BO GIAO DUC VIEN HAN LAM KHOA HQC
VA PAO TAO VA CONG NGHE VIET NAM

HQC VIEN KHOA HQC VA CONG NGHE

Tran Thi Thai

NGHIEN CUU CAC NGUON TAI ION HOA VU TRU
SU DUNG MAY QUANG PHO PA POI TUQONG MUSE
CUA PAI THIEN VAN NAM AU (VLT)

TOM TAT LUAN AN TIEN SI KHOA HQC VAT CHAT

Nganh: Vat ly nguyén tir va hat nhan
Mad s6: 9 44 01 06

Ha Noi - 2024




Cong trinh dugc hoan thanh tai: Hoc vién Khoa hoc va Cong nghé, Vién Han lam Khoa

hoc va Cong nghé Viét Nam

Nguoi huéng dan khoa hoc:
1. Nguwoi hwéng dan 1: TS. Pham Tuan Anh, Trung tdm Vil tru Viét Nam
2. Nguoi hudng dan 2: TS. Roser Pello, Pai hoc Aix-Marseille, Cong hoa Phap

Phan bién 1: PGS. TS Ng6 Ngoc Hoa, Truwong Pai hoc Sw pham Ha Noi

Phan bién 2: GS. TS Pao Tién Khoa, Vién Nang lwgng nguyén it Viét Nam

Phan bién 3: PGS. TS D6 Quéc Tuan, Trieong Dai hoc Phenikaa

Luén an dwgc béao vé tredc Hoi dong danh gia luan an tién si cdp Hoc vién hop tai Hoc
vién Khoa hoc va Cong nghé, Vién Han 1am Khoa hoc va Cong nghé Viét Nam vao hoi 9

gio 00, ngay 29 thang 8 nam 2024

C6 thé tim hiéu luan an tai:
1. Thu vién Hoc vién Khoa hoc va Cong nghé
2. Thu vién Quoc gia Viét Nam




1 Gioi thiéu

Thanh cong trong viéc dua vao khai thc cic hé kinh thién vin trong nhiing nim gan day nhu
JWST, MUSE/VLT, VIMOS Ultra Deep Survey da thiic ddy huéng nghién cttu céc thién ha
thoi ki dau Vi tru trd nén ning dong hon bao gid hét. Muc tiéu khoa hoc trong linh vuc nay
d6 12 nghién ciu c4c thién ha trong thdi ki tdi ion héa va udc lugng dong gép cac ngudn nay
ddi v6i qua trinh tdi ion héa Vi tru.

Hinh 1.1: Tém tat lich s& Vi tru tif sau Vu nd 16n theo thdi gian. Sau thdi gian 380 000 nim,
qua trinh tai két hdp bat diu x4y ra. Nhitng ciu tric dau tién ctia Vi tru nhu sao,
thién ha dugc hinh thanh sau d6 khoang vai trim triéu nim da danh du su két thic
ctia thoi ky tdm tdi Dark Age. Qua trinh tdi ion héa Vii tru két thiic tai dich chuyén
dd z 6. Ngudn: NAOJ.

Vai triéu nim sau vu nd Big Bang, nhiét dd ctia Vi tru vo cuing 16n, cac electron va
proton khong thé két hop dé hinh thanh nguyén tit Hydro trung hoa. Theo thdi gian, Vil tru
ngudi dan dat dén ~ 3000K, cic electron va proton két hop v6i nhau tao thanh nguyén ti
Hydro trung hoa. Liic nay chi ton tai cac biic xa phong nén CMB ma khong c6 ngudn phat
xa ndo khéc, Vil tru bude vao thdi ky tim tdi. Theo thoi gian, Vi tru khong ngiling gidn nd
va nguoi dan, tao diéu kién cho su hinh thanh nhiing ciu triic dau tién trong Vii tru nhu sao,
thién ha. Phat xa tif chung ra bén ngoai mdi trudng xung quanh lam ion héa nguyén ti Hydro
trung hoa, thdi ky tim ti két thic, Vi tru bat dau chuyén sang giai doan tii ion héa. Pay
dudc coi 1a giai doan vo cuing quan trong ctia qua trinh chuyén ddi trang thai vat chét cia Vi
tru tu trang thai trung hoa sang trang thai ion hoa hoan toan nhu hién nay.

Cho dén nay, hi€u biét vé c4c ngudn chiu trach nhiém cho qu4 trinh tai ion héa vin
chua ro rang, ¢ thé 1a nhan thién ha hoat dong (Active Galactic Nuclei AGN) do nhiing tinh
chit ndi bat nhu do trung 16n, ti 1& thodt clia cic photon ion héa cao..., nhung ciing c6 thé 1a
thién ha hinh thanh sao (star forming galaxies) véi ngudn cung cip photon ion héa tl cic sao
tré va ning. Tuy nhién nhitng s6 liéu quan sat gan diy cho thay, chi c6 mot s6 it nhan thién
ha hoat dong dugc tim thiy trong khoang dich chuyén dd z = 6 — 8, s6 luong nay dudng nhu
khong du d€ duy tri trang thai ion héa. PE 1am o vin dé nay, cach tdt nhat 1a nghién ctu su



dong gbép cua ching vao qua trinh tai ion hoa. Trong luin an nay, toi tp trung nghién ciu
doéng gop cia cac thién ha hinh thanh sao bang viéc tim hiéu su tién trién ham dd trung theo
dich chuyén dé, nhd d6 cung cip nhiing thong tin hitu ich lién quan dén phan bd mat do thién
ha trong mot don vi do trung. Cac nghién ciu trude d6 da du doan céc thién ha md, khdi
luong thip déng gép dang ké cho qud trinh tai ion héa. D€ khang dinh du doan nay, ching ta
can phai tinh todn dinh Iuong vai trd ciia ching va xay dung biic tranh tdng quat hon. Tuy
nhién nhiing quan sat hién tai trong truong trong chua thé dat dén giéi han md nhét ctia do
trung, trong khi cdc quan sat dua trén hién tuong thiu kinh hip dan lai cai thién dang ké s6
luong mau & ving nay, do tin hiéu dudc khuéch dai 1én nhiéu 1an. Luan 4n nay nghién ciiu
ham do trung cua cdc thién ha hinh thanh sao phat xa vach Lyman alpha ¢ sau céac thién ha
thau kinh hip din quan sit b MUSE/VLT.

Chuong 1 ctia luan 4n gii thiéu vé chi dé nghién citu, hiéu biét hién tai vé nhiing ciu
tric dau tién trong Vi tru, trang thai ion héa va tai két hop dién ra ngay sau do; gidi thiéu vé
tinh chat phd clia c4c thién ha hinh thanh sao thong qua mot s6 vach dic trung; va cach xdc
dinh cdc thién ha nay tir khdi dit liéu dang datacube. Hydro 13 nguyén t6 phd bién nhit trong
Vii tru, electron & 16p vo ¢6 thé bi kich thich d€ chuyén 1én trang thdi c6 muc ning lugng
cao hon trong moi truong li€n sao va phat xa vach Lyman alpha. Pay 1a mdt trong nhiing
vach c6 cudng dd manh nhit c6 thé quan sat dudc bang cac kinh thién vin quang hoc tai mit
dat. C6 rat nhiéu quan sat dugc thuc hién dé€ tim kiém thién ha phat xa vach Lyman alpha,
c6 thé ké dén nhu: 10000 thién ha & dich chuyén d6 z > 4 dugc phat hién trong cdc quan st
cua Hubble Space Telescope [1, 2], khoang 18000 thién ha dugc phat hi€n nhG cac quan sat
v6i mdy quang phé thudc chuong trinh HETDEX & dich chuyén d6 z = 2.0 — 3.5 [3]... Su da
dang vé s6 luong thién ha dudc phat hién dit ra cau hoi vé mat do thién ha c6 thé quan sat
dudc trong mot don vi thé tich Vi tru va dong gop clia chiing vao qua trinh tdi ion héa Vi tru.
Piéu nay dan dén khai niém vé ham do trung: s6 lugng thién ha c6 thé quan sat dudc trong
mdt khoang do trung va thé tich khdo sat. Nghién citu su tién trién ham do trung theo gia tri
cia dich chuyén do6 1a mot trong nhitng hudng nghién ciiu vo cung ning dong & thoi diém
hién tai nhiim giai quyét vin dé da néu. O chuong nay, luan 4n trinh bay khéi quat nhitng két
qua nghién ctiu gan day st dung dit liéu vé vach Lyman alpha quan sat tif cac dai thién vin,
két hop véi nhiéu cach tiép can khac nhau. Tuy nhién thong tin vé cac nguodn c6 do trung thip
dang bi han ché do céc quan sét thuc hién trong trudng trong chua dat dudc do siu can thiét.
Do d6 gia thiét vé gid tri do dbc ctia ham do trung trong qud trinh khép ham Schechter tir cac
nghién citu ly thuyét thudng dudc dp dung trong nhitng trudng hop nay (o = — 1.50, —2.00,
—2.50, [4, 5]). Dit liéu quan sat & viing c6 do trung thip ngay cang trd nén quan trong. Tir d6
luin 4n gdi m3 van dé quan sat c4c thién ha hinh thanh sao dua trén hién tugng thiu kinh hip
din, mot hé qua cia thuyét tuong dbi rong Anh-xtanh nhiam thu dudgc tin hiéu ctia cac nguodn
phat xa Lyman alpha & ving c6 do trung thap.



2 Du an quan sat thién ha thau kinh hap dan st
dung May quang pho da doi twong MUSE dé tim
kiém cac nguon phat xa Lyman Alpha

Chuong 2 ctia luan 4n gidi thiéu ngan gon cic thong s6 vé mdy quang phd da dbi tuong
MUSE/VLT, muc tiéu khoa hoc ctia hé thiét bi, nhiing két qua quan sét 4n tugng gan day. Hé
thiét bi nay cho phép ghi phd nhiéu ddi tuong thién vin trong cing mot trudng nhin. D lidu
thu dugc chifa thong tin vé vi tri clia cac dbi tugng trong khong gian va vach phat xa clia cac
ddi tugng & bude séng trong khoang 4750 dén 9370 Atu(ing ting vé6i dich chuyén do6 ctia céc
nguodn phét xa vach Lyman alpha trong khodng z=2.9 —6.7.

O phan thi 3 ctia chuong nay, toi trinh bay mot sd két qua nghién ciu trude dé vé 17
cum thién ha thiu kinh h4p dan, thong tin vé md hinh thiu kinh hip din dudc st dung trong
luan 4n. Hinh 2.1 12 mot vi du vé cic ngudn phat xa vach quan sat béi MUSE, vong tron c6
mau sic khac nhau tuong tng v6i cidc ngudn cé do dich chuyén dé khac nhau. Hinh 2.2 mo
t4 qua trinh x4c dinh gid tri dich chuyén dé clia cdc ngudn phat xa vach Lyman alpha quan
sat dugc dang sau cum thién ha A2667. D€ qua trinh ddnh gid dién ra khach quan, ba nhém
chuyén gia dudc yéu cau lam viéc doc 1ap va hop phién chung dé€ di dén thdng nhit. Cé ba
cAp do d€ danh gia do tin cay cla gia tri dich chuyén do:

+ Clp do thip nhét (zconf = 1). O cip do nay, dich chuyén dd ciia ngudn dudc xic
dinh dya trén tin hiéu ctia mot vach phat xa c6 cudng do yéu. Ching t6i khong cé du tu tin
100% dé khang dinh diy 13 ngudn phat xa Lyman alpha, do d6 ngudn nay sé khong dudc st
dung cho muc dich nghién citu su tién trién ham do trung trong toan bd luan 4dn. Tuy nhién,
ching t6i da thdo luan 4nh hudng ctia nhitng ngudn nay dbi véi sai s6 ctia ham do trung néu
ching dugc thém vao bd du liéu cua cong viéc hién tai.

+ Clp do trung binh khé (zconf = 2). O cip do nay, tin hiéu trén nhiéu cta cic vach
phat xa cao hon. D9 tin cdy ciing sé dudc nang 1én (zconf = 1 thanh zconf = 2) néu anh thu
dugc 1a 4nh cia mot ngudn da anh dudc xdc dinh bang mo hinh thiu kinh hap dan.

+ CAp do tbt (zconf=3). Dich chuyén dd ctia ngudn dudc xac dinh dua trén tin hiéu
manh cta vach Lyman alpha, hinh ddng phé cuing v6i nhiéu vach hap thu/phat xa c6 tin hiéu

trén nhiéu cao.
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Hinh 2.1: Hinh phia trén: Su phan 136 khong gian ctia cac ngudn phat xa vach ding sau cum
thién ha thau kinh hap dan A2744 ti di li€u quan sat cuia MUSE va RGB HST.
Hinh phia dué6i: Su phan bd dich chuyén d6 & cic khoing khac nhau. Nguon: [6].

Do 4nh hudng cla hiéu tng thiu kinh hip dan, tin hiéu tif cac thién ha & xa dudc
khuéch dai nhiéu 14n, tia sang bi bé cong cho phép quan sat thiy nhiéu 4nh clia cing mot
ngudn. Tuy nhién, tinh todn trong trudng hop nay kha phuc tap do qud trinh giai anh thiu
kinh doi héi phai dudc thuc hién qua lai gitta mit phang ngudn va mit phang anh nhim loai
bo cac anh hudng cia hién tugng thiu kinh hip din. D€ han ché tinh toan tring lip va tiét
kiém thdi gian, trong nghién ciiu ny chung tdi chon ra mot anh dai dién dic trung cho mdi hé
dua trén cdc tiéu chi vé ti 1& tin hiéu trén nhiéu, gid tri d6 khuéch dai, 4nh dugc chon thudng
nim riéng 18 so v6i nhitng anh khic ctia ciing mot hé. Chuong 2 két thiic véi thong tin chung
vé 600 ngudn phat xa Lyman alpha dudc tim thiy phia sau 17 cum thién ha thiu kinh hap
dan c6 dich chuyén d6 nam trong khoang 2.9 < z < 6.7 (Bang 2.1), phan bd trong bn bac
do trung 39 < textlogL[erg/s] < 43 va so sanh thdng tin ctia 600 ngudn nay vdi di liéu trong
nghién ctiu truée d6 dudc thuc hién béi [7].

C6 hai diém cin chd y trong qu4 trinh tinh to4n do trung ctia ngudn phat xa Lyman
alpha:

+ Thong luong cua tiing ngudn. Dit liéu thu dude tif may quang phd da d6i tuong
MUSE dudc luu lai dudi dang khdi dit liéu véi hai chiéu khong gian va mot chiéu buée séng.
Thoéng ludng cla tiing ngudn dugc xdc dinh bang cach khép ham st dung phuong trinh dudc
dé xuat béi [8]:

—(A —X)?
(a(A — o)+ d)?

f(A)=A exp (2.1)



O day A 1a bién do clia phd phat xa Lyman alpha, a 1a gia tri diic trung cho tinh bat ddi xing
hinh dang phd, d d6 rong nita chiéu cao ctia phd (FWHM). Céc dai luong nay dugc xac dinh
trong qud trinh khép ham bing viéc st dung phuong trinh & trén dbi véi khbi dit liéu c6 kich
thude 5"x 5"x 12.5 A bao quanh vi tri cia ngudn. Gia tri trung binh cia FWHM va gia tri
dic trung cho tinh bat ddi xtng 1an lugt 12 7 Ava 0.2. Tong thong luong cia tiing ngudn duge
14y tif bd dit liéu ctia [9]. Trong trudng hop thong lugng clia ngudn md va khong thé dap dng
v6i phuong trinh trén, ching tdi sit dung gia tri thu dugc tif phan mém Source Extractor dé
tinh tong gid tri thong lugng trong ting pixel ctia ngudn. Uu diém cda st dung phan mém
Source Extractor 12 khong can phai dua ra gia thiét cho cic dai lugng ctia phd vach Lyman
Alpha. So sanh gia tri thong lugng thu dugc st dung hai phuong phap dudc trinh bay tai
Hinh 2.3 (bén trai). Truc hoanh hién thi gi4 tri thong luong x4c dinh bing phin mém Source
Extractor, truc tung hién thi gi4 tri thong luong xac dinh bang phuong phap khép ham. Két
qua khép ham tuyén tinh v6i hé s6 0.9 da chi ra su tuong dong gitta hai phuong phap.

Hinh 2.2: Giao dién Iam viéc ctia phan mém Source Extractor. Vi du vé qua trinh x4c dinh
ngudn phat xa Lyman alpha M54 ding sau cum thién ha thiu kinh hip din A2667
st dung hinh anh tit HST va di liéu cia MUSE. Ngudén M54 dudng nhu khong
dudc phat hién trong quan sat cia HST (anh trén cung bén tréi). Hinh anh trén clng
bén phéi hién thi vi tri phat hién nguén (6 vudng nho mau do) trong tru’bng quan
sat cia MUSE (6 vuong to mau do). Pho phat xa ctia ngudn dudc hién thi & hinh
cudi cling bén trdi. Tin hiéu ctia ngudn quan st bdi MUSE hién thi & hinh & gitta
hang dudi. Hinh dudi cing bén phai 1a hinh dnh phong to pho phat xa Lyman alpha
ctia ngudn. Do tin ciy trong qud trinh xdc dinh gi4 tri dich chuyén d6 dudc xic dinh
bdi tinh chit phd va dugc ghi lai bdi cot ngoai cing bén phai.
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Hinh 2.3: Trai: So sanh gia tri thong lugng thu dugc tu hai phuong phap do: khdp ham (truc
y) va tu SExtractor (truc x). Ph§1i: So sanh gia tri khuéch dai cuia nguon tai vi tri
trung tdm (truc y) va khi dudc lay trung binh (truc x).

+ Gia tri khuéch dai cta thién ha. Gia tri ndy dudc [9] 4p dung tai vi tri tAm ctia ngudn.
Tuy nhién, khi khong phéi 12 ngudn diém, gia tri khuéch dai tai cac vi tri khac nhau 1a khéc
nhau. Piéu nay dit ra yéu cau vé viéc 14y gid tri trung binh d6 khuéch dai dé dai dién t6t hon
cho ngudn. Xuyén subt trong luin 4n ndy, ching tdi dé xuat sit dung gid tri khuéch dai trung
binh thay vi gia tri tai tAm ctia ngudn. Su khéc biét gitta hai gi4 tri ndy dudc thé hién & Hinh
2.3 (bén phai).

So véi dit liéu nghién ctiu trudc ddy cia [7] khi nghién cifu cac ngudn phat xa vach
Lyman alpha phia sau bon cum thién ha thau kinh hip din, s6 lugng ngudn trong nghién ciiu
hién tai nhiéu gip bon lan. So sénh gid tri do trung & nhiing gidi han md nhat logL[erg/s] ~ 40
cho thiy s6 lugng nguodn trong nghién cifu hién tai nhiéu hon ding k& so véi nghién ciiu trude
dé. Vi vy, dit liéu dugc st dung trong ludn an gitp cai thién dang k& vé phan bd do trung &
nhitng khoang gidi han mo nhit, dong thdi ciing céi thién théng ké clia & ving nay. Hinh 2.4
so sanh du liéu hién tai va du liéu truéc d6 dudgc st dung trong [7].
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Hinh 2.4: Hinh giita mo t4 su phan b cta do trung theo gid tri do dich chuyén dd, hinh bén
trén hién thi su phan b gid tri dich chuyén do, hinh bén phai hién thi phan bb gid
tri do trung. Phan mau tim hién thi di liéu dudc st dung trong luan 4n. Phan mau
xanh la dit li€u so sanh tu bai bao [7]
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Hinh 2.5: Thong lugng do dac va nhiéu theo dich chuyén do cta cic ngudn LAEs trong
mau khéo sdt hién tai. Truc bén trai hién thi thong luong dugc phat hién, truc bén
phai hién thi mdc nhiéu, thanh ngang phia trén cung cap gi tri hoan chinh cho
cac nguon riéng 1é. C4c cham tron xam biéu thi su phu thudc ctia nhiéu theo dich
chuyén dé trong khbi dit liéu ctia MUSE.
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Bang 2.1



3 Tinh toan Ham d6 trwng clia cac nguon phat xa
Lyman alpha

Chuong 3 mo ta quy trinh tinh toan dai lugng Vi, dic trung cho thé tich khéo sat ma ting
nguodn riéng 1€ c6 thé dudc tim kiém. Phuong phap nay 1an dau tién dudc gidi thiéu bdi [10].
Nghién ctu hién tai thyc hién trong 18 ving quan sat khac nhau, do do gia tri Vi« cua tung
nguon riéng 18 phai tinh dén trong tt c4 cdc viing nay, bao gdm c4 nhiing viing ngudn khong
xuat hién. Viéc tinh todn gid tri Vipax trén mit phang anh cho ting ngudn sé din dén gia tri
thu dudc vugt xa gia tri thuc té. Do do, trong luan 4n nay, viéc tinh toan Vi, dudc thuc hién
trén mit phang ngudn, trén khéi dit liéu ba chiéu cia tiing ngudn.

Source distribution in each luminosity bin 2.9 <z<6.7

103 —— Before correcting
After correcting

= 102,

10] i

400 405 41.0 415 42.0 425 430 435
loa (L) era s—1

Hinh 3.1: Phan b cta ngudn c6 dich chuyén do trong khoang 2.9 < z < 6.7 trong mdi
khodng do trung c6 do rong 0.25 theo thang logarit. Pudng mau xanh hién thi s6
lugng ngudn trude khi tinh dén hé s6 hoan chinh (completeness). Pudng mau cam
hién thi phan bd sb Iuong ngudn khi viée hiéu chinh dugc tinh dén.

Quy trinh nay dudc phat trién truGe d6 bdi [7] khi nghién ciu ham do trung ctia 128
ngudn phat xa Lyman alpha phia sau bon cum thién ha thiu kinh hip din. Do d6, & chuong
nay ching toi tom tit nhitng budc chinh va trinh bay mot sb cai tién mdi trong quy trinh tinh
toan, so sanh thé tich khao sat thu dudc tif nghién cifu ny véi nhiing két qua nghién ciiu trudc
do. Két qua nghién ciu hién tai da chi ra tdng thé tich khio sat da hiéu chinh cho qu4 trinh
gidn nd Vii tru khoang 50 000 Mpc?, nhiéu hon gip 3 1an so véi [7]. Tuy nhién, gia tri thé
tich nay nhé hon dang ké so véi cic nghién ciu dugc thuc hién trong trudng tréng, do nghién
ctfu hién tai chiu su rang budc vé gia tri do khuéch dai giy ra bdi thiu kinh hap dan.
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Cum thién ha | Téng thé tich khao sat [Mpc?]
A2390 735
A2667 885
A2744 10500
A370 5350
AS1063 1970
BULLET 895
MACSO0257 730
MACS0329 1225
MACO0416N 3420
MACS0416S 1670
MACS0451 1210
MACS0520 765
MACS0940 5760
MACS1206 2980
MACS2214 1100
RXJ1347 7920
SMACS2031 1675
SMACS2131 920
Total 49710
Bang 3.1: Thé tich khdo sat cia 17 cum thién ha thiu kinh hip din trong kho4ng dich chuyén
d62.9<z<6.7.
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Hinh 3.2: Heé s6 hoan chinh so véi thong ludng thu dudc clia cdc ngudn phat xa vach Lyman
alpha trong cong viéc hién tai. Cac mau sac khdc nhau hién thi chat lugng qua trinh
trich xuat nguodn tu Source Extractor.
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4 Tien trién ctia Ham do trung theo gia tri dich

”

chuyén do

Chuong 4 clia luan 4n trinh bay nhiing két qua chinh nghién cifu ham do trung ctia 600 ngudn
phat xa vach Lyman alpha trong bon khoang dich chuyén doé. Theo dinh nghia, ham do trung
12 dai luong mo t4 s6 luong thién ha ting v6i mot don vi do trung va mot don vi thé tich khao
sat khi da tinh dén su gidn nd Vi tru. Tuy nhién, khong phai tit ca cic ngudn trong miu déu
c6 xdc suat dugc phat hién 100%, do d6 can phai hiéu chinh cho x4c suat thuc su tim thay
nguon trong khdi di liéu (completeness). Quy trinh nay dugc thuc hién cho tiing ngudn bing
cach st dung phan bd d6 sang ctia thién ha trong miit phang anh va gieo né mot cach ngiu
nhién vao cac vi tri khac nhau trong khong gian. Ngudn dudc coi 1a dudc phat hién thanh
cong khi do 1éch tbi da gitta vi tri thém vao ngau nhién va vi tri dudc phat hién 13 0.8 gidy
cung. Hé s6 hoan chinh dudc tinh bdi ty 1¢ gitta s6 1an phat hién ngudn thanh cong, véi cac
diéu kién tuong tu nhu dbi v6i ngudn ban dau, trén tong s6 1an thi. VE diém nay, luin 4n ¢
mot sd khac biét so v6i [7] lién quan tSi viéc chon ngudng cit ciia hé s6 hoan chinh ciing
nhu 4nh hudng ctia viéc chon ngudn.

- Chung t6i chi ra kich thuéc ciia anh (chita ngudn) anh hudng t6i hé sd hoan chinh.
Kich thudc anh phéi di 16n d€ dic trung cho nhiéu trén toan bo kénh (channel) ma & d6 phat
xa vach Lyman alpha ctia ngudn dat cuc dai. Do d6, d€ tinh toan hé sd hoan chinh cho kh3
ning tim thiy ngudn, chiing ti da ting kich thudc anh gip 2.5 1an so vé6i cdng viéc cia [7]
(tu 30” x 30 1én 80" x 80”).

- V6i muc tiéu tan dung t6i da s6 luong ngudn trong mau ban dau cho qua trinh tinh
toan ham do trung va nghién cifu su tién trién ngay sau d6, ching toi loai bd nhiing ngudn c6
gia tri hé s6 hoan chinh nhd hon 1%, trong khi nghién citu ctia [7] da loai bé nhitng ngudn
c6 gia tri hoan chinh nhé hon 10%. Viéc st dung ngudng cat 1% cho hé s6 hoan chinh 12 mot
cach tiép can hoan toan hop 1i vi gi4 tri dich chuyén d6 cla cac ngudn dudc xdc dinh véi do
tin cdy cao va vi tri clia 4nh di dudc x4c nhan bdi mo hinh thiu kinh hip dan.

- Do sang do dudc, do dich chuyén dd, ti 1€ tin hiéu trén nhiéu va gia tri hoan chinh
clia tiing nguon riéng 18 dudc trinh bay ¢ Hinh 2.5. Hinh 3.1 chi ra s6 luong ngudn trudc
va sau khi tinh dén hé s hoan chinh. Hau hét s6 lugng nguodn c6 do trung yéu déu c6 hé sb
hoan chinh rit nhoé. Do d6, khi tinh dén viéc hiéu chinh tham sb nay, sd lugng nguodn trong
cic khoang dd trung nay ting lén dang k&. O khoang 42.25 < logL[erg/s] < 42.5 (Hinh 3.1)
c6 gia ting ddng ké sd luong nguodn sau khi tinh t6i hé s6 diéu chinh. Su gia ting nay 1a do su
xuat hién ctia nguodn c6 gid tri hoan chinh thép.
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Luminosity function for 2.9 < z < 6.7 Luminosity function for 2.9 < z < 4.0
1 1
= of = or
£ l—rT £
= -1F d = ir ——
1 I + 1 T ¥ ——
1 — _2f 4 Blanc2011(1.9 < = < 3.8)
I Il Cassata 2011(3.2 < z < 4.55)
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2 73 4 Banc2011(1.9 < » < 3.8) o 3r Herenz 2019(2.9 < = < 4.0)
< W Drake 2017(2.9 < > < 6.7) < | Sobral 2018(3.2)
= it Herenz 2019(2.9 < z < 6.7) = nt Sobral 2018(3.3)
& Sobral 2018(2.5 < z < 6) ~ ! Sobral 2018(3.7)
Nd + de La Vieuville 2019(2.9 < = < 6.7) ’\?/ +  de La Vieuville 2019(2.9 < z < 4.0)
gl Schechter fit (o = —2.06) &l Schechter fit (a — —2.0)
#  This work #  This work
#  This work (Schechter fitting not included) #  This work (Schechter fitting not included)
%9 10 11 12 13 14 T 10 11 12 14
log(L) log(L)
Luminosity function for 4.0 < z < 5.0 Luminosity function for 5.0 < z < 6.7
1 1
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= - =
- / -
/
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— _2F 4 Dawson 2007(4.5) — o
1 W Drake 2017(4 < 2 < 5) Il g
S Herenz 2019(4.0 < = < 5.0} ~ !
o0 0<z<50) 0 i
S 3 4 Sobral2018(z = 4.6,4.8) o 3 !
< § Sobral 2018(4.1) < W Drake 2017(5 < = < 6.7) ! Sobral 2018(z = 5.2,5.8)
= i Zheng 2013(4.5) = i Herenz 2019(5.0 < = < 6.7) +  de La Vieuville 2019(5.0 < < 6.7)
~ +  de La Vieuville 2019(4.0 < = < 5.0) & ¥ Konno 2018(5.7) Modified Schechter (Ly = 40.7)
le ~—~ Modified Schechter (L; = 40.0) & Konno 2018(6.6) Schechter fit (o = —2.28)
& 5| — schechter it (a = ~1.97) 2 {  Ouchi 2010(5.7) #  This work
| % This work Ouchi 2010(6.6) #  This work (Schechter fitting not included)
! #  This work (Schechter fitting not included) ! Santos 2016(5.7)
_6 ; . , , . _g L , . . = |
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Hinh 4.1: Tir trén xubng dudi, tif trdi sang phai, Két qua nghién cttu su tién trién ctia ham
do trung theo dich chuyén dd 2.9 <7<6.7,29<7<4.0,40<z<50va
5.0 < 7 < 6.7. Cac diu thap mau do 1a két qua clia cdng viéc nghién cifu hién tai,
cac ddu mau khéc thu dudc tif nhitng nghién ciiu trudc day. Puong nét lién mau
nau do hién thi gid tri khép ham Schechter clia cong viéc hién tai. Phan diu thap
mau xam khong dudc tinh dén trong qu4 trinh khép ham. Phan mau xanh 13 két
qua nghién ciu tir [7] dugc sit dung nham muc dich so sanh. Pudng nét diit mau
nau dé 1a ham dua vao goi y cho hinh thdi “quay dau” ctia ham do trung.

Gi4 tri ham do trung trong mot khodng dd trung va dich chuyén dé cho trudc dudc tinh
bdi phuong trinh:
1 1

= 4.1)
AlogL,' J C ijax,j

D(L;)

trong do, C;,V; 1a hé s6 hoan chinh va thé tich khéo sét ctia ngudn thi j, AlogL; 1a do rong
clia do trung & bin i. C4c diém LF thu dudc tif mau dang khdo sat dugc khdp ham Schechter
dang:

E @ () () dog) @2)

®(logL)d(logL)= (log .
trong d6 « 1a gid tri do ddc ctia ham Schechter vé phia do trung md, L* 1a gid tri dic trung
clia ham Schechter khi chuyén tir ham exponential (phia c6 do trung 16n) sang ham mi (phia
6 do trung nhd), @+ 1a hé sd chuan héa. Su tién trién nay dugc nghién ctiu trong bon khoang
dich chuyén d62.9 <7<6.7,29<7<4.0,4.0<z<5.0va5.0<z<6.7. Viéc sti dung
dit liéu tif cum thiu kinh hip dn da cho thiy hiéu qua trong nghién cifu ham do trung & phia
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c6 do trung mo, tuy nhién di liéu nay lai kém hiéu qua khi nghién cttu & vung 1an cin hoac
cao hon gid tri Lx. D€ giai quyét van dé nay, ching tdi 1y trung binh cac két qua nghién ciiu
tru6c d6 vé ham do trung trong cing khoang dich chuyén dd, trong cung khoang do trung.
Chiing t6i st dung ching dé€ rang budc & phia do trung 16n. Hinh 4.1 hién thi két qua khép
ham Schechter néi trén, nhitng diu chit thaip mau xdm khong tham gia vao qua trinh khép
ham.

o
4

o N, B B G %
0, N, 0L G G,

log(L.)

[ 29<2<69

[ 29<z2<4
4<z<5

1 5<2<69

N
57"39

2

¢.[1074.Mpc ) log(L.) @

Hinh 4.2: Mbi lién hé ciia ba tham s6 trong ham Schechter 6 bon khoang dich chuyén do.
DPuong dong muc hién thi muic do tin ciy 68% trong qua trinh khép ham.

Két qua tot nhat khi khép ham Schechter dugc trinh by & Bang 4.1, dd d6c ctia ham
Schechter cho thdy mot su tién trién nho theo gi4 tri dich chuyén dé nhung sai s6 van 16n
dé c6 thé khang dinh chic chan. Gia tri khép ham L va ®x trong pham vi sai sé phu hdp
véi cac két qua nghién ciu truée d6. O Hinh 4.1, cac ddu chit thap mau xam khong dudc st
dung cho qu4 trinh khép ham Schechter do da s cc ngudn trong khodng do trung nay c6 do
khuéch dai 16n, gi4 tri hé s& hoan chinh nhé. Hinh 4.2 hién thi mbi tuong quan ctia ba tham
s6 tu do ctia ham Schechter khi khép ham vé6i do tin cdy 68%. Gid tri ham do trung trong moi
khoang dich chuyén do va do trung nhit dinh dudc trinh bay tai Bang 4.2.

Diéng chud y, ham do trung & nhiing khoang dich chuyén do 16n 4.0 < 7 < 5.0 va
5.0 < 7 < 6.7 cho thiy su sut gidm mat do thién ha & viing c6 do trung thip, goi y su quay
dau ctia ham do trung . Piéu nay da dugc thao luin trong cdc nghién ctu truée d6 vé ham do
trung UV ([11], [12]). D€ tinh t6i su thay doi nay ctia ham do trung, ching toi da stra doi

ham Schechter bang cich thém modt phan haim mi mo ta sy "quay dau"dang:
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Bang 4.1: Gia tri kh6p ham t6t nhét cho ham Schechter & bon khoang dich chuyén do.

Redshift @« [10 *Mpc ] log Lx [erg/s] o
29<7<6.7 7.41?%220 42.85%(1)19%0 —2.06%(8);05
40<z<5.0 4-06;?1)70 4297%(1)211 _1'97%%08
m Ox L o m
®(L)exp(—Lr/L)"=——(7-) exp(~L/Lx)exp(~Lr/L) (4.3)

Trong do L7 1a gia tri ma tai do d¢/d; = 0, hay n61i mot cach khac day la gia tri ma tai do
ham Schechter bit dau chuyén huéng, m 1a chi s6 hién thi xu huéng ciia ham, m > 0 ham
c6 xu huéng di xuéng, m < 0 ham c6 xu huéng di 1én. Hinh dang ctia ham dudc hién thi &
Hinh 4.1 (du6i). Két qua cho thiy gia tri ctia m = 1 va Ly bang 10* va 1007 erg/s tuong
ting v6i hai khoéng dich chuyén d6 4.0 < 7 < 5.0 va v6i 5.0 < 7 < 6.7. Céc quan sét dya trén
hién tuong thau kinh hip din dé€ nghién ciu su tién trién cia ham do trung theo gi4 tri dich
chuyén do6 cho phép ching ta khao sat & nhiing viing c6 do trung thip hon so véi cac quan sat
dudc thuc hién trong trudng trong.

Gan day c6 hai nhém nghién citu 1i thuyét du doan su tién trién ctia ham do trung &
dich chuyén dé z ~ 6 12 [13] va [14]. Do d6 viéc so sanh két qua nghién ciu tir ludn an véi
nhiing md hinh hién c6 12 can thiét. M6 hinh thd nhét dugc xy dung bdi nhém tdc gia [13]
khi 4p dung mo hinh phat xa SPHINX mo ta 4anh hudng dong luc hoc ciia qua trinh truyén
phat xa tu moi truong lién sao ra moi truéng gitia cac thién ha. M6 hinh thud hai dugc phat
trién b&i nhém tac gia [14] st dung mo6 hinh AMIGA véi cac gia st vé qua trinh tai ion hoa
don va tdi ion hoa kép. Theo d6, qua trinh tai ion héa don x4y ra & dich chuyén dé z ~ 6,
trong khi qud trinh tdi ion kép sé xay ra mot 1an nita & dich chuyén do z ~ 10 sau khi c6 mot
qua trinh tai két hop. K&t qua so sanh dudc hién thi trén Hinh 4.3. O khoang d6 trung log L
[erg/s] = 41-42, cic md phdng vé qua trinh tai ion héa kép tit md hinh AMIGA hoan toan
phu hdp v6i mo hinh SPHINX sau khi hi€u chinh anh hudng cia moi trudng li€n thién ha,
ciing nhu phit hop véi két qua nghién citu hién tai ctia luan 4n. Tuy nhién, & ving do trung
md, cic gia tri clia ham do trung dan khac biét so v6i hai mo hinh da néu. Sai s6 ctia phép do
con 16n, do d6 can nhiéu dit liéu thuc nghiém hon d€ gidi thich cho van dé nay.
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Béng 4.2: Céc gia tri ham dd trung trong tiing khoang dich chuyén do va khoang do trung
dudc st dung cho qua trinh khép ham Schechter.

log (L) [erg/s] log (¢)(A(log (L))=1)"'Mpc™3] N Neowr  Vinax [Mpc?]
29<2<6.7
39.00 < 39.63 < 40.25 -0.68%5% 224 706.0 11827
40.25 < 40.38 < 40.50 —0.40%9% 17.6 6454 15074
40.50 < 40.63 < 40.75 —0.17%3%< 228 4293 28457
40.75 < 40.88 < 41.00 —0.71%0%, 452 3015 31613
41.00 < 41.13 < 41.25 —0.83%° 68.9 415.7 37344
41.25 < 41.38 < 41.50 —0.96%5%, 105.0 547.9 41321
41.50 < 41.63 < 41.75 ~1.17%07 96.4  305.5 42227
41.75 < 41.88 < 42.00 —1.88%0% 764  105.1 46139
42.00 < 42.13 < 42.25 ~1.51007 704 2025 45795
42.25 < 42.38 < 42.50 —2.43024 27.5 335 47554
42.50 < 42.63 < 42.75 —2.98%15 129  13.0 49295
42129.72 < <424.808 < 43.00 —3.20%% 77 78 49258
O <z< 4
39.00 < 39.63 < 40.00 —0.15%9%, 6.64 41533 1712
40.00 < 40.25 < 40.50 —0.10% 8%, 14.19  920.22 6114
40.50 < 40.75 < 41.00 —0.85%%322 34.0 396.17 11397
41.00 < 41.25 < 41.50 _1'0868310 83.7 4736 14529
41.50 < 41.75 < 42.00 _1'0168'614 69.5 148.0 15914
42.00 < 42.25 < 42.50 —1.53%99 | 35.6 101.55 16327
42.50 < 42.75 < 43.00 —2.93%5, 10.0  10.0 17320
40<2<50
39.00 < 39.25 < 39.50 —0.93%3%, 1.0 380 730
39.50 < 40.00 < 40.0 —1.16%4%, 24 483 4904
40.0 < 40.25 < 40.5 —0.38%%, 74 3114 3159
40.5 < 40.75 < 41.00 —0.38%3 ¢ 19.6  205.1 7662
41.00 < 41.25 < 41.50 —1.43%19, 514 1612 11044
41.50 < 41.75 < 42.00 —1.48% & 550 148.5 12164
42.00 < 42.25 < 42.50 —2.30% 3¢ 30.0 322 13182
42.50 < 42.75 < 43.00 —3.15%39, 47 48 13433
50<z<6.7
40.00 < 40.25 < 40.50 —1.55%3% 6.0 23.8 4725
40.50 < 40.75 < 41.00 —0.89%4¢ 143 1165 11105
41.00 < 41.25 < 41.50 —0.66%; 389 7055 13545
41.50 < 41.75 < 42.00 —1.52%% 48.2 1229 16190
42.00 < 42.25 < 42.50 —1.63%% | 323 105.2 16705

42.50 < 42.75 < 43.00 ~3.1992 59 59 18542
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| == 621, Lintrinsic
—41 2 62U, fue Liirinae
G21, Traas fese Lintrinsic
—5 1 == AMIGA, single ion
— AMIGA, double ion
4+ 50<z<67
_6 E | | | | |
39 40 41 42 43 44

Log(L) (erg s™')

Hinh 4.3: So sanh gia tri ham do trung trong khoang dich chuyén dé 5.0 < z < 6.7. Hai di€ém
chit thap mau dé nam trong ving c6é do trung 16n nhit 14 gia tri 14y trung binh tir
cac két qua truée d6. Pudng nét lién mau xanh va mau den 12 két qua tif mo hinh
AMIGA 1ing véi qua trinh ion héa don va ion héa kép ( [14]). Pudng nét dut hién
thi két qua tir mo phong SPHINX ( [13]) khi tinh dén gia tri ndi tai cia ham do
trung (duong mau tim), hiéu chinh béi bui (duéng mau xanh), hiéu chinh b6i méi

truong gitia cac thi€én ha (duong mau vang).

_05_
e Cassatta 2011 e Sobral 2018
-+ Drake 2017 - This work
10 Herenz 2019 de La Vieuville 2019
T Konno 2018
S  d |
—-2.04 & T
.‘
. 2
_2.5_ 1 &
®
_30_
2 3 4 5 6
z

Hinh 4.4: Tién trién gia tri dd doc ham Schechter theo dich chuyén dé. Pudng sai s6 theo
truc hoanh hién thi khoang dich chuyén do trong cac khéo sét tuong ng.

Nghién ctiu trude d6 thuc hién bdi [7], da loai bd cac ngudn cé gid tri hoan chinh nhd
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hon 10% trong qud trinh tinh todn ham do trung. Trong luan 4n, chiing tdi thdo luin vé 4nh
hudng cia lua chon gid tri hoan chinh ddi véi két qua nghién ctiu ham do trung. Cudi cling,
dii loai bd cdc ngudn c6 gid tri hoan chinh 1% hay 10% , su suy gidm mat do thién ha van
dugc quan sat 1an can gia tri logL[erg/s| ~ 41.

Lu4n 4n ciing trinh bay 4nh hudng ctia phuong phap chon ngudn ddi véi két qua nghién
ctiu ctia ham do trung theo dich chuyén dé. Can luu y ring, trong nghién ctiu hién tai ching
to6i chi st dung nhiing ngudn véi do tin ciy zconf = 2,3 trong qua trinh xac dinh va ddnh
gid do dich chuyén dd. Ching t6i loai bd nhitng ngudn dudc danh gid zconf = 1 bdi ti 1€ tin
hiéu trén nhiéu thip, hinh ddng ctia phd phat xa va cac vach di kém khong thuc su o rang
dé nhan biét. Do d6, chiing t6i tién hanh hai phép thit (thém 50% va thém 100%) s6 lugng
ngudn zconf = 1 dé kiém tra anh hudng clia ching vao mau hién tai. Két qua cho thiy cac
ngudn zconf = 1 khong dnh hudng dang k€ t6i hinh dang ctia ham dd trung. Bén canh hiéu
ting Iva chon ngudn zcon f = 1, chiing toi cling thao luan mot s6 nhan t6 khac anh hudng t6i
d6 doc «, bao gdm viéc lua chon cic ngudng cat khac nhau véi hé sb hoan chinh, viéc xac
dinh thong luong do dac ctia ngudn LAEs dua theo hai phuong phdp khéc nhau, viéc lua chon
md hinh khac nhau dé khép ham. C4c két qua nay dudc trinh bay trong Bang 4.3 va dudc
dung dé udc tinh sai s6 hé thong lién quan téi d6 doc o & viung dd trung md.
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5 Tién trién cha toc do hinh thanh sao theo ham cla
dich chuyén do va danh gia dong gop cua thién ha
hinh thanh sao vao qua trinh tai ion hoa Vu tru

O chuong 5 ctia luan 4n, dua trén cic két qua nghién ctiu dat dugc vé ham do trung, chiing
toi lay tich phan ctia ham do trung theo L d€ nghién citu mat do do trung va chuyén ddi dai
lugng nay sang mat do hinh thanh sao theo ham cua dich chuyén d6. Hinh d4ang ham do trung
¢ phia c6 d6 trung 16n hoan toan phu hgp véi cac nghién ctiu truéec d6 va khong bi anh hudng
bdi cac yéu t6 vé hé sb hoan chinh ciing nhu hiéu ting chon nguén. Do d6, can trén clia tich
phan dudng khong giy ra bat cit 4nh hudng nghiém trong nao dén két qua vé mat do do trung
va mat do hinh thanh sao. Tuy nhién, trong nhitng khoang do trung md, hinh dang ham d6
trung bi anh hudng nhiéu bdi cac yéu td chon lua va gi6i han tim kiém céc ngudn, do d6 gidi
han duéi cta tich phan can dudc thao luan va tinh toan cin than.

log(SFRD)[M..yr*.Mpc™]
| | |

Hinh 5.1: Tién trién mat do hinh thanh sao theo dich chuyén dé. Diu thap mau dé ting véi gi6i
han duéi logL[erg/s]=39.5, diu thap d6 niu ting véi gi6i han dudi logLlerg/s]=41.0
trong qua trinh 14y tich phan dudng ctia ham dd trung. Pudng nét lién mau xanh
nuéc bi€n, vang, xanh 14 ciy ung véi gidi han mat dd hinh thanh sao thu dugc khi
gia st ti 1 thoat ctia cac photon ion héa 1an ludt 12 3%, 8% va 25% , hé s6 cum
(clump) bang 3 4p dung cho tit ca cac gia thuyét.

Trong phan ny, chiing ti Iua chon hai can duéi clia tich phan, logL[erg/s] = 39.5 nhim
muc dich bao phii toan bd khodng do trung ctia dif liéu hién tai, va logL[erg/s] = 41 nhim ddm
bdo dd tin cdy cao clia cac ngudn dudc dung cho xay dung ham do trung. Dua trén nhiing gia
thuyét vé mat do photon ion hoéa tdi thiéu di d€ ion hoa Vi tru so khai luan 4n uéc tinh ti 18
thoat photon ion héa trung binh trong cac thién ha ~ 8% va sb lugng cum phd bién (clumpy)

bing 3.
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6 Thao luan va ke hoach

Luan 4n trinh bay mot nghién ctiu méi vé dong gop clia cic thién ha hinh thanh sao dbi véi
qua trinh tdi ion héa Vi tru thong qua nghién ctu tién trién ham do trung clia cac ngudn phat
xa vach Lyman alpha & dich chuyén dd z = 2.9 — 6.7 ding sau 17 cum thién ha thau kinh hip
dan quan sat bdi may quang phd da dbi tuong MUSE dit tai Pai Thién vin Nam Au.

Dit liéu nghién ctiu ctia luan 4n 14 4nh ctia 600 ngudn phat xa vach Lyman alpha, c6 do
trung trong khoang 39.0 < log L [erg/s] < 44.0. So sanh véi bo dit li€u trude day cua [7], du
liéu nay khang dinh tinh da dang vé s6 lugng mau (nhiéu hon bbn 1an), ddng thdi chita nhiéu
thong tin hon vé cac ngudn cé do trung md (log L [erg/s] < 41.0) - han ché 16n nhat clia cic
quan sat hién tai. D€ nghién cifu déng gép clia cic ngudn phat xa vach Lyman alpha quan st
ducc nho hién tuong thiu kinh hip din nhd vao hé mdy quang phé da d6i tuong MUSE/VLT,
nghién citu sinh st dung phuong phap Vinax nhu trong nghién ctiu cta [7] v6i mot sb cac cai
tién vé quy trinh tinh todn va 4nh hudng cia cic thong sb. Két qua chinh ctia luan 4n dudc
liét ké va thao luan nhu sau:

+ Lién quan dén thuat todn, nghién ctfu sinh da tinh todn dén anh hudng ctia do khuéch
dai ddi v6i thé tich quan sat clia tiing nguon riéng 18. Dic biét ddi véi cac ngudn cé do khuéch
dai 16n, mbi lién hé nay c6 thé dudc thé hién thong qua mot ham sé6 mii. Trong trudng hop
ngudc lai, khi ngudn cé do khuéch dai nhé, mot ham tuyén tinh biéu thi cho mbi tuong quan
dudc chi ra.

+ Tién trién ctia ham dd trung theo dich chuyén dé dudc trinh bay trong bon khoang
29<7<6.7,29<7<4.0,40<7<5.0va5.0<z<6.7. Tong thé tich khao sat c& 50
000 Mpc?, 16n gip 3 1an so v6i két qua ctia [7], nhung lai nhé hon két qué ctia cac nghién cifu
st dung dit liéu quan sat trong trudng trong. Su khac biét nay dugc giai thich do nhiing rang
budc vé do khuéch dai 1am cho thé tich khdo sat v6i thién ha thiu kinh hip din gidm di ding
ké. C4c ngudn quan sit dugc ding sau cum thién ha A2744 déng gép dang ké cho tdng thé
tich khao sat trong nghié€n ctu nay.

+ Céc gid tri khép ham ctia ham Schechter trong khoang dich chuyén d6 2.9 <z < 6.7
lan lugt 1a o = — 2.06t%%75, @ *[10~*Mpc 3] = 7.41“:22‘_72%, logLlerg /s] = 42.85t%_11%.

+ Cdc gid tri ciia ham do trung LF khi log L [erg/s] > 42 & phan do trung 16n hoan
toan phu hop véi cac nghién ciiu trude ddy quan sat trong trudng trong cia MUSE ciing nhu
nhiéu cach quan st khac.

+ O ving d6 trung md, déng gop clia cac ngudn md, cé dd khuéch dai 16n duge xac
dinh. Gia tri dd dbc thu dudc khi khdp ham tuyén tinh va khép ham Schechter dat dugc su
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thong nhit trong pham vi sai s6. K&t qua nghién cttu nay hoan toan phit hop v6i nghién ciiu
trudc day cia [15] trong bén khoang dich chuyén do, phi hop véi két qua nghién ciiu ctia [16]
& khoang dich chuyén d6 2.9 < z < 6.7, dd dbc ctia ham Schechter 16n hon kho4ng 20% so
v6i gia tri tim thiy ctia [7]. Tinh to4n sai s6 ctia phép do khi ké dén anh hudng ctia qua trinh
do thong lugng ngudn, ngudng cit khac nhau ctia gia tri hiéu chinh completeness, anh hudng
ctia phép lua chon ngudn, gid tri d6 déc cia ham Schechter trong bén khoang dich chuyén do
lan lugt 1a —2.00 £0.50, —1.97 £0.50, —2.28 +0.50 va —2.06 +0.60. Nhiing két qua nay
hoan toan phil hgp trong pham vi sai s6 1 — ¢ so véi cac nghién ciiu trude day.

+ So sanh truc tiép véi két qua nghién citu clia [7], gia tri do dbc ctia ham Schechter tién
trién theo ham ctia dich chuyén do, tuy nhién sai s6 trong cong viéc hién tai van con 16n. Hinh
thdi quay dau "turn-over"ctia hAam Schechter & nhiing khoand dich chuyén d6 4.0 <z <5.0
va 5.0 < z < 6.7 khi do trung log L [erg/s] < 41 dudc tim thiy trong két qua nghién citu clia
ludn 4n. Su suy giam mat do thién ha trong viing niy dudc giai thich do hiéu suét hinh thanh
sao thip trong cdc quang vat chat t6i c6 khbi lugng nhoé hon 10° khéi luong Mt Trai ([17,
18]).

+ K&t qua nghién ctiu tién trién ham do trung theo ham cda dich chuyén dé dudc st
dung dé€ tinh todn déng gép clia cac thién ha hinh thanh sao dbi vdi qua trinh ti ion héa Vi
tru. Piéu nay mot 1an nita khang dinh vai trd quan trong clia cic ngudn phat xa vach Lyman
alpha dbi v6i qud trinh tai ion héa Vi tru.

+ Péng gbp clia cac ngudn phat xa vach Lyman alpha la dang ké nham duy tri trang
thai ion héa ctia nguyén tit Hydro trong Vi tru. O dich chuyén dd z ~ 6, dong gép ctia ching
tuong duong dbi v6i cac ngudn LBGs.

Nhu trinh bay & trén, sai sé ctia phép do con kha 16n khi tinh toan déng gép clia cac
ngudn phat xa vach Lyman alpha dbi véi qua trinh ti ion héa cta Vil tru. St dung dit liéu
quan sét tif nhiéu hé kinh & c4c viing budc séng khac nhau 1a co s6 dé cling ¢ thém cho két
qua nghién cdu cua luan an.
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NHUNG PONG GOP MOI CUA LUAN AN

1. V6i 600 ngudn phét xa vach Lyman alpha c6 khodng dich chuyén dé 2.9 <z< 6.7, day
12 bo dit liéu 16n nhat vé cac thién ha phat xa Lyman alpha quan sat dudc nhd hiéu dng thau
kinh hap dan st dung mdy quang phé da dbi tuong MUSE dit trén Kinh VLT (Very Large
Telescope) tai Pai Thién vin Nam Au. C4c ngudn phat xa Lyman alpha trong tip mau nay
khong bi anh hudng béi bat ki chon loc trac quang nao truée d6 (thudng uu tién cdc ngudn
phat xa lién tuc manh). TAp mau nay c6 do trung trai dai trong khoang tir 10%° t6i 10* erg/s,
gitip rang budc hiéu qua ham do trung cia thién ha ving mo nhat t6i 100 erg/s, cling nhu sy
tién trién ctia n6 theo ham cia dich chuyén dé. Do d6 dit liéu ciing nhu két qua nghién ciiu
ctia luan 4n 13 ngudn thong tin tham khao quan trong cho nghién citu trong linh vuc nay.

2. Chung t6i da phat trién thanh cong mot géi tinh todn tu dong xac dinh thé tich Vi
tru (Vmax) chiém béi titng thién ha dugc phat hién trong khao sat cho mdt lugng 16n 17 cum
thién ha thiu kinh hip din. Pay 1a dai lugng quan trong nhit trong viéc xay dung ham do
trung nham xdc dinh mat do thién ha trong mot don vi thé tich Vi tru, trong mot don vi do
trung.

3. D6 dbc 16n ctia ham dd trung Schechter tiép tuc dugc quan sit & viung do trung mo
nhat hon mudi 1an so véi cac khio sat trudng trong trude d6. Xu hudng ting nhe ctia do doc
nay theo dich chuyén do ciing tiép tuc dudc khang dinh.

4. Sai s6 hé thong anh hudng t6i ham do trung ciing dugc danh gi4, lién quan t6i: hé sd
khuéch dai tit mo hinh thiu kinh hip din; cich do dac thong lugng ngudn; do qud trinh lua
chon ngudng cat dé loai bé cac ngudn md nhat; tinh dén cac nguodn c6 do tin ciy thip hon.

5. Két qua cia luan an chi ra mat do téc do hinh thanh sao cia loai thién ha phat xa
vach Lyman alpha tdng theo ham ctia dich chuyén d6. Ching dong gép déng k€ vao qua trinh
tai ion héa Vi tru so khai.
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