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11. Tom tat cac két qua méi cia ludn an:

Muc dich cta luan an nay la khao sat tac dong cua cac hat moi xuat hién trong cac
mo hinh chuin mé rong d6i voi mot sé qua trinh tan xa kinh dién trong vét 1y hat co ban.
Nghién ctru huéng t6i viée chi ra kha ning phat hién, tim kiém cac hat méi théng qua
nhing tin hiéu dic trung trong cac qua trinh tan xa, tir d6 gop phan danh gia d chinh xac
ctia cac mo hinh chuin mé rong.

Déi tugng chinh cua luédn an 1a cac loai hat dugc dy doan bdi cac mo hinh chuan

mo rong, bao gém: hat radion, hat tua axion, u-hat, cic hat vat cht tdi dang fermion.



Trong ludn 4n nay, chung t6i sir dung: Cac phuong phép cta Iy thuyét truong luong
tir: n6i bat 1a ky thuat gian d6 Feynman. Phuong phéap nay cho phép xay dung bién d6 tan
xa thong qua cac so dd truc quan, sau do binh phuong bién do dé tinh tiét dién tan xa.
Ngoai ra k¥ thuét gian dd Feynman con gitp ta tinh dugc d6 hao hut ning luong . Pay la
mot cong cu chinh x4c va hiéu qua dé lién két cac mo ta Iy thuyét v6i dai lugng thue. Ching
t6i dong thoi str dung phan mém Matlab dé v& db thi, xir 1y s6 va phan tich sb liéu bang do
thi.

Céc két qua cua luan an co thé dugc tom tat lai nhu sau:

- P xdy dung mot cach c¢6 hé thong va chi tiét cong thirc tinh d6 hao hut ning luong
cho cac qua trinh twong tac giita cac hat, dong gbp mot khung 1y thuyét tong quat hon so
v6i cac nghién cuu trude day.

- P tién phong danh gia dinh luong (Panh gia s6) dong gop cua hat radion trong
ba qua trinh tdn xa dién ra trong moi trudng sao siéu méi SN1987A, bao gém danh gia
dinh luong tiét dién tan xa toan phan cta cac qué trinh khi c6 sy dong gdp cua hat radion.
DPong thoi thiét 1ap mdi lién hé truc tiép gitta cac tham sé mo hinh radion va cac quan sat
thién van, qua d6 dua ra gidi han thuc nghiém méi cho ky vong chan khong (). Vai giad
trj tiét dién tan xa toan phan thu dugc c& femtobarn dén picobarn 13 phu hop v6i May do
CMS (Compact Muon Solenoid) tai may gia toc LHC cia CERN. Qua trinh YpYp — YpYp
cho két qua tiét dién tan xa clia qua trinh ¢& 2.27 X 10”7 barn — 5.91 x 102 barn; va
& qua trinh e*te™ — yy, tiét dién tan xa thong qua trao d6i radion thu dugc trong khoang
2.75 X 1072 barn dén 4.40 X 102" barn, 16n hon trao d6i photon tir 5 dén 10 bac d6 16n.
Piéu nay cho thidy mirc do anh hudng cia radion vao qua trinh tuong tac 1a rat 16n. Pong
thoi, két qua cho thay gioi han dudi cua () gidm khi my, ting va chi ra ring véi diéu kién
£ < 7.288 x 10727 va my, thay doi tir 10 GeV dén 200 GeV, gi¢i han dudi cho () giam
tir 9.18 GeV xudng 2.13 GeV. Thém vio d6, xét qua trinh e*e™ — YpYp €O hiu Gmg cua
hat radion cho két qua khi mg, = 0.5 GeV thi ngudng dudi cta (¢p) dat 926.69 GeV. Viéc

xac dinh ngudng gidi han dudi cho gid tri ki vong chan khong cia radion dua trén rang



budc chat ché boi diéu kién Raffelt va qua dé cung cap co s cho phép du doan ciing nhu

tim kiém hat radion trong cac thi nghiém hién tai va tuong lai.

- Pi dé xuat va trién khai tinh toan chi tiét déng gop cia u-hat trong hai qué trinh
quan trong la e*e™ — y,y, Va ay — xX, xac dinh dugc gidi han thang ning lugng Ay ¢
mirc chi tiét hon so véi cac két qua da cong bd, gop phan lam sang t6 vai trd ciia u-hat trong
cac tuong tac ning luong siéu cao. Xét tai du = 1.6 va Ay = 1TeV, két qua tiét dién tan xa
cua qua trinh ay — xx trong khoang 8.34 x 107> barn - 5.12 x 10~!* barn va ting tir 26
dén 28 bac do 16n khi so sanh véi qué trinh trao dobi photon, cho théy su hién dién cua u-
hat 1am thay d6i dang ké tiét dién tan xa ctia qua trinh. Ap dung tiéu chuan Raffelt cho do
hao hut nang lugng cua qua trinh e*e™ - YpYp, luadn an thu dugc cac giéi han dudi cho
thang niang luong Ay 1a tir 0.101 TeV dén 32.849 TeV véi cac gia tri du twong Gmg va tiét
dién tan xa toan phan nam trong khoang 102 barn dén 107 barn. Cac diéu kién ap dit dugc
suy ra trong ludn 4n c6 thé 13 quan trong dé kiém chung va phan biét cac mé hinh chuan
mo rong thong qua cac hiéu ung cua radion va u-hat trong mot s6 qua trinh tan xa ning

luong cao hay siéu cao nhur & vu nd 16n SN1987A.

Nhu vay, luan an da nghién ctru cac mé hinh M6 hinh chuan mé rong co chira cac
hat méi, cu thé 1a radion ctia mo hinh Randall-Sundrum, vat chit t6i fermion, u—hat va hat
tua axion dong vai tro trung tim trong cac qua trinh tuong tac. Trén co s& dé cap mot cach
c6 hé thdng dén cach xdy dung cac mé hinh nay va dan ra cac cong thirc tinh toan can thiét,
dic biét 1a cong thirc tinh do hao hut ning lwong, luan an da thu duoc cac biéu thirc cho
cac tiét dién tan xa va do hao hut nang luong tir cac qua trinh tan xa thong qua trao doi
radion hay u-hat. Hon nira, tir céc tinh toan sb va vé& d6 thi, luan an da suy ra cc giéi han
(constraint) quan trong cho cac tham sé co ban ctia cac mé hinh chuan mé rong nhu ky
vong chan khong cua truong radion (P), ngudng nang luong Ay cia u-hat...trong moi
truong sao siéu méi ciing nhu trong va cham nang lugng cao. Cac két qua cua luan an co
thé 1a hiru ich cho viéc tim kiém cac hat méi co trong cac mo hinh chuin mé rong va ciing

cé the 1a tién de cho viéc nghién ctru cac qua trinh maéi trong tuong lai.
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11. Summary of the new findings of the thesis:

The objective of this dissertation is to investigate the impact of novel
particles arising from Beyond the Standard Model (BSM) frameworks on several
classical scattering processes in elementary particle physics. This study aims to
demonstrate the potential for detecting such particles through characteristic
signatures in scattering observables, thereby contributing to precision tests of BSM
scenarios.

In this work, quantum field theory methods are employed, most notably the
Feynman diagram technique. This approach enables the construction of scattering
amplitudes via intuitive diagrammatic representations, which are then squared to
obtain scattering cross-sections and energy loss rates. It provides a precise and

efficient framework for connecting theoretical predictions with observable physical



guantities. Numerical computations and graphical visualizations are performed
using MATLAB, with data analysis supported by graphical methods.

The key findings of the dissertation are summarized as follows:

The role of the radion is investigated in three scattering processes within the
SN1987A supernova environment. Quantitative evaluations of total scattering
cross-sections including radion contributions are performed. The resulting cross-
sections, ranging from femtobarns to picobarns, fall within the sensitivity reach of
the CMS (Compact Muon Solenoid) detector at CERN’s LHC. Specifically, for
YpYp — VpYp Process, the cross-section reaches approximately 2.27 X
107Ybarn — 5.91 x 10712 barn; in trinh e*te™ — yj process, the cross-section
via radion exchange ranges from 8.34 x 107! barn to 5.12 x 10~* barn, which
is 5 to 10 orders of magnitude larger than that of photon exchange. This highlights
the significant impact of radion contributions on interaction processes.

Furthermore, the results show that the lower bound of the radion vacuum

expectation value VEV (¢) decreases as m increases. Under the conditions where
€ <7.288x107%7 and m,, vary from 10 GeV to 200 GeV, the lower bound for

(¢) decreases from 9.18 GeV to 2.13 GeV. In particular, for the process including
radion effects at m,= 0.5 GeV, the lower bound of the VEV (¢) reaches 926.69
GeV. These bounds, derived under the stringent Raffelt criterion, provide a basis
for predicting and constraining radion properties in both astrophysical and collider
environments.

The contribution of unparticles is also analyzed in detail for two key
processes: e*e” — y,y, Va ay — xx,. At du=1.6 and A, =1 TeV, the scattering
cross-section lies between 8.34 x 1071° barn and 5.12 x 10~#, representing an
increase of 26 to 28 orders of magnitude compared to photon exchange processes.
This demonstrates that unparticles significantly alter the scattering cross-section. By
applying the Raffelt criterion to the energy loss rate, lower bounds for the energy

scale Ay are derived, ranging from 0.101 TeV to 32.849 TeV for corresponding du



values, with total cross-sections spanning 1072° to 1073 barn. These constraints are
essential for distinguishing BSM scenarios through radion and unparticle effects in
high- and ultra-high-energy environments such as SN1987A.

This dissertation investigates BSM models involving radion, fermionic dark
matter, unparticles, and axion-like particles, focusing on their effects on scattering
processes. Analytical expressions for scattering cross-sections and energy loss rates
are derived, particularly for radion and unparticle exchange.

Numerical analysis constrains key parameters such as the radion vacuum
expectation value and unparticle energy scale. These results support experimental
searches for new physics and future studies of particle interactions.
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