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Dragonfly 44

Sayeedul Islam, Farook Rahaman, Ali Ovgiin, and Mustafa Halilsoy

Abstract: Recently, the ultra-diffuse galaxy (UDG) Dragonfly 44 in the Coma Cluster was observed and observations of the
rotational speed suggest that its mass is almost the same as the mass of the Milky Way. On the other hand, interestingly, the
galaxy emits only 1% of the light emitted by the Milky Way. Thus, astronomers reported that Dragonfly 44 may be made almost
entirely of dark matter. In this study we try to determine whether or not the dark matter that constitutes Dragonfly 44 can form
a wormhole. Two possible dark matter profiles are used, namely, UDG King’s model and generalized Navarro-Frenk-White
(NFW) dark matter profile. We have shown that King’s model dark matter profile does not manage to provide a wormhole
whereas the generalized NFW dark matter profile manages to find wormbholes.
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Résumé : Récemment, les observations de la galaxie ultra-diffuse (UDG) Dragonfly 44 dans ’amas de Coma suggérent que sa
vitesse de rotation correspond a une masse qui est presque celle de la Voie Lactée. D’autre part, il est intéressant de noter que sa
luminosité est seulement 1% de celle émise par la Voie Lactée. Il s’ensuit que les astronomes rapportent que Dragongly 44 peut
étre faite presqu’entiérement de matiere noire. Nous étudions ici la possibilité que la matiere noire constituant Dragonfly 44
peut créer un trou de ver ou non. Nous utilisons deux profiles possibles pour cette matiére noire, nommément, le modéle de UDG
de King et le profil généralisé de matiére noire de Navaro-Frank-White (NFW). Il ressort que le profil de King ne parvient pas a
générer un trou de ver, mais que le profil de NFW est capable de générer un trou de ver. [Traduit par la Rédaction]

Mots-clés : trou de ver, matiére noire, galaxie ultra-diffuse, Dragonfly 44, profil de matiere noire de NFW.

1. Introduction

Today, one of the challenging questions in theoretical physics is
the question of the existence of traversable wormholes [1-21]. An-
other mystery in physics is dark matter (DM) [22-24]. Like black

DM whose nature and composition remain an overall question
mark [22, 23]. Researchers hypothesize the existence of dark mat-
ter only from its gravitational effect. Observation of the spiral
galaxy rotation curves is an enthralling experimental evidence for

holes, there is another miraculous type of object in our universe:
wormbholes. After the prediction of Einstein—Rosen bridges in 1935
[1], with a lot of theoretical evidence, researchers have proposed
the existence of wormholes in space-time that act like shortcut
paths to travel between any two widely separated or infinite re-
gions of the universe or between another universes in a multi-
universe model. Structurally, a wormhole looks like a tunnel
(called its throat) with two mouths (most likely spheroidal). Here
the most interesting thing is that the exotic matter needed to
open its throat violates null energy conditions [2-4]. The curiosity
about wormhole physics has vigorously increased since publica-
tion of Morris and Thorne’s research article where they proposed
the prospect of the existence of traversable wormholes as a solu-
tion of Einstein’s field equations that does not contain an event
horizon, and a traveler can easily move in both the regions in
space-time through its straight stretch throat [2, 3]. By the exis-
tence of these hypothetical objects one could realize time ma-
chines or shortcuts among faraway regions of space.

The majority of the mass of the universe is thought to be made
up of a most mysterious substance that does not interact with the
electromagnetic force (i.e., cannot absorb, reflect or emit light):

the existence of DM. The DM candidate particles are generally
classified into cold, warm, and hot categories. Interaction of a
scalar field whose energy density is dark energy may be caused by
the DM particle mass. Over several decades it has been openly
accepted that almost every galaxy contains a large amount of
non-luminous matter forming massive DM halos around the gal-
axy based on different lines of evidence like flat rotation curves of
spiral galaxies [24] and strong lensing system [25].

The model under consideration predicts that the ultra-diffuse
galaxies’ (UDGs) space distribution for 90 globular clusters ob-
served around Dragonfly 44 [27] has the space density as follows

» Using a King’s model-like approach [28, 29]:

rZ n
p(r) o K(- + A) 1)

"o

where 1, k, 1y, and A are parameters. We assume that the aver-
aged relative speed of the galaxies in the Coma cluster is
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Fig. 1. pversusr (k =1, A =1, and r, = 1). [Colour online.]
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approximately equal to the velocity dispersion in the cluster
v = 1000 kmy/s. This density profile is shown in Fig. 1.
¢ Using a generalized Navarro-Frenk-White (NFW) profile [26]:

p(r) = ;37 (2)
L+ (rfre)]”

where vy and r,, are parameters.

This paper is organized as follows. Section 2 introduces the
traversable wormbholes and their basic equations. In Sects. 3 and 4,
we study the possibility of wormholes in the Dragonfly 44 galaxy
by using the UDGs DM profile [27-29] and NFW DM profile [26],
respectively. Finally, in Sect. 5, we present our remarks.

2. Wormhole formulation

The traversable wormhole space-time is given by the following
[2, 3]:

ds* = —e*Var* + {1 - @rdﬁ + rX(d6” + sin® 6d4’) (3)

It is noted that b(r) and f{r) stand for the spatial shape function and
the redshift function, respectively. The range of the radial coordi-
nate is from + to b(r,) = r, where r, is the minimum value of r
(throat of the wormbhole).

The Einstein field equations are given by

G* = 8nT" (4)

where T and G! are the stress—energy tensor and the Einstein
tensor, respectively. Then one can calculate the nonzero Einstein
tensors

bl
G =— 5
> (5)
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G = ;—f * 2(1 - ?)Jc? ;
6= (1= e L+ 1)[ﬁ“ ’
oo (®)

where a prime indicates d/dr.
DM is generally defined in the form of general anisotropic en-
ergy-momentum tensor

Ty = (p + putu, + pg + (b, — pIn'n, 9)

where uru,, = —(1/2)n#n, = -1. Note that p, stands for the transverse
pressure, p, is the radial pressure, and p is the energy density. A
possible set of u* and n* are given by ur = (e, 0, 0, 0) and n* = (0,
0, 1/r, (1/r)sin6). Then the stress—energy tensors T' are calculated as
follows:

T'= —p (10)
T, = p, (11)
Ty = Ty = p, (12)

3. Wormholes with the UDG King’s model DM

One can find the tangential velocity from the flat rotation curve
for the circular stable geodesic motion in the equatorial plane
as [21]

vt = \/1? (13)

which is responsible to fit the flat rotational curve for the DM.
Rahaman et al. observe the rotational curve profile in the DM
region as follows [19, 20]:

v = ar exp(—kyr) + B[1 — exp(—k,r)] (14)

where «, B, k,, and k, are constant positive parameters.
Using (13) and (14), the redshift function is obtained as follows:

o’r o? 2a3

2k exp(2ky) 4% exp(2ky) ki explkyr)
2ap exp(—k;r — k1)
k, + k,

ftr) =

+ B2 In(r) + 2B%E(1, kyr)

- BE(1,2k,y) + D (15)

where E; and D are the exponential integral and integration con-
stant, respectively. At large scales, it becomes exp(2f(r)) = Bor4"¢.

Now we discuss two cases for different values of the parameter
7 by using UDGs King’s DM profile for the stability of wormholes
in the galaxy Dragonfly 44.

3.1. Case 1
For the UDGs King’s DM density profile [27-29]

olr) = KKL)Z + )\]" (16)

To

< Published by NRC Research Press
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Fig. 2. b(r)[r versus r (ro =1, k =1, A =1, and 1 = -1/2). [Colour online.]

4.5

1.5

o

we assume in this case k =1, A =1, and n = -3/2. After one uses (13)
and (14) and the UDG’s DM density profile under the Einstein field
equations, the shape function is calculated (8 = 1) as (see Fig. 2)

4 o r ror
bir) = ———— + —tan1<—) -——+cC (17)

8(12 + ro) \/”—o 4(12 + r0)2

Note that C is the integration constant and it is chosen as

iR 4
=Ty — 8(1—4-1’0) + ?tan (\/1’—0) + m (18)

to satisfy the condition of b(r,) = r,, then the flare-out condition
(b’ < 1) is checked, where r, is the radius of the throat

TgT’A
b=t = ——— (19)
(rz + ro)

which is satisfied (see Fig. 3).
Furthermore from (10) the second derivative of b with respect to
ris calculated as

" 721‘(3)1'(21’2 - ro) 20)
(P + 1)

The radial of pressure is shown as follows by substituting f{r)
and b(r) into the solution (5)-(12):
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Fig. 3. b'(r) versus r (r, = 0.001). [Colour online.]
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Fig. 4. Null energy condition for case 1 (1, = 0.001, k =1, A =1, and
1 = -3/2). [Colour online.|
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It is shown in Figure 4 that the null energy condition (p + p,. < 0)
is violated so that one of the essential conditions for a wormhole
is satisfied. However, the most important criterion for a worm-
hole, namely, b(r)/r < 1 is violated (see Fig. 2). So in this case a
wormhole does not exist.
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Fig. 5. b(r) versus r (r, = 1). [Colour online.]
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3.2. Case 2

In this section we follow the same method used in case 1and the
shape function is calculated.

The flare-out condition (b’ < 1) is checked and found to be satis-
fied and plotted in Fig. 5.

It is also showed in the Fig. 6 that the null energy condition (p +
pr < 0) is violated as needed to hold a wormhole. However, as in
case 1, b(r)/r < 1is violated (see Fig. 7), so in this case a wormhole
does not exist. Thus King’s model DM profile that constitutes
Dragonfly 44 does not manage to provide a wormhole. Now we
will determine whether or not generalized NFW DM profile that
constitutes Dragonfly 44 manages to provide wormhole.

4. Wormholes with the NFWs DM

In this section we describe the DM halo distribution using the
following generalized NFW profile for the existence of wormholes
in the galaxy Dragonfly 44:

) = —————— (23)
PIL+ (gl

In this expression, v is the inner slope of the profile (y =1 corre-
sponds to the case of a standard NFW profile), and r,, is the scale
radius and taking variation constant as unity.

Here we have discussed three different cases for the several
values of the parameter .

4.1. Case 1

In this case we assume r,, = 10, p, = 0.05, and y = 3.

After using NFW DM density profile under the Einstein field
equations, the shape function b(r) is calculated (87 = 1) as

b(r) = 8mpy[In(r) + C] (24)

Note that C is the integration constant and it is chosen as

"o
— —mr, (25)

C =
8mp,
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Fig. 6. Null energy condition for case 2 (r, =1, k =1, A =1, and n = -1/2).
[Colour online.|
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Fig. 7. b(r)[r versus r (r, = 0.001, k =1, A =1, and m = -3/2). [Colour
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Here Fig. 8 represents the shape function b(r) and we see that the
null energy condition (p + p, < 0) is violated (see Fig. 9). Also we
have checked the most important flare-out condition (b(r) -+ < 0,
after the throat radius, i.e., b’ < 1), which is satisfied and is plotted
in Fig. 10.

Thus the generalized NFW DM profile that constitutes Dragon-
fly 44 can manage to provide a wormbhole.

4.2. Case 2

In this case we choose r, =10, p, = 0.05, and y=4

After using NFW DM density profile under the Einstein field
equations, the shape function b(r) is calculated (8 = 1) as

< Published by NRC Research Press
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Fig. 8. b(r) versus r (r, = 10, p, = 0.05, and vy = 3). [Colour online.] Fig. 10. b(r) - r versus r (1, = 10, p, = 0.05, and y = 3). [Colour online.]
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Fig. 9. Null energy condition for case 1 (r, = 10, p, = 0.05, and y = 3). Fig. 11. b(r) versus r (r, = 10, p, = 0.05, and vy = 4). [Colour online.]
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In this section we follow the same method used in case 1 and the

b(r) = 87rp0[_—1 + M + C] (26) shape function b(r) is plotted in Fig. 11. To form a wormbhole, the
o essential criteria regarding flare-out condition (b(r) — r < 0, after

the throat radius, i.e., b’ <1) and violation of null energy condition

) ) o (p + py < 0) are satisfied (see Figs. 12 and 13).
Note that C is the integration constant and it is chosen as

4.3. Case 3
r In this case we assume r, = 10, p, = 0.05, and y = 5.
c=-2 4 1_ lln o (27) After using NFW DM density profile under the Einstein field
8mpy, 1, T equations, the shape function b(r) is calculated (87 = 1) as
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Fig. 12. b(r) - r versus r (r, = 10, p, = 0.05, and vy = 4). [Colour online.]

Fig. 13. Null energy condition for case 2 (r, =10, p, = 0.05, and y = 4).

[Colour online.]
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Fig. 14. b(r) versus r (r, = 10, p, = 0.05, and vy = 5). [Colour online.|
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Fig. 15. b(r) — r versus 1 (r, = 10, p, = 0.05, and y = 5). [Colour online.]

Here we use the same NFW DM density profile as the previous
cases and similarly the shape function b(r) is calculated and plot-

ted in Fig. 14.

In Figs. 15 and 16, it is clearly shown that the flare-out condi-
tion (b(r) - r < 0, after the throat radius, i.e., b’ < 1) is satisfied
and null energy condition (p + p,. < 0) is violated to hold a

wormbhole open.

So we can claim that the generalized NFW DM profile that con-
stitutes Dragonfly 44 provides a wormbhole.
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Fig. 16. Null energy condition for case 3 (r, = 10, p, = 0.05, and y =5).
|Colour online.
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5. Conclusion

The presence of stable traversable wormholes is a noteworthy
issue in theoretical physics. There is no doubt that wormholes are
the most interesting objects in the universe. This work is inspired
primarily by refs. 19-21. In this paper, we use the UDG systems in
the Coma Cluster, which is known as Dragonfly 44, because as-
tronomers reported that Dragonfly 44 may be made almost en-
tirely of DM. Moreover, there is another possibility: in this study
we show that this DM can form a wormbhole, and it affects the
observations. All the normal matter may be passed through this
wormbhole. For this purpose we firstly use the UDG profile and try
to construct a wormbhole solution, then we repeat our calculations
for the NFW profile. We have shown that only NFW profile pro-
vides wormhole solutions. Thus we are able to find the solutions
of the wormbhole in the Dragonfly 44 galaxy so that the DM’s halo
around the Dragonfly 44 galaxy is suitable to harbor wormholes.
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