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o N 4

Tieén hoa sao

o Ti€n hoa sao 12 qua trinh sao tiéu tOn
“nhién li€u” tlr luc phat sinh dén lac
tan lui.

. Hiéu dwgc qua trinh nay sé gitp ta
biét:

- Ban chat va twong lai cla Mat Trori.

- Ngu6n g6c Hé Mat Troi.

- So sanh Hé Mat Tt0'i v&i cac hé hanh

tinh khac.
- Kha ning c6 s sOng O no’i nao khac
Tinh vin Nhan, mot ngdi sao trong Vi tru.

dang chét.
Source: NASA




Cac thong s0 cua Mat Troi

va quan trong la lam sao do dworc chung!

» Khodng cach: 1.5 x 10" m, phan xa

song radar tr Sao Thuy va Sao Kim

» Khoi lwrgrng: 2 x 10*° kg, do chuyén
dOng cac hanh tinh quay quanh
Pwong kinh: 1.4 x 10° m, tr kich
thwwdc goc biéu ki€n va khodng cach
Cong suat: 4 x 10%° W, tir khoang cach
va cong sudt do dwoce trén Trai Dat
Thanh phan héa hoc: 98% hydro va
heli, tr quang pho

Mat Troi.
Source: NASA SOHO Satellite




Dac tinh clla cac sao
va quan trong la lam sao do dwg'c chung!

Chom sao Orion.

Source: Hubble, ESA, Akira Fujii

Khodng cach: phuong phép
thi sai hodc tlr d0 sing bi€u ki€n
néu da biét cong sudt

Cong sudt: tir khoang cach va
d0 sang biéu kién

Nhiét d0 bé mat: tir mau va
quang pho

Ban kinh: tlr cong suat va nhiét
dd bé mat

Khoi lworng: tlr quan sat hé sao
doi

Thanh phan hoa hoc: t
quang pho




Quang phoO sao:
anh sang sao phan tach thanh cac mau
. Bi€t vé cac ngubn sang

065 HD 12993 v o A ° A 7 r
bang vieéc nghién clru anh

80 HO 158659

B : HO s sang chung phat ra
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i 158 il - Quang ph6 cho biét thong

F . a HO 10032 . ‘A i A o« A A
f 8041047 tin ve thanh phan, nhiet do
tl HD 23099

. , well  va cac dac tinh khac cua sao

Ko , W Bér trii: 13 quang phO dia sao v nhiét dO bé mdt
kS ’ . il /cic nhan (ning nbhdt & trén cing), 3 quang pho

o HO 25085 e fren cing), 2 4 /
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F4 mefal poor HD 94028
H4.5 emission SA0 61292
B1 emission HD 13256

Quang pho cic sao
Source: US National Optical Astronomy Observatory




Bi€u d6 Hertzsprung-Russell
Cach biéu thi dac tinh clla sao!

o Bi€u d6 Hertzsprung-Russell (HR) bi€u dién cong sudt
(d0 sang) phu thudc theo nhiét dd (quang pho); “cap sao
tuy€t doi 1a thang do logarit clla cong suat.

 Phin 1&'n sao nam & day
chinh: Cac sao 1&'n thi néng
va cdng sudt cao nam & goc
trai trén, cac sao nho thi nhe
thi lanh ho'n va cong suat
thdp hon, nam & goc phai
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« Cac sao khOng 10 nam & goc
phai trén con cac sao lun

trang nam O goc trai dw@ig .

Biéu @0 HR Source: NASA



Sao bi€én quang

» Sao bi€n quang thay doi
d0 sang theo thoi gian
Brightness « Phan 1&'n cac sao déu bién
quang, c6 thé do rung lac,
vut sang, lui tat, phat nd
hodc bi sao d0ng hanh hay
hanh tinh che khuat mot
phan
o Sao bi€n quang cho biét
cac thong tin quan trong
v€ ban chat va ti€n hoa
cla sao

Dudng cong dd sing bi€n doi theo thoi gian




Sao d6i va sao phirc

29 May 1996
2,3,4 May 19896

1 June 1996

4 June 1998

Chuyén d0ng trén quy dao clia Mizar,
ngoi sao trong chom Gau Léon.
Source: NPOI Group, USNO, NRL

Sao d6i 1a cap sao gilt gan
nhau do Iwrc hdp dan va quay
quanh nhau. Ching c6 thé
nhin thdy dwoc trirc ti€p
(hinh bén) hodc phat hién
dwoc qua quang pho hay
qua hién twong che khuat
nhau

Chung la cong cu quan
trong nhat dé do khoi lwong
cac sao

Sao phirc 1a tlr ba sao tr@’ 1én
bi gitr 1ai vO'i nhau do IWwc g
hdp dan ’




Cum sao
“Thi nghi€ém cua tw nhién”

« Cum sao 12 nhém sao gan
| x nhau do lwc hdp dan va di
e chuyén cung nhau trong
e e Vi tru

. » Chung sinh ra cung lic
» . cung cho, tir ciing nguén
Wil e vat liéu, cho nén chung c6
3 ' cung khoang cach t&i
E chung ta, chi khic nhau
S % vé khoi lwong
« Cum sao 12 vi du vé cac
sao c6 cung tudi nhirng
khac khoi lwgng |

Cum sao m® Tua Rua
Source: Mount Wilson Observatory




Mat Tr0ri va cac sao lam tw gi?

Thanh phan nguyén t0 trong vii
ttu: cam chim la H (90%), gao
12 He (8%), dau 12 C, N va O
cung mOt it cac nguyén t0 khac
2%).

» S dung quang pho va cac ky thudt khac, cac nha thién
vin c6 thé tim ra “nguyén t0 khdi thily” tao nén cac sao

= Hydro (H) va heli (He) l1a cac nguyén t0 doi dao nhat va
sinh ra ttr thu® so’ khai clla vii tru

» Cac nguyén t0 nang hon thi hi€m hon hang tri€éu hang
ty 1lan, dwg'c tao ra tlt phan rng nhi€t hach trong cac
ngoi sao it




Nguyén té sinh ra tir Big Bang

Nguyén té sinh ra tir phan trng téng hop
hat nhan & 16i sao

Nguyén t6 sinh ra tir siéu tan tinh
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Quy luat cau tric cac sao

Cang di su vao long cac sao, 4p sudt cang ting do
trong lworng cac 10’p ngoai.

Theo dinh luit vé cac chit khi, nhiét dd va khoi
lwong riéng ting khi ap sudt ting.

Ning lwong sé truyén tir phan néng hon bén trong
ra phan lanh ho'n bén ngoai bang birc xa va doi lwu.
Ne€u ning lwgng truyén ra ngoai ngdi sao, no sé
ngudi di trir phi c6 thém ning lwgng dwgrc tao ra
bén trong.

Cic sao déu tuin theo cdc dinh ludt vit Iy do'n gidn
nhwng bao trum van vlt.




Vi du: vi sao Mat Tr0i
khong co 1ai hay co sup?

» ThoOi mQt qua bong bay nhw
hinh bén

o Ap sudt khi quyén dang ép
qua bong vao trong. N6
khong xep 1ai vi ap sudt khi
bén trong hwong ra ngoai.

 Trong Mat Tr¢ri, Iwc hap
dan ép vat chit vao trong
can bang v@i ap sudt khi
hwong ra ngoai.




Nguln ning lwong clla Mat Tt va

cac sao
. DOt ga, dau hay than?
Qua trinh nay hi€u sudt rat thap, chi du ning lwgng cho Mat T
trong vai nghin nam
o Strc nén tir tir do Iwrc hdp dan?

Cé thé cung cap ning lwong cho Mat Tt¢i trong hang tri€u nim,
nhwng Mat Tr&i 1ai d3 hang ty ndm tu0i

o Phan ra hat nhan (phan hach)?
Cac dong vi phong xa hau nhw khong t0n tai trong long Mat Tr0i
hay cac sao

. ToOng hop hat nhin nhe thanh hat nhan ndng hon?

Yes! Py l1a qua trinh c6 hi€u sudt rdt cao va cic nguyén
t0 nhe nhw hydro va heli thi chiém t&i 98% Mat Troi va
cac sao 7]




Chu0i phan rng proton-proton
12 qua trinh tOng ho’p chinh trong Mat Trori

Main Form of Proton-Proton (pp) Chain in Sun

Chu trinh proton-proton
Source: Australia National Telescope Facility

O nhiét 0 va mat dd cao trong
long cac ng6i sao nhw Mat Troi,
proton (mau d0 trong hinh) vwrgrt
qua dwogrc lrc ddy tinh dién 1an
nhau dé tao thanh 2H (deuteri) va
neutrino (v)

Sau d6, mOt proton khac két hop
vOi deuteri dé tao thanh *He

R&i hat nhan *He két ho'p véi
nhau dé tao thanh hat nhan ‘He
va gidi phong 2 proton

K€t qua 12 4 proton tao ra heli va

ning lwg'ng dwdi dang tia ”
gamma va cO’ nang




Chu trinh cacbon —

« Trong cac sao nang v¥i

The CNO Cycle

/) 12actsas a
nuclear catalyst

Chu trinh CNO
Source: Australia National Telescope Facility

nit0o’ — oxy (CNO)

nhin tdt nong, proton (mau
d0) va cham v&i hat nhin
2C (cacbon)

Thé 12 bat ddu mot chu
trinh phan rng ma 4 proton
tOng hop thanh 1 hat nhan
heli

MOt hat nhin 2C dworc tai
tao sau moOi chu trinh nén
dworc coi 12 mOt chat xuic
tac cho phan rng hat nhian




Mo hinh sao

« Cac dinh luat mé ta cau truc sao
dworc trinh bay bang cac phwwrong
trinh va dworc gidi bang may tinh.

» May tinh tinh toan nhiét d0, khoi
lu'O’ng rleng, Ap sudt va cong suat
clla mOi diém trong long Mat Tro'i
hay cac sao, goi la moé hinbh.

. O tAm Mat Ttdri, khéi lwong riéng
cao gap 150 1an nwéc va nhi€t do
la ~15,000,000 K!




Bén trong Mat Tro'i
dwa trén m6 hinh Mat Tr0'i trong may tinh

G

“Temperature (millions of K)

M6 hinh sao
Source: Institute of Theoretical Physics,
University of Oslo

Trong 16i n6ng, phan rng hat
nhén tao ra nhi€t d0 bang viéc
t6ng hop hydro thanh heli.

O’ vang birc xa bén ngoai 16i, ning
lwg'ng truy€n ra ngoai thong qua
co’ ché birc xa.

Trong vung d0i ltru ti€p theo,
ning lwgng truyén ra ngoai bang
doi lIwru.

Quang ciu nam trén bé mat 12 16p
ma tl¥ d6 ra ngoai 12 trong sudt




Kiém tra md hinh bflng nhat chan hoc

M6 phong rung d0ng trong Mat Troi.
Source: US National Optical Astronomy
Observatory

Mit Trdi rung lac nhe theo
hang nghin ki€u. Mt trong s0
chung dwogc trinh bay trong hinh
bén trai

Nhitng rung ddng nay c6 thé
quan sat dworc va ta c6 thé qua
do6 suy ludn ra cdu triic bén trong
clla Mat Troi, kiém tra lai cac
mo hinh cau triac Mat Trori dang
c6. D6 12 m6n nhat chian hoc.
Cac rung dOng twong tw c6 thé
quan sat dwworc trén cac sao, goi
12 mén tinh chan hoc.




Kié€m tra m6 hinh bang neuttino

» Phan trng tong hop hat nhin
tao ra cac hat co’ ban goi 1a
neutrino.

» Chung c6 khoi lwgrng rat nho va
hi€m khi twong tac v&i vat chat.

» Khoi lwgng ciia chiing dworc
phat hién va do dac nho vao cac
dai quan sat dac biét, vi du nhw
Dai quan sat Sudbury. Két qua

7 phu hop v&i dw doan thu dwoc

Dai quan sit neutrino & Sudbury , A4

Soutce: Sudbury Neutrino Observatory trong cac mo hinh. s




Tudi tho sao

o 'Tu0i thg mOt ngdi sao phu thudc vao
n6 c6 bao nhiéu nhién liéu hat nhan
(hydro) va tiéu tOn chiing nhanh hay
chdam (cong suat).

« Cac sao nhe hon Mat Troi la dong
ddo nhat. Ching c6 it nhién liéu hon
va cong sudt thap hon nhiéu, nén
tudi tho s€ dai hon.

« Cac sao nang ho'n Mat Troi thi it
gdp hon. Ching c6 nhiéu nhién li€u
ho'n nhwng cong sudt cao ho'n nhiéu,
nén tudi tho sé ngan hon.




Cac nha thién van nghién cttu tién
h6a sao nhw thé nao?

Quan sat sao trong nhi€u giai doan cudc doi va x€p
ching theo moQt diy ti€n hoa horp ly.
LAp mé hinh bang may tinh st dung cac dinh ludt vat
ly va tinh toan cac thay d0i vé thanh phan trong ngdi
sao s€ xay ra do tOng ho’p hat nhan.
Nghién ctru cum hodc nhém sao cung tudi nhwng c6
khéi lwgng khac nhau.
Nghién ctru cac giai doan nhanh va la thwong trong
culdc dori sao (vi du tin tinh va siéu tin tinh).
Nghién clru cac sao xung bi€n quang, do dac cac thay
doi cham trong chu ky co b6p khi chiing ti€n héa.




Tien hoa cua sao kieu Mat Troi
o Cac sao ki€u Mat Trori khong thay d0i nhiéu trong 90%
cudc d@i, chirng nao ching con dli nhién liéu hydro dé
duy tri phan ng nhi€t hach. Chung dwgc goi 1a sao

day chinh. A
« Khi hydro can kiet, chung phinh to

Comparison in size of Sun as a main sequence star th‘anh m@t Sao khéng 16 dé.

and a red giant
i e B . Trong 16i, nhiét d0 c6 thé ting cao
| dén mikrc tao ra ning lwong bang
cach tOng hop heli thanh cacbon.

Sun as a red giant,
R=100R.

 Khi heli can kié€t, ng6i sao lai
phOng 1én 16'n hon nira, gdp hang
trdm lan Mat Trori bay gio.

So sanh kich thwéc Mat Troi va sao khong 16 d6
Source: Australia National Telescope Facility




Cai chét clla sao kiéu Mat Trori

o Khi thanh sao khong 10 do,
ngdi sao bat ddu co bép
(rung dOng), goi l1a sao ki€u
Mira

« Xung ddng khién 1&/p ngoai
cla sao tach ra, tao ra mot
tinh van hanh tinh dep
(hinh bén)

« L3i clla sao 1a mOt sao lun

Tinh via hish i el dac, trang, nho va khéng

con nhién liéu




Sao lun trang

Sao lun trang (dwdi) dOong hanh vi
Sao Sirtus (trén)

Source NASA

Sao lun trang 12 16i clia mot sao
ki€u Mat Troi da chét

Sao lun trﬁng c6 khoi lwong
twong dwong Mat Tr0i nhwrng
thé tich chi tworng dwong Trai
Dat, nén c6 khoi lwgng riéng
16'n hon nwd'c hang triéu lan.
Trong sao lun trang, lwrc hdp
dan hwéng tAm cin bang v&i ap
sudt lwong tir hwdé'ng ngoai clla
electron bén trong.

Nhiéu sao 14n cadn ching ta, bao
gOm Sirius (hinh bén) va
Procyon cé sao lun trang
dong hanh.




Ti€n hoa clla sao ndng

 Sao nang hiém gdp, sang manh va
tiéu tOn nhién li€u nhanh chong
chl trong vai tri€u nam.

o Khi tiéu tOn hét nhién li€u, chung
phinh to tr@ thanh sao siéu khong

16 do.
o Ldi clla chung rat nong, t&i mirc
' I ; n - =
Size of Star tao ra cac nguyén t0 nang ho'n cho
Size of E:a_:th’s Orbit toi Sat (Fe)
I T B « Betelgeuse (hinh bén) trong chom
Size of Jupiter’s Orbit . . ~ . A ~ -
sao Orion la moOt sao siéu khong 10
Betelgeuse. do sang, c6 kich thworc 10m A

Source: NASA/ESA/HST
hon ca quy dao Sao Moc. FEXF



Cai chét clla sao ndng
o Khi 16i sao ndng chul yéu da thanh

Tinh van Cua, tan dw cia mOt vu nd
siéu tan tinh dwgrc thdy vao nim 1054.
Source: NASA

sat thi khong con nhién liéu hat
nhin deé ti€p tuc tong hop va khong
thé gilt dwoc strc néong nira.

Lwc hdp dan nén nhan sao thanh
mQt sao neutron, gidi phong ning
lwgng trong trird'ng khliing khi€p va
khi€n ngdi sao phat n0 thanh siéu
tan tinh (hinh bén)

Siéu tan tinh tao ra cac nguyén t0
nang hon sat va ddy ching cung cac
nguyén t0 khac vao vii tru, tr@ thanh
nguyén liéu tao thanh cac sao va
hanh tinh m@i, thdm chi ca sy sOng.



Sao neutron

o Ldi cac sao c6 khoi lwgrng tir 1,5
dén 3 1an Mat Trori s€ co sup 1ai va
tr@ thanh mot sao neutron vao cu0i
d0ri cua ng6i sao.

« Chung c6 dworng kinh khoang 10
km va khoi lwgrng riéng gap nghin
ti lan nworc.

« Chung tao thanh tW¥ neutron va cac
hat it gap khac.

Pulsar, sao neutron & tAm cUa tinh van Cua.

Source: NASA/ESA/HST « Sao neutron tré quay nhanh va phat
xung déu dan & bwdc song vo
tuy€n, goi 12 pulsar.




1.0 den

. L0 den 13 mdt thién thé cé lwc hdp
dan manh dén mikc khéng gi c6
thé thoat khoi né, ké ca anh sang.

o Ldi clla mOt ngdi sao 1&'n bat
thwong (hon 30 IAn Mat Trovi) sé
tr® thanh 10 den khi hét nhién liéu.

Minh hoa cho Cygnus X-1, m0t sao
sang (trai) va mOt 10 den (phai)

e giita mbt da b o « L0 den c6 thé dwoc phat hién khi
source: RASA mOQt ng6i sao sang quay quanh né

(hinh bén).




o N

Trwong hg'p dac biét sao bién quang

» Nhiéu tan dw clla sao (sao lun
tri’lng, 16 den, sao neutron) co
| mQt sao sang binh thwo'ng quay
v sl ) quanh chung.
-« Ne&u khi clia ngbi sao throng do
bi cudn vao tan dw sao thi sé

Sunlike sta.r

e hinh thanh m0t dia bo6i tu (hinh
| bén).
o _ + Khi khi bi cudn vao tan dw sao,
Mot cap sao thwong (trai) va mot sao lun o o
trdng v6i mdt dia boi tu (phai) thu hut no co the bung phat hoac phat
khi tlr sao dOng hanh. A ) A e A
Source: NASA n0 thanh moOt sao bién quang dot

bién.




Phat sinh sao

o Sao dwogc hinh thanh trong may
phin tir (tinh van) tao thanh tw khi
va bui lanh.

% o Bui va khi lién sao chi€ém khoang
% o 10% vat chat trong thién ha ching
' ' ‘ s ta.
o Cac sao tré third'ng nam trong hodc
gan tinh vin ma ching phat sinh.
o Vi du gan va rd nhat 1a viing hinh
Tinh vin Orion thanh sao trong tinh van Orion

oures AR (trai), cach chung ta khoang ” £y
1500 nam anh sang. sSe.




Tinh van Orion.
Khi dwgc kich thich bang tia cwre tim twr
cac sao trong tinh van.

Source: NASA

Khi lién sao

. Khi lién sao (g0Om nguyén tir

hay phan tir) c6 thé dworc kich
thich bang tia ctrc tim tl¥ cac
sao 1an can, tao thanh tinh van
phat xa (bén trai).

Khi lanh gitra cac sao phat ra
song vo tuy€n ma cac kinh
thién vin vd tuy€n cé thé thu
dworc.

98% khi lién sao tao thanh twr
hydro va heli.




Bui lién sao

" o  C6 thé nhin thdy dworc bui lién
i . sa0 gan cAc sao sang.

‘ ~ » Bui c6 thé che khudt anh sang tir
s cac sao va khi & sau (hinh bén).
o v e Cac sao dwgrc tao thanh trong cac
- N dam may nay.

 Chi 1% vat liéu gitra cac sao la
ﬁi‘;ﬁ%’i Pillars - M16 ~ HST - WFPC2 bu1. Cac hat blll chi c® vai tram

J. Hester and P. Scowen (AZ State Univ.), NASA nanomet Vé_ Chﬁ yé’u lé Silicat

Soruce: NASA/ESA/HST hoac graphit.




Hinh thanh sao

o Cac sao hinh thanh trong cac
phan goi 1a nhin trong tinh van,
noi dAm diic va bi nén b lirc
hip dan.

&S « Bao toan momen d0ng lwgng
quay khi€n nhin quay nhanh
hon, det ra va cu0i cung tr®’
thanh dang dia.

« Cac sao hinh thanh O tAim dia.
Cac hanh tinh hinh thanh O cac
vung lanh ho'n bén ngoai cua
dia.

Minh hoa hé hanh tinh dang hinh thanh.
Source: NASA




Dia ti€n hanh tinh
Heé hanh tinh dang hinh thanh

o Cac dia ti€én hanh tinh dang
dwo'c quan sat trong tinh van
Orion (hinh bén).

« Sao c6 thé khé nhin ra & tAm
dia vi bui che khuat anh sang
O sau.

. Cac quan sat nay 1a bang
chirng trirc ti€p cho s hinh
thanh clla mo0t hé hanh tinh.

Dia tién hanh tinh
Source: NASA/ESA/HST




Ngoai hanh tinh =
hanh tinh ngoai hé Mat Tro’i

» Ngoai hanh tinh thwong dwoc

phat hién va nghién clru théng

HR 8799 Planetary System o« A Ve ~ X o A~ r
(Sept. 2008) qua hieu rng hap dan gitra nd va
sao chu hodc 4nh sang sao chu bi

: : m@’ di khi n6 di qua phia trwrdrc.

» D3 chup anh dwgrc rat it ngoai
hanh tinh (hinh bén).

» Khong giOng cac hanh tinh trong

Hé Mat Tr0i, nhiéu ngoai hanh
R tinh rat 10'n va rat gan sao chu,
Heé ngoai hanh tinh HR 8799 . . . . A - A
Source: C. Marois et al., NRC Canada ChO Phep cac nha thlen van dlEu

chinh 1 thuyé&t vé sw hinh
thanh hé hanh tinh

.
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N\ o A

Lo ket
“Lawrc hdp dan dan dat qua trinh sinh diét clia cac
sao” [GS. R.L. Bishop]
Sw hinh thanh m0t ng6i sao gidi thich ngudn g6c¢
Hé M:it Trdvi va cac hé hanh tinh khac.
Culc doi ciia ngdi sao gidi thich ngudn ning
lwg'ng cho phép ra doi sw sOng trén Trai Dat.
Sao sinh diét tao ra cac nguyén t0 héa hgc nang
hon hydro tao nén sao, hanh tinh va si sOng.
Khi m@t ngdi sao chét, Iirc hdp dan tao ra nhirng
thién thé ky 1a nhat trong vii tru: sao lun trang,
sao neutron va 10 den.




Cam o'n d3 lang nghe!
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