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Every time the boss calls us into his office, 
it’s not to give us a raise… And this time 

wasn’t going to be any different…

you know what 
hjellming always said: 

Cygnus X-3 is a F*G 
puzzle!

This damned source 
emits X-rays and gamma 

rays, and it’s the brightest 
radio microquasar! It might 

even be emitting at very 
high energies!

But the damn thing can’t be seen 
in the optical. It’s too heavily 

absorbed. So we don’t know what its 
counterpart is, and there’s no way to 

tell how far away it is!

And if we want to understand the 
physical properties of Cygnus X-3, 

knowing its distance is absolutely crucial… 
It’s maddening to have such a powerful, 

dazzling microquasar — and still know so 
little about it!
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There’s not much 
consensus. For example, 

in 2009, Ling et al. proposed a 
preferred distance of 7.2 kpc 

based on X-ray
scattering taking into account 

the Cyg OB2 association.
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later, in 2016, 
mccollough et al stablished 

a distance of 7.4 kpc rom X-ray 
scattering in a Bok globule 
placed on the same line of 

sight



9 kpc

7.4 kpc

7.2 kpc

 Predehl et al. (2000)

 McCollough et al. (2016)

 Ling et al. (2009)

Comparing the size of the Cygnus x-3 X-
ray halo with the time delay of

X-rays scattered by dust, Predehl et al. 
(2000) obtained a distance of about 9 kpc.
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the most recent distance 
determination is that of Reid & Miller-

Jones (2023), based on a precise 
trigonometrical parallax using the Very Long 

Baseline Array at 43GHz, which places 
Cygnus X-3 at 9.67 kpc.
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however, from decades it is 
known that the hi absorption 

spectrum in the direction of cygnus 
x-3 establishes a lower limit of more 

than 10 kpc to our microquasar… 
DICKEY did it in 1983. So, cygnus x-3 

could be at the outskirts of our 
galaxy! 



Or maybe there is… This is 
where I want to see you in 

action, you bunch of slackers. 
Come up with something soon and 
get in touch with me the moment 
you think of anything. We can’t 

just leave it like thiS!

And while we’re at it, 
let’s try to figure out what 
the environment around the 
microquasar is like. That’s 
always going to help us 
understand its elusive 

nature!

Alright then, go with God. 
Let’s see if you can earn your 

paycheck, you rascals. Close the door 
on your way out — and don’t take too 

long to show signs of life!

So far, this is 
what we know… As you 
can see, there’s a big 

difference between the 
various estimates! But 

without seeing the 
companion star, it doesn’t 

seem like there’s 
anything else we 

can do…



Josep Maria is right, Pedro. There 
must be a way to better constrain 

the distance to Cygnus X-3.

We’ll have to rack our 
brains, Pedro. We can’t 

let the boss down…

Let’s think on the way 
home. Do you think the 

university will be able to 
pay for a taxi for us?

it could be, josep, 
but… how can we find out? 

all those guys who are 
smarter than us  seem to 

have used every single 
technique…

By the way, did 
the boss say he’s 
actually paying us 

a salary?



Let's see, Pedro, what distinguishes  

Cygnus X-3 from other microquasars?

The key might lie in thinking about  

the characteristics of Cygnus X-3.

In particular, its peculiar features.





There is n
o other microquasar that  

hosts a Wolf-Rayet star.

Hmm, let me think... We know that  

Cygnus X-3 is a binary system…

Surely the most distinctive feature of this object 
is that its companion is a Wolf-Rayet star. These 
stars are characterized by their powerful winds, 
on the order of thousands of km/s. 



You’re right, but we 
mustn’t forget about the 

jets. Cygnus X-3 also emits 
jets of relativistic particles. 
And in our object, they should 

be notable, given their 
power.

True, Josep. So, it’s most likely 
that there is interaction between the 
jets and the surrounding medium, but 
we’ve already searched for it in the 

past without success.

Yeah. indeed we did. but maybe 
it’s precisely the wind from the Wolf-

Rayet star that could have swept the medium 
away, thus preventing us from seeing it… 

Think about it.

   Damn it JOSEP… Now I’ve 
DRAwn the short straw. Good thing 
we’re going to get rich… Let me go 

for a walk and see if something 
comes to mind…



So I went for a walk… Under that cloudy sky, I remembered the 
known cases where a microquasar interacts with its surrounding 
medium… 

For example, the paradigmatic SS433. 

For instance, around GRS 
1758-251, as we ourselves 
observed in 2015 and 2017.



Or the famous case 
of Cygnus X-1 that Gallo 

et al. discovered in 
2005.



But, as I told Josep, we’ve looked 
around Cygnus X-3 at radio 
wavelengths and haven’t found 
anything conclusive. Could it be 
true that the surrounding medium 
isn’t dense enough for us to 
detect the interaction? 

Could it be that the Wolf-
Rayet wind has swept the 
medium away and there’s 
not much left for the jet 
to collide with? 

How the hell am I 
supposed to figure 
that out? 

Josep? 
Can you 

talk? Are you 
with the 

boss? Even 
better. I 

think I’ve got 
something

…

…Unless… Unless the HI 
clouds in the medium could 
give us a clue!



i’ve 
sent to you 

an graph. can 
you see it?

This is 
the HI emission 
spectrum in the 

direction of Cygnus X-3. I 
got the data from the 

Canadian CGPS survey, the 
Effelsberg-Bonn (EBHIS), 

and the LAB (Leiden/
Argentine/Bonn) survey. 
All of them, as you can 

see, look very 
similar. 

And what’s 
this dashed 

line?



The dashed 
line marks the 

kinematic velocity 
corresponding to 7.7 kpc, 
according to the Galactic 

rotation curve from 
Russeil et al. 

2017. 

It looks 
like there’s a 
pronounced 

local minimum 
there. 

YEP. 
And it’s 

consistent 
with 

McCollough’s 
distance. 

Interesting, 
isn’t it?

It could be that the 
effect of the stellar 
wind and/or the jets is 

carving out a cavity in the HI 
cloud. Maybe Cygnus X-3 

is there, after all!



 Notice 
that at the 

distance around 10 
kpc (–60 to –70 km/s), 
which has also been 
proposed, there’s 

no apparent 
cavity.

 And that’s odd, because the 
brightness temperature seems to 
indicate a high enough density that 

interaction with the wind/JET should be 
observable.

And what about 
the distances of 
more than 10 kpc 
also proposed?



well, these far 
distances correspond to 

kinematic velocities 
smaller than -80 km/s…

no minimum is 
observed… but at these 

distances the density is so 
low that it is hard to  observe 
any interaction with the wind 

or the jets…

so cygnus x-3 
could also be 

there, and we could 
not see anything… but 

the spectrum is not 
convincing enough! Do 

you have something 
else?



Well, I’m 
glad you asked, 

boss. At no extra 
cost, I’ve taken a 

detailed look at the HI 
maps at different distances 

looking for traces of 
interaction. I focus on 
the different distances 

proposed for 
Cygnus x-3…

i have used the 
canadian cgps survey 

because it has the best 
spatial and velocity 

resolutions.

as 
expected, i see no 

structures at distances 
greater than 10 kpc 

because the very low 
density of the 

medium…



for the 
distance of about 

10 kpc i also find no 
evidences of interaction in 

the hi maps. again as 
expected in the 

spectrum… 
however..

however 
what?

however i saw an 
elongated structure just 
at the north of cygnus x-3 
at about -70 km/s, that is, 

about 9.9 kpc. 

The first 
thing I thought was that it 

was the elongated structure 
created by the interaction between 

the jet and the medium. But the angular 
distance is about 40 arcminutes, 
which at 9.9 kpc implies a length 

of over 100 parsecs…

can we see 
it?



YEP. and you are right, 
this structure is too 

long for a typical 
microquasar jet…

so, no traces of 
interaction at about 10 

kpc. mmmm and what about 
the cavity at 7.7 kpc?

i have just 
sent it. can you 

see it? the circle 
marks the 

position of 
cygnus x-3



yes, I 
explored around 

that distance of 7.7 
km/s  in the HI data cube 

from the CGPS survey. Can 
you see the video I just 
sent you? Take a look at 
the small green circle 

which marks the 
position of Cygnus 

X-3.



Can you 
see it? the cavity 

growing and then filling 
again… the minimum is at 

about  -37 km/s, or 
7.7 kpc…

pretty Nice…

and which is its angular 
distance?

you can see 
the kinematic 

velocity in m/s 
in the upper 

left corner…



Alright, alright. this 
sounds good, but to be 

convincing, we should have a 
theoretical model that 

justifies how Cygnus X-3 could 
carve out this cavity in the 
medium. You know what I 

mean, right?

well… 
the radius of the 

green circle is of about 
7 arcmin. at that 

distance it’s equivalent 
to about 16 pc  

One more thing: 
this same cavity can be 
seen in a trichromatic 

WISE image (R: W4; G: W2; 
B: W1). I’m sending it 

to you…

oh, sh*T!!!



Good grief. Once again, I’m 
the one stuck with the hard 
work. And on the usual 
salary, too.

I can’t even afford a decent room. 
This place is so small, if the sun 
comes in, I have to go out… 

too old for this sh*. 
That’s enough 
complaining. Come on. 
focus…



some weeks later…

Damn it. Building a 
model… I’ve been 

crunching numbers with 
Josep for weeks, but this 

just isn’t my thing.

Look 
at all 
these 

calculations. 
And none of 
them really 

convince 
us.

Oh well, if you can’t 
win the fight, better find a 

strong friend… Let’s write a 
cry-for-help email to 

Valentí…



Dear Valentí,

I am facing an interesting problem, but I can't seem to find the right model. 
So I need help, and I thought of the best person for the job. Unfortunately, the 
best person was busy, so I have no choice but to turn to you. Could you give 
me a hand with this? I'll send you the details in another email.

Fins aviat!

Pedro



I didn’t have to wait long. Valentí is a 
good friend. 

I think I have 
something for you, Pedro… 
It hasn’t been easy. But the 
selfless advancement of 
science and the purity of 

mathematical beauty 
deserve every effort… 

SO 
the boss 

threatened to 
cut off your 

nuts…

What gave it 
away?

Alright, 
let’s see it.  
i mean the 
model…



A cavity produced by a continuous outflow interacting with a uniform 
cold medium will have a size

<latexit sha1_base64="z6KmDQPY1IVuRnegzLAg2CVB5OY=">AAACE3icdVBLTwIxGOz6RHyhHr00EhO8wK4K6I3oxYMHNPJIWCDdUthKu7tpuxqy7s/QP6Mno570B/hvLIjxPafpzDT5ZpyAUalM89WYmJyanplNzCXnFxaXllMrq1XphwKTCvaZL+oOkoRRj1QUVYzUA0EQdxipOf3DoV+7IEJS3ztTg4A0Oep5tEsxUlpqp0x4akvKYea4HdmCw8ur8zhnC9ffakVWLh+rT7kV7WihnUqb2f18oVgswt/EypojpMEY5Xbq2e74OOTEU5ghKRuWGahmhISimJE4aYeSBAj3UY80NPUQJ7IZjZrFcLPrC6hcAkfvr9kIcSkH3NEZjpQrf3pD8S+vEaruXjOiXhAq4mEd0V43ZFD5cDgQ7FBBsGIDTRAWVF8JsYsEwkrPmNT1PzrC/0l1O2sVstbJbrp0MB4iAdbBBsgACxRBCRyBMqgADG7AHXgET8a1cWvcGw/v0Qlj/GcNfIPx8gYlWp2z</latexit>
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If we use reasonable values for these parameters (Lw ~ 1037 erg/s; 
Lj ~ 1038 erg/s; ρ ~ 1-103 mH cm-3; tw|j ~ 0.1-1 Myr) then we can 
obtain R ~ 16 pc, which at the 7.7 kpc we are assuming translates 
into the 7 arcmin angular distance of the cavity you observe…

that sounds 
good!



Furthermore, it is likely that the medium around Cygnus X-3 
is dense. For a typical characteristic time of 1 Myr, the 
density would be on the order of 103 mH cm-3, although if it 
were 0.5 Myr, the density would be an order of magnitude 
lower. 

The jet can accelerate particles by interacting with the 
medium, but if the characteristic time of the jet's action 
would be much lower that that of the wind (more precisely 
tj << (Lw/Lj)tw) then the jet termination region within the 
cavity may have had too little time to become a significant 
emitter.

so the jets 
would be younger 
than the age of the 

system…
So now 

we’ve got 
everything… let’s 

see if we can 
start wrapping 

this up.



We have explored the molecular environment around CX3 at 

the different distances proposed in the literature. No traces 

of interaction has been found around 10 kpc, although it could 

be expected.

The 
distance of 7.7 kpc 

is compatible with a cavity 
carved out by the wind/jet of 

cygnus x-3 which is theoretically sound. 
but the density must be high and the jet 
younger than the system.

The 
distance of over 10 kpc 

aligns with HI data, showing no signs of 
interaction due to the low-density environment.

This appears to be the most probable distance. The density 
would be low, and since Cygnus X-3 is so far away, its luminosity 
would be greater than what is commonly established. Its recently 

suggested ULX nature would be more probable.



That night, at the boss’s 
house…

are you 
really that 

far? 

I’ve been 
so close to 
you all my 

life…



Gràcies Josep Maria per tots els bons moments 
de ciència i de vida per tot arreu del món

Thank you Josep Maria for all the moments of 
science and life in every corner of the world


