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Mé& dau
Ly do chon dé tai nghién ciu

Mo hinh chuan 1a mot mo hinh khé thanh cong va dang duoce st dung
rong rai trong linh vize nghién citu hat co ban. Tuy vay, moé hinh nay ciing
c6 nhitng han ché. Mot s6 két qua do dac thuc nghiém hién tai ¢6 do lech
tuong doi cao so véi cac tinh toan 1y thuyét tit mé hinh chuan. Nhing di
thuong nay da tré thanh cac cong cu quan trong dé kiem tra do chinh xac
clla mo hinh. Mot trong s6 d6 14 moment tiur di thuong ctia muon, cac dai
luong quan sat duge lién quan t6i cac phan ra hiém ctia B meson, tinh
unitary ctia ma tran CKM...Do d6, ching ta can md rong mo hinh chuan
dé giai quyét cac van dé nay.

Trong cac mo6 hinh vat 1y mdi, luan an dac biét quan tam dén mo hinh
Bélanger-Delaunay-Westhoff (BDW), mot mé hinh mé rong ctia mo hinh
chuan c6 su tham gia ciia cac hat vectorlike fermion va thém vao mot nhom
doi xting chuan Abelian. M6 hinh BDW c¢6 wu diem la da md rong hop 1y
mo hinh chuan, giai thich dugc su sai léch ctia mot s6 két qua thuc nghiem
so véi tien doan ctia mo hinh chuan, dong thoi con dua ra dude mot tng cit
vien dé mo ta vat chat t6i. Tuy nhién, no lai gia thiét s6 hang tron dong
nang gitta hai truong chuan Abelian 14 bé va bo qua. Viéc lam nay gitp mo
hinh trd nén bét cong kénh hon, c6 diéu né ciing lam cho tinh toan dién
clia mo hinh bi giam xudng. Diéu nay lam ndy sinh nhu cau khdo st mo
hinh md rong noéi trén mot cach ky cang hon. Day chinh la 1y do chung toi
lya chon dé tai nghién cttu "M hinh chuan mé rong véi cac hat
vectorlike va nhém U(1)x".

Muc dich, déi tuong va pham vi nghién ciu

Luan an tap trung nghién ctiu cic cac van dé sau: moment tir di thuong
ctia muon a,, (bai toan g, —2), cac qua trinh phan ra B-meson thanh Kaon
va cap lepton u, e: B — KITl~ va B — K*I"l, qua trinh chuyén tiép
quark b — s7, cting véi tinh unitary ciia ma tran CKM trong khuon kho
mo hinh BDW, ¢6 xét dén truong hop s6 hang tron dong nang khac khong.



Phuong phap nghién citu

Cac phuong phap nghién cttu bao gom ky thuat gian do Feynman, khi
phan ky, tai chuan hoa...ctia Iy thuyét truong, 1y thuyét nhom, cling véi cac
cong cu may tinh nhu phan mém Mathematica va cac géi mdé rong ciia no.

Y nghia khoa hoc va thuc tién ctia luan an

Luan an da tong quat héa mo hinh BDW trong truong hop cé hé s6 tron
dong nang k # 0, dong thoi cing da khdo sat mot s6 qua trinh phan ra
hiém ctia B meson, moment tir di thudng ctia muon, ciing nhu tinh unitary
ciia ma tran CKM va thu dugc hang loat diéu kién rang buoc cho cac tham
s6 ctia mo hinh. Céac két qua nay giip ta ¢ cai nhin toan dién hon vé mo
hinh. Ngoai ra, viéc thu hep khong gian tham s6 tu do ciing gép phan gitp
m6 hinh tré nén cang chinh xac, c6 thé dua ra nhiéu tien doan phit hop véi
thyc nghiéem hon. Cac két qua nghién citu nay la méi va c¢6 ¥ nghia khoa
hoc quan trong.

B6 cuc cua luan an

Ngoai phan md dau, két luan, tai lieu tham khao va cac phu luc, noi dung
chinh ctia luan an duge trinh bay trong 3 chuong. Chuong 1: Tong quan veé
mo hinh Bélanger-Delaunay-Westhoff. Chuong 2: Muon g — 2 va phan ra
semileptonic clia B meson véi s6 hang tron dong nang. Chuong 3: Phan ra
B — X, va tinh unitary cia ma tran CKM.

Cac két qua ctia luan an da duge dang trén cac tap chi sau:

- Mot bai bao da dang trén tap chi Physical Review D.

- Mot bai bao da dang trén tap chi Nuclear Physics B.

- Mot bai bao da dang trén tap chi Communications in Physics.

- Mot bai bao da dang trén tap chi VNU Journal of Science: Mathematics
- Physics.

1 Tong quan vé mo hinh Bélanger-Delaunay-
Westhoff

Chuong nay trinh bay vé cau tric hat, nhom chuan va Lagrangian cta
mo hinh chuan va sau do6 14 mo hinh md rong BDW ctia né. Céc s6 hang



khoi lugng va cac tuong tac lien quan dén cac hat mdéi clia mo hinh cling sé
duge tinh todn chi tiét.

1.1 So ludc vé M6 hinh chuan

Muc nay trinh bay so ludgc vé cau trac hat, nhom chuan, va Lagrangian
ctia M6 hinh chuan. Nhin chung, M6 hinh chuan mic du la mot moé hinh
kha thanh cong, nhung bén canh dé, no ciing ton tai nhieu khiém khuyét.
Do do, ta can phai md rong moé hinh chuan dé duge mot mo hinh toan dién
hon.

1.2 M6 hinh Bélanger-Delaunay-Westhoff

1.2.1 Lagrangian ctia mo hinh

Mo hinh Bélanger-Delaunay-Westhoff (BDW) la mot mo hinh mé rong
clia mo hinh chuan bang cach bo sung mot nhém doi xing U(1)x méi va
cac hat maéi. Ngoai cac hat co ban ctia mo hinh chuan, mo hinh con them
vao cac hat vectorlike lepton (L, Ly), vectorlike quark (Qr, @r), cling
hai truong vo huéng phic y va ¢.

Tinh chat doi xtng clia cac hat méi duge liet ké trong bang 1.2.

Loai hat | Spin | SU3)¢ | SU(2), | U(1)y | U(1)x
LnLe 12 1 2 | /2 | 1
Qu@n 12| 3 | 2 | 5| 2
X 0 1 1 0 1
& 0 1 1 0 2

Bang 1.2: Dac tinh lugng t1 ctia cac hat méi trong moé hinh BDW.

Cac s6 hang tuong tac lien quan t6i cac hat méi duge viét nhu sau:
Lxe D = Aon|¢[* [ H* — M |xI*| H
- {yELRx +wqLQrd + h-c} = Vo(#, x), (1.15)

trong do, H 1a ludng tuyén Higgs trong MHC, £;, va qr, 1a cac ludng tuyén
cac thanh phan tay trai ctia lepton va quark trong MHC. V) 1a thé vo huéng



lien quan dén cédc truong vo huéng mai ¢ va x

Volx, @) = Aol + mi| o] + A [ x|" + m | x|*+
+ Ao 0P [XI* + (rox” + hec.) . (1.17)

S6 hang khoi lugng clia cac vectorlike fermion c6 dang:
Lxp D — (MLiLg+ MpQrQr + h.c.), (1.26)

trong do, khoi lugng My, va M duge gia thiét la rat 1on.

1.2.2 Khbi luong cta cac hat méi

Muc nay trinh bay qua trinh tinh toan cac so6 hang khoi luong clia cac
truong vo hudéng méi x, ¢, hat truyen tuong tac truong chuan méi Z’, ciing
vectorlike quark.

1.2.3 Tuong tac trudng chuan

Trong muc nay, ching t6i xem xét tuong tac giita cac boson trusng chuan
(photon, gluon, Z, W=, Z’) cting cac fermion trong mo hinh BDW trong
hé co s6 huong vi quark va hé co s6 khoi luong. Céac sd hang tuong tac déu
da duge tinh toan chi tiét.

1.2.4 Tuong tac cua cac truéng vo huéng mdéi

Muc nay tinh toan cac sd6 hang tuong tac gitta cac vo hudng mdi va
fermion trong mo hinh; gitta cac vo huéng méi va truong chuan Z’; ciing
nhu céc s6 hang tuong tac bac cao gitta cac vo hudng madi nay véi nhau.

1.2.5 Mot s6 nhan xét vé mé hinh

Muc nay trinh bay mot s6 nhan xét vé mo hinh BDW ma ta vita xét 6
tren.

1.3 Két luan chuong 1

Trong chuong 1 clia luan an, dau tién, Lagrangian ctia mé hinh chuan
duge trinh bay mot cach so luge. Ké do, ching t6i mo ta mo hinh md rong
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BDW ctia mo hinh chuan. Lagrangian ctia mo hinh nay cting cac sé hang
quan trong lién quan t6i phan vat Iy méi da duoe tinh toan cu the.

2 Muon g — 2 va phan ra semileptonic cua
B meson véi s6 hang tron dong ning

Chuong nay stt dung mo hinh BDW dé khéo sat bai toan muon g — 2 va
hai phan ra hiém BT — KTutyu~, B — K*(892)°u*u~, c6 dbi chiéu
cd hai truong hop c6 va khong c¢6 s6 hang tron dong nang. Tu cac di lieu
thuc nghiém tuong ting, ving tham s6 cho phép ciia mo hinh sé duge tim
ra.

2.1 S6 hang tron dong ning

Xét mot mo hinh 1y thuyét chita hai nhom chuan Abelian U(1) x U(1)x.
Phan Lagrangian ctia mo hinh chi lien quan dén cac truong chuan

o 1 1 k
Eklnetlc B __Fl Fluy . _F2 F2,uV . _Fl F2;ux7 (21>

gauge 4w 45 9"

SO hang cudi ciing chinh 1a s6 hang tron dong nang, véi k 1a hé s6 tron dong
nang. Bang cach thuc hién mot phép quay thich hop trong khong gian cac
truong chuan, ta c6 the khit s6 hang tron dong nang nay di. Phép quay nay
dugc chon sao cho tich va hing s tuong tac ctia truong chuan thi hai dugce
dinh nghia lai, trong khi cac dic trung cta truong chuan thi nhat khong
thay doi. Thi thuat nay gitp cho viée tinh toan trdé nén don gian hon rat
nhiéu.

2.2 Muon g — 2

Cac gian do Feynman ting v6i cac dong gép chu dao ctia vat 1y méi doi
v6i muon g — 2 duge bicu dién trén hinh 2.1.



Hinh 2.1: Cac déng gép chu dao cia vat 1y mdéi doi véi muon g — 2. Cac
dinh tuong tac chi sinh ra do hiéu tng tron dong nang dude bicu dién bang
mot vong tron bao quanh mot dau cham.

Bicu thitc giai tich déng gop ctia vat 1y méi déi véi muon g — 2 ¢6 dang
nhu sau:

NP |yu|*m, 1 T
Aa 327T2m2 B\ 155 F9(1+5>
4 2/ dz(1— z) { gAsinocZ—i—ngcosany(Sz—1)1n [6(1—2)2—|—z]
m

(—gv sinay + gt cos aZ)2 z(1—2) — (—gA sinaz + g% cos ozZ)2 z(z+3) }

* Bl —2)2+z
(2.45)
m?2 % v
VOl T mir,é N 1, B =—£ va
1
Fy(z) = 61— 2) (6zlnz + 2* — 62° 4 3z +2) . (2.49)

2.3 Cac hé s6 Wilson
Phan bo chinh lien quan t6i vat 1y méi déi véi bon hé s6 Wilson ng:)m
theo cac gian do trén hinh 2.2 1a:

12gx + kgy ( gx cos az g2sinay Vi ViE|
CNF = A+ 5" A7 ) Ay Ay 2.50
J 12(1 — k2?) m2, i m?, SMoy e (2:50)
12gx + kgy ([ gx cosay gosinay
C/NP — { Ak: T —A
! 12(1 — k2) m%, m% "



Hinh 2.2: Cac dong goép chu dao cia vat Iy méi doi véi cac he s6 Wilson
C'é) and C’fo) .

1, 1.:.2 .
+g2 (—§—I—§S1n QW) [gx smozzAk gQCOSQZAZ]}AQ |‘/tb‘/ts‘BS7

2 cos Oyw1 — k2 m2, m% SM ViV,
(2.51)
12gx + kgy (gx cosayz gosinaz _, Vi Vil
ChP = B, + 22—~ A2 Ls A 5 2.52
10 12(1 — k2) mZ, " * m% SMoy v 0 (252)
12gx + kgy ([ gx cosay gosinay
INP
= B —B
o { 21—k \ mg Tz
+g2 (———i—%sin29w) [nginaZB ggcosozZB ] A2 |V}bV;’;\B
2 cos Qw1 — k2 m2, m?% g SM Vin Vi
(2.53)



trong do, cac ky hieu Ay, A7, By, and Bf dugc dinh nghia nhu sau

Ak(q2) _ 3kgy cos ay B gV 1 — k2sinay _1 Lsindy ) |+ \yg|2c:os OéZf
dgx gx cos by z 3272
2 k V1 — k2si 1
+ [y 1—|—£ COS (\y — 2 maz —— +sin? 0y g4,
3272 2gx gx cos Oy 2
(2.54)
V1 — k2 1 3kgy lye|?gx sin az
AZ 2 _ - . 29 .
1 (q) [ cos O 1 + smn” Oy | cosayz + 15 sinay| + 32720 fa
2 [V1—k2cosa 1 k sin «v
+ |y€‘2 z —— fsin?ly )+ 1+ gy ) 9X Z JA
327 cos Oy 2 20x G2
(2.55)
Bu(g?) = kgy cosayz  govV1 — k2sinay |9¢|? cos osz
R = 4gx 4gx cos Oy 3272 B
2 k V1 — k2si 1
T S 1 P sinoz (1 w26 )| g,
327 29x gx cos Oy 2
(2.56)
V1—k? kgy |1e|?gx sin a7
BZ 2 — nyy. . .
e (@) [4(308 Oy cosaz 499 Sz 3272 g J5
2 [V1—k2cosa 1 k sin «v
+ |y£‘ 2= + sin? Ow | + 1+ gy ) 9x Z JB -
3272 cos Oy 2 20 g
(2.57)

Trong cac cong thiic trén, cac ham tich phan vong fa, g4, f, va gp dugc
cho badi

In[(rz+x+y+0x)(rz+x+y+ dy)]
2

fA:/d:L’dydzé(l—:E—y—z){

m?2 1 1
— —F2(1—-2) +
m? Tz+x+y+or Tz+axt+y+oy|)’
(2.58)

gA:/dxdde(S(l—g;_y_Z){_ln[(7($+y)+z)(;(m+y)+z+5z)]




+22m§+azyq2+m% [ 1 1 }}

2m, @ty tz T@ty) +eto
(2.59)
fB= /dxdydzé(l —g;_y_Z)ln[(Tz—l—:E+y+(5x2)(7'z—|—x—|—y-|-5y)] |
(2.60)
9B = /dflzdydz(S(l —p—y—2) {lﬂ [((x +y) + z)(;(az +y) + 2+ 02)]

+z2m§—xyq2—m% [ 1 1 ]}

_|_
2m?2 Tx+y)+z 7(x+y) +z+0dz

(2.61)

la két qua ctia qua trinh tham s6 hoa Feynman. Trong cac cong thic nay,
¢ 13 mot trong cac lepton mang dién trong mo hinh chuan {e, u, 7}.

2.4 Phan tich s6 liéu va do thi

Trong qué trinh phan tich s6 lieu, dé don gian, ta gid thiét cac vectorlike
lepton chi tuong tac véi muon (y, dang ke), con tuong tac véi electron co
the bo qua (y, = 0). T d6, bo cac tham s tu do dau vao sé 1a

My, Mz, k) 9x5 Yus T, 57 Ab57 Bbs- (262>

Trong muc nay, ta xem xét cac rang buoc lién quan t6i moment tiu di
thuong muon, va cac phan ra semileptonic ctia B meson. Do léch gitta gia
tri thuc nghiém va tién doan MHC ctia muon g — 2 1a

Aa, = a™ —aM = (25.14£5.9) x 107" (2.63)

1 [

Néu xét thém thi nghiém dang tién hanh E989, do léch trén duge du kién
la

Aot = (251 £4.6) x 107", (2.64)
cling tic la 5.50.

Vé phan cac phan ra semileptonic ctia B meson, xét khoi lugng bat bién
ctia muon trong mién ¢* = [1.1, 6.0] GeV?, ta c6 cic rang buoc trong vimg



20 nhu sau:

1.050 x 107" < BR(B" — K pp™) < 1.322 x 1077, (2.65)

1.382x 107" < BR(B" = K4 ™) < 1.970 x 1077, (2.66)
BR(B* — K*ptu~

0.764 < Rye = DRBT 2 KIwr) _ gay (2.67)

BR(B* — Ktete)
BR(BY — K*%u" ™)

0.53 < Ry+ =
7 BR(BY = K*ete)

<0.95, (2.68)

theo cac két qua tur thi nghiem LHCD.
Ngoai ra, ta c6 dieu kién rang buoc doéi v6i khoi luong vectorlike lepton
mang dién va hat x, theo cac thi nghiém ¢ LEP va LHC la

my > 100 GeV, (2.87)

0 <mgp—m,, <60 (GeV). (2.89)

* Rang budc dobi véi m,,:
——
350 \

300

D

—

© 250/

NP
u

© 200
<

150

100 | D Gidi han hién tai Gi¢i han dw kién

80 100 120 140 160
my. (GeV)

Hinh 2.3: Dong gép ctia vat Iy méi doi véi moment tir di thuong ciia muon
nhu mot ham cta m,, trong truong hop 7 = 1.78, 0 = 1, y, = 3, va
k = 0. Ving mau xanh da troi va ving gach chéo lan lugt 1a cac giéi han
20 hién tai (2.63) va dy kién khi thi nghiém E989 hoan thanh (2.64).

Trén hinh 2.3, ta biéu dién sy phu thuoc ciia ACLEP vao m,, voi cac tham
s0 khac nhan gia tri ¢6 dinh, 7 = 1.78, 0 = 1, y, = 3, va k = 0. Trong
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truong hop nay, ti cac gidi han (2.63) doi véi muon g — 2 ta suy ra khoang
20 cho céc gia tri kha di ctia khoi luong x, 1a 94 GeV S m,, < 157 GeV.
Trong tuong lai gan, khi cic do dac ¢ thi nghiem E989 hoan thanh, ta du
kién ving tham s6 nay sé duge cai thién hon. Giéi han du kién trong (2.64)
dan dén mot rang buoc cang nghiém ngat hon ddi véi tham s6 nay, do 1a
98 GeV < m,, < 143 GeV. Trong cac phan tich tiép theo ve muon g — 2
trong luan an, ching toi chon m,, = 120 GeV vdi vai tro la gia tri dai dién.

* Cac rang budc thuc nghiém trén mit phang (A, By,):

~4 {7 k=0.002
k=0.001
k=0

-6 k=-0.001

-10.57

-11.07

$ §°
© -115 e -8
2 2
@ @
-12.0 -10
k=0.001
k=0
-12.5¢ k=-0.001 -12
23.6 23.8 24.0 24.2 24.4 206 208 210 212 214
-5
Abs(10 ) Abs(10 )

Hinh 2.7: Ving tham s0 Ehé Hinh 2.8: Vung tham s6 kha
di beén trai trén mdat phang di ben phai trén mat phing
(Aps, Bys) cho truong hop my = (Aps, Bys) cho truong hop mz =
300 GeV, gy, = 3, 9x =3, 7= 300CeV,y, =3,9x =3, T =
178, 0 =1, vak = —0001,0, 178 ¢§ =1 vk = —0.001, 0,
0.001, 0.002. 0.001, 0.002.

Hinh 2.7 biéu dién ving théa man tat ca cac dieu kieén rang buoc lien
quan dén cac phan ra semileptonic ctia B meson ¢ viing Ay, nhd, ing véi
cac gia tri khac nhau ctia hé s6 tron dong nang £ = —0.001, 0, 0.001, va
0.002. Ta thay viung dugc phép dich chuyén dan sang trai vé phia cac gia
tri Ays bé, dong thoi tang 16n dién tich khi hé s6 k tang lén. Dicu nay dong
nghia véi viéc lya chon cac tham s6 Ay, vav By, trd nén linh dong hon khi
k 16n. Tinh hudng déi véi viing Ay, 16n duge thé hién trén hinh 2.8 tng véi
cac truong hgp £ = —0.001,0,0.001, va 0.002. Ta thay gia tri can dudi
clia By, trong vimg nay (~ 12.55 x 107°) hau nhu khong doi khi k& bién
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thién, trong khi can trén thi hoi tang lén khi £ tang. Ve phan tham so Ay,
cac gia tri k 16n sé khién mien dude phép ctia né dich chuyén sang bén trai,
dong thoi bé rong mién nay ciing ting lén.

Chon Ay = 24.2 x 107°, va By, = —11.5 x 107 lam gi4 tri dai dien,
tuong tu, ta cing c6 do thi vé cac rang budc thyc nghiém doi véi cac cap
tham s6 (7,0) (hinh 2.11), (gx, y,) (hinh 2.14), (gx,mz) (hinh 2.18), va
(Y., mz) (hinh 2.22) khi ¢6 dinh cac tham s6 con lai.

I
2.5 k=0.002 I
k=0.001 I

k=0

2.0

R
150 1 < ‘Q’Q““Q\
.M\

1.0

0.5

0.0

-0.5

-1.0

Hinh 2.11: Ving tham s6 dugc
phép trén mat phang (7,0) cho
truong hop my = 300 GeV, y, =
3, gx = 3, va cac gia tri khac
nhau cta k. Ving nam gitta hai
duong diut nét mau do thoa man
diéu kien (2.89).
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I k=0.002 E
k=0.001 E
9.10 k=0 :
k=-0.001 Q' . '.
§ 9.05 i . .
2 w WW‘

~ mumm
NURHLRR

8.95

3.0 3.5 4.0

9x

Hinh 2.14: Vung tham s6 dugc
phép trén mat phang (gx, yﬂgX)
cho truong hop my = 300 GeV,

= 1.78, 0 = 1, va cac gia tri
khéc nhau ctia k. Cac dudng cham
gach va duong dit nét lan luot tng
vOi gidi han nhiéu loan cua y, and

Jx.
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[
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Hinh 2.18: Ving tham s6 duge  Hinh 2.22: Ving tham s6 dugc

phép tren mat phang (gx, ”;j') phép trén mat phang (yu, )cho
u

cho truong hop y, = 3, 7 = 1.78,  truong hop gx = 3, 7 = 1.78,

0 = 1, va cac gia tri khac nhau  § = 1, va céac gia tri khac nhau

cua k. cua k.

* Rang budc déi véi k:

I
Aa;'\,lp—
BR(B" ->K*" " um)t —
Ry+ = - -
BR(B ->Ku* )t —_— —_
R_.0
a k x 10°
\‘—2‘_1‘0‘1\2‘3“‘[““\““\
-1.0 -0.5 0.0 0.5 1.0

k

Hinh 2.23: Cac rang budc thuc nghiem doéi véi he s6 tron dong nang cho
truong hop my = 300 GeV gx =3, y, =3, 7 =178, 0 = L.

Céc rang buoc thuc nghiem doi véi hé s6 tron dong nang k duge bicu dién
trén hinh 2.23 khi cac tham s6 con lai nhan cac gia tri ¢6 dinh my = 300
GeV gx = 3,y, = 3,7 = L.78 va § = 1. Bang cach lay giao cia
cac khoang tham s6 kha di ciia k noi trén, ta duge mién tham sé cho
phép clia hé s6 tron dong nang thoa man tat ca cac rang budc dang xét 1a
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—0.002 < k < 0.003 khi cac tham s6 khac duge gitt ¢o dinh.

2.5 Két luan chuong 2

Chuong nay ctia luan an da st dung mo hinh BDW dé khao sat bai toan
muon ¢ — 2 cling ciac phan ra semileptonic clia B meson, ¢6 xét dén ca hai
truong hop c6 va khong c¢6 so6 hang tron dong nang. Tu cac rang buoc thuec
nghiém tuong ting, ving cho phép trong khong gian tham s6 ctia mo6 hinh
da duoce xac dinh.

3 Phan ra B — X, v va tinh unitary cua
ma tran CKM

Chuong nay khdo sat phan ra hiem B — X,y va tinh unitary cia ma
tran CKM trong khuoén kho mé hinh BDW. Dua vao cac két qua do dac
thuc nghiém vé hai van dé do, két hop véi dit lieu cap nhat vé cac qua trinh
lien quan dén chuyen tiép quark b — sI™1~, muon g — 2, cac thi nghiém
tim kiém vectorlike quark ¢ LHC, va khoi luong quark, ching toi thu duge
mién cho phép trong khong gian tham s6 mot cach toan dién hon so véi
chuong trude. Do tinh phiic tap ctia mo hinh trong truong hgp sé hang tron
dong nang k£ nhan gia tri tong quat, dé don gian héa cac tinh toan, chuong
nay chi giéi han xem xét cac rang buoc thuc nghiem ké trén trong truong

hop £ = 0.

3.1 Doéng gbép cua vat Iy méi dbi véi hé s6 Wilson
C~

Hamiltonian hiéu dung mo ta chuyén tiép b — sy duge cho béi

AG -
Mo = _TQFthVt; > (CO; + ClO) + h.c. (3.1)
1=1

O day, todn tit chit yéu lien quan dén qua trinh b — s la:

e

O p—
T

my (ﬁUube) F/W. <32>
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Hinh 3.1: Déng gép chii dao ctia vat 1y méi déi v6i chuyen tiép b — 5.

Trong mo hinh dang xét, cac gian do Feynman trong chuan unitary tng
véi cac déng gop chiit dao clia vat Iy méi déi voi chuyén tiép b — sy dugce
bieu dién trén hinh 3.1. Dong gép vat 1y méi doi véi he s6 Wilson Cr 1a

1 1 1—x
ONP / dr / dy | F ‘ + F
! AN2G (Vi Vi ymy Jo 0 Rkl V=W, f=U Z Z Vi

V=2.7" f=d,s,b,D

+FWWZ,I+ Z Z Fgff (3.4)

S=h,pr f=d,s,b,D
v6i cac ham tich phan vong duge cho bdi

Fypp = gf {Avff[( —3z)[Bp(z+y)+1—a—y] —az} +

A\Q/ff
- Bz +y)+1 —x—y} (3.5)

Q; BSI
Fopr = 3.0
Sif m2xﬁfg(x+y)+1—:c—y (3.6)
1

W
CWWL{ CgVWU } (3 7)
(1 = Buw)(z +y) + Buw '

Trong cac phuong trinh trén, ta dinh nghia

bfv sfy

A]I}ff gbfV va(2mf—|—mb+m5)+gv gy (—2my + my + my)

15



bfV sfy bfV sfy

+ gy gi (2my—my+mg) +g) gy (—2my —my +my),

1% bfy 1%
AT = gV {—4mf(flf+y—1)+

(3.8)

+ (mp + my) [ﬁfv(x +y)r+2x+y—1)(xr— 1)} }

+ Vg {ams(z +y - )+

+ (—my + my) [5fp(x +y)r+2x+y—1)(x— 1)] }

+ gf/fvngv{—élmf(x +y—1)+

+ (—myp + my) [ﬁfy(x +y)r+2x+y—1)(x— 1)] }

+ g g {amsla+y -1+

+ (my +my) [Bpv(z + y)z + 2z +y — 1) (z — 1)] }, (3.9)

B = g g [my (@ + ) + (my + m)a(e +y - 1)]

+ S Iy + ) — (my — mp)a(z +y — 1)

+ gd%g 0 (my(x +y) + (my — mp)a(z +y — 1)

+ g7 g5 lmyp(x + y) — (my + my)a(z +y — 1)),

CY Y = gi " g ML (my + my) [4a? + 22(2y — 3) + 1] }
+ gh W g

bUW _sUW

(—mp + my) [42° + 222y — 3) + 1] }
T 9v 9a }

(—mp + my) [42° + 222y — 3) + 1]

+ gH" gMW S (my, + my) [42” + 22(2y — 3) + 1] },
+

{
{
{
{
Gy = gﬁf’wgil“w{—mu — (my +my) [2? + 2y — 2) +1 }
{
{
{

+ g g H Y Sy + (my — my) [27 4+ 2(y — 2) +1] }
b g

b g g

—mu—l—(mb—ms)[x2+x(y—2)+1]}
my — (my +my) [2° + z(y — 2) + 1] ¢,

CYH = GOV G 3y 4 9) + (my + m,) (20 + 22y + )
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+ gfﬁuwgf/uw —3my(z +vy) + (—my + ms)(Q:U2 + 2xy + y)}

+ g%’,unguw 3my(x+y)+ (—my + ms)(QJL‘2 + 2xy + y)}

+ g gt | =3mu(x + y) + (my +my) (227 + 2y + y)] o (313)

m2

a

Vé“ Bab — mg
3.2 Phan tich s6 liéu va do thi

Trong muc nay, ching toi xem xét mot so6 rang buoc thuc nghiém doi véi
cac tham s6 ctia mo hinh. Mot trong s6 dé la tinh unitary ctia hang thi
nhat ctia ma tran CKM trong mo hinh chuan:

0.9971 < |Vaal® + |Vis|? + [ Vis|> < 0.9999  (20). (3.15)

Ngoai ra, chiing toi con xem xét dit liéu thue nghiém veé ty s6 phan nhanh
ciia phan ra btc xa (radiative decay) B meson ¢ mic 20

3.11 x 107" < BR(B — X,y) < 3.87 x 107", (3.16)

Khi xét dén thi nghiem dang tién hanh Belle II, khodng 20 néi trén duce
du kién sé tré thanh

3.35 x 107" < BR(B — X,7)pene2 < 3.63 x 107, (3.17)

Trong chuong nay, ching toi ciing cap nhat lai cac di liéu thuc nghiém
mdi nhat vé cac phan ra semileptonic ctia B meson, muon g — 2, va khoi
lugng quark. Ngoai ra, khoi lugng vectorlike quark con chiu mot rang buoc
tUr viee tim kiém cac qué trinh sinh cap vectorlike quark la

mo > 1.59 TeV. (3.24)

Bo cac tham s tu do clia mo hinh bao gom

9 2
mL i
Y1235 9x, W12.3, Mgy Ay, Mg, My, T = — ,0 = —5 — L (3.25)
m m
Xr Xr
Sau mot s6 danh gia tu dit lieu thyc nghiém, ching toi chon 1y = 3.3,
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m,, =120 GeV, 7 =178, 0 =1,y =3, y3 =0, wy = 0, va A\, = 3.
Bo cac tham s con lai 1a gx, wsy, w3, my, and mg. Doi véi cac hing s0
tuong tac ctia truong chuan U(1)y va cdc tham s6 Yukawa vita them vao,
ta dua vao thém cac giéi han nhiéu loan cua ching

gx, Waz < VAT. (3.26)

BR(b-ssy) (107
«»
S
Ian r‘lheI

3.0r I. Gioi han hién tai Gioi han dw kién |

107! 10°
8x

Hinh 3.2: BR(b — s7) nhula ham ctia gx khimyz = 700 GeV, mg = 2500
GeV, wy = 2.45, ws = 0.25. Ving mau xanh 14 va mau vang lan lugt biéu
thi cac gidi han hién tai va dy kién tir thi nghiém Belle 1T trong tuong lai.

Trén hinh 3.2, ty s6 phan nhanh ctia qué trinh b — s duge biéu dién
dudi dang ham cta gx trong truong hop my = 700 GeV, mg = 2500

GeV, wy = 2.45, w3 = 0.25. Ung véi bo tham s6 nay, déng gop chi dao
vao qua trinh b — s7v dén tu gian do vong lien quan dén hat boson Z’
ctia nhém chuan U(1)x trén hinh 3.1c. C6 the thay ty so phan nhanh cia
b — sy khong phu thuoc nhicu vao gx. Bo tham s6 nay théa man cac rang
buoc thye nghiém hién tai (3.16) trén toan khoang duge vé ctia gx cho t6i
gi6i han nhiéu loan. Trong khi d6, cac két qua du kién ctia thi nghiem Belle
IT c6 thé loai di mot loat gié tri clia gx tit 0.05 dén 0.79.

Tuong ty, ta ciing c¢6 cac do thi sy phu thudc ctia ty s6 phan nhanh clia
chuyén tiép b — s~ nhu la ham ctia me, My, Wy vVa Ws.
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|. Gioi han hiéntai [ | Gigi han dw klen

_

500 1000 1500 2000 2500 3000 3500 4000
mg (GeV)

by
o

BR(b-ssy) (107
woow W
-h- O\ oo

w
N

Hinh 3.3: BR(b — s7v) nhu la
ham cua mg khi my = 700
GeV, gx = 1.4 GeV, wy = 2.45,
ws = 0.25.

3.8 >—
3.6 1

n nhié

1
&W|.Gmmmmmimqmmmwm%
1

0 1 2 3 4

w2

BR(b-ssy) (1074
w w
5] ES
B Wa .:

Hinh 3.5: BR(b — s7v) nhu la
ham ctia w9 khi mg = 2500 GeV,
Mmyg = 700 Ge\/, gx = 14,
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N 3.6¢
w
T
© 34f
~
m
3.2+
3.0 - -
1000 1500 2000
my (GCV)

Hinh 3.4: BR(b — s7v) nhu la
ham cua maz khi mg = 2500

GeV, gx = 1.4, wy = 2.45,
w3 = 0.25.
I 36) ]
=
=34
‘{’
L 3.2H
=4
m
3.0F
| M Gisihan hiéntai | | Giéi han dw kién
2.84

0.0 0.5 1 0 1. 5 2 0 25

w3

Hinh 3.6: BR(b — s7v) nhu la
ham ctia ws khi mg = 2500 GeV,
myg = 700 Ge\/, dx = 14,



4000 fi

3000+

. b-sy

2000 | bt

mgo (GCV)

KL quark

100 CKM Unitary

0 500 1000 1500 2000
mz (GeV)

Hinh 3.8: Cac rang buoc trén mat phang (mz, mg) khi gx = 1.4, wy =
2.45, wy = 0.25. Mau xanh 14 ma va mau xanh 14 dam biéu dién viing 20
duge phép hién tai (3.16) va ving dy kién tuong tng sau khi thi nghiém
Belle 1T hoan thanh (3.17). Duong cham gach nam ngang thé hién gidi han
dudi (3.24) ctia my.

Trén hinh 3.8, ching toi khdo sat mién cho phép ciia cap tham so6
(mz, mg) khi ¢6 dinh gid tri cac tham s6 con lai. Khoéng tham s cho
phép hién tai ctia mz va mg lan lugt 1a [150, 1000] GeV va [2000, 2615]
GeV. Ta thay ving tham s6 duge phép nay da théa man diéu kién can
dudi hién tai ¢ LHC cta khoi lugng vectorlike quark (3.24) (duong cham
gach nam ngang). Sau thi nghiém Belle 11, hai khoang nay giam xuong con
152, 816] GeV v [2124, 2615] GV,

Tuong tu, ta cling c6 cac do thi rang buoc doi véi cac cap tham so6
(mQ7gX>7 (mQ7w2>7 (mQ7w3>7 (mZ’ng>7 (mZ'7w2)7 (mZ'7 w3> khi cac
tham s6 con lai nhan cac gia tri ¢6 dinh. Duong diit nét mau den biéu dién
gi¢i han nhiéu loan (3.26). Duong cham gach thang ding thé hién giéi han
dudi (3.24) ctia my.
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T
NN/

. b-sy

1 bostre- . bosy
= ol 1 .
KL Quark : |: bostte

KL Quark

CKM Unitary
| CKM Unitary

0 1000 2000 3000 4000 o, Ll
mg (GeV) 0 1000

2000 3000 4000

mg (GeV)
Hinh 3.9: Cac rang buoc trén méat
11;1 Ak Teng buoc reil iy Hinh 3.10: Cac rang buoc trén mét
phing (mq, gx) khi mz = 700 .
CeV. wy = 2.45, w3 = 0.25. phéng (mg,ws) khi my = 700
| | GeV, gx = 1.4, wy = 0.25,

i oy 4 [
Giéi han nhiéu loan % [
100 /A X X
/
3t/ /
Ml oo -
w3 L bosttm . b-sy
107! KL Quark &x 2 97/ é‘ : | f bostte
CKM Unitary £ 0.9 KL Quark
/ { % CKM Unitary
1 |
1072}, : : : :
0 1000 2000 3000 4000 [
mo (GeV) 0 500 1000 1500 2000

my (GeV)
Hinh 3.11: Cac rang budc trén mat
phing (mg,ws) khi my = 700  Hinh 3.12: Cdc rang buoc trén mat
GeV, gX = 14, Wy = 245 ph%ﬂlg (mZ’ng> khi mQ = 2500
GeV, wy = 2.45, w3 = 0.25.
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"\ Gi&i han nhiéu loan

_Gii_han nhiéuoan

100,

NN

. b-sy
1 1 bosttr : \\\\\\\\\\\\I . bosy
\\\>\ KL Quark "3 ‘ boste”
0.:t“> | CKM Unitary 1071} KL Quark
AN CKM Unitary

2000 1072 ; ; - : ‘ ‘ —
0 200 400 600 800 1000 1200 1400

myz (GeV)

0 500 1000 1500

mz (GeV)

Hinh 3.13: Cac rang budc trén mat

, Hinh 3.14: Cac rang buoc trén mat
phang (mz, wy) khi mg = 2500 v AC TATE YUOL LIED (e

phang (m ., ws) khi mo = 2500

3.3 Két luan chuong 3

Chuong nay tap trung nghién cttu vé tinh unitary ciia ma tran CKM va
phan ra b — s trong khuon kho mo hinh BDW. Két hop véi cac dit lieu
cap nhat vé muon g — 2, cac phan ra semileptonic cia B meson, khoi lugng
quark, ving tham s6 cho phép ctia mo hinh da duoge xac dinh mot cach day
dt hon so v6i chuong trude.
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Két luan

Luan an da trinh bay nhitng nghién ctitu vé mot mo hinh mé rong clia mo
hinh chuan béng cach tang them cac hat vectorlike va nhom U(1)x, cu the
1a mo6 hinh Bélanger-Delaunay-Westhoff. Céac két qua chinh thu duge nhu
sau:

e Trong mo hinh BDW, céc s6 hang khoi luong trong hé co sé khoi luong
clia cac hat méi da duge tinh toan cu the. Ngoai ra, do cac quark clia
SM va vectorlike quark bi tron 1an véi nhau, dan dén mot s6 dinh tuong
tac ¢t trong mo hinh chuan bi bién doi va mot s6 dinh tuong tac méi
xuat hien. Cu thé, trong khi cac tuong tac dién tu va tuong tac manh
van giong het nhu trong SM thi céc tuong tac yéu lien quan tdi cac hat
W va Z lai bi thay doi, dac biét la sy xuat hién clia cac tuong tac gitta
cac quark thudc cac thé he khac nhau. Ngoai ra, cac s6 hang tuong tac
lien quan t6i cac hat vo hudng ¢ va x trong phan vat Iy mdéi, cu thé
la tuong tac gitta ching va cac fermion, hat boson Z’, cing nhu cac
tuong tac vo huéng bac cao ciing da duge thu nhan.

e Luan an ciing da tinh toan va thu dude bieu thic gidi tich cho cac déng
g6p clia vat 1y maéi doi véi moment tit di thuong clia muon va cac hé so
Wilson C’é:)lo. Dua vao do, chung toi ¢6 duge su phu thuoc cua cac dai
luong vat 1y nhu Aa,,, ty s6 phan nhanh cia cac qué trinh b — s€0~,
cac ty s0 Ry, Ry, vao cac tham s6 tu do clia mo hinh. T cac rang
budc thuc nghiém tuong ting, ving tham s6 dude phép clia mo hinh
da duge xac dinh. Céac két qua du kién tir thi nghiém dang tién hanh
E989 d6i v6i muon g — 2 cing da duge xem xét.

e Mot dong gop quan trong khac ctia luan an la mé rong mo hinh BDW
bang cach xem xét truong hop c6 xuat hién so6 hang tron dong nang
gifta hai truong chuan tuong ting véi hai nhom U(1)y va U(1)x cia
mo hinh. Luan an da khao sat sy anh hudng cta hiéu tng tron dong
nang doi véi cac qua trinh lien quan dén phan ra b — s¢™¢~ cung bai
toan muon g — 2 va thay rang ving tham s6 dugc phép trong truong
hop nay bi dich chuyen va mé rong hon so véi truong hop khong co
tron dong nang.

e Luan an con nghién ciiu cac phan ra lien quan dén chuyén tiép b — s
cia B meson va sy vi pham tinh unitary ctia ma tran CKM trong
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khuon kho mo hinh BDW. Biéu thiic cu thé cho dong gop cia vat 1y
mdi doi véi he s6 Wilson C;7 da duge tinh toan chi tiét. Chung toi
da st dung cac dit liu méi nhat déi véi muon g — 2, cac ty s6 phan
nhanh semileptonic ctia B meson, khoi lugng quark, cac rang budc ti
thi nghiem LEP va LHC ¢ 13 TeV, ciing nhu céc dieu kién yéu cau cia
Iy thuyét nhiéu loan. Ving tham s6 thoa man tat ca cac rang buoc noi
trén ¢ muc 20 da duge xac dinh. Ngoai ra, cac két qua du kién tir thi
nghiém dang tién hanh Belle IT déi v6i phan ra b — s cing da duge
xem xét. Trong tuong lai gan, thi nghiem nay duoge ky vong sé cung cap
cac rang buoc manh mé, gép phan thu hep dang ké khong gian tham
s6 cho phép ctia mo hinh dang xét.

Trong thoi gian t6i, ching toi dir dinh sé danh gia anh hudng ctia hiéu ting
tron dong nang doi véi khong gian tham so6 khi két hgp thém diéu kién rang
bugc ting véi chuyen tiép b — sy. Ngoai ra, mo hinh BDW con ¢6 thée dugce
md rong bang cach bo sung co ché seesaw dé sinh khéi luong cho neutrino,
hodc siéu doi xing héa dé gidi quyét van dé phan bac gauge.
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