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Jety u mladych hvézd

Jets from Young Stars HST - WFPC2

PRC95-24a - ST Scl OPO - June 6, 1995
C. Burrows (ST Scl), J. Hester (AZ State U.), J. Morse (ST Scl), NASA




Astrofyzikalni jety mladych hvézd

typické hodnoty:

¢ /-(0,01 = 1) pc, v— (100 — 400) km.s"!,
dM/dt - (10° — 10) Mg

« jake sily akceleruji a kolimuji svazek, jak se jet Sifi?

* jake jsou zakony Sifeni jetu v mezihvézdném prostiedi?

Vyznam HST - snimKky s velkym rozliSenim:

vlastni pohyb uzli ze snimkt porizenych za nékolik roku
diive az desitky rokii, coz byl ¢as srovnatelny s ochlazeni
oblasti po pruchodu razove viny
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ABSTRACT

We report on Hubble Space Telescope (HST) emission line ([S 1JAA6716,6731, Ha, and [O 1JA6300) and nearby
continuum imaging of the HL Tau and HH 30 jets from our own HST program as well as a study of HST Archive
[S n]AA6716,6731 images of the HH 1 and HH 34 jets. It is found in all cases that these jets are well resolved in
the lateral direction (with FWHM diameters =072) as far as we can follow them to their source which, in the case
of HH 30, 1s as close as 0725 (35 AU). Assuming the jet has essentially zero angular width at its origin, one can
deduce a lower bound for the initial opening angle, and the values obtained are very large indeed (e.g.. =60° for
the HH 30 jet and counterjet). Our data are shown to support models in which the jet is initially poorly focused
before being asymptotically collimated into a “column™ with a diameter of order a few tens of AU. As regards
the origin of the knots seen in these jets, it 1s found that many of the knots in the HH 1 and HH 34 jets resemble
internal bow shocks, at least far away from their driving source (=5" and 10" in the case of HH 1 and HH 34 jets,
respectively). This is consistent with models in which the knots are attributed to “internal working surfaces”
caused by temporal variations in the outflow from the source. It is found in the case of the HH 30 jet, however,
that its knots, at least close to the source, might have another origin.

Subject headings: 1SM: jets and outflows — stars: formation — stars: mass loss




Vyvoj superjetu HH 34 - kinematika
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Abstract. The southern lobe of HH 34 and the western lobe of HH 111 show remarkable similarities. Both objects have a chain
of well aligned knots, ending in well defined bow shocks (HH 34S and HH 111V, respectively). In this paper, we derive the
past ejection velocity histories from previously published radial velocity measurements of the HH 34 and HH 111 jets. This
is done under the assumption that the flows are ballistic. From these reconstructed ejection velocity variabilities. we compute
axisymmetric gasdynamic simulations of the two flows, and find that we do obtain large working surfaces at the positions of the
HH 345 and HH 111V bow shocks for the time at which these objects are being observed. This appears to be quite definite proof
that these bow shocks are indeed the result of an ejection velocity time-variability. Also, there is the observational fact that the
HH 348 bow shock is huge, being wider than HH 111V by a factor of ~3. We find that we can reproduce this difference in size
by choosing an appropriate value for the density of the ambient medium. Finally, from our small sample of two reconstructed
ejection velocity variability histories, we attempt to make some statements about the general nature of these variabilites, and
their implications on the possible ejection/collimation mechanisms.

Key words. ISM: Herbig-Haro objects — ISM: jets and outflows — ISM: kinematics and dynamics — ISM: individual objects:
HH 34, HH 111 — shock waves




Vyvoj superjetu HH 34
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Fig. 3. Time sequence of the density stratifications obtained from the
HH 34 model. The simulation is started at + = —3000 yr, and r = 0
corresponds to the time at which HH 34 is being observed. The den-
sities are depicted with a logarithmic greyscale, with the values given
(in g cm™) by the bar on the top of the figure. The z (horizontal) and
r (vertical) axes are labeled in cm. The computational domain extends
out to z = 1.68 x 10" cm.

Fig.4. Time sequence of the Ha maps predicted from the HH 34
model. The simulation is started at r = —3000 yr, and ¢ = 0 corre-
sponds to the time at which HH 34 is being observed. The maps have
been computed assuming a ¢ = 30° angle between the outflow axis
and the plane of the sky. The Ho intensities are depicted with a log-
arithmic greyscale, with the values given (in erg s~! cm~? sterad™!)
by the bar on the top of the figure. The x (horizontal) and y (vertical)
plane of the sky coordinates are labeled in arcsec (computed as offsets
from the position of the source assuming a distance of 460 pc to the
object).




Vyvoj
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Fig. 1. Spatial velocity wvs. distance for the North (filled circles) and
South (open circles) knots of the HH 34 superjet system. The radial
velocities and positions measured by Devine et al. (1997) have been
deprojected assunung a constant angle ¢ = 28 to the plane of the sky.
The “errorbars™ denote the velocity width in each knot. The dashed
line shows a linear fit to the data (see Sect. 2.1). The grey curve shows
the predicted behaviour for constant mass clumps decelerated by the
ambient medium (see Sect. 3).




Studium superjetu HH 34

erg cm?2s! A-lpixel’!

Fii. 2.—[S u] 46716 intensity map of the collimated jet of HH 34 con-




Studium superjetu HH 34
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Fic. 9.—Electron density (n.) map derived from the [S n] A6716/16731 ratio maps at the heliocentric radial velocity shown in each panel. The scale in cubic
centimeters is shown by the bar,




Studium superjetu HH 34

pi1 vzdalenosti 460 pc:

délkajetu/=1,5pc ...4,6.101°m
pocatecni prumér jetu d =9,7.10% pc ...6.10° m
pom¢r l/d =773




Snimek jetu HH 47

1554.2 OT

HH 47

Red: [8 II]
Green: HO

modra barva O 111
zelena barva Ha
¢ervena barva S 11




Pogsonova rovnice

1. Urc¢ete pomer hustot zaiivych toku Vega a Polarky. jestlize pozorovana bolometricka
hvezdna velikost prvni hvezdy je myy = 0,03 mag, druhe myp = 2,02 mag.

2.V jakem pomeru jsou jasnosti Capelly a Deneba, jestlize pozorovane hvezdne velikosti
hvezd jsou mc = 0,08 mag, druhe mp = 1,25 mag.

3. Jedném z nejveétsich dalekohledu na Zemi - Keckovym dalekohledum o prumeérech zrcadel
10.4 m jsou dostupne hvezdy asi 28 mag. Kolikrat jsou slabsi, nez hvezdy rozlisitelne

lidskym okem?

4. Jaka je pozorovana hvézdna velikost dvojhvezdy, jejiz slozky okem nerozliSitelne, maji

hvezdne velikosti m; = 2,00 mag a my =3,00 mag.

5. Jaka je pozorovana hveézdna velikost dvojhvezdy. jejiz slozky okem nerozlisitelne, maji
hvezdne velikosti m; = 11,40 mag a mp =11,70 mag.

6. Dve srazejici se galaxie se vyznacuji obe pozorovanou hvezdnou velikosti 12,00 mag. Jaka
je jejich vysledna hvezdna velikost m,?

7. Vzdalena galaxie se vyznacuje pozorovanou hvezdnou velikosti 20,30 mag. Exploze
supernovy v ni zvysi jeji jasnost na 20,00mag. Urcete hvezdnou velikost samotne supernovy.




Pogsonova rovnice

8. Naleznéte zaiivy vyvkon jednothvych slozek dvojhvézdy a celkovy zaiivy vvkon (v
jednotkach zaifivého vvkonu Slunce). jestlize slozky maji pozorovanou bolometrickou
hvézdnou velikost m; = 1.99 mag a m, = 2.85 mag, paralaxa 7 = 0.072 *.

9. Stanovte pozorovanou hvézdnou velikost slozek trojhveézdy. jejiz celkova pozorovana
bolometricka hvézdna velikost je m. = 3.70 mag, pomeér hustot zaiivych tokt druhé a treti
slozky je 2.8 a rozdil pozorovanych bolometrickych hvézdnych velikosti treti a prvni slozky
¢ini m;3 - my = 3.32 mag.

10. Rozdil absolutnich bolometrickych hvézdnych velikosti dvou hveézd o stejnych efektivnich
povrchovych teplotach ¢ini 6.4 mag. Urcete pomer polomeérti obou hvezd.

11. O kolik stupini se zvvai efektivni povrchova teplota hvézdy s ptvodni teplotou 10 000 K.
jestlize se pozorovana hvézdna velikost snizi o 0,1 mag. Piedpokladame zachovani stejného
polomeru.

12. Urcete zaiivy vykon Siria. jestlize znate pozorovanou bolometrickou hvézdnou velikost —
1.60 mag a jeho vzdalenost od Zeme 8.6 1.v.

2R 0eMy L= ongp@rai

L, ' Lg '

13. Pi1 pozorovani cefeidy v galaxii M 31 byla zjisténa perioda pulsace 3 dny a pozorovana
hvézdna velikost m = 21.6 mag, absolutni hvézdna velikost M = - 2.88 mag. Mezi periodou
pulsace a absolutni hvézdnou velikosti plati vztah log P + 0.394 M = - 0.657. Stanovte
vzdalenost galaxie M 31.




Pogsonova rovnice

15. Vypoctéte pozorovanou bolometrickou hvézdnou velikost slozek trojhvézdy, jestlize
celkova bolometricka hvézdna velikost je m. = 3.70 mag. pomeér hustot zaiivych toki druhé
a tieti slozky je 2.8 a rozdil pozorovanych bolometrickych hvezdnvch velikosti tieti a prvni
slozkyje mz - m;= 3.32 mag.

16. Pozorovana bolometricka hvézdna velikost prvni hvézdy je m; = 0.14 mag. a ro¢ni
paralaxu = 0.123". druha hvézda ma pozorovanou bolometrickou hvézdnou velikost m,=
3.07 mag a ro¢ni paralaxu n=0.,003". Naleznete pomer hustot zarivych tokt a zarivych
vykont obou hvézd.




Pogsonova rovnice

log $1_ log 2,5120M2"m1)

P2
log P = (m, — my) 0,4
.
2,5 log Ly (my — my)
P2

. : L2
hustota svéetelneho toku. .. lumen/m

LAY r I _2.
hustota zariveho toku...W/m

pozorovand hvezdna velikost m zavisi na vzdalenosti kosmického télesa
(napt. hvézdy), proto pro srovnani byla zavedena

absolutni hvezdna velikost M. Takova hvézdna velikost, kterou by
kosmicke téleso mélo, jestlize ho umistime do vzdalenosti 10 pc.




Astronomické a fyzikalni fotometricke veliCiny

bolometricke vyjadieni Pogsonovy rovnice
hvezdne velikosti bolometricke, vztahuji se na celkovou energii v celéemu rozsahu spektra

my — my =2,5logts

plati my =0, jestlize ¢4, = 2,48.107% W.m™?

dosazeni mp = —2,5log@y — 19,04

jinak napsano my, = — 2,5log {Pi— 19,04 .
0

upravou obdrzime lﬂgqﬂi =04 (mg—m) pii myg=0, p, =1
0

logop = -04m. m =-25logg
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Urcovani zarivého vykonu hvézd

O=——0:3§
41r?
. Ly — , .
vychazime z Pogsonovy rovnice = = 2 512 (M2—-M,) M absolutni bolometricke
2
hvézdne velikosti v mag
L (Ms—M)
— = 2,512'Y"S
Ls
zaivy vvkon Slunce zvolime za jednotkovy L¢ = 1. Mgy, =4.75 mag

L+ = 2512Ms=M) logL + = 0,4 (4,75 — M)

pi1 znalosti absolutni bolometrické hvézdné velikosti Ize ur¢ovat zaiivy vvkon

Stanovte zarivy vykon Siria A. jestlize jeho M,,; = —1,6 mag a vzdalenost ¢ini 8.6 ly.




Urcovani zariveho vykonu Siria A
Urcete zaitvy vykon Siria A, jestlize My, = - 1.6 mag, vzdalenost ¢ini 8.6 ly.
Reseni: 8.6 Iy = 2.64 pc .
M=m+ 5-5logr =1,29 mag
logL=04(475-129)=2414

vyznam Siria — Soltise v Egypté. heliakicky vychod urcoval piichod zaplav na
Nilu

hitp:/Ninfinity-codes.netfraahl_archivelhellacal-rising. html




Sirius A i B v optickém a rentgenovém oboru




Paradox hmotnosti dvojhvézdy Sirius A a B

2 M
9 500 K
24 L

9.103Ry=9.10"'R,
1 Mg

25200 K

2.10% Lg

'_ __-Sirius B




Pogsonova rovnice

V jakém pomeéru jsou hustoty zafivych tokn Vegy a Polarky. jestlize pozorovana
bolometricka hvézdna velikost Vegy ¢ini my = 0.03 mag a Polarky mp = 2.03 mag.

Pomér hustot zarivych tok je ? = 2,5120mp—mw) = g 55
P

Vega - o Lyr. 3 Ms. 3.5 Rs. 10 000 K. A0 V., r="7.8 pc. rota¢ni osa mifi k nam

Polarka - Alrucaba. 6 Mg. 46 Rs. 7 200 K. F7 Ib. r= 100 pc. nepravidelna cefeida. amplituda
pulsaci 3.97 dne se zmensuje. dvojhveézda. druha slozka 1.5 Ms , obézna doba 29.6r

Polans

R Vdor B =




Pogsonova rovnice

V jakém pomeéru jsou hustoty zafivych toku Capelly a Deneba. jestlize pozorovana
bolometricka hvézdna velikost Capelly ¢ini me = 0.08 mag a Deneba mp =1.25 mag.

, o . - Pc - -
Pomeér hustot zarivych tok je o 2,512mp—mc) =2 75
D

Capella- o Aur. 2.5 Ms. 12 Rs. S000 K. KOIIL.r =13 pc

Deneb - o Cyg. 21 Mg, 200 Rs. 8 700 K. A2 Ia. r =800 pc
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Pogsonova rovnice

Jedném z nejvétsich dalekohledu na svete, Keckovym dalekohledum. jsou pii pozorovani
dostupne hvezdy 28 mag, Kolikrat je jasnost téchto hvezd slabsi nez hvezd rozlisitelnych

pouhym okem — 6 mag? Vse vyjadieno v pozorovanych hvezdnych velikostech.

Pomeér hustot svetelnych toku vyjadiime

z Pogsonovy rovnice ZE = p,5120mk—md) = 2 512(28-6) = ¢ 10

Ex

Obrovsky rozdil hustot svetelnych toku Pogsonova rovnice vyjadiuje malym rozdilem

hvezdnych velikosti




Astrofyzikalnich pozorovani, vrchol hory Mauna Kea

pozorovani? 65 %o SR & Yioci, vihkost
do 40 %, teplota -5° C az + 10 °C, vitr = 7 m/s




Zemeé — atmosféra

Keckovy dalekohledy
h=4100m,T=280K
Proc jsou dalekohledy
umistény do takovych
mist?

Skalova tlakova vyska je pro vodni pary molekul. hmotnosti
m = 18.1,67.10 -2’ kg rovna H = kT/gm = 12,9 km

U 1dealniho plynu n ~ p . Plati p(h)/p(h,) = exp(-h/H)= 0,73.
Koncentrace vodnich par je rovna priblizn€ 2/3 hodnoty u
morské hladiny.




Dalekohledy na Mauna Kea
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Dalekohled Subaru

opticky a blizky infracerveny obor pozorovani
h=4139m
D=82m d=0.2m
f=15m
m=228t h=4139m




Keckovy dalekohledy

zrcadla slozena z 36 mensich Sestihrannych, d =10 m,
f=17,5 m, aktivni a adaptivni optika
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Aktivni optika VLT - dalekohled
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Adaptivni optika

princip adaptivni optiky
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Adaptivni optika
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VylepSeni obrazu adaptivni optikou

Geminl North Chptical Image WITHOUT Adaptive Opiics
{ Resolution = Db arcseconds FWHM|
L]
Cogmind Worth Infrared Tmage WITH Adaptive Ohptics
| Hesalution = (L0Y arcsecomnds FYv HV)




ESO - Cero Paranal VLT




Soustava dalekohledu VLT

MELIPAL
KUEYEN (2000)
(1999)

ANTU
(1998)




Dalekohled Kueyen - Mésic




L.a Palma ENO William Herschel




Pogsonova rovnice

Vzdalene galaxie se vyznacuji prumernou pozorovanou hvézdnou velikosti 20,30 mag.
Exploze supernovy v nich zvysi jejich jasnost na 20.0 mag. Urcete hvézdnou velikost samotné

SUPEInovy.
E. =E; +E; .m.=20.00mag, m;=20.30mag. my =7
logE:=-04m.=-8 . E.= 1.10° Juii logE;=-8.12. E;1=7.6. 107 Juxi

E,=E.—E;=2.4.10° luxii . logE>,=8.62 m;=21.55mag

SN 2011fe




Pogsonova rovnice

14. Celkova pozorovana bolometricka hvézdna velikost dvojhvézdy m. = 4.02 mag. rozdil
hvézdnych velikosti my — m; = 0.08 mag. Stanovte pozorované bolometrické hvézdné
velikost1 kazdée slozky.

Reseni: logg@,=-04m.=-1.608 .... ¢, =0.025 W~ .

lﬂg% = —0,4 (my — my) =0,032 p;= 1.08¢; @.=2.08 ¢,
2

9;-0013W.m™~ . ¢,-0.012 W.m™ .

m;=-25logp; =472 mag my=-2.5log ¢ =4.80 mag




Pogsonova rovnice

Urcete celkovou pozorovanou hvézdnou velikost dvojhvézdy m.., jejiz slozky jsou okem

nerozlisitelné. maji hvézdné velikosti 2.00 mag a 3.00 mag.
Reseni: nejprve stanovime hustoty svételnveh tokt jednotlivvch slozek. provedeme secteni.
logE=-04m. E{=0,158 luxu E,=0,063 luxii E.=0.221 luxu

m,. = 1.64 mag.

by Yuuiji Kitahara




Pogsonova rovnice
Naleznéte zaiivy vvkon jednotlivych slozek dvojhvézdy o Gem Castora. jejiz slozky maji
pozorovanou bolometrickou hveézdnou velikost 1.93 mag. 2.97 mag. Paralaxa dvojhveézdy

dosahuje 1= 0.064"

P ﬁ““>r_< =
I .\/"i/' \
ﬁ/ N\ r ‘\\.g 135
LY . s R
L e
e - . —-’ -‘ ) l“‘--._%\\ \‘_;
Reseni: CH T RS
logp;=-04,193=-0,772 @;- 0,169 W.m~ B
logp,=-04,297=-1.188  @,= 0,065 W.m™

9. =@1+0:=0234 Wm~ ., m.=-25log 9.= 1,58 mag
M.=m.+ 5+ 5logn=0,61 mag

logL.=04(4,75-0,61)=1,66 L.=45Ls




Urcovani vzdalenosti pomoci cefeid

Pi1 pozorovani cefeidy v galaxii M 31 byla zjisténa perioda pulsace 3 dny a pozorovana
hveézdna velikost 21,6 mag. Urcete jeji vzdalenost, jestlize mezi periodou pulsace a absolutni

hvézdnou velikosti plati vztah
log P +0.394 M =-0.657

Redeni: Ze uvedeného vztahu uréime M = - 2.88 mag .Dosadime do vztahu pro modul

vzdalenosi m—M =5logr—35, r = 10%2m—M+5) = g0 kpc

. Cepheid Variable Star V1"




Pogsonova rovnice

O kolik stupnn se zvysi efektivni povrchova teplota hvézdy s ptivodni teplotou 10 000 K,
jestlize se zvysi jeji jasnost o pozorovanou bolometrickou hvézdnou velikost 0.1 mag.
Predpokladame. ze polomér hvézdy se nezméni.

5

¥ = 47T L n=1; R, = R, L=4m R’ (}-ij
B o B (T+ AT)*
m; —m, = 2,51:::g¢:|—j 0,1 =2,5log or
[ 4
10004 — (T+AT)* 1.0233 = [+4T AT =233K

T# ’ T




Z.areni hvézd

4.1,4.6,4.7,4.84.11, 4.20,4.23,4.24, 4.25




