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Tom tit

Trong mdi trudng lién sao, nguyén tir, phan tir va nhirng hat bui sao bi chiéu xa
bdi cac blrc xa nhu tia cyc tim, tia vil try, tia X, tia gamma va chiu tuong tac ciia mot
s6 yéu td khac. Viéc nghién ctru sy tién hoa cta vat chét trong moi trudng lién sao rat
quan trong dbi voi nganh vat 1y thién van. Nhitng mau hop chét hitu co mé phong moi
truong lién sao (twong tu nhu PAHs - Hydrocarbon da vong thom) da duoc tao ra
trong phong thi nghiém va dugc chiéu xa boi cac ion twong tu tia vii try. Chung toi
thidy rang ciu tric hoéa hoc ciia miu di bi pha hiy do chiéu xa. Cac lién két
hydrocarbon bi bé giy va hydro nguyén tir duoc giai phong boi su ban phéa ctia chim
jon. Tai mét sb vi tri, su pha huy chiém wu thé hon su tai tao vat chat va nguoc lai. Do
do, tia vii try anh huong dén moi trudng lién sao théng qua viéc va cham gitra cac ion
vé6i céac lién két hoa hoc. Su thay doi cua d6 sau quang hoc gitp ich cho viéc tim hiéu

vé qua trinh tién hoa cta vat chat trong ISM.

Abstract

In the interstellar medium (ISM), atoms, molecules and dust grains are
irradiated by UV photons, cosmic rays, X-rays and gamma rays, others. The study of
the evolution of ISM is an important contribution for astrophysics. Samples of
carbonaceous interstellar analogues (similar to PAHs - Polycyclic Aromatic
Hydrocarbons) have been produced in the laboratory by the irradiated ion beams,
which are similar as the cosmic rays. The analysis of the data shows that the chemical
structures of the samples were destroyed by irradiation. Hydrocarbon bonds were
broken and hydrogen atoms were released by the ion beams. At some positions, the
destruction dominates over the construction, and vice versa. Therefore, the cosmic rays
affect the interstellar medium via the collisions of ion and chemical bonds. The
variation of optical depth is useful for the study of the evolution of ISM.

Key words:cosmic rays, recombination model, interstellar medium, PAHSs, infrared
spectrum, stretching — bending — out-of-plane vibration.



Loi cam doan

To61 xin cam doan ludn van nay la cong trinh nghién ctru cta ca nhan t61 dudi sy
huéng din khoa hoc ctia TS. Cao Anh Tuan. Tat ca cac dir liéu pho, so liéu phén tich,
dd thi, hinh v& va cac bang biéu trinh bay trong phan két qua nghién ctru cua t6i 1a
hoan toan trung thyc, khach quan va chua timg dugc bat ctr c4 nhan hay tap thé nao
cong bd trong nhirng cong trinh ma toi khéng tham gia. Tat ca cac két qua sir dung lai

clia c4c tac gia khac déu duoc trich din day du va chi tiét.
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DANH MUC CAC CHU VIET TAT

Ky hiéu Dién ta

CNM Cold Neutral Mediwmn

DXNA Deoxyribonucleic Acid

GC-MS (Gas Chromatographic-Mass Spectrometric
HAC Hydrogenated Amorphous Carbons

HIM Hot Ionized Medium

ISM Interstellar Medium

NASA National Aeronautics and Space Administration
PAHs Polyeyelic Aromatic Hydrocarbons

PECVD Plasma Enhanced Chemical Vapor Deposition
SRIM The Stopping and Range of Ions in Matter
SZ Sunyaev-Zel'dovich effect

uv Ultraviolet

WIM Warm Neutral Medium

WM Warm Ionized Mediumnm




DANH MUC CAC KY HIEU

Ky higu  Don vi Dién ta
A Déd sfu quang hoe
E MeV Nang hrgng
5 ions om ™2 Mat d6 dong jon
Fr MeV mg—! Mat d6 ning higng g1 qua mén
I ion Lirgng ion dua vao
m mg Khéi htgng méu
N S& tif nhién bit ky
No CADR S& cap nguyén tit hydro duge tao ra
N phén ti S& phin tit hydro dige tao ra
N nguyén ti 58 nguyén ot hydro mét di
Pon % Méac sufit bé gy mét lign k&t C-H
Py % Xéc sufit hai nguvén tir H k&t hop thanh H,
r A Ban kinh hinh céu thé tich tai t& hap
Roram % Ti =6 C-H aromatic,/(C-H aromatic + C-H aliphatic)
L MeV/(mg/em?) Tiét dién ham
5. MeV/(mg/em?) Tiét dien ham dién tit
5. MeV/(mg/em?) Tiét dign ham hat nhén
T K Nhigt d6 Kelvin
V As Thé tich tai té hap
0 sl Gée gita chiun jon v miu
H at.cm™ Ham hegng hydro trong méu
i H at.cm™ Ham hegng hydro ban déu




Ki higu  Ddn vi Dién ta
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Trong qué trinh hinh thanh va tién hoa cua vii tru, ké tir nhitng gidy phat dau
tién dén nay, vat chét lién tuc duoc sinh ra tir nhitng ddm may bui nhé cho dén céc
ngdi sao noéng sang, hé hanh tinh, thién ha va dam thién ha. Vat chat da trai qua nhiing
qua trinh bién doi lién tyc; tir nhitng nguyén t6 v6 co nhe cho dén nhimng hop chat hiru
co ¢ cau trac phirc tap. Nhitng qua trinh ay dugc quan sat trong méi truong bui khi
lién sao (interstellar medium — ISM) - noi nhitng ngoi sao va hanh tinh dugc sinh ra va
bat dau vong doi ctia chiing cho dén khi két thic.

Mot cong viée quan trong ciia nganh vat 1y thién vin 1a khao sat sy tién héa cua
cac vat chat hiru co trong ISM. Trong méi truong lién sao ndy, cac hop chit hiru co
tdn tai va chiu tac dong cua cac bl xa vat ly; trong do su danh huéng manh mé cua tia
vii try 1én cac hop chat hitu co da duoc khao sat [1],[6],[10],[18]. Nhitng mau chat hitu
co tuong ty véi vat chat trong ISM dd duoc tao ra trong phong thi nghiém & Orsay,
Phap. Nhitng mau duoc tao ra 1a Hydrogenated amorphous carbons (a-CH 1 va a-CH
2) va bd héng (carbon soots). Ngudi ta chiéu xa nhirng miu nay bang c4c chim ion
tuong tu nhu tia vii try, va thu phd hong ngoai cta chiing. Két qua phan tich phd cho ta
thiy duoc su tién hoa cua cac hop chat hitu co trong ISM. Mot sb cong trinh trude day
nghién ctru vé anh hudng cua tia vii try trong cac ving budc song khac nhau, vi du
nhu ving hip thy 3.4 pm [10]. Céac két qua cho thay rang viéc cac lién két hoa hoc
trong phan tir chét hitu co bi pha huy boi tia vii try xdy ra trong thoi gian ¢ 10° nam,
va tiép tuc kéo dai trong nhiing khoang thoi gian 16n. Tuy nhién, chi co tia vii try
khong thi khong thé giai thich dugc viéc quan sat thiy su hap thu cia phd hong ngoai
trong nhitng ving mdy dic. Trong ving miy khuéch tan thi sy hinh thanh phan tir
hydro chiém wu thé hon 13 sy pha hily boi tia cyc tim (UV photons); trong ving nay
anh huong cia tia vii tru 12 khong dang ké. Nhu vay, c¢6 nhiéu yéu tb tac dong 1én vat

chat trong moi truong lién sao, viéc nghién clru cac yeu to nay va sy tién hoda cua vat



chét lién sao trong sudt qué trinh bi 4nh hudéng cua buc xa dic biét 1a tia vii tru giup
giai quyét cac cau hoi con boé ngd hién nay; cu thé 1a nhitng van dé vé sy tién hoa cia
vét chat va ngudn gbc cua su sdng.

Puoc sy dinh hudng cua thdy huéng dan - TS. Cao Anh Tuén - va su himg tha
dén tir ban than cung voi nhitng két qua kha quan trong linh vyre nay ciia nhitng nguoi
di trudc; toi chon dé tai: “ Anh hudng ciia birc xa twong tir tia vii tru 1én hop chét hiru
co mod phong méi trudng lién sao”. Trong khudn khd nghién ciru nay t6i mudn khao
sat cac vung rong hon tir 4000 cm™ dén 500 cm™(twong tng véi bude song tir 2,5 pm
dén 20 pm) ciia phd hip thu hong ngoai. Qua d6 co thé quan sat cac vung hap thy do
su pha v& lién két phan tir khi chiéu xa bang chum ion va tai t6 hop lai [10],[14]. Bé
tai s& phan tich phd hong ngoai ciia cac miu sau khi bi chiéu xa va mong muén thu
dugc ti 18 ham lwong hydro trong mau va su thay doi cta ti 1 niy trong subt qué trinh
chiéu xa dé tim hiéu sy tién hoa cua cac vat chat trong ISM va nhitng anh hudng cia
moi truong xung quanh dén sy tién hoa nay.

Trong cong trinh nay t6i s& thuc hién nhitng muc tiéu nghién ciru cu thé vé khao
sat sy anh hudng cua blic xa twong ty tia vii try 1én hop chat hitu co mé phong moi
truong lién sao dugc tao ra trong phong thi nghiém. Tir d6, tim hiéu qué trinh tién hoa
ctia vat chit trong méi truong lién sao. Cong viée cu thé nhu sau:

« Khao sat phd ctia mau dugc chiéu xa boi nhidu chim ion ctia nhiéu nguyén to
va ¢6 ning luong va thong luong khic nhau dé kham pha cac dai rong cua tiét dién
ham dién tur (electronic stopping cross sections).

« Tinh toan cac thong s6 ti s6 ham luong hydro trong mau trong timg lugt chiéu
xa so v6i ban dau va ndéng do hydro ton du (residual hydrogen content) ¢ cudng do
dong cao. Cing cb thém cho mau tai t6 hop (recombination model) ding dé giai thich
su mat hydro trong phan tir va tai t6 hop tir hai hydro duoc giai phong do chiéu xa mot
luong 16n ion 1€n vat liéu.

« Quan sat lugng hidro ton du sau khi chiéu nhitng liéu ban dau va xem xét su
thay doi theo tirng ving dé két luan vé sy thay d6i hoa hoc cua hop chét hitu co theo

huéng phire tap hoa cau tric.



« Str dung két qua phan tich pho chiéu xa dé tim hiéu qua trinh tién hoa cta vat
chat lién sao trong cac dam may dic va dam may khuéch tan.

Trong qué trinh nghién ciru t6i sir dung phd hong ngoai trong khoang 4000 cm™
dén 500 cm™cta cac miu vét chét tuong tu vat chét trong ISM duoc chiéu xa br?mg cac
chum ion C°* 50 MeV, Si’* 85 MeV, Ni** 100 MeV. Sir dung phdn mém Origin
(Origin Lab) dé phan tich va xtr Iy s6 liéu tir phd hap thu hong ngoai ctia miu chiéu xa.
V6i nhitng muc tiéu trén, luan van nay gém 3 chuong.

Chuong I: Tong quan vé vat chit trong méi truong lién sao (ISM) va su tuong
tac cua ching voi moi truong.

Chuong 1 trinh bay cac khai niém vé mai truong lién sao, vat chat trong moi
treong lién sao. Su twong tac giita vat chit trong mdi trudng lién sao voi moi truong
xung quanh, cu thé 1a cac tia vii tru va cac burc xa khac nhu tia cuc tim, tia X.

Chuong II: Cac mau vat chit hitu co dung trong nghién ctru va qua trinh thu
pho khi chiéu xa véi cac chim ion.

Chuong 2 gi6i thiéu vé cac mau vat cht twong tu voi vat chit trong ISM va
cach tao mau trong phong thi nghiém. Qua trinh chiéu xa véi cac chum ion twong tur
tia vil try. Thu pho hong ngoai ctia cic mau dugc chiéu xa va phan loai phd. Trinh bay
cac thong sb chiéu xa.

Chuong III: Sy anh hudng cuia tia buc xa vil tru 1én céc vat chit mo phdéng moi
truong lién sao.

Chuong 3 trinh bay céch tinh toan 1y thuyét tiét dién pha hily (destruction cross
section), mau tai to hop (recombination model), nong d6 hidro ton du (residual
hydrogen content) va cac tham s6 lién quan duoc trich xuat tir viéc phan tich pho hap
thu héng ngoai cua mau. Qua do tim hiéu duoc su tién hoa cua cac vat chat sau chiéu

xa va két luan cho nhirng hop chit hiru co ngoai vu try.



Chwong 1. Tong quan vé vat chat trong moi
trweong lién sao (ISM) va sw twong tac cua
ching véi moi troeong

Moi trudng lién sao ton tai trong cac khoang khong bao la ngoai vil tru bao
quanh cic sao, chom sao hodc thién ha. Trong moi truong ndy chira nhiéu vat chét ca
v6 co 1an hitu co. Cac vat chit trong ISM hdp thu va birc xa ning lugng. Cac tia buc
xa dén tir nhiéu ngudn khac nhau trong vil try twong tac manh mé véi vat chat trong
ISM va lam chung thay ddi vé tinh chat vat Iy va hoa hoc; tao nén mot sy phat trién
bén bi lau dai va ngay cang phong phu hon vé moi mat. Trong cong trinh nay, viéc
nghién ctru cic vét chit trong moi trudng lién sao tip trung vao cic chit hitu co va

vi€c tuong tac cia chung vdi bue xa moi trudong dac biét 1a tia vii try.

1.1Téng quan vé ISM va vat chit trong ISM
1.1.1M6i trwong lién sao (ISM)

Moi truong lién sao 12 moi truong ton tai cac vat chat giira khoang khong cua
mot hé sao trong thién ha. Cac vat chét trong méi truong nay chira cac khi dudi dang
ion hodc trung hoa, cac nguyén tir, phan tir vat chat va tia vii tru. Moi truong lién sao
choang day khoang khong giita cac vi sao, va ching tdp hop quanh nhing thién ha,
trong vii tru. Trong mdi trudng lién sao, ning luong duoc thé hién dudi dang buc xa
dién tr va dong nang cua cac hat.

Trong mdi truong lién sao ciing c¢6 sy phan tach lam cac ving 6 tinh chat khac
nhau, dua trén cac ti€u chi nhu céc loai nguyén tir, phan tir, ion, mat do va nhiét do cua
dam may vat chat. Nhitng ving nay dugc goi 1a nhitng pha khac nhau ctia méi truong

lién sao.



Giira cac pha nay c6 mot su cin bang vé ap suit va nhiét do, thuong dugce quyét
dinh bai tir trudng va cac dong chay hdn loan ctia ddm may vét chat. Trong mot moi
truong nhu vay, mat do vat chét rat loang.

Dua trén tiéu chi mat do, méi truong lién sao dugc chia lam hai vung:

+ Ving dam may dac.

+ Vung dam may khuéch tan.

Trong khu vuc may déc, nhiét do thép hon, c6 khoang 10° phan to vat chét
trong 1 cm. Vang nay la ving ma cac ngdi sao s& hinh thanh néu xuat hién mot thing
giang hap dan ngiu nhién. Trong ving nay hydro & trang théi trung hoa; cé thé néi
réng day l1a khu vyc dac va lanh ctia ISM véi nhiét do T<300 K.

Trong ving may khuéch tan, nhiét d6 cao hon, trong ving ndy qua trinh ion hoa
chiém wu thé; mat do vat chat thr?ip - khoang 10™ phan tr vat chét trong 1 cm>- va
nhiét do co T~ 10* K. Chung ta c6 thé thém vao mot vung nira goi la vung nhiét dong;
vung nay c6 nhiét d6 c& T~ 10° K do bi anh hudng manh mé tir buc xa cac sao, doi khi
14 mot vu nd siéu tan tinh.

Nguoi ta cling c¢6 thé chia moi truong lién sao thanh hai khu vie: HI va HII dua
theo ti€u chi moi truong trung hoa va moi truong ion héa. Khu vuc HI duoc goi 1a
vung nguyén tir khi trung hoa lién sao (The Neutral Interstellar Gas). Moi trudong nay
chiém phén 16n khéi lugng cta ISM. Viéc md td moi truong nay dya trén sy quan sat
ctia: vach phat xa 21 cm cua hydro dé tim hiéu nhiét do ciia méi trudng; cdu tric tinh
té trong pho hong ngoai xa va phd vach hap thu ciia ISM dé xac dinh thanh phan hoa
hoc va cac thong sé vat 1y [13]. Vung HII goi 1a khi ion hoa lién sao (The Ionized
Interstellar Gas). Trong ving nay, khi lién sao bi ion héa do nhiéu tic nhan nhu céc tia
cuc tim xa dén tir cac ngdi sao noéng sang hodc ion hoa do tia X va tia vii tru gy ra
hoic ion héa do va cham trong nhirg cu sdc (shock). Khu vyc dam mAay ion hoa
khuéch tan ciing duoc xem nhu nam trong vung ndy; ngoai ra con c6 cac dam may
nong lién sao (hot interstellar medium) dugc cho 12 ndm gan cc ngdi sao hoat dong
manh liét hodc tan du cua cac vu nd siéu tan tinh [13].

Trong mdi trudng lién sao, 99 phan tram khéi lwong 13 khi va 1 phan traim khi

lrong 13 bui, chi yéu 1a cac hat silicate va graphite co kich thudc gan bang 0,1



um[19]. Trong ving may khi c6 khoang 89 phan trim 14 hydro, 9 phan trim 13 heli va
khoang 2 phén trim 13 cac nguyén t6 nang hon [7],[13]. Ving nay gin cac ngdi sao
tré, qua trinh ion hoa chiém uu thé do mét lugng 16n cac tia cuc tim dén tur ngoi sao tré
méi hinh thanh. Céc electron tai to hop véi cac ion hydro va phat ra cac buc xa kha

kién. Cac ngoi sao sinh ra va chét di trong ISM anh huéng tich cuc dén sy tién hoa cta

cac phan tir bang nhirng twong tac vat 1y trong mot thang do thoi gian 16n.
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Hinh 1.1.M6 hinh sw phén bé vit chdt trong méi trwong lién sao.

Bang 1.1.Thanh phan ciia méi trieong lién sao.

Thanh phiin The ti’(th Chieu NhiAét Mt f16 Trang thai ciia K§ thuat quan sat chinh
50 Vi cao do (atoms/cm?®) hydro
ISM (pc) (K)
Pém may phan fir <1% 80 10-20 102-10% Phén tir Phé vach hap thu va phdt xa vé
tuyén va hdng ngoai ciia phén tir
MSbi trudmg lanh trung hoa 1-5% 100-300 50-100 20-50 Nguyén tir trung hoa Vach hap thy HI 21 cm
(CNM)
Moi trromg am trung hoa 10-20% 300-400 6000- 0.2-0.5 Nguyén tir trung hoa Vach phat xa HI 21 cm
(WNM) 10000
Mbi trreng dm ion hoa 20-50% 1000 8000 0.2-0.5 Ton hoa Vach phét xa Ho va tan xa pulsar
(WIM)
Vung HII < 1% 70 8000 10%-104 Ton hoa Vach phét xa Ho va tan xa pulsar
MBoi truomg khi hao quang 30-70% 1000- 105-107 107%-102 Ion hoa Phat tia X; Vach hap thy cia kim
ion héa nong (HIM) 3000 (gbdm ca kim loai loai nang bi ion hoa, chii yéu la tia
nang bj ion héa) cuc tim

1.1.2Vét chat trong méi trudng lién sao

Trong méi trudng lién sao vat chit ton tai da phan & dang khi va mot phan 1a
bui. Cé4c vat chét trong ISM bao gém cé hitu co va vo co. Nhitng chit nay dugc phat
hién bang phuong phap quang phd. Khi chuyén doi trang thai ctia dién tir hodc chuyén
dbi cac chuyén dong quay va dao dong, chiing s& phat ra cac birc xa da phan 13 & thang

do hong ngoai va vo tuyén. Trong thé ky trudc, ngoai phat hién cac chat vo co trong



moi trudng lién sao, 1an dau tién ngudi ta dd nhan thiy sy xuat hién cta cac nguyén tir
carbon va ching cé gan két voi hydro tao thanh nhimng chat hitu co tir don gian dén
phirc tap. Su phat hién ra hop chit hitu co loai Polycyclic aromatic hydrocarbon
(PAHs) ¢ tinh van Red Rectangle vao nim 2004 [17], danh ddu mot budc tién quan

trong trong viéc tim hiéu sy tién hoa ctia vat chat trong vii tru.
1.1.2.1Mpt s6 hop chit hitu co dwoc tim thiy ngodi vii tru

Trude day, ching ta chi biét dén mot sb it cac hop chét hitu co ngoai vii try. Cu
thé 1 trude nhitng ndm 1965 chi co ba loai dugc biét 13 ton tai trong moi trudng lién
sao gobm: CH, CH*va CN [13]. Chung dugc phat hién dya vao quang phd vach hap thu
thu duoc tir nhirg ngdi sao va mdi trudng khuéch tan xung quanh ngdi sao do. Sy ra
doi cua kinh thién vin vo tuyén gitp ich dang ké cho viéc kham pha cac phan tir trong
moi truong lién sao, diéu nay nhu mot cudc chay dua tir nam 1965. Trong nam do, dua
vao su thu nhdn cac vach phd phat xa nguoi ta phat hién thém OH, NH; va H,0 [17].
Ngay nay, hang trdm phan t&r dugc tim ra trong moi truong lién sao, vo cua cac ngoi
sao lanh hodc sao chdi.

Bang 1.2. Cdc phdn tir dwege tim thdy trong méi truong lién sao cho dén nam
2003. Danh sdach dwoc cdp nhdt boi Allan Wootten (http://www.cv.nrao.edu/
~awootten)}13]. Mét bang cdp nhdt day dit va chi tiét hon cho t6i 7/2014 c6 thé dwoc

tim thdy & trang web cia vién vt Iy, dai hoc Cologne, Pirc (http://www.astro.uni-

koeln.de/cdms/molecules).
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