mass.
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1. 518

%2 IAETE SR W SCRDA IR IR 1 AT TR S22 5 7 O A 1 it o 52 DR B A R 2 2 A 1Y
Nk, ABTES S B BN AN FHE L Ao {2 Friedmann T RERIA 10 — AN Fal RV
K 527, FF43 3] Hubble £ £ WL 25 SR IIE S K, 52 RUTHUCA T2 87 22 B0 A “ — A R EcoRIES 1R 7 o
HE 20 fHed 90 EAK, =Ar#HE25R Saul Perlmutter. Brian Paul Schmidt A1 Adam Guy Riess 437l $2 H
U R I AR AR [1]-[4] o 31X — R AR J5 3 B P 2R « 9951 J0F B A5 A 5] 1) 1 2200 I B ik i
[5]-[9]. AMTER B G 8 HAR W] BRARAE — PP BAG SR RIVEFIR A 5y, HES I I o IXFRRE IR Y 2H
BN “HERER” [10]-[21].

245, MR R A TR M HD o P IR e RV B Y B R R R RS T RS
HBow (w=p/p, Hbp ZEEEEEE, p EWEEFEE). FH ML Sm & F T2 1 & 45
SRR SR BRI 2 17 2 W BB (fATP) ACDM) [22] [23], BRI E 2 i B g M e 4L . 7l
SEB(RIE RN R R E RN EEE, Hw=-1. BREEHLTEEA S5 e el 2 3t
Fibrdy, RIREEZ BEREIN AN 1) . MY REERASTTHE w A E, Wi fe & AT LURERI A
LR =FEot: —1<w< Y30 Nk G AL R [24], w< 1INl RIEBER[25], w -1 i ks RIS RE
§[26]. ACDM KRN F AR ER Y (AT, W LUR G MR aR = 1 A2 K I 58 o L 0 1 1 — L 5k LU
R BRI, BN “FEI5E " W27 “RERiETS W[28]. JEFR, Planck PR T A4
T ACDM HR U153 () Ho 40-& 1 HL I ik FE 59 B B 245 21 1 Ia 2 B 20 (Ho) B IE AE L) 4o ~ 60 BAEE L
PER[29] [30] . HERR T8 T SRR S LI AT Ho BN R Ge iR 22 7 A I RE I, ANATTIN Ho A—30H]
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TS 7 24 B 5 W AR Tl R OB R B . AnBEIN AR Bh e hn e . T e s R A AR A
)T F 2 H5[31]-[34]

AR, AT 2T BARE P T IR 5 A F AR S . TR S & ] o
¥ A PR [35] [36], JFan th = AX Hh o7 o & 1)~ J7 22 (K S 2 R, BIDOK PR ORI g R HE S 56 I 15
AmZ =7.5x10° eV?, KARINTE 28 RS20 45 AmZ = 2.5x107° eV? [36]. 1EM] T =AC i1 m & 1A
ARG B RPSEHE T, BPE S EHE (FETFR NH, 32 my < m, << my )RR (FRIFR IH, W2 my <m <m, ).
LR, AL T AHE BT, AT B AR T B E AR A, B = AR AR IR D R R (T
PR DH, 2 m =m, =m, ). E=AAHGeF i 24Ex ot 2 A58 R Ao 5 1 2200 I PR )2 0 P Al o
A RO — . BT R PR BERE SN T2 TS SRR & 1 eI T3, SRERS R T K
RIZEHRGTE R (5T Dy ZR 1 [371-[41] o BRIbE, 1) FH < B I8 T 55 i S W R 5 iy DR R &5 A WLt 5 SR ]
AR T =R 5 LS5 Y m,

£ ACDM 84, & = A B i IEHE T, = i 15 sfm it D B A o 7 o K
Z97£ 0.20 eV (20)o WA Hoh 15 SOOI S (A0 27 75 ARG A0 1a BUBDH R A G ), AT AR flcr o &
MBI EEZE 011 eV (20) [42]. (R ZHIRTTTH, AATHEAT 7 ORE SN /)25 B 8 e i vh e 1~ B & i B
Fi[43]-[59]. #lan w = HE) wCDM BRI SR ACDM 45 A rb B8 K 1y b il 7 ot &= 1 FRAE [60],
w(z)=-1/3-(2/3c)\/Q (a) f14: 1% g B (HDE) KA [61]-[68] F 755 i) 4 T i B 5 ACDM B i fy 2%
FAHIT[60]. PHUtL, 277505 A & T SO AR X Y m, A4 . 5 wCDM BRUAHEL, HDE %Y
ARt — AN AR T B R BB

iﬂﬁ%%ﬁé%%*ﬂﬁﬁ@%i&%ﬁéﬁ%w(z):wo+w1ﬁ CHorh wo BT wy P E BB, B

Chevallier-Polarski-Linder(fii#k CPL)Z#14[69]-[71]. 1z —-18f, w(z) MELAE/ES 5, fif3 CPL 2
B @R T2l £ s P s, ANBEZE T AR AL . R, T I SR A R
FEE AR A T 2615 BHE 1 75 2 IR N HHE DL Na BT B2 L 5 43 CPL AL v, Hh 7 o ==
LA EERN D m, , <0.290 eV(20) Fil Y m, ,, <0.305eV(20) [60]. Y. m, i LFRME KT HSH1k
1) WCDM HEHIHT HDE 84 b (1 BRI 45 5 . SR, ZEPIZE0 wo 1 wy 30 8 (R0 2 (fRTFR Log,

w(z) = w, + [%*ZZ)_ |nzj)%zm;~:my§%(ﬁﬁ% sin, w(z)=w, +W1{M—sin(l)J)7Z<§Mjﬁ

B, A _EIRAR R R, BB EA R R B R D m, < 0.302 eV (20) I

>m,,, <0317 eV(20) [72], REGSEAHERERBME I Y m, \, <0.327 eV(20) M

>'m,,, <0.336 eV (20) [72]. £ IR AE R AN R 2 it s o iR/ S e AR T

BT, ARSCHARTC T 8 12E RS RE & 1) Barbosa-Alcaniz (7 BA)Z41L[73]-[75]

(w(z)=w, +wl%)$ﬂ Jassal-Bagla-Padmanabhan ({5 JBP)ZH1L[75]-[78] (w(z)=w, +wlﬁ)
Hi A O R AT R Y m, KNI . R AR, RZ0HE AL BA SHULAT IBP LA S CPL 241k
AR ZR T 3. AH S AT 34 1E T 07 AR I b 38 S 2088 2 = 1L AP AE R B R e M 1), 5 B b A
R AT SRR BN ) A [74] [76] 0 AR SCRFIEA 21 5 AT I — LS00 UEICHR , 0458 5 7 st 15 S 28080
P AR RO DU la RUEE EBAE, X wo 1wy RS EUL G RIS B B R AT B AL A, iR i
TETE CPL ZHULIE R, XS HURERE A IR SR REEIE . BA SHULIEREE
BRL, JBP S HU{LHE e A i (R 9DLA 25 B (B B R A7 o (0L A B BR A AR P Al 1R 5 S 1 1) )
AR A A T M wo M1 wy BEULE) CPL B, BA BRI IBP BB AE L. B = E4
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a7 LS 21 1 PR e AR R s Y R R Bl A v H 5503 S8 DU AR 20 20 AEE 1 7 A L0 b 20 (5 o e 5
SRR S B A ARG, LU S la BUBET 2 WL X L3R 5l 7 2705 e f AR B i )
it Fa, ARG T EERL,

RERER KIS ML

1825|7348 ) Friedmann-Robertson-Walker 528 4, Friedmann 5525

E(z)k{?j =0, (1+2) +(1-Q,) f(2), 1)

H(z) ZRFHRIKEE, HONREEE, O AFHLHTHMRYRE R R . R f(2) € XN
_Pel?) A+w(Z)

f(z)_—pde(o)_exp{Sfo—lJrz, dz}, 2

ﬁ¢mx)ﬁ%%%%ﬁ
Bk, AT wo F1 wy S (FETFRXS BA) 1050 77 5 0 e SRR LB A
() CPL !, % BERETESH w Ay

z
W(Z)=W0+W1E' @)

MRANQ)FI)2N, 152 H ST M [ Friedmann 52N

E(2) =Q, (1+2) +(1-Q, )(1+2)" "™ exp(_ iVJ\rlljj , "

Hr, wo 1wy &k ACDM BRFFISN 2 KIS B HS 5, BIBETI S,
(o) BA b IRE s BRI, REReE RS T ESECN

z(1+2)

1+22

z—>+oollf, w(z)@&THEHEMELER. HLREREERETESHRNQN, f(2) BT xR

(5)

w(z)=w, +w,

3

F(2)gy = (1+2) ™ (1427)2", (6)
X Rith, 1ZAFEEL Friedmann J5 2R DL A :
E(2) =0, (1+2) +(1-0, )2+ 2" 1+ )™ )
(c) IBP LG REEAL A 1, WERE RS TS ECN

W(Z)=W0+W1ﬁ, (®)

F8)ARANQATTEf ()N
f 3(Lewg) 3w, z° , o
(Z)JBP (1+ Z) exp{—2(1+ Z)Z ( )

it LA AR 7Y () Friedmann J5 F2 0T LS Oy
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2 3 3(1+wo) 3WlZ2
E(z) =Q,(1+2) +(1-9Q,)(1+2) exp = |- (10)
2(1+2)
ATLAE 3, IR R 4k BA Z 801 IBP Z4i R A 5 CPL Z2 8L S5 HAh Z B AL e M A AT
EENTRIEEAAE T 7T LU S 288 2 = —1 A w(z) AFAE AU RS e VE 1R L, 58 RS SRt 57 A7 24 11
RARKI B T 15354

3. BEMAE

AR SCAE ) 2E I T B TR R T S AR A A AR la BT R, e
A M AT ER RSO FBE, W EHBENEFHAEE ——O X R, FHMEY M4 (Cosmic Mi-
crowave Background, f&i#K CMB)/& 587 K NE G 18 B ORI —Fhhim it o BEE BNE S I 297k, 5
BRI B PRI TR HAT i KB ER T SR D2 E L 3K, Xy R . 1 s ihid sk
T BEA R . ERR TS SR AT, R RNRLRE R BE s AR T A R X R PR AR . d i Xy
IXEEHE R AL, BHEZATAT BT RS AR AN [F) R R M BRI AL R, AT HENT H = ol I K . 2
RIS R . A 7 2018 4F Planck T2 TAEZL A At CMB 4% [ 5 M TR Th i Ak Ak 3
RAEHAE DL BB 2 Bl . 52 AT CMB #diEAH L, XS ik — B K T CMB 7EMK | &btk ik )
RIEM RFIRZEE, 193 7RSS m A D 28544 [79] [80].

#1745 244R % (Baryon Acoustic Oscillations, f#iFK BAO)RF-HAF 5, AL &I Bl WL & 7
VIS5 A . B P SRS B AT 1 A T DA D 5 2 P PR R, A R DR S RO =
10 R RUBE S5 R SR B [81] o 3 b J7 Vo R v Af iz e A% 3 I B D7 ¥, B R DU 304% e 7 R TE A I 2
M5 o B0 7RG IR, FRATRTDUSE 2 R T S TR T 80T 1 s R A
HREEITERT . AL T SDSS-MGS. 6dFGS WLl H 75 7 U R B LL D, /iy, A EAA(r,,, 2 HE 71
HLA RS R (SR Eh R AR, Dy A& LR RE B9) [82] [83], LUK 12 (DR12)KAN KA RU4LF 7, =0.38,0.51
A1 0.61 AL =4 BAO I EE[84].

la BT & (Type la supernoave, fEiFR SNla)/& i &R AL R 2 — M UUE RAETE L. IR
BRI AR R B WL BRI R . B R R KB 2 1.4 R RBHR RN, SRAHE
M3A4E S8 E, B la BURHT & B H BTN L, 1a BU8 B R WA “SNLS” HEFEA. “Union2.1”
BUEFEA . “Joint Light-curve Analysis (JLA)” ¥ FEAFT “Pantheon” B FEA . A “Pantheon”
FEA[B5]HEAT 1a BB B4R, HAP AT 1048 NMIREERIN 0.01< 2 < 2.3 (BT B AEA . X ELE ok
H Pan-STARRS1 HRiK K (0.03 < z < 0.65) 1] 276 Bt Hr 2 , i b — LR LR A HST A A K 22 1) - Pantheon
T AR AL LE LA B PR AS (1 5 1 F S HU PR H11[86] -

AR SCRG A 32 7 A 1 SR AT B A TR 4R (B CMB + BAO), T i 15 SHm ST B & B 1 2
PR A 1a BYEHT R IR CMB + BAO + SNIa) %4 41 & BR il 7 i A 8 . ATV 1 AR S 52 o 2
SRR ATEE . —IET, AT ARESEMA TG AR, SH R e E E R
AYEHE . B EFHE T, HTREEEE w, KI5 029 [0.005,0.100], AREVIFREE L w,
(K155 341 9[0.001,0.990] , IR AR H1 75 40 -5 F ELAREE 25 LLAELAY 100 i 1006, 455670479 [0.5,10.0] ,
FIHLBIBTR « (1565640 41 9 [0.01,0.80] , JE4] T 26 Bl £ () 10%° £ o 4 In(lOloAS) s A N [2,4]
PREIEIRE ng BISEI AN [0.8,1.2] . AN SEAHE ERT, WAARTEL M AR mTEE. £
CPL %Y, HAIAIZHL wo If) 5650 404 4 [-3.00,100] , wy [¥15656 4341 4 [-10.00,5.00] , 7E BA #AS, Fiik
25 wo (5657341 79 [-3.00,100] » wy (55567341 79 [-8.00,8.00] , 7 IBP HL, HAM 245 wo (1565
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Sy 9 [-3.00,5.00] , wy (15567341 4 [-15.00,8.00] -

43 m AERFEFEA T E S, RATEE T P T R RN =R, BERT . 3.
[ EHEF . R, > m, #2565 A4 43 519 [0.06,3.00] eV. [0.10,3.00] eV #1[0.00,3.00] eV. HiT
EHEFE T, AESEN m Bh R RS A

(ml,mz,m3):(ml,\/mf+Am221,\/mf+|Am321|), (11)

HITFIHET T, B BESEC my T R E S IR
() =+ A+ am [ amgm, ). (12)

R FEIFHET T, B BZHO8 me B Ry R RS A
m=m,=my;=m. (13)
T VAR L)) 7 20 e BT L A i LB ) — B, RS T et o X TR AL E
27 BREIEE SN

égobs _é:th 2
a8 o
O
di, &N &L o, ARSI T . S O ERIARAE 22 o X TS AR AS [RDUE S 56 T
=, 2 TS N

\
7

2 (p)=27:(p), (15)

WHE, WWERAGMHESEA B A FBRR,  y? Giit[87]-[89] e it LL A AT 55 WL I B4 1
FFETEIL o AFRIRY o2 BN RS 12 5 A AR BRSO T S o AR SRR BRI 2 SR 3= 2R AR I AR A camb
Boltzmann fXfi% ) CosmoMC F2 /7 EL[90]#EAT T4 . I B IS AT ARG 6, FRATTA] AT B Z 501 5 56
TGRS o, BAEMSHEELER.

4. BR5TVHE

ASTAE AN FDIL s 4L A BR 1 30 1 2B e R, 45 P H S 8 lo BERESRIIG LR, R
R, ORI TCIE R Y m, . RO IO 20 BAE R R EE EIR. FIN, A4 T
BEIFRE R R 2 MR LA

4.1. ¥i®E CMB + BAO Xiah 1FrE e EEEIAI RS

% 1~3 D RIRF R =FORE R R EHET(NH, 1H, DH)I 3 /72405 A B L& 45 5. {1/ CMB +
BAO #udfs BB = AR TR B EHF, FAl 1455 CPL AR w,y = -0.51+£0.30 flw, = -1.7175% , BA
BRI Wy = —0.57705 Flw, =—0.86"05 , LA IBP #i8rh wy = —0.5570% Al w, = —2.70%;% (L4 1) XPA
WMZHAI ) 1S BE R SCRF wy > =1, R U] 1T AU SRR Re SO TS R . 72 BA BRALLL L
IBP HEAL AR, wy < 0 R HXUS UL 20 77 55 g B LG IR AT I Bh 712434 AT . X s B4 ) 7%
I e B (W A HE BT O0) o SR, AE = AR Rl T S o e A R HE R A5 0 T, FRATT AT A5 BAR LY
SER( 2 AL 3 3 AN i B B RIS HE A IR T IAEIR), B S HT S e vk G Re R, HO
ZHRAHI ) 777 BE B 58 4 X ) T B2 UL R ) ) 22 BE B A AT .

AR T M TREARASF TP T REMSHRB SR, £ CPL A H,
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Table 1. In the case of normal hierarchy of neutrino masses, parameter fitting results of three dynamic dark energy under the
constraint of CMB + BAO data and CMB + BAO + SNIa data

=1 EPRFREEHFELT, SHe13¥EBEESEE CMB + BAO 4851 CMB + BAO + SNla #1BIRHI THIS

BEER
- CMB + BAO CMB + BAO + SNla
CPL BA JBP CPL BA JBP
W, -0.51+0.30 -0.577%% -0.55%0% -0.940%0%%  -0.957+0.073  -0.940°%:%
W, —175 —0.86'2 ~2.7057 ~0.49%3 -0.25%% ~0.687%
> m, V] <0.316 <0.343 <0.274 <0.285 <0.292 <0.245
Q, 03480028  0.347%qy 0.334%5 55 0309470 03092500 0308970
H,[km/s/Mpc] 64.62% 64.77%4 65.9° 68.27 +0.82 68.30+0.83 68.23+0.83
oA 0.78072% 0.780+0.025 0.792°52 0.812°%0 0.8127% 0.813790
o 2784.846 2784.376 2786.970 3824.202 3822.858 3824.018

Table 2. In the case of inverted hierarchy of neutrino masses, parameter fitting results of three dynamic dark energy under
the constraint of CMB + BAO data and CMB + BAO + SNla data

2. APMTREFSHFRAT, ZMaiHhER

37 &6

HEEE7E CMB + BAO #{1EF1 CMB + BAO + SNla #iERHI TS
BEER
CMB + BAO CMB + BAO + SNla
CPL BA JBP CPL BA JBP
W, -0.48+0.30 -0.569% -0.5170% —0.929+09% -0.9489%  —0.920+0.120
W, -1.895y ~0.92%55 —-3.0057 -0.59% 3, -0.3053; -0.87%7%
> m, V] <0.332 <0.355 <0.296 <0.304 <0.312 <0.264
Q, 0.350°0%¢ 0.348°00% 0.336 0% 0.310370%2 0.3102°35% 0.310179%%
H,[km/s/Mpc] 64.4723 64.623 65.75% 68.2770% 68.29+0.82  68.19+0.82
o 07767 07770 078803 081000 0.8095%  0.809°0%
m 2786.550 2786.288 2787.636 3823.516 3824.742 3824.242

Table 3. In the case of degenerate hierarchy of neutrino masses, parameter fitting results of three dynamic dark energy under
the constraint of CMB + BAO data and CMB + BAO + SNla data

£33 EPRTFREGHHEFERLT, =M HFMEEEE %A CMB + BAO #3EF1 CMB + BAO + SNIa #iERHI TS

HIMAER
CMB + BAO CMB + BAO + SNla
24
CPL BA JBP CPL BA JBP
W, -0.5570% -0.61070%0 -0.6007257° -0.950"0%:  —-0.966+0.071 -0.970+0.120
w, ~1.587% -0.76"0% -2.303% -0.39°%% -0.19°9% —0.42/9%
>, [eVv] <0.282 <0.328 <0.240 <0.268 <0.264 <0.208
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Q, 0.295'00,0 0.344°05% 0.331'565 0.3077%0e 03077755 0.3069 750
H, [km/s/Mpc] 69.8%1 64.9'2 66.072; 68.32+0.84  68.32+0.83 68.2970%
o 0.830'5017 0.785 005 0.798% 55 0.817 5033 0.817 5033 0.818'5;
2 2786.688 2783.642 2785.616 3822.068 3822.124 3822.566

>m, <0.316eV . >m,, <0332eV > m,, <0.282eV: 7E BA #id, >'m,, <0343eV .
>m,,, <0355eV fl >'m,, <0.328eV;: fE JBP HAld, >'m, ., <0274eV. > m,,, <0.296eV
>om, o, <0.240eV . GUREY], [F e BUEHE T, IBP B A3 B th T B L BRME B CPL A
R B /N, BA BB ARSI PR T & L CPL AR B ip A3 B R i 7 i i BIRMEFE K. Bbah, fT—
WSHA N ) e A A, TEHER R P R A A E I B RRAS L  HE Y AR R 45 RN
4.2. ¥iE CMB + BAO + SNla ¥ &1 ¥R s B R M PRE

fiiH} CMB + BAO + SNla %{4fs FR i3] 77 0 g A AL, B =R i i sy EH T, 31452
CPL #A 1w, = -0.940°3 % filw, =-0.490% , BA %1 w, = -0.957+0.073 fl w, = -0.25"0% , LK JBP
BEAL R wy = —0.940701%0 Fllw, = —0.68'0% - 7E CPL 2%k BA ¥4k [ IBP S H L% g R A% A i, CMB
+ BAO + SNla i 7£ 1o BAS ISR w, = -1 IIG S5 A, RIRERe RA0A R RIG e & . /£ CPL A
I BA BRI, FAIFE w, <0, 7E IBP BAIH w, = 0 FR 45 SRATS B I 20408 BT S 45

MR =P T R E S HE T, 3RAT15 3] CPL B wy = —0.929°0%2 Al w, = -0.590% ; BA
RIrfw, =-0.948"007 Flw, =-0.30"023 s LAK& JBP #EAH w, =-0.920+0.120 Fl w, = -0.87'3% . 5T
Joi 5 A IEHE AR A AR R AL IX = RS B wy = —1 IR G 45 R SCRe . T TR S48 wy
(R BR 1) 45 5 5 h i =N IEHE R S B 4518 56 248 H], BRI CMB + BAO + SNIa ##i 3 k¢ CPL #7!
M BA R W <0, JBPFAIHw =0,

PR =R T B E N R, RATAEE] CPL #E8 H wy = -0.95070% filw, =-0.39°0% ; BA
B w, = —0.966+0.071F1 w, = —0.19"02 ; LK JBP #AH wy =-0.970+0.120 il w, = -0.42°3% , &4
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Figure 1. One-dimensional marginalized distributions and two-dimensional contours at 1o and 20 levels for parameters wg, Wy,
>'m,, Q. and Ho of the BA model for various neutrino mass hierarchies under the constraint of CMB + BAO + SNla data
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Figure 2. One-dimensional marginalized distributions and two-dimensional contours at 1o and 20 levels for parameters wy, Wy,
>'m,, Q. and Ho of the JBP model for various neutrino mass hierarchies under the constraint of CMB + BAO + SNla data
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