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TOM TAT

Trong bai bao nay, ching toi nghién ctu qua trinh tdn xa &~ — hU* trong mé hinh Randall-Sundum
khi chim z*, 2~ phéan cyc. Str dung Iy thuyét truong luong tir véi su hd trg cia quy tic Feynman dé tinh
binh phuong bién do tan xa theo cac kénh s, t va u khi chim £, = phan cuc, sau d6 ding phan mém
mathematica dé tinh sé va vé o thi. Cac két qua chi ra rang, khi cham 4", 2~ ciing phan cuc phai thi tiét
dién tan xa thu duoc 1a 16n nhat theo kénh s. Theo céc kénh t va u, khi cham ", 2~ cling phan cuc phai
hodc phan cuc nguoc nhau thi tiét dién tan xa thu dwgc nho hon’rét nhiéu so véi kénh s. Do d6, dong gop
cua U-hat véc to khi chum ", 2= cung phéan cuc phai la I6n nhat. Huéng c6 loi dé thu dugc Higgs boson
va U-hat véc to 14 cac chum muon t6i phai ciing chiéu hodc ngugc chiéu véi nhau.

Tir khéa: Randall-Sundrum; U-hat, muon; tiét dién tan xa; phan cuc.

1. Pat vén dé

Trong nhitng nim gan day, cac nha khoa hoc rat quan tam téi viéc tim ra cac hat mai trén cac may gia
téc nang lwong cao nhu LHC (Large Hadron Colllder) va CLIC (The Compact Linear Collider). U-hat la
mot trong nhung rng cur vién cua cac hat méi va cac dir li¢u thuc nghi¢m vé U-hat da mang lai nhiéu ki
vong cho viéc ching minh sy ton tai cua U-hat (The CMS Collaboration, 2015; The CMS Collaboration,
2016; The CMS Collaboration, 2017; The CMS Collaboration, 2018). U-hat dugc Howard Georgi dé xuat
nam 2007(Georgi, 2007; Georgi, 2007) dya trén I thuyét hiéu dung. Ly thuyét U — hat la Iy thuyét nang
lugng cao chira ca cac truong caa mo hinh chuan va cac truong Banks — Zaks, cac truong co tinh chat bat
bién ti 1€ & vung hong ngoai. Hai truong nay twong tac véi nhau thdng qua viéc trao do6i cac hat c6 khoi
lugng 16n My. U-hat dugc chia lam ba loai 1a U-hat v huéng (spin = 0), U-hat véc to (spin = 1) va U-hat
ten xo (spin = 2).

Nhém nghlen ctru cta chung t6i dd c6 mot sé két qua nghlen ctru vé& U-hat vo huéng va U-hat véc to (Le
Nhu Thuc va Dao Thi Le Thuy, 2020; Nguyen Thi Hau va Dao Thi Le Thuy, 2018; Nguyen Thi Hau va
nnk, 2018; Nguyen Thi Hau va Dao Thi Le Thuy, 2019; Nguyen Thi Hau va Dao Thi Le Thuy, 2019). Cu
thé, trong bai bao “Higg and vector unparticle production via z* 4~ collision in the Radall-Sundrum model”
(Nguyen Thi Hau va Dao Thi Le Thuy, 2019) ching t6i d3 danh gia anh hudng cta U-hat véc to tir va cham
1 u” —hU“ trong md hinh Randall-Sundrum, tuy nhién chua tinh t&i trwong hop chum 4", 4~ phén
cuc. Vi vay, trong bai béo nay ching toi tiép tuc khao sét tiét dién tan xa theo goc tan xa va ning luong
khéi tim trong trudng hop chim ", 4~ phan cuc, tir d6 danh gi4 anh huong cia U-hat véc to trong va
cham x* ™ khichdm ", 4 phan cuc. Céc két qua tinh toan vé tiét dién tan xa s& 1a co s¢ dé so sanh
giita If thuyét va thuc nghiém.

Cau tric bai bao dwoc chia lam 4 phan, ngoai phan gidi thi¢u, ching toi sé trinh bay co so li thuyét va
phuong phap nghién ciru trong phan 2 cua bai béo. Céc két qua tinh sé va thao luan sé trinh bay trong phan
3, cudi cuing la cac két luan dugc trinh bay trong phan 4.

2. Co st ly thuyét va phwong phap nghién ctiu

Trong vat li U-hat, tuong tac ciia U-hat véc to (U*) véi cac hat muon ( 2, z*) dwoc biéu dién bang
gian d6 Feynman trén Hinh 1.

* Tac gia lién h¢
Email: nguyenthihau@humg.edu.vn

63


http://arxiv.org/find/hep-ex/1/au:+Collaboration_CMS/0/1/0/all/0/1
http://arxiv.org/find/hep-ex/1/au:+Collaboration_CMS/0/1/0/all/0/1
http://arxiv.org/find/hep-ex/1/au:+Collaboration_CMS/0/1/0/all/0/1
http://arxiv.org/find/hep-ex/1/au:+Collaboration_CMS/0/1/0/all/0/1

A

i
du-1
AU

7 @+7°)

Hinh 1. Quy tdc Feynman cho twong tac ciia U-hat vée to véi cac muon (Cheung va nnk, 2007)
voi: A, 1a hang s6 tuong tac higu dung twong tng véi toan tir cia U-hat véc to, A, la thang ning luong va
du la the nguyén ti 1€ cua toan tir U-hat.
Trong mo hinh Randall-Sundrum (Randall and Sundrum, 1999), twong tac ctia Higgs boson (h) véi cac
photon () va cac muon ( z~, ") (Dominici va nnk, 2003) dugc biéu dién trén Hinh 2.
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Hinh 2. Quy tdc Feynman cho twong tac ciia Higgs boson véi cdc photon cé xung heong ki, k2 (a)
va cac muon (b) (Dominici va nnk, 2003).

Véi: C, lahé sé tuong téc cua Higgs boson véi cac hat photon, m, va m,, lan luot 1a khdi lugng ciia muon
va boson W, d va b 1 cac tham s tron trang théi, g 1a hang s6 twong tac ctia nhém SU(2) va y la tham sé
trong mé hinh Randall-Sundrum.

Dua theo Ii thuyét hiéu dung, chiing t6i dé xuit twong tac ciia Higgs boson (h) véi cac U-hat véc to (U*
) theo gian d6 Feynman trong Hinh 3, trong d6 C,, 1a hé sb tuong téc giita Higgs boson véi cac U-hat véc
to, hé sb C, da dugc chiing toi danh gia thong qua tén xa e*e” (Nguyén Thi Hau va Lé Nhu Thuc, 2018).

U“u
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-t - K iC, I:krkz’]yv _klvk;]
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Hinh 3. Quy tdc Feynman cho twong tac ciia Higgs boson véi cac U-hat véc to ¢é xung lirong k1, k2
Qué trinh sinh Higgs va U-hat véc to tir va cham 1~ dugc biéu dién duéi dang:
w1 (p) + 1 (p,) > h(k) +U*(k;) 1
trong do: p;, p,1a xung lugng cua cac hat tham gia, k;,k, 1a xung lugng ctia cac hat tao thanh. Qua trinh
nay dwoc mo ta boi cac gian dd Feynman sau:

+ “hik - 1 (py) 20
at(p) Ur(g,) ’,' hky)  m(p) Uitk H(py Ut(,)
g H 7({]5} H 7(qu)
A Y
o \'\ﬁ'\‘\,"\‘\'U-”(kz) W) | ]1:’(2 1 (py) \\ h(ky)
@ () (©)

Hinh 4. Gian do Feynman cho qué trinh tan xa z* 1~ — hU* theo kénh s (a), kénh t (b) va kénh u (c)

64



Trong Hinh 4a U-hat véc to dong vai tro 1a hat truyén tuong tac véi xung lugng g, , con trong Hinh 4b
va 4c thi hat muon lai dong vai trd 13 hat truyén tuong tic voéi xung lugng lan luot 1a g, va q, . Ap dung

quy tic Feynman cho céc gian do trén Hinh 4, chung t6i thu dwoc cac yéu té ma tran theo cac kénh s, t, u
nhu sau:

M, = Ty (O O (R (e PP, (ke 07 K ) ), @)
o amed)
R oy TP () @) ®

d+yb .
s Z?nm"(;zzqz)) V()7 @+7°)é, ()G, +m, Ju(p,) @

H 2
S

L. 05,05 s ha
VoI 0, =P+ p, =k +ky; = pi—k =k —p,; q, =k —p,=p -k, 7, =£—9,,v+ - ]; Ay lahe
s6 tai chuan hoa trong vat Ii U-hat.

Khi chum ", 2~ phéan cuc, chang toi thay v(p,) bang v, (p,) hoic v, (p,) vathay u(p,) bang u, (p,)
hoac u,(p,), trong do:
1-7s
2

1+y.
2

uL(pl): u(pl)!

uR(pl) = U(pl)’

1+y. ®)
>
1-7
2
Tir d6 chling t6i tinh dugc binh phwong bién d6 tan xa khi chum 4", £z~ phan cyc theo cac kénh s, t va
u nhu sau:
Khi chum 4", &~ cung phén cuc phai:

v (p,) =V(p,)

Ve (p,) =V(p,)

M| =—2Bs*{(a.k,)*[-2(p, p,) +q—12(—2( PG, )(Pd) + (P, p,)al)]

S

+07[2(p,k, ) (Pk,) — (PP, )K; +q—14(2(|02qs)(|010|s)(qsk2)2 —(p,p,)a (Gk,)?)

S

(6)
1
_q_2(2( pzkz)( plqs)(qsk2)+2( plkz)(pzqs)(qskz)_z( p1 pz)(qskz)z)]}

|MURR|2 :168u2m5(p2 p1) (7)
IMyg|” =16Bt°m? (p,p,) ®)

Khi chum 4", &~ phén cyc trdi — phai
M| =16BE” {2(p,,)(P,0) — (P, P )(ca)} ©)

Khi chum 4", 4~ phéan cuc phai — trai
Mg | =8Bu” {2(p,0,)(pd,) - (P, P,)(0,0,) + M2 (p,0,)} (10)

trong d6 Bs, Bt, Bu 1a cac hé s6 ma chung toi dat an luot la:
I)ZlAdu 2ydu-2

Bs=— W ____(_ C 11
Ag“-lzsin(du;z)( W )
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_ Agm,(d+7b)
A2, (o - mg)
_ Agm,(d+7b)

AY2m (o2 -m2)

(12)

Bu (13)

va cac thanh phan con lai bao gom [M. [*5[Me [ IM o 5 IMusl 5 IMa [ s IMe 5 [M | déu cho két qua
bang 0. ’ q ,
Vi cac ket qua thu dugc tir cac phuong trinh (6)-(10), ching toi thay vao biéu thirc tinh tiet dién tan
Xa Vi phan trong hé quy chiéu khoi tam
do 1 M
dcosd 647s|p,|

IM[* (14)

trong d6 s = (p, + p,)?, /s 1a nang luong khéi tam, LY |2 14 binh phuong bién d6 tan xa va 6 la géc hop
béi hai véc to xung lugng P, va K, . Tir do ching t6i tién hanh tinh s6 va thao luan vé cac két qua thu duoc
trong phan 3.

3. Két qua tinh s6 va thao luan

Trong phan nay, chdng toi trinh bay cac két qua tinh s6 sau khi khao sat su phu thugc cua tiét dién tan
xa Vi phan theo goc tan xa va tiét dién tan xa toan phan theo niang luong khéi tam khi chom 4, 7~ phan
cyc trong qué trinh tan xa x g~ —hU“.

V6i bai bao trude, chung toi da danh gia duoc tiét dién tan xa ting nhanh nhat khi 1,8 < du < 2 ( Nguyen
Thi Hau va Dao Thi Le Thuy, 2019). Do dé, trong bai bao nay ching t6i khao sét tiét dién tan xa tai
du =1,99 va ¢6 dinh céc thong s6 khac nhu sau: C, =C,, 4 =1, A, =1000GeV va /s =500GeV .

Trudc tién, ching ti khao séat s phu thudc cua tiét dién tan xa vi phan (TDTXVP) theo cosé khi chim
4, 1~ phan cyc. Cac két qua dugc thé hign trén Hinh 5.

35
Keénhs Lt —hU*
T 30
o
o=
=
® 25
1]
2|8
-
20
-1.0 -0.5 0.0 0.5 10
cosf
a)
! 50 |s
3 ' Kénhu
[ = 1
4 s 4 s
= = 3 P 1T
3L i > U —— = 3f T - degpp = hU
= . = . _
Te2 - e 2 - L iipue; = BUH (107
5 g Mgty = hUH(x107) 5 g ~
- 1f \ e = 1[
0f- . ] of = — .
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
cos@ cos@
b) c)

Hinh 5. TDTXVP cua qua trinh tAn Xg '~ — hU# khi chum &*, ¢~ phén cuc theo kénh s (a),
kénh t (b) va kénh u (c)
Céc két qua trén Hinh 5 cho thay theo kénh s tiét dién tan xa vi phan c6 gia tri I6n nhat khi chom 2%, 1~
cuing phan cuc phai. Trén Hinh 5a, TDTXVP Ién nhat khi cosd=+1 va nho nhat khi cos6=0. Nhu vay,
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khi c6 su phan cyc ciia cham 4+, 1~ , huéng c6 loi nhét dé thu dugc Higgs boson va U-hat véc to 1a chum
muon t&i phai cting chiéu hoic ngugc chiéu véi nhau. Po 16n ciia TDTXVP theo kénh u va kénh t nho hon
rat nhiéu so véi kénh s khi cham 4*, 2~ phan cuc.

Tiép theo, ching t6i khao sat sy phu thudc cua tiét dién tan xa toan phan (TDTXTP) theo ning luong
khéi tam trong khoang tir 500 GeV dén 3000 GeV khi cham z*, 4~ phan cuc, cac két qua duoc biéu dién
trén Hinh 6.

- Kénhs Lty = hU

a1 Odpbarn}

== R L B R Oy =)
T T T T

=
T

500 1000 1500 2000 2500 3000

Vs (Gev)
a)

' Kénht . 1.0 \ Kénhu
ity — RU#(x107)
Lty = RUH(x107

a1 p? pharn)
(=]
[=r]

02) . 0.2} ..
0.0} | | | —= 0.0[, | . | ——=
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000

A5 (Gev) s (Gev)
b) c)

Hinh 6. TDTXTP cua qué trinh tan xg "z~ — hU* khi chum ", &~ phén cuc theo kénh s (a),
kénh t (b) va kénh u (c)

Tur céc db thi trén Hinh 6 chiing toi thiy ring, theo kénh s TDTXTP ting theo chidu ting ctia /s khi
chim ",z cing phan cuc phai. Theo kénh t va kénh u, TDTXTP giam theo chiéu ting cua \E khi
cham 4+, 4~ cling phan cuc phai hozc phan cuc nguoc nhau. TDTXTP theo kénh s ¢6 gia tri 16n hon nhiéu
S0 véi kénh u va kénh t. Nhu vay, khi U-hat véc to dong vai trd 1a hat truyén twong tac thi tiét dién tan xa
thu duoc 14 16n nhit, do 6 n6 c6 dong gop 16n nhat khi cham 4+, 1~ cting phan cuc phai. Khi cac hat muon
dong vai tro 13 hat truyén twong tac thi TDTXTP thu dugc rat nho.

4. Két luan

Trong bai bao nay, chung toi da 4p dung c4c quy tic Feynman va diing phan mém mathematica dé khao
sdt anh huong cua U-hat véce to tir va cham 4"~ — hU* trong mo hinh Randall-Sundrum khi chum
4, 1~ phan cuc. Cac két qua tinh toan giai tich thu dwgc biéu thirc binh phuong bién do tan xa khi chim
4, 1~ phan cuc theo céc kénh s, t va u. Str dung phan mém mathematica dé tinh s, chung toi thu dugc
cac d6 thi khao sat tiét dién tan xa vi phan theo g6c tan xa va cac dd thi khao sét tiét dién tan xa toan phan
theo nang lugng khdi tm khi ¢6 sy phan cuc cua cham 4%, . Céc két qua chi ra rang, huéng c6 loi dé
thu dugc U-hat véc to va Higgs boson Ia cac chum muon phai cung huéng hodc nguoc huéng so véi nhau.
Khi U-hat véc to dong vai tro 1a hat truyén tuong tac thi tiét dién tdn xa thu dugc la 16n nhat, hay ndi cach
khéc dong gop ctia U-hat 14 I6n nhat trong tan xa 2"z~ — hU* khi chim 4", 2~ phan cyc.
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ABSTRACT

Higgs and vector unparticle production via u* 2 collision
in the Radall-Sundrum model when ", 1~ beams are polarized

Nguyen Thi Hau'", Dao Thi Le Thuy?
1Hanoi University of Mining and Geology
2Hanoi National University of Education

In this paper, we study the Higgs boson and vector unparticle production via collision in the Randall-
Sundum model when beams are polarized. We have used quantum field theory and Feynman rules to
calculate matrix elements square of the process with s, t, and u channels when the beams are polarized.
After that, in order to assess the number and make the identification, a mathematica software will be used.
The results indicate that when the beams are polarized right-right, the cross section reaches maximum value
with s channel. When the beams are polarized right-right, right-left or left-right, the cross section of the t
and u channels is much smaller than s one. Therefore, the contribution of vector unparticle is largest when
the beams are polarized right-right. The advantageous directions to search for signs of Higgs boson and
vector unparticle are the same or opposites directions to the initial muon beams.

Keywords: Randall-Sundrum, unparticle, muon, cross section, polarized.
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