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Figure 1 (Color online) The curve of extreme black hole in the rgq-wq
plane for Q-RNAJS spacetime, where Q2 =lrg=4A= —107°.
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Figure 2 (Color online) The curve of extreme black hole in the rg-wq
plane for Q-RNdS spacetime, where 0% =5, rg =4,A = 1073,
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Figure 3 (Color online) Effective potential versus r at several values of wq. (a) Corresponds to Q-RNAdS spacetime with ry = 4, 0% =1, rq =
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(B 3(a). kL1 A ZquintessenceFY Wi (ry —
oo) I, RLF-HIHIE AL T — B A .

4(b) & Q-RNAASHY 7% Hh, Wl Hh £ i 25 5 F2 2
How BRI BT B3R B BE A& & 7572 2 o DS,
WFiEsh— A, Bk H Al H )ik
WL, K 4oy, BRI, 5 AR, B EA
BI3UK, YA B sE 2.

4(c)FA(d)/2Q-RNASH 2% o1, il #h 28 53 Jill
Bl rg Mlw A0 ) BT, B 36 R BU3E A 2 3 ), 7
Frfa oL, &4 B BR T 28 @ H AE0E H
RO 3IR. BB TR rg Flw B A IS I AN 22

4 FHRATHE

BAIEIBE T — AT 2 R i He
1] A% g I 22 £ ot e 31 2 A ] AR s I 25 1 X3 FH
XA T7 R 5T T 78 iiquintessnece [JRN(A)SH =¥,
FEEEMLH, quintessence A P N2 8, Mlwg, Hw,
RS RS AErg-w P b, H% i A B ity 2
T Rl e ¥ T 0 SR S AN (3] IRF 2 5 A 1 X3
XFQ-RNAASH 7%, & 157, — M XIHIEE— mixt
A4 F T 1 R B 2, T S A — AN X 3k ) R —
RO A 2 AT 1 ST B 255 56 T Q-RINAS I =%,
Bl 20, — AN DX AR — 5O R A 1S 52 A

[112de Sitterft 4%; 1M 75 — > X A — RO R34
LA 2, Fed — AN AL, A5 A
IR AN

WATIE I 5] G AR, BV T RT3
(1 SR Hh 2R (P 4), BB R IR UE A 2 A 1,
AR, FEREIRE T, X T A2 HIQ-
RN(A)ASH 7%, B4 rg R K, RL 784 i i H A
AN 1 FE 3G K, T B RS 2 Howg DS, R
B3 — BBk H S kB 2. XAt T
—ANHE B w KBTIV 5 R F AR
[FIQ-RNAS B 7%, fETEAR T MRS, (H I Hh 2R TR
S B (rq Mlwg) A0 I 52 M AN 2 25, 7T RE A W
DL A BRI, XX I 2B TR TR 2 &,
KL F AT B B5E A0 AT AL, BRUOR AR A R 2
TaRR R ).

T AT I e 5 e A I 1 K R 4
Fa, AEKE L 0 2% ok K ) RGN AR B
SIX — AR S G R WS e R I I Y Y )
R AL TS B 1. EFE B R, A4
FH1Q-RNAAS FE MUAIA 34 M FLHQ-RNASEE #, A
3 AT, FLSRI A R A RO A R IME, BREA
REAFTERR T R ADIRES . ASCII 450 i Tl BE i,
P quintessence A B i 1T (1@ 4.

110401-5



AR, WwHEBY: WY 1% K% 20184 H48% H 11

Bl 4 (% B E)(Q)-RNAASHI(Q)-RNASHE 7% i (¥ b Uik, FE e 42 i) Al b r LU AR HL. () ()% 2 15 AN 1 (Q)-
RNAAS R f; (o) Ryt B A — AN F il A 1(Q)-RNAS I %5, (a) ry = 4, 02 = 1, wy = —0.5, A = —107, L? = 200, E? = 1.1;
(b) ry =4, 0’ =1, rq =200, A = —-1073, L? = 200, E? = 0.7; (c) ry =4, 0*=5, wq = —0.85, A = 1073, L2 =1, E> = 0.4; (d) ry =4,
0% =5, rq =100, A = 10°,L>=1,E*=0.5

Figure 4 (Color online) Trajectory of the particle in the (Q)-RNAJS and (Q)-RNdS spacetime, where natural logarithm scales are used on the r-axis.
(a) and (b) correspond to (Q)-RNAJS black hole with two horizons; (c) and (d) correspond to (Q)-RNdS spacetime with single cosmological horizon.
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The effect of quintessence in black hole spacetime

HE YouBiao, YANG SiJiang, DU JuanJuan & LI ZhongHeng *

College of Science, Zhejiang University of Technology, Hangzhou 310023, China

A new method is introduced to study the classification of spacetime, and spacetime horizons and timelike geodesics are
investigated in the background spacetime of Reissner-Nordstrom-(anti-)de Sitter black hole surrounded by the quintessence
(Q-RN(A)dS). We find that, for Q-RNAJS metric, there are two types of black holes: two horizons and four horizons. In a
black hole spacetime of two horizons, the angular precession of the aphelion per revolution increases with the increase of
the quintessence parameter ry; while the number of aphelion per revolution increases with the decrease of the quintessence
equation of state parameter w,. This shows that the quintessence parameters ry and wq can be determined by measuring
the angular precession and number of aphelion per revolution, respectively. For Q-RNdS metric there are two cases: one
horizon and three horizons. The Q-RNdS metric of one horizon describes the de Sitter-like spacetime, which has a naked
singularity at » = 0. It is interesting to note that any particle never reaches the singularity, since the effective potential is
infinite at the point. On the other hand, the quintessence has no significant on the geodesics in de Sitter-like spacetime.
It is worth pointing out that there are no bound states for the Q-RNAdS spacetime with four horizons and the Q-RNdS
spacetime with three horizons.

quintessence, RN(A)dS spacetime, horizon, geodesic
PACS: 04.20.Cv, 04.70.Bw, 04.25.D-
doi: 10.1360/SSPMA2018-00137
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