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MO PAU
1. Ly do chon deé tai

Vit chat toi hién chiém khoang 27% tong ning luong - vt chét cua
vii try nhung ban chét hat ctia n6 van chua duoc xac dinh, tao nén mot
trong nhirng cau hoi trung tim cta vat 1y hién dai. M6 hinh Chuén tuy
mo ta rit tot cac tuong tac di biét, song khong chira tmg vién vat chét
tdi phu hop, do d6 can dugc mo rong. Trong bdi canh do, cac mo hinh
mai véi radion trong mé hinh Randall-Sundrum, u-hat bat bién ti 1& va
céc hat tua axion ndi 1én nhu nhitng huéng tiép cin tiém ning.

Song song v&i cac thi nghiém gia tdc, cac mdi trudng thién vin
ning lugng cao nhu siéu tan tinh SN1987A cung cap mot “phong thi
nghiém tu nhié€n” dic biét nhay vdi cac hat tuong tac yéu. Do hao hut
nang luong cia 16i si€u tan tinh, dugc rang budc bai ti€u chuén Raffelt,
cho phép giGi han manh cac tham s6 cua nhimng hat gia thuyét nay. Tuy
nhién, viéc xay dung va ap dung céac biéu thirc d6 hao hut ning lwong
cho timg qué trinh cu thé van con twong ddi phén tan trong tai liéu.

Do vay, luan &4n hudng t6i viéc nghién clru cac tuwong tac gitra hat
moi (radion, u-hat, ...) véi cac hat cia M6 hinh Chuan trong nhing diéu
kién dién hinh cua siéu tan tinh va va cham nang lugng cao. Muc dich
la vira lam rd hon hi¢u Gng cua ching 1én cac qua trinh tan xa, vira khai
thac cac rang budc thuc nghiém hién c6 (tir SN1987A va may gia tdc)
dé thu hep khong gian tham s6 cua cac mé hinh mé rong SM. D6 14 1i
do luédn &n nay co tén goi “Hiéu rng ciia radion va u-hat 1én d§ hao
hut ning lwong va tiét dién tan xa céia cic qua trinh vét Iy trong

cac M6 hinh chuan mé réng”.

2. Muc dich, doi twgng va pham vi nghién ciru nghién ciru
Muc ti€u cua luén an la khao sat sy dong goép cua cac hat moi xuét

hién trong cac m6 hinh chuan mé rong doi véi mot so qua trinh tan xa



trong vat ly hat co ban.
béi tuong chinh ctia luén an la cac loai hat du doan boi cac mo hinh
chuin mo rong, bao gém: hat radion, plasmon, u-hat, cac hat vat chat

t6i dang fermion.

3. Phwong phap nghién ciru
Str dung 1y thuyét truong luong tir, ki thuat tinh toan bién do tan xa
thong qua gian 6 Feynman, phuong phép xir 1y s6 liéu trén phin mém

Matlab va phén tich s6 lidu.

4. Y nghia khoa hoc va thyec tién

Luan 4n gop phan 1am rd vai trd ctia cac hat gia thuyét (radion, u hat)
trong cac mo hinh chuin mo rong, thong qua viéc phan tich Iy thuyét
cac qua trinh tan xa dién hinh & ving ning luong cao. Bang cach tinh
toan dong gop cua cac hat mai vao cac dai lwong vat 1y nhu tiét dién
toan phan va do hao hut nang lugng, cong trinh chi ra rang cc hiéu
ling nay c6 thé dat gia tri dang ké va khong thé bo qua trong phan tich

hién tuong.

5. Nhirng dong gép méi ciia ludn an

Luén an xay dung mot cach cé hé théng va chi tiét cong thirc tinh
d6 hao hut ning luwong cho cac qua trinh tuong tac giita cac hat chtra
cac cong thirc duoc st dung trong nhitng nghién ctru trude day nhu céc
truong hop riéng.

Luan &n tinh to4n hiéu ting ctia radion trong tan xa plasmon-plasmon
va trong qua trinh sinh vat chét ti fermion tir va cham ete™ . Tir do,
luan an thu dugc cac gidi han dudi mai cho gia tri ky vong chan khéng
cua radion 1a (@) trong mot dai rong cua khéi lugng m.s. Céc gidi han
nay manh hon mét s6 két qua twong tmg trong cac cong bd quéc té gan

day c& vai bac do 16n. Do dé, s& gbp phan chinh xac hoa cac dai lugng



vat Iy c6 thé do duoc trong thyc té dé tim kiém hat radion nhu tiét dién
tan xa, do rong phan r4, ...

Anh huong cua u-hat trong hai qué trinh quan trong 1a ete™ —
YpYp Va ay — x X duoc danh gia s6, cho thay tiét dién co thé ting rat
manh tuy theo tham s6 dy va Ay Dua trén dit liéu quan sat neutrino tir
SN1987A, diéu kién Raffelt duoc sit dung dé xéac dinh céc rang budc
chi tiét hon 1én thang nang luong Ay so véi cac két qua da cong bo,
gop phan lam séng t6 vai trd cua u-hat trong cac tuong tac nang luong
siéu cao.

6. B6 cuc ciia luén 4n

Cung véi phén mé dau, két luan va cac phu luc, ndi dung co ban

cua luan an duogc trinh bay trong 4 chuong nhu sau:

Chuong 1: Mot $6 m6 hinh chuin mé rong. Vat chét toi

Chuong 2: Cong thirc tinh nang lugng hao hut cua qua trinh tuong tac
Chuong 3: Vai trd cua radion trong cac qua trinh tuong tc cua md hinh

Randall-Sundrum & vu nd 16n SN1987A

Chuong 4: Bong gop cia u-hat vao cac qua trinh tuong tac



CHUONG 1. MOQT SO MO HINH CHUAN MO RONG VA
VAT CHAT TOI

1.1. Cac mé hinh chuin mé rong
1.1.1. Sw cén thiét phai mé rong Mo hinh Chuin

Mb hinh Chuan da dugc kiém ching & nhiéu mat, song van con
nhiéu hién twong va tham sé chwa giai thich dwgc, nhu ngudn gdc
va ban chét cua vat chit tdi, nang luong tbi, su ton tai va khoi luong
cua neutrino, cling nhu su bat dbi xtrng gitlra vt chét va phéan vat chét
trong vii try. M6 hinh nay khong tich hop luc hap dan cing cac tuong
tac co ban khac, khong dy doan dugc cac hat méi nhu radion, axion,
unparticle, cling khong gidi thich dugc hién twong vi pham CP hodc sy
thay dbi cac hang sb vat 1y trong khong gian-thoi gian. Cac phat hién
thuc nghiém vé dao dong neutrino, nhitng tin hi¢u thiéu hut nang luong
& cac may gia toc va dit liéu thién van déu goi mo rang con ton tai vat
1y ngoai mé hinh Chuan. Chinh vi thé, viéc mé rong mé hinh Chuan 1a
thiét yéu dé tiép can cac cau hoi nén tang vé ciu truc, ngudn gbe vil try
va cac hién tugng vi mo6 chua hiéu rd, déng thoi dy bao va kiém chung
cac tin hi€u mai trong thi nghiém va quan sat vii try hién dai.
1.1.2. M hinh Randall-Sundrum

Mo hinh Randall-Sundrum (RS) mé rong khong-thoi gian bon chiéu
thong thudng thanh khong-thoi gian nam chiéu. Khong-thoi gian nay
chira hai mang: mang UV (0 y = 0) vamang IR (6 y = L). Cac truong
co ban ctia M6 hinh Chuan c6 thé gan trén mang IR, con truong hap
dan lan truyén trong toan bo khong-thoi gian nam chiéu.
1.1.3. M hinh chuin mé réng véi bét bién ti 1¢ va u-hat

Bt bién ti 1¢ 13 mot nguyén 1y quan trong trong 1y thuyét truong

luong tlr, trong d6 cac dai luong vat ly gitt nguyén khi hé duoc co gian



ddng déu vé khong gian-thoi gian. H. Georgi (2007) dé xuit rang ton
tai mot truong dac biét cod ddi xung bt bién ti 18, trong do6 cac phﬁn tor
khong tmg véi ¥ niém truyén thong “hat”, duoc goi 1a u-hat, véi cac
tinh chat ”mién nhiém” vé6i phép ty 16.

1.1.4. M6 hinh chuin mé rong khi tinh dén vat chit tdi

M6 hinh WIMP, titc hat vét chét tdi nang tuong tac yéu, 6 thé 12 hat
v6 hudng, véc-to hodc fermion, tdn tai nho d6i xung phy, hién dang l1a
d6i tugng thir nghiém & nhiéu thiét bi i tan trén thé giéi.

M0 hinh c6 axion va cac hat tua axion - 1a hat vé huéng nhe, xuét
hién ty nhién trong 1y thuyét truong va vii try hoc. Nhitng hat nay c6
kha nang giai quyét nhiéu vén dé 16n cta nganh, dic biét lién quan téi
d6i xting CP manh trong QCD.

Céac md6 hinh mé rong nhém 3-3-1 (SUQ3)¢, SUB3)r, U(1)x) sinh
ra nhiéu loai hat méi: axion, hat fermion trung hoa va véc-to, giap 1y
giai hién tugng tron flavor, dbi xtg méi va cac tin hidu vat 1y ngoai
M5 hinh Chuén.

Ba hudng tiép can nay 1a co s 1y thuyét va thuc nghiém cho viéc
phan tich vat chét toi dudi goc do ca vat Iy hat 1an vii try hoc. Viéc
nghién ciru qua trinh twong tic trong cac mo hinh nay s& gitip két ndi
ly thuyét v6i thuc tién va mé rong khong gian kham pha hién twong
nén tang cua vii try hién dai.

1.2. Cac loai vat chit t6i trong mé hinh chuin mé rong
1.2.1. Vit chit t6i vo huéng

Vit chat tdi vo hudng 1a mot trong nhitng ing vién ndi bat clia vat
chét tbi trong vat 1y hat hi¢n dai. Loai hat nay c6 spin béng 0, ton tai
dudi dang boson v hudng thyc hodc vo hudng gia, xuét hién tu nhién
trong nhiéu mé hinh chudn mé rong nho d6i xtmg phu nhu Z», dbi ximg

Abelian 4n hoic cac ciu trac 1y thuyét day. Truong vo hudng dugce ky



hiéu pho bién 1a y, c6 khdi lugng tir siéu nhe cho ti hang TeV, khong
mang dién.
1.2.2. Vit chit tbi fermion

Hat vat chét t6i fermion 1a mot trong nhitng Ung vién cua vat chét
t6i nam ngoai mo hinh chuan, dugc nghién ciru rong rii trong vat 1y
hat hién dai va vil tru hoc. Fermion vat chét toi mang spin 1/2, co thé
la Majorana, Dirac hodc ban dong luc mdi, thuong khong mang dién
tich dién tir; khéi lugng trai rong tur keV dén TeV tuy mo hinh va co

ché sinh thanh vii tru hoc.

1.3. Két luan chuwong 1

Trong chuong 1, luan an da trinh bay birc tranh tong quan vé nhu cau
phai mé rong M6 hinh Chuén va cac hudng tiép can tiéu biéu trong vt
1y hat hién dai. M6 hinh Randall-Sundrum cho théy vai tro cua radion
va viéc 6n dinh 6n dinh khoang cach gitta hai mat thong qua co ché
Goldberger-Wise nham giai quyét bai toan phan cap, dong thoi dua ra
co ché ghép radion véi cac trudng SM thong qua tensor ning-xung
lwong. M6 rong bat bién ti 18 véi u-hat ciia Georgi cung cip mot khung
1y thuyét méi, trong d6 cac toan tir co bac thir nguyén ti 1& dan dén cac
dang ham truyén va tuong tac rat dic trung, c6 thé gy ra nhimg di
thuong trong tiét dién tan xa va phd nang lugng & may gia tdc.

Bén canh d6, chuong 1 ciing da trinh bay cdc mé hinh 1y thuyét vat
chit t6i trong bdi canh BSM va hai nhom tmg vién chinh 13 vat chat tdi
vo hudng & vat chat toi fermion. Nhimng két qua tong quan ndy tao nén
tang 1y thuyét can thiét dé cac chuong sau xdy dung mé hinh cu thé,
tinh toan tiét dién tan xa va phan tich nang luong hao hut trong moi
truong si€u tan tinh nhu SN1987A, qua dé khao sat ro6 hon vai tro cua

radion, u-hat vao cac qua trinh c6 mat ting vién vat chat toi.



CHUONG 2. CONG THUC TiNH NANG LUQNG HAO HUT
CUA QUA TRINH TUONG TAC

2.1. Nang lwgng hao hut ciia qua trinh twong tac hai hat boson ra
hai hat boson

Do hao hut nang lugng trén don vi khdi lugng mo ta lugng nang

luong ma mot hé thong mét di trén mdi don vi khdi lugng qua mot thoi

gian nhat dinh. Xay dyng biéu thtrc cho hai hat boson vao va hai hat

boson (spin = 1), ta c6:
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chuyén sang tich phan theo o ta co:
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2.2. Tinh € cho qua trinh tin xa m{t fermion, mgt phin fermion

thanh mgt fermion va mét phan fermion c6 cung khoi lwgng
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2.3. Tinh £ cho qua trinh tin xa myt fermion, mgt phin fermion

sang hai boson c6 cling khdi lwong
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2.4. Két luan chuwong 2

Trong Chuong 2, ludn an da xay dung mot cach hé théng biéu thire
d6 hao hut nang lugng chuyén biét cho ba qua trinh tan xa co ban gitia
cac hat boson va fermion, léy bdi canh tir vu nd SN1987A. Trén co s&
cong thirc tich phan khong gian pha va bién do tan xa, cac biéu thirc
€ cho qua trinh hai boson vao - hai boson ra (&p dung cho muc 3.1),
mot fermion tuong tac voi mot phan fermion tao thanh mét fermion
v6i mot phan fermion (4p dung cho muc 3.2) hay sinh hai boson dong
khéi (4p dung cho muc 3.3, 4.2) dd duoc suy ra ddy du trong hé khdi
tam, kém theo sy phu thudc chi tiét vao khdi luong, nhiét d¢ va binh

phuong bién d6 tan xa.



CHUONG 3. HIEU UNG CUA RADION TRONG CAC QUA
TRINH TUONG TAC CUA MO HiNH RANDALL-SUNDRUM
O VU NO LON SN1987A

3.1. Hiéu tng cta radion trong tin xa plasmon-plasmon & vu no
16n SN1987A

3.1.1. Tiét dién tan xa
} P,V [}) Iz P1.1 1); 0
D2 B |y p ki, o /2 p ko, p
Hinh 3.1: Gian d6 Feynman ciia qué trinh tuong tac plasmon plasmon trao

dbi radion
Sau khi tinh toan, chiing t6i thu dugc tiét dién tan xa toan phan Ia:
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3.1.2. D¢ hao hut ning lwgng

Do hao huyt nang lugng ctia qua trinh thu dugc:
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& day, psn 12 mat do cua 13i siéu tan tinh va m 4, p4 lan luot 1a khéi

luong va thé hoa hoc ciia plasmon.

3.1.3. Cac két qua tinh s va thio luin

10



o (barn)

Hinh 3.2: Tiét dién toan phan do dong gop cia radion phu thudc vao ning
lwong khéi tam. Puong cong trén dd thi, tir trén xuéng duéi, lan luot tuong
ung voi cac gia tri ky vong chan khong (¢) = 9.02 TeV, 15.04 TeV va 18.05
TeV. O day m, = 1.25 GeV.
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1.90-22

1.30-24 3

88627

40031

Hinh 3.3: P9 hao hut ning luong ¢ tinh theo GeV dugc biéu dién nhu mot
ham ctia (¢). Cac dudng cong tir trén xudng dudi twong Gmg véi gid m ting
tir 1.25, 1.5, 2.5, 5.0 va 10 GeV. Puong nim ngang twong tng voi gidi han
trén clia &, € < 7.288 x 10727 GeV.

Bing 3.1: Tiét dién tan xa toan phan khi tinh dén radion. Két qua thu dugc 1a
nhu nhau cho céc gia tri mg khac nhau (mg = 1.25 GeV, 1.5 GeV, 2.5 GeV,
5 GeV va 10 GeV).

(¢) o(barn)

(TeV) Vs=1TeV V5=12TeV | /s=15TeV V/5=4TeV Vs=6TeV V/5=8TeV
226 | 9.2393 x 107 | 1.3305 x 10713 | 2.0788 x 10713 | 1.4783 x 10~'2 | 3.3261 x 10~'2 | 5.9131 x 102
451 | 5.8260 x 10719 | 8.3894 x 10~1° | 1.3108 x 10714 | 9.3215 x 10~ | 2.0973 x 1013 | 3.7286 x 1013
9.02 | 3.6412 x 10716 | 5.2434 x 10716 | 8.1927 x 10710 | 5.8259 x 10715 | 1.3108 x 10~ | 2.3304 x 10~
15.04 | 4.7107 x 10717 | 6.7834 x 10717 | 1.0599 x 10716 | 7.5370 x 1076 | 1.6958 x 10~1% | 3.0148 x 1019
18.05 | 2.2707 x 10717 | 3.2698 x 10717 | 5.1091 x 10~'7 | 3.6332 x 1076 | 8.1746 x 1016 | 1.4533 x 1019
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Bang 3.2: Ti s6 giita tiét dién tan xa toan phan c6 hiéu ing cta radion ddi véi
tan xa plasmon-plasmon so vdi tiét dién tan xa toan phan khong co higu tmg
ctia radion ddi véi tan xa photon—photon tai cac gia tri ky vong chan khong
(¢) va cac mirc ndng lugng khac nhau.

(é) a/ag
(mg, w) (TeV) | \5=1TeV |5=12TeV | 5=15TeV | \s=4TeV | 5=06TeV V5 = 8TeV
2.26 1.2703 x 10%% | 1.8292 x 10%® | 2.8581 x 10%® | 2.0324 x 10%° | 4.5729 x 10% | 8.1297 x 10%

451 8.0098 x 10%6 | 1.1534 x 10*7 | 1.8022 x 10" | 1.2816 x 10%% | 2.8835 x 10%% | 5.1263 x 10%*
9.02 5.0061 x 10%° | 7.2088 x 102 | 1.1264 x 1020 | 8.0098 x 10?0 | 1.8022 x 10°7 | 3.2039 x 10*"
15.04 | 6.4765 x 10%* | 9.3261 x 10 | 1.4572 x 10%° | 1.0362 x 10%® | 2.3315 x 10?6 | 4.1449 x 10%¢
18.05 | 3.1219 x 10%* | 4.4956 x 10%* | 7.0243 x 10** | 4.9950 x 10% | 1.1239 x 10?0 | 1.9980 x 10°¢
226 5.2030 x 10% | 7.4932 x 10% | 1.1708 x 10% | 8.3248 x 10% | 1.8731 x 10%" | 3.3299 x 10%"
451 3.2808 x 102! | 4.7244 x 10** | 7.3819 x 10>* | 5.2493 x 10%° | 1.1811 x 10%® | 2.0997 x 10
9.02 2.0509 x 10% | 2.9527 x 10% | 4.6136 x 10% | 3.2809 x 10** | 7.3818 x 10%* | 1.3123 x 10
15.04 | 2.6533 x 1022 | 3.8205 x 10?2 | 5.9692 x 10%? | 4.2444 x 10%* | 9.5499 x 10%* | 1.6978 x 10**
18.05 | 1.2790 x 10%? | 1.8416 x 10%* | 2.8774 x 10%* | 2.0460 x 10** | 4.6034 x 10** | 8.1839 x 10%*
226 1.2705 x 10%% | 1.8294 x 10%% | 2.8583 x 10%® | 2.0324 x 10%° | 4.5730 x 10%° | 8.1297 x 10*°
451 8.0114 x 10%° | 1.1536 x 10%7 | 1.8024 x 10%7 | 1.2816 x 10%® | 2.8835 x 10%® | 5.1263 x 10%®
9.02 5.0071 x 10% | 7.2098 x 10% | 1.1265 x 10% | 8.0099 x 10% | 1.8022 x 10%" | 3.2039 x 10%"
15.04 | 6.4777 x 102* | 9.3274 x 10%* | 14573 x 10% | 1.0362 x 1020 | 2.3315 x 1020 | 4.1449 x 10%¢
18.05 | 3.1225 x 10%* | 4.4962 x 10%* | 7.0249 x 10** | 4.9951 x 10%* | 1.1239 x 10%° | 1.9980 x 10*®
2.26 5.2040 x 10%° | 7.4934 x 10% | 1.1708 x 1020 | 8.3249 x 10?0 | 1.8731 x 10%7 | 3.3299 x 10*"
4.51 3.2815 x 10%* | 4.7250 x 10** | 7.3825 x 10* | 5.2494 x 10% | 1.1811 x 10%0 | 2.0997 x 10%¢
9.02 2.0509 x 1023 | 2.9531 x 102 | 4.6140 x 102 | 3.2809 x 10%* | 7.3819 x 10%* | 1.3123 x 10%
15.04 | 2.6533 x 10%% | 3.8205 x 10%? | 5.9692 x 10%? | 4.2444 x 10%* | 9.5499 x 10%* | 1.6978 x 10**
18.05 | 1.2790 x 10?2 | 1.8416 x 10%? | 2.8774 x 10%? | 2.0460 x 10** | 4.6034 x 10** | 8.1839 x 10**

(1.25GeV, 1eV)

(1.25 GeV, 2.5¢V)

(10 GeV, 1eV)

(10 GeV, 2.5¢V)

3.2. Hiéu ing ciia radion trong sy sinh vt chit t6i fermion tir va
cham ete™
3.2.1. Tiét dién tin xa
Sau khi tinh toan, chung t6i thu dugc tiét dién toan phan la:
4m?

49 QOi
= = 1— —X(s—2m?). 33
367 ()% (s — mi)2 s (s = 2my) (3-3)

(o}

3.2.2. D) hao hut ning lugng

Sau nhiéu budc tinh toén, chung t61 thu dugc d6 hao hut nang luong

cua qua trinh eTe™ — yX qua radion la:

2 2
LT e e et ()" - ()
8272 N AD)? S/ Sy 1 (e e/ T + 1) (™2 Het /T 4 1)
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e 1tz —(ux+px)/T

" (e@ra) =T 1 1) (eler+e)/2=ux/T 4 1)

(xl+$22)2T2 . 2mg] [(z1+w22)2T2 —om2

dzy dxa.
((x1+x2)2T2—m3§)2 x1dzo

3.4

Trong d6 psn 1a mat d6 101 siéu tan tinh, y;, 115 1a thé hoa hoc cia cac

hat vao va ra trong qua trinh twong tac.

3.2.3. Cac két qua tinh s6 va thdo luin

(1022 mg = 10GeV, my = 0.1GeV 1022 m = 200 GeV, m, = 0.1GeV.

)
10 15 20 25 30 35 40 45 50 0 15 20 2 5 40 45 50

Hinh 3.6: Sy phu thugc cua tiét dién tan xa toan ph?ln 0 Va0 +/s. ¢} day, 1§y
m,y = 0.1 GeV.

Bang 3.5: Ti s6 gitra tiét dién tan xa toan phan c6 hiéu tng radion so voi
truong hop chi co photon.

Vs (GeV) o/oy
Vs=10TeV /s=15TeV +/s=17TeV +/s=4.0TeV
0.10 5.0652 x 106  2.2509 x 10° 1.7524 x 10°  3.1652 x 10°
5.00 1.2661 x 10'° 56270 x 10° 4.3809 x 10° 7.9128 x 108
10.00 | 5.0622 x 10*° 2.2503 x 10'° 1.7521 x 10'° 3.1650 x 10°

Bang 3.6: Gidi han dudi clia (¢) ing voi cac gia tri khac nhau cua my.

mg (GeV) | (¢) (GeV)
10.00 9.18
200.00 2.13




(6) (GeV)

Hinh 3.12: D6 hao hut nang lugng de/dt (GeV) theo (¢). Puong trén cung
ung véi mg = 10,0 GeV, duong dudi mg = 200 GeV. Duong ngang la mirc
gi6i han ¢ < 7.288 x 10727 GeV.

3.3. Hiéu wng ciia radion trong su sinh plasmon tir va cham electron

va positron

3.3.1. Tiét dién tan xa

m2m? 1- dm S 2
e''"A S 2
—4 24+ 11-— .
o ST <¢>4s(8 _ mé)z L 4m?4 (5 me) ( 2m124) ]

3.3.2. D9 hao hut ning lwong

2 2
o T [ g, VA ()
6475 PSN <¢>4 me/T ! me/T 2 (ewl—ﬂe/T+1) (6I2+#6/T+1)
€x1+x272”TA




3.3.3. Cac két qua tinh s6 va thao luan

Hinh 3.15: D6 hao hut nang lugng ¢ theo (¢). Puong ngang la mic gigi han
€=7.288 x10727 GeV.

Bang 3.8: Gidi han dudi cia (¢) twong Gmg vdi cac gia tri my

mg (GeV) 0.50 1.00 1.25 1.50 2.50 5.00 10.00
(¢) (GeV) | 926.69 20637 159.88 129.62 79.06 56.03 49.45

3.4. Két luan chwong 3

Chuong 3 tap trung phan tich Hiéu Ung ctia hat radion trong qué
trinh toa ning luong ctia vu nd siéu tan tinh SN1987A trong md hinh
Randall-Sundrum. Dya trén cac kénh tuwong tac khac nhau, chuong nay
danh gi4 mirc dong gdp cua radion vao tde d6 tan xa va tbe d6 mét ning
luwgng cua 16i si€u tan tinh, ttr @6 rat ra cac rang budc tham s6 ctia mod
hinh phu hgp véi dit liéu quan sat SN1987A.

Noi dung muc 3.1 tap trung khao sat kha nang gidi han gia tri VEV
radion thong qua qua trinh ~,7y, — 7,7 (trong do6 ~, 1a plasmon).
Ngoai ra, chiing toi chi ra ring hiéu img cta radion c6 thé tré nén manh
mé trong viing nang lwong phit hop va tiét dién tan xa dat ti gia tri 5.91
pb. Viéc do dugc tiét dién nay s€ 1a chi dau gian tiép cho su ton tai cua
radion. Trong vat 1y thién vin, SN1987A 13 ngudn neutrino da dugc

quan sat; dong thoi dugc sir dung dé rang budc kha niang phat axion,

15



radion va cac hat yéu khéc trong cac M6 hinh Chuén mé rong.

Két qua muyc 3.2 cho thiy gi4 tri tiét dién tan xa eTe~ — Y thong
qua trao ddi radion thay doi tir 2.75 x 1026 barn téi 4.40 x 102! va
16n hon o trao ddi photon tir 5 dén 10 bac do 16n, diéu nay cho thay tin
hiéu thu nhan cua qué trinh c6 dong gop cua radion (néu cd) s& manh
hon khi khong c6 radion. Véi diéu kién ¢ < 7.288 x 10727 va my
thay doi tir 10 GeV dén 200 GeV, gidi han dudi cho VEV () giam tir
9.18 GeV xubng 2.13 GeV.

No6i dung muc 3.3 dua ra gia tri tiét dién tan xa toan phﬁn cua qua
trinh ete™ — 7,7, ¢6 hiéu ing cta hat radion ting tir 1.542 x 10728
dén 1.017 x 10712 barn. Khi mg4 = 0.5 GeV thi ngudng dudi ctia (¢)
0 926.69 GeV va khi m, = 10 GeV thi ngudng dudi cua (¢) cd 49.45
GeV. bBang chu y, theo Pransanta Kumar Das et al. tim duoc gia tri bién
dudi cua (¢) =197 GeV cho my =50 MeV va cta (¢) =407 GeV cho
mg = 100 MeV trong qua trinh v,,7y, — v, v trao d6i radion. Nhu
véy két qua ciia chung t6i c6 thé 1on gip 2 lan két qua nay.

Cac két qua tiét dién tan xa toan phan ciia ca ba qua trinh déu nim
trong khoang femto barn - picobarn. Trong khi, thang béc tiét dién dé
phat hién hat trong cac thi nghiém thudng trai rong nhiéu bac do 16n,
tir picobarn dén femtobarn (1 picobarn = 10~'2 barn, 1 femtobarn =
10~'° barn) dbi véi cac thi nghiém may gia toc dién hinh. Chang han,
tiét dién san sinh hat Higgs tai LHC ¢ khoang 10 fb. Nhu vay, tiét dién
tan xa cho qua trinh tan xa plasmon-plasmon, electron-positron thong
qua trao d6i radion hoan toan c6 thé phat hién dugc. Dong thoi, cac két
qua s6 vé ngudng gidi han dudi ciia ki vong chan khong cia radion ()
c6 thé 1a sy rang budc quan trong cho viéc tim kiém radion & ca 3 kénh
tinh toan trong chuong 3. Pay la co s& mang lai nhitng y nghia quan

trong cho viéc truy tim radion.
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CHUONG 4. DPONG GOP CUA U-HAT VAO CAC QUA
TRINH TUONG TAC

4.1. Qua trinh sinh vét chit t6i fermion tir photon va hat twa axion

4.1.1. Tiét dién tan xa

Y(p1,60)

a
Hinh 4.1: Gian d5 Feynman diagram cho qua trinh ay — x ¥ trao d6i u-hat.
Ham Lagragian cua dinh twong tac V (y(p1, p) — a(p2) — u(q,0))
cho béi:
Lint = A dq (_pl,uAu + plyA,u) q" Oy + B ¢q Euvap (_ptllAﬁ) q" Oy

4.1

Tir d6 theo quy tic gian dd Feynmann, két qua tiét dién tan xa toan
phan thu duoc:

) 4m§< )
o= s? s Al g2du—4
3847 Am? sin®(dym)
1- (4.2)
S
1 4m2  m? 2 m?2
X Tddy—2 < Ma | x4 9Ma ZTx )
AV ] S s s

Xay dyng biéu thirc d¢ hao hut ning lugng cho qua trinh, ta c6 két qua:

T oo o0 W
i [ [ ()
c 30727T5PSN/0 o /ma/T B T
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1 1 \/T2(ac1 + 29)? —4m§<

ev1—iy/T _ 1 er2—pa/T _ | T (w1 + x2)
eT1+@2—24 /T A?l —
X Ti+®o  Hx T1tEg | KX 2 > o
(e 2 T —i—l) (e 2 T +1> sin”(mdy)
2 2
X s <4m‘21+m"+23m"> :
AU U— S S S S
4.3)

4.1.2. Cac két qua tinh s6 va thio luin

Thuc hién tinh toan sb véi bo s6 licu khdi lugng DM fermion m,, =
10 MeV, khoi lwong cua hat tya axion béng 300 GeV, 500 GeV, Ay=1
TeV, diy = 1.6 d&n 1.9. Chung t6i v& su phu thudc cua tiét dién tan xa
toan phan vao /s & hinh 4.2.

m_ =300 GeV, m = 10 MeV m, =500 GeV, m = 10 MeV

—d,= 16 —C, =16

3| [m—dy=17
6,218

—y =17
4,218

e 6 = 19

—, =19

o(barn)

o6 4N © & o o N @

o ~
[ 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000

Vs (GeV) Vs (GeV)

Hinh 4.2: Sy phu thudc cua tiét dién tan xa o vao NG O day, léy My =
0.1 GeV, m, =300 GeV (trai) va m, = 500 GeV (phai).

Tiép theo, dé thdy rd hon sy anh hudng cua u-hat 1én qua trinh tan
Xa ay — XX, ching t6i so sanh tiét dién tin xa ctia qua trinh nay véi
qua trinh ¢ v — ¥ théng qua trao doi photon. Do vy, chiing t6i xay
dung biéu thuc tiét dién tin xa cta qua trinh ay —» ¥ bang cach
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tuong ty nhu trén. Cubi cung, biéu thirc tiét dién tan xa cua qua trinh

a~y — xx thong qua trao ddi photon ¢ dang:

_ 9
Oy = ———
92167

O day, iy Va dy la thé tir hoa va thé dién hoa cua vat chét t6i fermion.

Bang 4.2: Tiét dién tan xa toan phan khi ¢6 trao d6i u hat/photon va tisé o/ On

2

[s(u2 — @) (14 ) 1 12m2a2].

tai cac murc nang lugng khac nhau, cho m, = 500 GeV.

Vs (GeV)

o (barn)

o~ (barn)

o/oy

1000
2000
3000
4000
5000
6000
7000
8000
9000
10000
11000
12000
13000

2.7867 x 107
3.0104 x 10714
3.2889 x 10714
3.5535 x 10~
3.7978 x 10714
4.0351 x 10~
4.2351 x 10714
4.4320 x 10714
4.6173 x 1071
4.7925 x 10714
4.9590 x 10~ 14
5.1177 x 10714

1.2906 x 103
5.1622 x 10743
1.1615 x 1042
2.0649 x 10742
3.2264 x 10742
4.6460 x 10742
6.3237 x 10742
8.2596 x 1042
1.0454 x 10~4¢
1.2942 x 10~4
1.5166 x 10~*!
1.8588 x 10~4!
2.1810 x 10~#

5.3982 x 10%®
2.5919 x 1028
1.5927 x 10%®
1.1014 x 10?8
8.1753 x 1027
6.3643 x 1027
5.1275 x 1027
4.2397 x 10%”
3.5778 x 1027
3.0690 x 1027
2.6684 x 1027
2.3464 x 1027

4.2. Qua trinh hily ciip electron-positon trao ddi u-hat vé hwéng

ra hai plasmon

4.2.1. Tiét dién tan xa

Gian d6 Feynman cua qua trinh cho bdi:

Hinh 4.3: Gian d6 Feynman qua trinh ete~ — Yp Vp trao d6i u-hat.

e~ (k1)

et (ka)

Yo(p1)

Yo(p2)
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Ta bién ddi va thu duoc biéu thuc tiét dién tan xa toan phﬁn va do

hao hut nang lwong ctia qua trinh la:

2 12 .2dy—5 2
1411“ )\ng ]- _ 4177114

o~
4 sin® (dym)Agd» 2 s

52 2m?\ 2
X {2(1— 8A> +mjl4}

~

S
=292 - 3+ m?

4.5)
T4dU—2 )\2A2 o0 oo 2
& = — 3 dy - _2/ dxl/ dxo \[/x? — (%)
6470 pg v sin® (dym) Ay me/T me/T T

ex1+x2—2uA/T

= + 1) <€x1;m2_HTA B 1)2

(4.6)

o1 02 03 04 05 06 07 08 09 1
Ay (TeV)

Hinh 4.4: D6 hao hut ning luong € theo ham ciia ciia Ay. Pudng nim ngang
twong tmg v&i gidi han trén cia d6 hao hut ning lwgng é = 7.288x10727 GeV.
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Bang 4.3: Ngudng gidi han ctia thang nang lugng Ay theo thir nguyén

ti1é dy.
du 1.6 1.7 1.8 1.9 2.1 2.2 23 24
Ay (TeV) | 32.849 11.655 5.084 2770 0.675 0.309 0.168 0.101

0 2

4 6

s
V5 (TeV)

Hinh 4.5: D0 thi tiét dién tin xa toan phan theo /s

Bing 4.4: Gia tri tiét dién tdn xa toan phan theo /5 v6i cac bo s6 (dy, Ay),

dy < 2.
o (barn)
\/§(TeV) dU =1.6 dU =1.7 dU =1.8 dU =1.9

A=32849TeV A =11.655TeV A =5.084TeV A =2.770 TeV
1.0 4663 x 1072  1.066 x 10~ 2429 x 10~7 5.562 x 10~ '°
2.0 2.461 x 1071 7.423x107'® 2233 x107'% 6.744 x 10715
3.0 6.513x 107 2310 x 1077 8.171 x 107'% 2.903 x 10~
4.0 1.299 x 107 5.169 x 10717  2.052 x 107*° 8.178 x 10714
5.0 2.219 x 1071 9.656 x 10717 4.190 x 1071% 1.826 x 10713
6.0 3.438 x 1071%  1.609 x 107  7.509 x 10715 3.520 x 10713
7.0 4977 x107¥® 2477 x 107 1230 x 107'* 6.131 x 1073
8.0 6.857 x 107'®  3.600 x 107 1.885 x 107'* 9.916 x 1073
9.0 9.096 x 107'®  5.007 x 107 2748 x 107* 1.515 x 1072
10.0 1.171 x 10717 6.725 x 10716 3.850 x 107 2.214 x 10712
11.0 1.472 x 10717 8.782 x 1071  5.223 x 107'* 3.120 x 10712
12.0 1.814 x 10717 1.120 x 107*°*  6.900 x 10~ 4.268 x 10712
13.0 2.199 x 10717 1.402 x 107'% 8915 x 107'* 5.694 x 10712

Tir cac két qua sd, chiing t6i nhan thiy rang cac tiét dién tn xa ndm
trong khoang 10~2° barn dén 1072 barn véi dyy = 1.6,1.7,1.8,1.9 va
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khoang 1013 barn dén 102 barn véi dyy =2.1,2.2,2.3,2.4.

4.3. Két luan chuwong 4

Trong chuong nay, ching t6i khao sat vai tro ctia u-hat trong cac qua
trinh tuong tac c6 sy tham gia cua hat tua axion va qua trinh sinh hay
cap electron-positron. Pau tién, chuong 4 nghién ctru qué trinh sinh vat
chét tdi fermion tir photon va hat tya axion ay — xX, vOi nhiéu gia tri
khéc nhau cta tham s dyy va cac khdi lugng lién quan. Céc dd thi sb
liéu cho thiy tiét dién tan xa toan phan tang khi ning luong tan xa /s
tang. Gia trj o trong khoang 8.23 fb - 51 fb trong dai /s tir 1 TeV - 13
TeV va khi c6 dong gop cua u-hat, tiét dién tan xa ctia qua trinh co thé
tang 1én tir 26 dén 28 bac dd 16m so vai khi khong trao ddi u-hat.

Tiép theo, qua trinh ete~™ — YpYp dugce trinh bay, cho két qua
tiét dién tan xa trong khoang 10720 barn dén 107'2 barn véi dy =
1.6,1.7,1.8,1.9 va khoang 10~ '3 barn dén 10~ barn véi dyy = 2.1,2.2,
2.3,2.4. Va duarangudng dudi cho thang nang lugng Ay trong khoang
0.101 TeV dén 32.849 TeV khi 2.4 > dyy > 1.6.

Céc két qua nay goi ¥ kha ning sir dung hai qua trinh trén nhu mot

kénh tim kiém gian tiép cho hién twong mdi & M6 hinh Chuan mé rong.
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KET LUAN

Luén an nghién ctru cac m6 hinh BSM chua cac hat mdi nhu
radion (Randall-Sundrum), vat chét tdi fermion, u-hat va hat tua axion,
tép trung vao vai tro cua chung trong cac qua trinh tuong tac. Trén co
s& xay dung mo hinh va thiét 1ap cac cong thire tinh toan, dac biét 1a do
hao hut nang luong, ludn an xac dinh cac biéu thirc cho tiét dién tan xa
va d6 hao hut nang luong trong cac qua trinh trao ddi radion va u-hat.

Théng qua tinh toan s6 va phan tich d6 thi, cac rang budc quan trong
dugc thiét 1ap cho cac tham sb nhu (¢) va Ay trong moi truong siéu
tan tinh va va cham ning luong cao. Cac két qua chinh duoc tom tit

nhu sau:

Di xay dyng mot cach c6 hé thong va chi tiét cong thic tinh do hao
hut ndng lugng cho cac qua trinh twong tac giita cac hat, dong gop mot

khung 1y thuyét tong quat hon so v6i cac nghién ctru trudc day.

D3 tién phong danh gia dinh luong (Panh gia s6) dong gop cua hat
radion trong ba qua trinh tan xa dién ra trong méi truong sao siéu méi
SN1987A, bao gém danh gia dinh lugng tiét dién tan xa toan phﬁn cla
cac qua trinh khi c6 sy dong gop cua hat radion. Pdng thoi thiét 1ap
moi lién hé tryuc tiép gitra cac tham s6 mé hinh radion va cac quan sat
thién van, qua d6 dua ra gidi han thyc nghiém méi cho ky vong chan
khong (¢). Vi gia tri tiét dién tan xa toan phan thu dugc c¢& femtobarn
dén picobarn 1a phut hop véi May do CMS (Compact Muon Solenoid)
tai may gia toc LHC ctia CERN. Qué trinh oY — VpYp cho két qua
tiét dién tan xa ctia qua trinh ¢& 2.27 x 10717 barn - 5.91 x 10~'2 barn;
va & qué trinh eTe™ — Yy, tiét dién tan xa thong qua trao doi radion
thu dugc trong khoang 2.75 x 10726 barn dén 4.40 x 10~2! barn, 16n
hon trao ddi photon tir 5 dén 10 bac 46 16n. Piéu nay cho théy mirc do
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anh huong cua radion vao qua trinh tuong téc 1a rat 16n. Dong thoi, két
qua cho thdy gi6i han dudi cia (@) giam khi m, ting va chi ra rang voi
diéu kién ¢ < 7.288 x 10727 va my, thay ddi tir 10 GeV dén 200 GeV,
gi6i han dudi cho (¢) giam tir 9.18 GeV xudng 2.13 GeV. Thém vio
do, xét qua trinh ee™ — 7,7y, c6 hiéu tmg cua hat radion cho két qua
khi mg = 0.5 GeV thi ngudng dudi cua (¢) dat 926.69 GeV.

D3a dé xuit va trién khai tinh toan chi tiét dong gop ciia u-hat trong hai
qua trinh quan trong 1a eTe™ — 4,7, va ay — XX, xdc dinh dugc
giéi han thang ning luong Ay & muc chi tiét hon so véi cac két qua
da cong bd, gop phan lam sang to vai trd cua u-hat trong cc tuong
tac nang lugng siéu cao. Xét tai dy = 1.6 va Ay = 1TeV, Kkét qua tiét
dién tan xa ctia qua trinh ay — Y trong khoang 8.34 x 10715 barn -
5.12 x 10~ barn va tang tir 26 dén 28 bac do 1on khi so sanh voi qua
trinh trao d6i photon, cho théy su hién dién cua u-hat [am thay ddi dang
ké tiét dién tan xa cta qud trinh. Ap dung tiéu chuan Raffelt cho d6 hao
hut nang luong ctia qué trinh ete™ — Yp7Vp» luan an thu duoc cac gidi
han duéi cho thang ning lugng Ay 1a tir 0.101 TeV dén 32.849 TeV
v6i cac gia tri dyy twong mg va tiét dién tan xa toan phan nam trong
khoang 10~20 barn dén 102 barn. Cac diéu kién ap dat dugc suy ra
trong luan an c6 thé 1a quan trong dé kiém ching va phan biét cac mo
hinh chuin mé rong thong qua cac hiéu g cua radion va u-hat trong
mot s6 qua trinh tan xa ning lugng cao hay siéu cao nhu & vu nd 16n
SN1987A.

Céc két qua cta luan an c6 thé 13 hitu ich cho viéc tim kiém cac
hat m&i c6 trong cac md hinh chuin mé rong va ciing co thé 1a tién dé

cho viéc nghién ctru cac qua trinh mdi trong tuong lai.
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