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PHAN MO DAU

Tinh cap thiét ctia dé tai

Trong linh vie vat 1y hat co ban hién nay, mot trong nhitng van dé mang
tinh thoi sy bac nhat dé 1a su hoat dong ciia cac may gia toc & vung nang luong
ngay cang cao (c& 14 TeV). Diéu dé gitp cho thuc nghiém c6 thé nang cap va md
rong nang luong va cham dé tim kiém nhitng tin hiéu vat 1§ méi - nhitng tin hieu
khong xuat hién trong gisi han xac dinh béi mo6 hinh chuan (SM). Mot trong s6
d6 1a cac qua trinh lien quan dén sy vi pham s6 lepton thé hé (LFV) dang dugc
thiyic nghiém rat quan tam tim kiém. Nhu ching ta da biét, nhitng han ché cta
SM doi héi mé hinh chuan can phai mé rong dé c6 thé giai thich duge day du
cac tin hieu NP da ducgc thuce nghiem tim thay, trong d6 c6 dit lieu vé sy ton tai
clia vat chat toi , vé dao dong clia neutrino, bao gom su tron va khoi luong khac
khong du rat nhé clia cac neutrino nay. Cau héi dat ra 1a, néu c6 sy tuong tu
gitta phan lepton mang dién va phan lepton trung hoa thi phai ton tai cac qua
trinh vat 1y c¢6 sy vi pham s6 lepton trong phan lepton mang dién (cLFV), diéu
nay dan dén goi ¥ cho viéc nghién cttu cac qua trinh lien quan dén sy vi pham so6
lepton thé hé dang dugce dong dio cong dong khoa hoc huéng téi.
Muc dich nghién ctu
e Nghién cttu qua trinh LFV trong moé hinh 331ISS.
e Xay dung cac cong thiic giai tich cho qua trinh ra h — [,l;, ra [, — [y trong
mo hinh 331ISS.
e Khéo sat ty 1é rda nhanh cia qua trinh ra h — ur, [, — lyy trong mo hinh da

chon.



e Xay dung biéu thic giai tich cho mo men tit di thuong ctia muon trong moé hinh
331ISS, khao sat s6 va bién luan.

P6i tuong va pham vi nghién ciu

e D6i tuong: Cac qua trinh rda LFV, dong gép clia cac Higgs boson mdi va cac
boson chuan méi vao cac qué trinh vat Iy dang duce thuc nghiem quan tam; Mo
men tit di thuong ctia muon trong BSM.

e Pham vi: Luan an chi di sau nghién ctu hai kénh ra: [, — ly va h — [,l, mo
men tr di thuong ctia muon trong gii han ctia kénh ra cLFV.

Phuong phap nghién ciu

e St dung phuong phap Ly thuyét truong luong tit dé xay dung cac cong thiic
giai tich. St dung mot s6 phan mém dé giai s6, vé do thi.

Cau tric luan an

Ngoai phan Mé dau, Muc luc va Tai lieu tham khéo, cau trac luan an dudc sap
xép nhu sau:

Chuong 1: Trinh bay tong quan vé mo hinh 331, moé hinh 331 v6i co ché seesaw
nghich dao. Nguon LFV trong mot s6 mo hinh BSM, tong quan vé mo men tit di
thuong.

Chuong 2: Nghién cttu mo hinh 331 v6i co ché Seesaw nghich ddo, khio sat dong
thoi hai kenh ra I, — Iy, h — 1,1, tim cac dinh tuong tac va gidn do Feynman
cho déng gép & bac mot vong trong chuan Unitary, tinh bien do ra. Khao sat s6
cho hai qua trinh ra ra cLFV va ra LFVHDs tuong ting.

Chuong 3: Nghién cttu mo6 men tit di thuong clia muon, tinh bicu thiic giai tich
ctia mo6 men tit di thuong khi thém vao mo hinh mot don tuyén Higgs boson mdi,
khao sat s6 gia tri ctia Aq,, trong ving tham s6 théa méan giéi han thuc nghiém
ctia kénh ra [, — Iy, bién luan két qua.

Két luan chung: Tém tit cac két qua chinh thu duge va dé xuat huéng nghién
ciiu ¢6 thé phat trién tiép theo.

Phu luc: Trinh bay mot s6 cong thic lien quan dén cac tinh toan ctia luan an.



Chuong 1

TONG QUAN

1.1 Téng quan vé cac mé hinh 3-3-1

Dé thyc hién viec mé rong SM, nhéom chuan SU(3)c @ SU(3), ® U(1)x
dugce dua vao nhu mot nhém tong quat hon thay thé cho nhém chuan SU(3), ®
SU(2)r ® U(1)y ctia mo6 hinh chuan, sao cho khi nhém déi xitng chuan 3-3-1 bi
pha v& tu phat, nhém cac doéi xiing chuan sé duge thu hep tré lai thanh nhém déi
xting ciia SM. Cac mo6 hinh loai nay goi la mé hinh 3-3-1.

To4an t1t dién tich ctia mo hinh 3-3-1 véi 8 bat ki c¢6 dang:

Q=15+ pIs+ X1, (1.1)

tham s6 3 tuy thuoc mo hinh dong vai tro rat quan trong trong tiing mo hinh cu

thé.

1.2 Mo hinh 331 véi co ché seesaw nghich dao

Mo hinh 3-3-1 v6i co ché seesaw nghich dao (3311SS) dugc xay dung dua trén
mo hinh 3-3-1 v6i neutrino phan cire phai, trong dé cac lepton phan cuc trai duge
SAp xép vao cac tam tuyén ciia nhém SU(3)y, thanh phan thit 3 clia tam tuyén
14 cac neutrino phan cyc phai N, ta dua vao. D6i véi cac hat quark, thanh phan

thit ba clia quark phan cyc trai duge sip xép vao tam tuyén ctia nhom SU(3),



hai thanh phan tht nhat va thit hai duge sap xép vao phan tam tuyén ctia nhém.
Toan t1t dién tich ctia mo hinh 331RHN ting v6i nhom dién yéu SU(3), @ U(1)x
c6 dang:

Q=T+ BTs + XI (1.2)

voi = ——, Tyg la cic vi tit clia nhém SU(3);.

Dé xay dung mo hinh 331ISS, ching t6i thém vao mo hinh don tuyén neutrino
méi F! (a = 1,2,3). Khi d6 trong Lagrangian tuong tac Yukawa ctia cac lepton,
ngoai s6 hang tron gitta neutrino thong thudng va neutrino phan ciic phai sé xuat
hién thém s6 hang tuong tac gitta neutrino phan cyc phai va neutrino ISS mdi

dua vao, lam tang nguon vi pham LFV.

1.3 Nguon vi pham sb lepton lién quan dén ra LEVHD, cLFV trong
BSM

Dao dong neutrino 1a mot bang chiing ré rang nhat cho ra vi pham so lepton
thé he ctia cac lepton trung hoa, cling c6 nghia rang c6 thé sé ton tai cac qua
trinh ra LFV lién quan dén cac lepton mang dién. Day chinh 13 nhiing tin hiéu
NP ngoai SM.

Nguon chinh dan dén vi pham s6 lepton 1a do c6 su tron 1an gita cac thé he

khac nhau ctia cac neutrino, cac hat méi duge thém vao trong cac BSM.

1.4 Tong quan vé mé men tir di thudng

Mo men tit di thuong cua lepton duge dinh nghia nhu sau:
G —2

5
gia tri clia a; ¢6 thé dugce do chinh xac béi thuc nghiém, va né cling da duge du
doan bdi SM.

Hiéu tng clia mo6 hinh vat 1y méi ¢6 thé duge kiém tra thong qua viec danh

ay (13)



crp _ M theo s6 lieu do mdi nhat

gia su sai léch a, "

Aay = af® —a)M =251 x 107 £59 x 1071,
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Su sai khéac nay ching t6 hieu dng vat 1y méi 1a tuong doéi 16n.



Chuong 2

KENH RA [, — [,y VA h — [,l, TRONG MO HINH 3-3-1
VOI CO CHE SEESAW NGHICH DAO

2.1 Cau tric hat va thé Higgs trong mé hinh 331ISS

Toén ti dién tich ctia mo hinh tng v6i nhom dien yéu SU(3), ® U(1)x ¢6

dang:
1

gl X1 (2.1)

Q=15 —

Fermion

Sip xép cac hat fermion ctia mo hinh 331ISS duge biéu dién cu thé nhu sau:

:
T I I {Z@R:“’l’”
) F'p:(1,1,0)
v o (3.1,-1/3)
Qur = | —ul, [ :(3,3%,0), Sl (3,1,2/3)
D), Dl (3.1.-1/3)
(i (3.1,2/3)
QP =1\a | :33,1/3), Sdip:(3,1,-1/3) - (2.2)
vy, U (3,1,2/3)




Higgs boson
Dé sinh khéi lugng cho céc hat trong mo hinh, mé hinh can tam tuyén vo

huéng Higgs p, n va x c6 dang:

m pi X
s ps X5

Cac trung binh chan khoéng tuong ting

Boson chuan
Nhém déi xiing chuan SU(3)r ® U(1)x c6 8 boson chuan W clia nhém SU(3)

va boson F), cia nhém U(1)x. Dao ham hiép bién duge viét nhu sau:

D, = 8,—igWT" —ig XF,T° (2.4)
Céc hat boson chuan trong mé hinh nhan khéi lugng thong qua s6 hang dong
ning hiép bién:

= 3" (DH) (D.H), (2.5)

Trong pham vi luan an nay, ching toi chi quan tam dén cic boson chuan mang

dién.
Wl iWw? 2
+ 2 g 2 2
W, = M\/§ =, mW:Z( +v7),
WS +iWw7 g2
Yi . M M m2 :_( 2+U2). (26)
) \/§ 9 Y 4
Thé Higgs

Thé Higgs ctia mo hinh dugce chon nhu sau:

Vo= 12 (pTp+nn) + x4+ M (o' + 0in) + A (xTx)

7



+A3 (o +n'n) (X'x) — V2f (eipn’ P/ X"+ Hee.) (2.7)
diéu kién cyc tieu ctia thé Higgs dan dén:
1
pE 200"+ At = fw,

12 4 Xow? 4+ A0? = —. (2.8)

2.2 Phd khéi lugng va trang thai cic hat

Khbi luong cac Higgs boson
Mo hinh bao gom cac Higgs boson mang dién va cac Higgs boson trung hoa. C6

hai cip Higgs mang dién la H fz va cac Goldstone boson Gﬁ, va G}ﬂi, lien heé:
Y 1 [-11)\/[Gy
0 v2\ 1 1)\ Hf )
+ +
T P« « G
S I Y. (2.9)
X3 Ca Sa H,

R R 2 _ 2 _ PN _ _
VOlmHli—wa, mch—fw(ta+1), Mmee =mege =0,vd o =cosa, s, =
v
L

Ba Higgs CP chan h?;2;3 thuong tron lan nhau va chi ¢6 mot hat boson Higgs

sina, t,=tana =

trung hoa CP chin A c6 khéi luong ti e v6i thang dien yéu va dude cho 1a hat
Higgs tita mo6 hinh chuan (SM-like Higgs boson).

2 t2 2 t2 2
=2 Lot oo 25 (D) (2 L5
w

1 w w

(2.10)
Khbi lugng neutrino va ca ché ISS
Lagrangian tuong tac Yukawa:
e 11 v _ijk c %
—DL{F = habL;Lpl;)R_habej (L) éL)ij

_ 1 _
YLy XFi + 5 () (B Fip + He  (211)
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khoi lugng cac lepton mang dieén duge sinh ra tit s6 hang thit nhat, va dé dam bao
khong xuat hién s6 hang vi pham (LFV) ¢ bac cay, thi k¢, = \/2055mq/v. Do
do6 khéi luong ctia cac hat lepton mang dién dugde xac dmh bdl: mq = hiv/v/2 V2.

St dung cac cong thic seesaw, trong khuon khé moé hinh 331ISS, khéi luong
neutrino Dirac mp phai 14 phan xting, ma tran mp dudc ching to6i tham s6 hoa

duéi dang:

mp =0 —1 0 Tos | (212)
—213 —x23 0
bang cac khai trien, ma tran Dirac sau cting chi phu thudc vao o nhu sau
0 1 0.7248

mp~ox [ -1 0  1.8338], (2.13)
—0.7248 —1.8338 0

két qua thu dude 6 (2.13) 1a phit hop t6t dé khao sat LFVHD:s.
2.3 Dinh tuong tac cho déong gép vao qua trinh ra cLFV va LEVHD
Dinh tuong tac

Tu Lagrangian tuong tac cho béi (2.11), dinh tuong téc gitta leptons va Higgs

boson dugc cho bdi:

gmyg
- hebL Plhp +hee = o [ Vol +l;Ll;R:02 + N/Llész3 + h. C}

mac_ 1. Ma Vo Uk
D g2mwﬂh(1)lala - \;——m [(UainiPRlaHl —f— U l PLnZHl )]

_% [c (U(a+3) Wi PrloHy + ULy duPrniHy )} (2.14)

Céac dinh tuong tac duge suy ra tit s6 hang thit hai cia (2.11) 1a
I TEL A (Eh 501+ .
= 2hy, { U () Py — Vi (N ) oy +ZZL_L(NZ§L)CPI]



9gcs hO
2 mw
gCa
muyy

ﬂLrnW |:(mD)abU(Vb+3)iHl_EPRni + hC] . (215)

Z UCZUCZ*m My, P+ my, PR)

[(mD)GbUbiHQ_laPRni + hC]

Dinh tuwong tac nhan dong gép bdi ma tran Mg

— YabLTleFéRJrh.c.
V2 S
= —2=(Mr)a [} + Ty + Npx3| B+ he.
9ta
_ Mg,
\/ﬁmw( R)ab

X |56Ula) Uy Prnihl + V2s,Ulp e PrniH +hie] . (2.16)

D

Dinh tuong tac v6i boson chuan mang dién (W%, Y*):
o= I, LwD L,
7 (l;Ly Vo W, +Ev“NC'LLYM) + h.c.
\/_ [U”*lay“PLnZW + U, niy" Prl, I/V+
Ul PondY,y + Ul iy PrlaY | (2.17)

He s6 dinh lien quan dén tuong tac cia cac Higgs mang dién va fermions:

)‘aLl’:l - _Z mp)ail z+3
)\51;1 = Mg ak7
3
Nt = D0 [ mp)aill + MRl ]
=1
Al = MU g (2.18)

Tat c& cac dinh tuong tac lien quan dén qua trinh ra LFVHDs dudgc dua ra trong
bang 2.1.

Gian dd Feynman & bac mot vong ciia qué trinh ré [, — lyy trong chuan unitary

10



Vertex Coupling

07 igme
hllala erzw
IR, s2e (A, P+ X3 Pr)

2
RYH Hy z’)\i = —iw [25552 Ny + 55¢2 03 — /2 (2c5¢2 N1 + cps2As) ta — jfclgcasa
A

hH; Hy iNg = —iv (-Nicm 4 28U T 5T - *55f )

Himgly, Hy lony,

_igea (AL 2P, + A PR> _igea (AL 2 P+ Af,f*PL)

Himgly, Hy lany,

mw mw
~ e ()‘II;klPL + Ao PR) -5 (Afzél*PR + Afzél*PL)

w

W, Fngly, W, lang

U Py, BT P

Y gly, Y, lan

%U(VHS)W Pr, U P

Y, HihS, Y,F Hy b

o

Hooag
2\[ (Cacﬁ + \[sasg) (Phg —PH;) s Tﬂ (Cacﬁ + \/isasg) (PHQ— —Phg)

h?WJW; —igmycg g
h?YJ’YU_ —ig\%" (\@s,@ca — CBSQ) gt

Bang 2.1: He s6 dinh tuong tac lien quan dén qua trinh ra Higgs boson tua SM (hY — [,0;)

trong mo6 hinh 331ISSS. Tat ca cac xung lugng trong gidn do Feynman dude quy uéc co chieu

di vao dinh ciia gian do.

\
A
A
A\

Hinh 2.1: Gian do Feynman 6 bac mot vong ciia qué trinh ra [, — Iy trong chuan unitary.

(2.1).
Gian

Biéu thitc giai tich ctia bién d6é qua trinh ra [, — [,y

Ti 1é ra nhanh cua cta cLFV la:

1272
G

Br(la — lb’y) ~ ‘DR|2Br(la — le_bVa)a

11

d6 Feynman cho déng gép vao bién do clia qua trinh ra LFVHDs hinh 2.2.

(2.19)



“':_E'if‘y?‘
R & hY
= kf ™ ’
(P1 + p2) “,
wEyth, Iy
T

(6) (7) (8) (9) (10)

Hinh 2.2: Gian d6 Feynman cho déng gép bac mot vong clia qua trinh ra hY — [, trong

2 .
chuan unitary.

& day Dy = DW* + DY* + DY

) 9
eg
DYV = _NTURULF (taw),
327T2m%,v kz_;
+
D}% - 327r 2 ZUa+3 kUb+3)kF(th)
ot _ o't 29: i Ay 1= Bt o+ 383, + 26, — 617, In(ty,)
R 167m2my, | m3. 12(tgs — 1)
nk)\L s*)\IRS y —1 +t%s — 2tk5 ln(tks) (220)
Biéu thic giai tich ctia bién dé qua trinh ra h — 1,1,
Bé rong ctia qua trinh ra hY — [F1F:
TR = lly) = T(W —171,) +T(A — 1, 1)
hy
3 (1Al + 1A@rl®) - (2.21)

Ti 1é ra nhanh tuong tng la

Br(hy = luly) = T(hy = L) /T3,

12



6 day T = 4.1 x 1073GeV
Cac yéu t6 dong gép cho A,z p sau khi da loai bé phan ki la:

AW (8)W (6)H- (9+10)H
Arpr = A(ab),L,R + A(ab),L,R + A(ab),fl;,R + A(ab),L,Rl’
N ) (2)Y (3)Y (8)Y (6)H (9+10)H.
Aorr = A(ab),L,R + A(ab),L,R + A(ab),L,R + A(ab),L,R + A(ab),z,R + A(ab),L,RQ’
A (MH (71)H (4+5)W (4+45)Y
A?),L,R - A(ab),z,R + A(ab),i,R + A(ab),L,R + A(ab),L,R' (2'22)
2.4 Két qua giai s6 va bién luan
Thiét lap viung tham sé
Chung toi stt dung cac tham s6 thuc nghiem da biét
v :ﬁ;wsza:\/ngnvzij:irg’
gCQmQH% 2 m?*{li 2
fo= g Mg = (ta +1),
9 2
As——+
2 (M M ( - )
Ay = ?a (% — 25% ) + —mio' (223)
1

AN~y

Chiing t6i c6 dinh gia tri ctia o 1a 100, 200, 400, 500 va 600 GeV. Dé bicu dién
khoi lugng ctia neutrino ning (F)), ching to6i tham s6 hoa ma tran My dudi dang
ma tran chéo Mp = diag(Mp, Mg, Mg).
Két qua giai sé6 cho cLFV
Truée tién, ching t6i khao sat cac gia tri cia Dp trong phuong trinh (2.20)

theo ¢ va myz+. Két qua cho thay trong viing khong gian tham s6 khao sat, déng
g6p ctia DYV va Dggc vao ti lé ra nhanh Br(u — ev) 1a chiém uu thé.

Chon k = 9 va ¢ = 200,400,600 GeV, my= trong khodng tir 500 GeV dén
10 TeV, su thay doi ctia Br(l, — lyy) theo My v6i tham s6 ¢6 dinh p dugc theé
hién trén hinh 2.4.

Do thi cac duong dong mitc duge thé hien qua hinh 2.5. Cac két qua ¢ hinh
2.4 va 2.5 cho thay trong ving khong gian cho phép noi Br(pu — ey) nam trong
gi6i han thyc nghiém, ti 16 ra nhanh ctia hai kénh ra Br(7 — e7y) va Br(t — uv)

13



Mp=9pxdiag(1,1,1) Mp=9pxdiag(1,1,1)

20 ] S
& ] \ \ N
15F Dﬂﬁ £=200GeV = = — DIF-,’% ,0=400 GeV ] 10k \ \\ N S~ 1
q \
H ] ~ ~ ]
1ok — — — Dg? 0=200GeV D" 0=600Gev 3 sh \\\ \\‘~ \\\_‘5 ]
o © ~ ~ -~ ~——
% 50 DHF ,0=400GeV  — — — Dg% ,0=600 GeV 1 m‘? 0 e e L=
X
o 1
L 0 e e=————====== i -5F . e ]
3 T mT =TT & D" 0=200GeV — — — DR' 0=400GeV
Ve -
-5F /, s, ] —10L HE v ]
h ’/ s ] — = = Dp' 0=200GeV DY 0=600GeV
’ ]
=100 1 1 b -15 * B
. I/ Df ,0=400GeV = — — Dg;f ,0=600 GeV
Y Y S S S SRS T S S S S S S S
1 2 3 4 5 1 2 3 4 5
me [TeV] me [TeV]

2 = a +
Hinh 2.3: D5 thi biéu dién gia tri ctia DIV, DgQ (trdi) va D)™, Dgl (phai) vao Br(u — ey)

theo My véi o = 200,400, 600 GeV

Mg=9pxdiag(1,1,1)[GeV],0=200[GeV] Mg=9pxdiag(1,1,1)[GeV],e=400[GeV] Mg=9pxdiag(1,1,1)[GeV],e=600[GeV]
107 107
3 - 5 o2 : [
kS 10 N 10 3 10 T
= = = !
@ . === Bi(uey) 42x10713 o o = = = Br(uey) a2x10713 @ . — == Br(uey) 4.2x10713
107 107 10°
— = = Brmey) 33x1078 === Bi(rey) 3.3x1078 — == Birep) 33x1078
—— = Bopy) — 44x1078 — == Br(opy) — 44x1078 — == Br(opy) — 4.4x1078
10722 10-22 1022
05 1 5 10 05 1 5 10 05 1 5 10
me [TeV] mH‘, [TeVv] m,,,‘, [TeVv]

Hinh 2.4: D) thi biéu dién ti 1& ra nhanh ctia Br(l, — ly7y) theo My

Br(u—ey)x10'3, Br(sey)x108, Br(t>py)x108 Br(u—ey)x10'3, Br(tsey)x108, Br(t>py)x108
T r T ; -

Br(uey)x10'3, Br(tsey)x102, Br(zopy)x108

T

3 g 3 g 3 |1z
g B g 3 2 4
5 > < o @ @
3 & &

N N N

n n n n n n n n n
1.110 1.112 1.114 1.116 1.118 1.120 2.250 2255 2.260 2.265 2270 3.390 3.395 3.400 3.405 3.410
mH‘t [Tev] me [TeV] mH‘i [Tev]

Hinh 2.5: D6 thi duong dong miic (contour plots) ctia Br(l, — lyy) theo o va M.

cting thoa man cac giéi han trén cua thuc nghiém.
Két qua giai s6 cho LFVHD
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Dau tien, ching toi kho st dong gop clia cac tham s6 vo huéng A; g 1,0 =
1,3 trong phuong trinh (2.22) dén ti l¢ ra nhanh Br(hY — [,l;), dong thai tiép
tuc danh gia ti s6 Br(h{ — [,l;) trong vimg khong gian hep da dé cap & phan
trude. Cac tinh toan dugce thice hién ca trong truong hop Mpz phan bac va khong
phan bac.
Khi Mp = 90 x diag(1,1,1), dong gop ctia A; gr,i = 1,3 vao ti 1é ra nhanh
Br(hY — pt) duge biéu thi trong hinh 2.6.
Cac dong gop vao ti le 1a Br(hY — pr) trong trusng hop Mp = 90 X

Aq R Lx10%, Ag gy x10%
:

Mg=9pxdiag(1,1,1 ),m,_ﬁz =3.0[TeV]

I

3

Mg=9¢diag(1,1,1)

3
f L S N A e T e
g Ap === AL 10~
< 415
App — == D
A3p — T T A3y
10720 ‘ ) ) - ‘ ‘ ‘ s s
50 100 200 500 0 20 40 60 80 100
olGeV] My [TeV]

Hinh 2.6: Do thi A; gr,i = 1,3 theo g v6i mye = 3.0TeV (trai) va duong dong miic Ay pp
theo My VA 0 (phai). Trong hinh bén phéi, cdc dusng mau den, xanh, gach dit mau den va

gach dit mau xanh biéu thi gia tri ctia Ay g, Ao r, Ay 1, Ay g, tuong tng.

diag(1,1,1) dugc minh hoa trén hinh 2.7. Két qua cho thay gia tri 16n nhat cta
Br(h{ — p1) c6 thé dat t6i khodng 0.71 x 1072,

Tiép theo chiing t6i khdo sat Br(hY — ur) trong hai truong hop My =
90 x diag(3,2,1) vd& Mg = 90 x diag(1,2,3) thé hién & cac hinh 2.8, 2.9, 2.10.
Céac két qua cho thay ti 1é ra nhanh Br(hY — p7) thdéa man gisi han thiyc nghiem
trong ca hai truong hop My phan bac, tuy nhién gia tri clia chting van thap hon
truong hgp Mp khong phan bac.

Cac noi dung chuong 2 duge viét dia trén két qua bai bao dang trén tap
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Br(h§->km)x103, Mg=9pxdiag(1,1,1)

Mg=9pxdiag(1,1,1)

) ) ) 0.71
=100 GeV  =======- =
0.100| o e 0=500 GeV 0.70
= — = =200 GeV 0=600 GeV
= 0.69
— - — =400 GeV 10-3 3
kS 0.68
0.67

0.66

= l
3.390 3.395 3.400 3.405 3.410
m g [Te'
HE [TeV]

Hinh 2.7: Do thi Br(hY — ur) theo myz voi o = 100,200, 400,500,600 GeV va My =
90 x diag(1,1,1) (trai) va do thi mat do cta Br(hY — u7) theo my+ va o (phai). Dudng cong

mau den ¢ hinh bén phai biéu thi gia tri ctia Br(u — ey) x 10%3.

81,RLx10%, Ap g1 x10*

Mg=9pxdiag(3,2,1),m,:=7.0[TeV]

o
3 [
>
: &
" —==z==T====] ) §
LSl !
|"{ _____ S
10710 ] 7
3
o«
g 15 MR T =T AL 103
10~
Dop T T T 2L
B3R T T T B
020 ‘ | |
50 100 200 500
olGeV]

Hinh 2.8: Do thi A; g 1,7 = 1,3 theo g véi myz =T7.0TeV (trai) va duong dong miic (contour
plots) Ao g theo my+ va o (phai).

chi PTEP, 083B01,(2021).
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Br(h)-pm)x108, Mg=9pxdiag(3,2,1)
:

Mg=9pxdiag(3,2,1) 0164
=100 GeV  ==-==-=+ =
0.100 e © 0=500 GeV 0162
— — = =200 GeV 0=600 GeV
3 0.160
. — - — =400 GeV 1073 &
£ 0.001 @
5 o
7 0.158
O.:v—
= 0.156
m
0.154

h n L n .
273 274 275 276 2.77 2.78
my g [Te'
HE [Tev]

Hinh 2.9: D6 thi ctia Br(h) — ur) theo My VOl cdc gid tri c6 dinh o =
100, 200, 400, 500, 600 GeV v My = 90 x diag(3,2, 1) (trai) v dd thi mat do ctia Br(h? — ur)
theo myz va ¢ v6i Mp = 90 x diag(3,2,1) (phai). Dudng cong mau den & do thi bén phai biéu
thi gid tri ctia Br(u — ey) x 10713
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AR Lx10%, Bp gy x10%

Mg=9pxdiag(1,2,3),m;#=7.0[TeV]
)
T T T (\‘:
E &
H:
N
L L L L L L L L L L L L L L L L L L L L
50 100 200 500 0 20 40 60 80 100
olGeV] My [TV
Br(h§->m)x103, Mg=9pxdiag(1,2,3)
Mg=9pxdiag(1,2,3)
. , T 0.160
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5 0.001 o
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=
[a0]
0.145
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Hinh 2.10: Do thi cia A; g r,i = 1,3 va Br(hY — ur) theo cac tham s6 cia mo6 hinh
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Chuong 3

MO MEN TU DI THUOGNG CUA MUON TRONG
MO HINH 3-3-1 VOI CO CHE SEESAW NGHICH
DAO

3.1 Giéi thiéu chung

Mo hinh 331ISS da dugce khao sat 6 chuong 77, két qua ton tai ving tham so6
cho phép giai thich t6t tin hieu ra cLFV va LEVHD. Tuy nhién khi khio sat mo
men tit di thuong ctia muon, ching toi thu duge gia tri Aa, nhoé khong the giai
thich dugc s6 lieu thyc nghiém cho mo6 men tir di thuong hién tai. Do do, ching
toi them mot don tuyén Higgs boson mdi hgt vao mo hinh 331ISS.

Xét trudng hop tong quéat u # v. St dung tham s6:

U
tg =tanf' = —, v =1pcg, u=vySp, (3.1)
v
ma tran mp dugc ching toi tham s6 héa nhu sau:

0 12 213
mp = ocg X mp, Mmp= | —x;5 0 1 |, (3.2)

—XT13 —1 0

St dung thé Higgs tong quéat:

Vi= Y [i3S'S 4+ s (818)°] + Ausln'n)(o'p)

S=n,p,X
+ M3 (XTx) + Aas(plp) (xx) + Ma(np) (o)
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+ M) () + Aas(pTx) () + V2w f (egin’ /X" +hie),  (3.3)

3.2 Biéu thidc giai tich ctia mé men tit di thudng ctia muon

Xét qua trinh ra cLFV cua lepton mang dién [, — [,7y, tit Lagrangian lién
quan dén cac boson chuan mang dién, chiing toi c6 cac déng gép 6 bac mot vong

nhu sau:

2
W Uk My,
Clanyn = mmwz o FivY <m—>

w
2

W €g mi, U My,
c ULUYF i
(ba)R — 392 mwmlb Zz:: bi LVV <m%/ >

2 2
Y W My,
Clab)R = 327T mW Z Ua+3 b+3 X Fryyv (m%/ ,
Cba)R = 3271.2me11 Zzz: (b+3)i a+3 5 XLy m%/ J (3' )

Cac dong gop cua Higgs boson:

9 9

C(Ha’zf)R = 32W2m%/qmzb i ; [/\aLkZ*AﬁlmnkFLHH ( ) )

+ (mlb}\aLkZ*)‘bk +m a)\sz*)\RZ FLHH( § >]

M,

i 692 i [/\L iR, 721 )
(ba)R 327T2m%/mlbm%[i s ak M, 'LHH %[

o (NN NN ) Pr ( ik ] (3.5)

v6i b > a. Tong cac dong gép cho qua trinh cLFV va Aa?’sﬂss la:

w
Cab)R = Clap)r T C(ab)R + C( )R T C( bR

Coayr = {Cav)r | (3.6)

mlb
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Cac dong gop ciia bac 1 vong tit cdc boson chuan mang dién vao a,

ludng cuc dién d;, cua lepton mang dién [, la:

4m12

d (Re[c&fa)R
dl = dW + dY = —2mla (Im[C}/Za)R

a}/:al +az

Céc dong gop cua Higgs boson mang dién vao a;, va d;, la:

2
H Hk HE __
a a e (
k=1

2
dif — Z dij’k, dif’k = —2mlaIm[C(Haf)R].

Do léch a,, gitta du doan bdi mo hinh 331ISS va mo hinh chuan:

H1l , H2
Aa 331188 = Aq;, = Aal +al +a " a7,

Ti 1é ra nhanh ctia cLFV dugc xac dinh theo cong thic:

4872

Br(lb — la’)/) G—
F

(‘C ab R{ + }C ba R‘ ) Bl”(lb — laV_aVb),

3.3 M6 hinh 3311ISS c6 thém Higgs boson mang dién don

va mo men

(3.7)

(3.9)

(3.10)

Theém vao mo hinh don tuyén Higgs boson mang dién don méi hgt ~ (1,1,%1),

ching tao ra déng géop méi 6 bac mot vong cho cd Aa, nhu sau:

3

= YAY3U,
“(ab)R 167r mgbmhg ; Cz_:

2
v [ n
a+6 kU(b+6)kFLHH <m2

h- 3xv 3
C(lfa)R 167r mh3 ]; ZY chU a+6 kU(b+6)k:FLHH

2
mnk

5 .
mh3
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3.4 Khao sat s6 va déng gép ctia Higgs boson mang dién don h; vao

mo men tw di thuong

Khi ¢6 thém déng gop cia Higgs boson méi mang dién don, cac gia tri cho phép
cia Aa, = Aaf’f’ﬂss > 192 x 107! tuong ting v6i can dudi ciia do tin cay lo da
dugce giai thich thanh cong, minh hoa trong hinh 3.1.

O day Aay(hs) va Br(r — py)[hs] biéu thi déng gop 6 bac 1 vong tir hE vao

Br(t-py)x10®  ©  Br(t-py)h3]x108
or - 5 5 (S PR
[ 1 |
[ ] 30f-con- S R S Lo ]
—2[ ] 1 1 1 1
!
| B e R il T TP E
= booa ! :
- r 20| . S
/X\ r ol ° ° 1 1 1
) d 1
£ ® L] e s
] :ﬂﬂ K tl °op §
< 8 10F-5-%-- %--:»---@-__%%.%-‘,ge‘-’-&;&»ff-%-o,- ——————
i ' o by o % Boof 01880 U Jag 0 o
[ ] ol ©  55.0%°00%° o5 083 B g0 0° 00 00 & &
-10f 1 Spe-2-g---- RN MIMALE W 1 ¥ 2 e T T
1 % b &
200 202 204 206 208 200 202 204 206 208
Aayx10" Aayx10"

Hinh 3.1: Tuong quan gitta Aa, = Aa*"'™®° v6i Aay,(hs) va Br(r — uy)[hs].

Aay, va Br(T — wy), cu thé:

4mi hs
Aa#[h?)] = o Re[C(QQ)R]J
A87? 2 2 _
Br(ly — lay)[hs] = ren (’c?;b)R‘ + ’c?g’am‘ ) Br(ly — 7). (3.12)

Giéi 86 gid tri clia ¢(gp)g dudc trinh bay trong bang 3.1. Két qua giai s6 bicu
thi trong hinh 3.1 cho ta mot sé thong tin rat thd vi. O dd thi ben trai, déng
gop ciia hy vao Aa,, 1a luon am, nhung nhé hon rat nhidu so véi déng gép tong:
0 < —Aayu(hy) <1.5x 1071 <« 200 x 1071 ~ Aa,. Mat khac, dong gép & bac
mot vong cta 0?5’2) R VA C{?z) » la cung bac nhung trai dau nhau. Do d6 tong |C(32) Rl
la dit nhé dé dam bao Br(r — uy) < 4.4 x 1075

Viung cho phép Aai?’ﬂss 16n duge biéu thi trén hinh 3.2, trong d6 gi tri l6n
Aaf’f’uss > 300 x 107! yeu cau khéi lugng Higgs boson mang dién nhe myg, — 500
GeV, 0 — 1223 GeV, va tg — 60.
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Notations be) R cz;b) R CZ;) R cffb) R c?j’b) r  Clab)R Process
W,SM
“Clab)R
Aay @ cayr x 101 5.3 -0.386 -211. 61.1 3.7 -141.1 Aa, =20.5 x 10710

p—ey: cazr x 10" 449.16 61.536  -7TH957.  75443. 0 -2.5234  Br(12R) = 2.2174 x 107**
p—ey: cenr X 10" 2.1388 0.29303  -361.70  357.43 0 -1.8329  Br(21R) = 1.1699 x 1073
T —ey: camr x 10 -0.00510  0.0540 4.25 -2.96 0 1.34 Br(13R) = 111. x 107*°
T —ey: canr x 101 ~0 ~0 0.00120  0.0664 0 0.0676 Br(31R) = 0.284 x 107'°
T py: cemr x 1010 -0.00721  -0.0445 1.20 2251 0.164  -1.20 Br(23R) = 86.7 x 1071°
T =y caar % 100 -0.000426 -0.00263  0.0708  -5.18  2.77  -2.33 Br(32R) = 330. x 107 '°

Bang 3.1: Dong gép cu thé cia ¥, ,[GeV™?] vao Aa, va Br(e, — e,y) V6i cac tham s6 ty
g8 (ab)R 1

do.

Br(t-py)x10®  ©  Br(t-opy)h3]x108
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Hinh 3.2: Tuong quan gitta Aa, = Aa®3'"5 > 240 x 107! v6i Aay,(hs) va Br(r — puy)[hs].
Iad 14 Iad

Cac noi dung chuong 3 dugce viét dua trén két qua bai bao dang trén tap chi
Phys. Rev. D 104 033007 (2021).
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KET LUAN

Luan an thu dugec mot sé6 két qua chinh nhu sau:
e Xay dung dugc biéu thiic gidi tich tong quat dé tinh déng gép bac mot vong
vao bién do ra cLFV va LFVHD, tinh ti s6 ra nhanh ctia qua trinh ra [, — [y va
rd h — [l trong mo hinh 331ISS. Khao sat sy phu thudc cua Br cia cac kénh
ra vao mot sd tham sé clia mo hinh, tim dude cac vung khong gian tham sb cho
phép théa man cac két qua thuc nghiem gan day vé ra cLFV, dong thai cho ti s6
ra nhanh LFVHDs dt 16n dé thic nghiem cé thé do dudc trong tuong lai gan.
e Tim ra doéng gop clia neutrino ning qua cac hé s6 A;, i = 1,3 dan dén su thay
ddi ctia Br(hY — u7), thé hién thong qua sy phan bac ctia ma tran tron Mp.
Khi Mp c6 dang khong phan bac Mg ~ diag(1,1,1), thi Br(hY — u7) dat gia
tri 16n hon trong truong hgp phan bac. Gia tri 16n nhat Br(hy — p7) c6 thé dat
t6i O(1073) trong pham vi clia mo6 hinh.
e Thiét lap biéu thitc giai tich cho mo men tit di thudng ctia muon trong moé hinh
331ISS, khéo sit s6 gid tri Aa, cia mo men tir di thuong clia muon trong mo
hinh 331ISS.
e Thém vao mo6 hinh 331ISS mot don tuyén Higgs méi hs, mo hinh c6 thé gidi
thich dong thoi céc dit licu thyc nghiem ciia Aa, (Aa*5 > 192 x 10~ !) trong

cac gidi han gan day cla cac kénh ra cLFV.
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