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Abstract

The measurement of the absolute mass of neutrinos and the investigation of the intrinsic proper-
ties of dark energy are two important scientific issues at the forefront of cosmology. The neutrino
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oscillation phenomenon shows that neutrinos have non-zero mass, and the latest results given by
the KATRIN experiment m, =0.8¢eV, the upper limit of the cosmological observational limit on

the total of measured neutrino masses is Z m, <0.1eV. In this paper, we combine different main-

stream observational data, including cosmic microwave background radiation data, baryon acous-
tic oscillation data, and type Ia supernova data, to explore the fit of neutrino masses in two kinds
two parametrizations dynamical dark energy models. These two parameterizations are the loga-
rithmic parameterization and the oscillatory parameterization, respectively. Compared to the
Chevallier-Polarski-Linder parameterization, they can overcome the evolutionary divergence
problem of the equation of state (z —» —1) and successfully probe the evolution of dark energy in
the whole universe. We find that the logarithmic parameterization and the oscillatory paramete-
rization of the dark energy increase the upper limit of the fitted values of the total of neutrino
mass and that expanding the sample of observational data limiting the cosmological model de-
presses the upper limit of the fitted values of the neutrino mass.
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1. 5|15

1998 45 H A (I8 2% 4 PRI T H [1]A1BE iz ) SNO SE56[2]30F 52 s 7 AEAE B R b R ZE IR B R [3].
IR B P EA RN R ERN =R T RGEERE, BT RMT. 7 P72k
T AT B AT DA B A AL o HRT SRS FAE B i E TR 1R il 1T LR AR R T SR 8%
FASAEE SR AR A 45 o A2, = T7.41°050 x107° eV?, AmZ = 25117008 x107° eV? [4] [5]. it
AR, BAV A R T M AR BT S A, Bmo<m, <m, (FARIEHET, NH)LL &
m, <m <m, (FFEHF, IH). 288, ALmERN 77, AR B =AR0 i s s,
Bim =m, =m, (EFREHHEF, DH). XFF o raaxt FE ik, Hurses EATRES, H i BoE 45 3 2
KATRIN SZ3H m, =0.8eV  [6]. X H i1 &2 5 5 ) PRl I ok B 52 i 2%, B Y m, <0.1eV [4] [7]-[9]-
B R SO B4 PR o 6 5 R S U T A SR A R N R R T R R A RO — . TR RN
HH kT B A S I S DB T SR S 1 S I ) T AR, SCRE S 5 ORORUEE S5 R TR 1 1R o ) i
[10]-[12] [DRIbL, 70 FH S o DB 7 S S O DR =5 B O RLBEE 5 A6 W &5 SR v AR 7t = A - 1 2 B
>m, .

FHIERZMK[13] [14]00 K IR, 0T 0 F 2 B B A 7R MR R 32 F[15] [16]. FHFHid
s fE B YR R RERIRS TS B w (w=p/p, Hbp RESAERIEMR, p REEAERZE). 1
PG R RS TR w AN A], WS RE R mT LAORECRI 2 A BL R =FE0L: —1<w < —1/3 B ok s Re 2 [17],
w < —1H N r R B e [18], w k-1 B RS R e R[19]. 7R R mRFFE B, KE I i S0 H 3¢
FRIC R 58 22 H BUS AL (A8 ACDM) [20]-[24], BRI 2 1APIH 1, Hopesr 3 B4 KL 25%(1) 72 I
Y5 (CDM),  75%I1) LA 57 D5 1 30 52 o 2 0 A (A) T A AE I I R . 3 1l e o im0 4% 1) e P D e % 1)
D52 48 SR A S R A TR 2 7 2 BB R [25] [26]. 5 27 B (BP 325 BE) WA A A I e e B (e
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Hw=-1. ACDM BRWE N FHARMERRL I AETE, W] DR GF R IR 5= di IR AR P s o EL T I — 23 DA
R AR 8, BN “FETIE 7 [ RR[271F0 SR i 28],

N TR LR 0] AR S AT R AT, 45 SRR WA ELAE P 3 R AL W] R v f T BT IR DR /N [29],
T A WL 5t T SR A B A B o BT R [30]-[34]. BRI 2 AR AT FE T G RE R B 1 2 AL
YRS, 3775 A T 2RI RE B I S R M vh 7 5T & 1K R/ [35]-[40], B A 3 ot 2 B AS [R) HE e ] BASE Wi 5l
J12E G Be UL BRI [41]-[44]. B14n, 3715 R E & — RIS E B w(z) = w, +W1ﬁ (Hrh
Wo Il wy AN H 2 %0), B8 B/ Chevallier-Polarski-Linder (fi#5% CPL)Z %1k [45]-[47]. £ CPL
B, R R R =AM T AR R E T, TR T SR DR BAR S T A R
MAFH TR EA Y m, <0316V (20)+ Y.m,,, <0.332eV (20) 1D m,, <0.282¢eV (20) . i#—
B la BUEHT R AR, PR RER LA RN Y m, . <0.285eV (20) . D.m,,, <0.304 eV
(20) F1 Y m,p, <0.254 eV (20) [48]. #ATM, 24z —-1H0F, CPL BRI w(z) Bl AL A7 E KB il
8113 CPL Z¥ufu ik fig & & F TR 5= dad 5 A P 5, AN RE 2R 52 | AR T AL

N TSNS EA S SR R R T T R D m, (S, FRATTE ST T BRRERR I B
RS RE R, 352 %) Bk IS B4k (The Logarithm Parametrization, fiifk Log) A4k % 1 2 S 54k (The
Oscillating Parametrization, f&i#x Sin). EFFIXHANSEHMIEFET: 1) BRI GEES) )12
AL R AR . 2) WA R BB AT CPL ST 52 3 KF[49]. 3) ‘&I Tn] LAk 4 CPL S4ik,
i, w(z) IEACEE R BN R (2 —» 1), BB TRERE B RSN TR P 3 ). S Tax
PINSEALIE Z AT, RS2 SCHR[50]-[54]. ASCHIEE =3 FEAHE T B wo Al wy SHALK)
Log A A Sin HEAY (1 FEAE B . 55 =307 7 EE A 21 T R 1) e oA A58 o U e A A5 5325 28 1Y
FG3 43 P A LA AL (T OB TS AR S I 5 T A ARG L, AR E AT IS a B
BN X A S HA B ) e B R R BI 45 R . on, 7R85 U ar AT 7 — S B 4.

2. SBEASHUNTFFTEASHUNREES
1F 2% [8]*F-38 /] Friedmann-Robertson-Walker =571, Friedmann J7f&R

E(2) E[MJ 0, (1+2/ +(1-9,) f (2) W)

Ho

H(2) & FHES, HOMEEE, O AT E Gl E% g R f(z) 28

P (2) [ 1+ w(2') }
f(z)=——Z==exp| 3| ———=dz
@) P (0) JO 1+z , )
et py, (2) MG RE R
B, BATEAN A wo A1 wy ZHAL (RIS HAL) K P RPE) ) 215 e S A DL . Log 7Y
H, B REEIRAS T RE R LIRS
w(z)=w0+wl[w—ln2} (3)

1+z

L, z=0M, w(z)=w(0). z->+o (BAEWFHMz -1 CRIFE)N, Log ZHALITLL
{RAF w(z) A IR, Fethitide CPL Z4MLrR, 2 2 > L NSRS TRAEAE AL R B R, ARRZHE, 1%
KSR Friedmann 77 720 LS A
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In(2+2')
1+w, +w, ﬁ—an
d

E(z)2 :Qm(1+z)3+(1—Qm)exp SJOZ 7. (4)

1+7'

Sin A, WEREEIRE TN

W(Z)=W0+Wl{

sin(1+2)

sin (1)j , ©

Htth, z=0KF, w(z)=w(0). HTFsin(l)~In2, FrLl Sin 25k Log ZHULX FIFHE XAEME
SRS AL AT LR AR [F AL AT N . FIRE, Mz > +oo il z > 11, X DS EULEN RS T KSR
I BEBAFHEAR AL HIw(z) KB . Sin B84 Friedmann J5 FE 3208
sin(1+2') .

11y —sm(l)j

1+W0+W1(

E(z2)" =Q, (1+2) +(1-Q, )exp 3_[02 dz'|. (6)

1+7'

3. BiRMAE

AR SCK A A SR SIS T A R (B CMB + BAO), T i i SHE I A T 2
Pz A 1a B HT AN (RY CMB + BAO + SNIa) 4™ HicHis 414 PR 5 1 22457 . CMB #idfs 3= 27248 2018
4 Planck A TAEZ AAK] CMB - [ 7 11 i 5 Dy 38 35 AN AR AL T 2 08 L KB B D i e . 521
(1] CMB 4 AH L, X Sed 4 it — D RRMIR T CMB TEMIK | bR AL D3RS 10 R Gui 22, 193 7R FE B s ik
WD ZAEHHE[55] [56]. BAO WLl KiHs 1 25 SDSS-MGS. 6dFGS MLl H 2% REFE I LL D, /1y,
DEA( 1,y R E T RN ISR 3L AL, D, 2 M EAREEE) [57]-[59], LA DR12 KAGMFEH
WMAFE 2, =0.38,051 F1 0.61 4 =4 BAO I E(A[60]. SNla F¥EEL & 7 1048 N IEH N
0.01< z < 2.3 WM EREA . IXEeEH K [ Pan-STARRS1 H1iE K K (0.03 < z < 0.65 )] 276 i &2, i
AR HST FEAHIEE Y . Pantheon 24 v LAFRAE L JLA B 4% 1) 52 1 4 S B PR ) [61] -

WAMBRE TN FHFZZSHRER MR —REWT, AT AWM THIE SR, S35
HI SR Ve L JF I A AVE %8 . X T Log Z8LAMN Sin ZHLKIBh s RE BRI, EA1HA 8
MEBSH, HAHTEFREEZE W =0, LAY REREEE w, =Q.h*, BN SRS M
BB B LU 100 51006, » FERIBOESARAE « » BT RIEIRFLH 100 0T 4 In (10° A ) A
WREL g, DALY ZHL wo Al wyo IXEESHWSEI ARG 1 s, BRLZ b, 1E Log #EAYHr, A
RIS wo 5636 404 49 [-3.00,100] , wy 5656 40 4ii A [-4.00,18.00] , 7E Sin B rh, HLARAI S 4 wo 1)
S5y 4 [-3.00,100] , wy 565653 A A [-4.00,9.00] o 24 > m, MERTH FAEA 1 H RS H, Bl
R T T TR =R, BUIEHET R | I EHE X R, Y m, #2564 A5 4353 [0.06,3.00]
eV, [0.10,3.00] eV #1[0.00,3.00] eV.

N T VPR £ B ) B AR G 4w A ) — S0, AT T Bt TR IR

R %
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Table 1. Priors on the free parameters for the models of Log and Sin
= 1. Log #REYHN Sin iRB B RS HM S 9

W, [0.005,0.100]
W, [0.001,0.990]
1006, [0.5,10.0]
T [0.01,0.80]
In(10° A [2,4]
n, [0.8,1.2]

ok, &M & o, S IFORS BN TR . SIS0 00 AR M 22 o X2 S S T 0 52 565
OB ETE N

2 (p)=2 2 (p). (8)

W, LR EA RSB B AR R,  ° 4iiT[62] [63]6E 0 AR ELEE H e AT 5 M0 B 1
PEERERE 13BN x {E N R 123 1 AR TR Rl O T S o S S PR A 5 L 2 B 1 46 camb
Boltzmann {05 () CosmoMC & /5 [6413H 71 HE . JEEMAIEITZAUS A, FATT IS RIS E 5%
ATELE

4. BRER

Table 2. In the case of three hierarchy of neutrino masses, the logarithm parametrization fitting results under the constraint
of CMB + BAO data and CMB + BAO + SNIa data

F2. EPNFRE=MHFELT, Log B8LE CMB + BAO #1&F1 CMB + BAO + SNla #ER & TS #l4

#R
- CMB + BAO CMB + BAO + SNla
NH IH DH NH IH DH
W, 0.5/ -0.5375 ~0.5907 -0.946% 0,  -0938%  -0.955;;
w, 6.10%% 6.70%% 5.407 1.9077% 2.20°7 152795
> m,[eV] <0.342 0.362 0.327 0.301 0.317 0.282
Q, 0.3487% 0.351/50% 0.3457% 0.3094+0.0082  0.3106'3%% 0.3080"30%
H, [km/s/Mpc] 64.6°22 64.4723 64.8'2 68.31+0.82 68.2770% 68.3370%
Oy 0.779+0.024  0.775+0.024  0.784+0.025 0.8127%° 0.809" % 0.817" 0%
2 2782.514 2786.672 2784.190 3824.100 3823.180 3823.148

FATE R T =AM RN EHE . WHE A I =R S, 2 2 SR 3 402 Log BEALAN
Sin #AI7E CMB + BAO #5411 CMB + BAO + SNla $dli 41 R # NI & 45 R . BRAT/SE] Log fEATE
CMB + BAO KR4I T, > m,, <0342eV (20). Y. m,,, <0362eV (20) f1Y.m,,, <0.327eV
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(20), CMB + BAO + SNla ##EZ4HMRHI T, > m,, <0301eV (20). > m,, <0317 eV (20) fi
Y. M,py <0282 6V (20) (i 2). &KW, 1EF—TEASHULIE LR T, CMB + BAO + SNla #iii Lt CMB
+ BAO Hlx B S HIRBIFIE LT, SNIa MHHE RA SR R BrE & (E ERRAPER . S5, Sin
SHAAEPIPEIRALI RS S , BAVSBRUISER (R 3). 5 CPL R RI ) i 5 & L IR1E(CMB +
BAO ¥R, Y m,\, <0.316eV (20). Y. m,,, <0.332eV (20) f1Y. m,,, <0.282¢eV (20) :
CMB + BAO + SNla ¥4l #I F, Y m,, <0.285eV (20) . Y. m,,, <0.304 eV (20)

DM, oy <0254 €V (20) )AL,  Log FLY rhv Rl #5 BUAHIT ) h W7o & L BRAR, {H Sin BE8Y 45 21 i bk
THRE EREE K. BAh, XM EACKE) s ae &, B T i iR A E ) ERRATLE
Wiy T3 RIE R E .

Table 3. In the case of three hierarchy of neutrino masses, the oscillating parametrization fitting results under the constraint

of CMB + BAO data and CMB + BAO + SNla data
=3 EPHFRE=MEFERT, Sin %L CMB + BAO #3251 CMB + BAO + SNIa HEIREI TS HIlE

#R
S CMB + BAO CMB +BAO + SNla
NH IH DH NH IH DH
W, -0.63%0% -0.62°0% -0.650"92% ~0.956°0% -0.952'00%  —~0.962+0.063
W 2307 24743 1987 08053 09193 0.667%
>'m,[eV] 0.368 0.382 0.342 0.327 0.336 0.311
Q, 0.34670%% 0.347:0% 0.342109 0.3097°0%%  0.3106"%%  0.3081+0.0084
H, [km/s/Mpc] 64.8722 64.8°22 65.072% 68.3370% 68.32"0% 68.37+0.82
oA 0.781+0.023  0.778+0.023  0.785+0.024 0.812'30° 0.809'9%> 0.816'30°
o 2788.970 2784.166 2783.698 3822.408 3824.456 3821.800

CMB + BAO ¥4l #I T, 76 Log+ Yy m, A, FRATEEI h TR =N =FHET F 2%, 55
N poinnn = 2782514 ¢ y2 . =2786.672 Fll y2. o, =2784.190 (W35 2), RDIEHEFEIM 2, (EE/, Witk
PR g B, FLIEHERUEHE R Ry 229 Axn = Xonm — o = 4158 « WHLZYE, 1E
Log+ > m, BRI eh, il )5 i 1 IEHE PP L HE P SE 4 CMB + BAO #4ii BT S RF. 7 Sin+ ) m, A,
BAVR B F RER =FHET T 20, BN gl = 2784.970 . y2, = 2784.166 Al
Xeinon =2783.698 (W72 3), BUfRIF-HEFFI I p2, /N, EHFII 22, K, H Ay, #8F 2, R

AT 87t CMB + BAO $udli 41 5 S P il 7 o WA HE Y
CMB + BAO + SNla $dE4LBR il &, 78 Log + Y m, AL ehr, FATIE B BT S 10 = FiE T T p%, 18

SN plhinm =3824.100 + 2y =3824.100 y2. o =3823.148 (W32 2), RNfEIIFHERFIT 10 42, 5D,
IEHEFRI I 225, Bk, B AyZ, #8/NF 2, AR TR H CMB + BAO + SNla $i 415 32 #7 h 1i Bef)
WRARHERE . 7ESin+ Y. m, BRI, AR B BB SRR T p2, [N 12 e = 3822.408
Xl =3824.456 il y2. o, =3821.800 (.7 3), RPEIHETFISI y5, /AN, WHEFI 1 22, K, H
WHER A EHEF IR g5 2N A = Xoinm — Xamnn = 2.048 5 BIFESIn+ Y m, BAI, 7 R & IE
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HEFP L P B4 CMB + BAO + SNla £54# I SCHf .
5. B4

BAMER T 2407 Fm A T8 20 %dE, &I CMB + BAO 1 CMB + BAO + SNla B MHE41L &, R
1125 FE H A S S RO BOE NS B G BE E ARG R XS B RE &, /P WS HE) ) G e
X R R AR . RATRIA R F Tl &1 2w iR E A E SR, 4 CMB +
BAO + SNIla 45 PR il i Be SR, W Ae BB L & TR i I RITE N I 5 S 8 T i — 2P
MRS EEMZ, BATRIARB ST R EHT 0L S B e ARG I XS g ae &
A T R AN A AL CPL AR A B R, RIS B b i e S AR T XS B s g & nl DA
E T RS AE ERR . Fik, AT TAES 3 77250 G v] U R T B E LA E R 4 e
8.

E&H
ARG E R ARFLE R4 (H 5 12103038) % Bl

&5k
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