PHAN MG DAU

Muc dich nghién citu
e Nghién citu vé mo hinh 3-3-13, 3-3-1 déo
e Nguon LFV trong mo hinh 3-3-1 déo.

e Xay dung cac cong thic giai tich dong gép bac 1 vong vao bién do qua trinh ra
h — Z~,~v trong mo6 hinh 3-3-13, ra h — eqep, ey — €47y trong mod hinh 3-3-1

dao.
e Khao sat ty 1é ra nhanh ctia qua trinh ra A — pur, h — Zv .
P6i tugng va pham vi nghién ciu

e Dinh tuong tdc LFV, dinh tuong tac lien quan dén ra h — Z+, gidn d6 Feynman
va bien do ra tuong ng véi cic qua trinh ra da dé xuat.

e Ham Passarino — Veltman (PV) tng v6i 2 qua trinh ra h — Z7, egep.

e Khao sat s6 qua trinh rd h — Z~ vd h — p7 trong 2 mo hinh dé xuat.

No6i dung nghién cidu

e Cac mo hinh 3-3-1 dao va 3-3-175.

e Bicu thiic gidi tich clia qua trinh 14 LFVHD trong mo hinh 3-3-1 dao.

e Giai s6 va bién luan quéa trinh rd A — p7 trong mo hinh 3-3-1 déo

e Biéu thiic giai tich ctia qua trinh ra h — Z+, vy trong mo hinh 3-3-1 v6i 8 bat ky.
e Giai s6 va bién luan qua trinh rd h — Z~,~7y trong mo hinh 3-3-1 vé6i 3 bat ky.
Phuong phap nghién ciu

e Sit dung phuong phap Ly thuyét trudng lugng ti dé xay dung cac cong thitc giai
tich.

e Stt dung phan mém Mathematica dé gii so.



Cau tric luan an:

Chuong 1: Ching t6i trinh bay pho hat, cac trang thai vat 1y ctia cac lepton va
boson, cac tham s6 tron, trong hai mo hinh 3-3-1 dao va 3-3-1/3. Day la co sé dé chiing
toi tinh cac dinh tuong tac va kho sat cidc qua trinh ra lien quan dén luan an.

Chuong 2: Trong chuong nay, ching toi da tinh duge cac dinh tuong tac lien quan
dén qua trinh LEVHD trong mo hinh 3-3-1 ddo, xay dung dugc cong thiic gidi tich
tinh ty 1& ra nhanh (BR) cho qué trinh ra h — eqep, eq — €p7.

Chuong 3: Chung to6i da khéo sat qua trinh rd LFV ctia boson Higgs tua SM
h — pr va ra clia lepton mang dién e, — ey trong mo hinh 3-3-1 ddo. Gia sit ring
tat cd cac hat ning mdi déu 6 thang TeV, ty 1é ra nhanh BR(h — Tu,7e) va h — ue
c6 thé duge tim thay ¢ bac O(1073 — 107%) va O(107°) tuong ting. Cac gia tri nay
rat gan véi giéi han thic nghiém mdéi nhat va ching can duge xem xét dé han ché
khong gian tham s6 ctia mo hinh néu cac gidi han thuc nghiem dude cap nhat. Céc
gia tri 16n BR ctia rd LFVHD van xuat hién ngay ca khi khéi lugng ctia my ~ O(10)
TeV. Mt khac, BR(ep — e47y) luon thda méan gisi han ctia thyc nghiegm. Hon thé nita,
BR(T — py, ey) < O(1071%) nhé hon so v6i do nhay thiyc nghiem hién tai. Tuong tu
nhu vay, BR(y — ev) ¢6 bac ¢ O(10~1).

Chuong 4: Trong chuong nay, ching to6i da xay dung duge cac dinh tuong téac lien
quan dén qua trinh rd h — Zv, 7 trong mo hinh 3-3-13. Biéu thiic giai tich tinh bién
do, ty lé rda nhanh va cuong do tin hiéu cing da dugc chi ra.

Chuong 5: Chung toi da thao luan chi tiét cic tin hiéu ctia vat Iy méi duge duy
doén bdi cac mo hinh 3-3-1 tr cac kénh ra boson Higgs trung hoa h, hg — vy, 2.
D61 véi truong hop S tiy ¥, boson Higgs tua SM (h — 7, Zv) khong phu thuoc vao
3, nén khong phan biét cac mo hinh khac nhau theo cac gia tri 3 cu thé. Cac do sai
1ech 16n 0piz- ~ bat nguon tir sy dong gop bac mot vong cla H¥ va gia tri |ss| lon.
Trong cac ving khong gian tham sb cho gia tri djuz 16n, thi p1z, luon bi chan trén
boi puyy. Cu the 14, [dpzy| < [6py| < 0.23, 12 do nhay du kién cla pz., trong cac du
an thuc nghiem HL-LHC. Mt khéc, trong mo hinh véi 8 = /3 va v3 ~ 3 TeV, gidi
han |84y, = 0.04 cho phép |dpz-| tién gan t6i gid tri 0.1, nhung khong thé dat dén
do nhay dugce du kién |dpz,| = 0.23. Vé mat 1y thuyét, ching t6i da tim thay hai dac
diém rat dang quan tam. Thi nhat, Fg’f’lsv c6 thé cling bac véi Fg’f’% trong cac ving
khong gian tham s6 duge phép nén khong dude bd qua F2313,13v trong cac nghién citu
truée day. Thit hai, dong gop bac mot vong ctia boson chuan cé thé cling bac véi déng
g6ép ciia boson Higgs, dan dén kha ning xuat hién viing tham sé dude phép c6 sy déng
gop khimhau vao bién do ra h — v, nhung lai cho dong goép cong hudng vao bién do
rd h — Z~. Diéu nay goi ¥ rang c6 thé ton tai cdc mo hinh BSM md rong nhém chuan
cho phép |jz,| nhan gia tri 16n ma van thod man thiuc nghiem |s,~| < 0.04.

Ké&t luan chung: Diém qua cac két qua chinh thu duge va dé xuat huéng nghién
cltu trong thaoi gian tai.

Phu luc: Trinh bay mot s6 tinh toan chi tiét lien quan dén noi dung trong luan an.



Chuong 1

TONG QUAN VE CAC MO HINH
3-3-1

1.1 Cac han ché ctia m6 hinh chuan (SM)

Mo hinh chuan (SM) da rat thanh cong trong viéc thong nhat cic tuong tac, mo ta
day du dac diém vé khéi luong va tuong tac cac hat, tit d6 dua ra cac tién doan chinh
xac da duge thyc nghiem xac thyc. Tuy nhién SM van con nhitng han ché can dugde
khac phuc. Thit nhat, SM mo ta dugc ba loai tuong tdc manh, dién tit va yéu nhung
chua bao gom dugc tuong tac hap dan. Thit hai, neutrino trong SM khong c6 khoi
lugng, trai ngude véi phat hien vé su chuyén hoa neutrino khi quyén trong thi nghiem
ctia nhom Super Kamiokande (1998). Diéu nay chitng t6 rang c6 su vi pham s6 lepton
thé hé trong ving lepton trung hoa, trong SM dai lugng nay bao toan tuyét doéi. Thu
ba, mic dut hat boson Higgs da duge LHC quan sat v6i khoi lugng khodng 125 GeV,
nhiéu dic diém tuong tac ciia né van chua duge thuc nghiem xac dinh cu thé dé c6
thé so sanh duge véi cac dy doan bdi SM. Thit tu, trong SM, chua c6 co sé 1y thuyét
hay diéu kién ndo buoc s6 thé hé clia cac fermion phai 1a 3,... Vi vay, xay dung cidc mo
hinh méi (BSM) md rong tit SM that sit can thiét. Boi vi né cé thé gidi quyét cac van
dé ma 1y thuyét SM khong thé giai thich, va chita dung nhiéu tin hic¢u vat Iy méi.

1.2 Mo hinh 3-3-1 dao (A Flipped 3-3-1 Models)

Cau tric cia cac hat ctia mo hinh duge trinh bay trong bang 1.1. Cac boson Higgss
¢6 trung binh chan khong (VEV) duge xac dinh nhu sau:

1
a?:nz—l—ﬁ(Rgl—i—z[m), <O'?> = Ny, = 1,2,5,

1
Hg:kmuﬁ(}zmuua), (HY) = ko, a =1,2,3,8,



Hat Biéu dién biéu dién theo nhém SM Cac thanh phan # S6 vi
theo nhom 3-3-1
—\¢ 1 0 1
R R (E ) ﬁz ﬁl/e
L. (1,6,-1) (1,3,0) n (1,2,%) n (1, 1,4) U S 1
1 1
ﬁye ﬁe Ee L
Loyir (1,3,-2) (1,5,—%) T (1,1,—1) (Vaos €as Ba) - 2
€aR (1717_1) 151\7_1) €aR 6
Qo (3.3.1) (32.4)+(312) (dovy —tte, Ua) 3
UaR (37 1, %) (37i7 %) UaR 6
dar (3,1,-1) (31.-3) dor 3
¢i:1,2 (17 7%) <17§7 %) + (11170> (H;rﬂHzoﬂo—zO>T 2
s (1,3,-2) (1,5,-%) T (1,1-1) (HY. Hy o7)" 1
T+ LA+ Lt
. - - AT AT
2 1 0 0
S (1,6,2) (1,3, 1) n (1,2, 5) + (1, 1,0) LAt A LY 1
TSHE J5HY %
Bang 1.1: Biéu dién s6 lugng tit ciia cac hat trong mo hinh 3-3-1 dio.
AY = L (Ratil AY) = 1.1
_€S+\/§( A—l—zA), ( >—€S, ()
Dao ham higp bién ctia nhom SU(3); x U(1)x duge dinh nghia nhu sau:
Dy =0y —igWiT® — igx T X X,,, (1.2)

v6i T (a = 1,2, ..,8) 1a cac vi tit ctia nhém SU(3) tuong ting v6i cac boson chuan W2,
T9 = \/Lg la vi tif ctia nhém U(1)x tuong ting véi gauge boson X, va X la tich chuan
ctia nhom chuan U(1)y. Cac trudng hop cu thé:

e Don tuyén ctia nhém SU(3)p: T = 0 Va = 1,2, ..,8. Vi tit nhom U(1)x: TY =

E

e V6i tam tuyén ctia nhém SU(3)p: T¢ = %)\a Va=1,2,..,8 T° = \/iélg, Vil Ay 1a

cac ma tran Gell-Mann. Céc thanh phan hiép bién cé thé viét lai:

Wi+ Wi Vet V2Y) T

/3
_ 1 — 3, 1 /8 0
Wy =WOT = | V2Wr —Wie Wi V2R |
_ 0% 2 8
V2Y, V2V — =W,
1 1 1
I+ 1 Y172 I+ 4 x17H 0 _ 6 177
W, _E(WM:FZWM)’ Y, _E(WM$ZW/¢)’ Vi _E(WM_ZWN)'
e VGi phan tam tuyén SU(3)p: T = —3A; = —3A; Va =1,2,...8. 79 = 1.

e V6i luc tuyén ctia nhom SU(3)r, ky hieu 1a S ~ (6,2/3), cho trong bang 1.1, trong

biéu dién tam tuyén ctia nhém SU(3)y chiing ta c6 thé viét todan tit dién tich,



T%S = SA\y/2 + Ao /25T . Dao ham hiép bién c6 thé viét theo dang bicu dién tam
tuyén nhom SU(3)

2 x5 (1.3)

DS = 0,8 —ig [SW, + SW[I]| —igx 7

1.3 Mo hinh 3-3-1 véi 8 bat ky

Céac lepton phan cuec trai va phai duge xép theo biéu dién nhom SU(3);, nhu sau:

6/

;L: _ZC/L N<173*7_%+2§§>7 a:172737
E/ .

car~ (1,1,-1), vap ~ (1,1,0), Egp (11 3 V;ﬁ), (1.4)

trong do6 cac dai luong trong ngodc don tuong tng la cac dai luong dic trung cac biéu
dién ctia nhom SU(3)¢, SU(3)r va siéu tich X ctia nhém U(1) x
Cac quark dugc sap xép dé dam bao diéu kien khit di thudng, cu thé la

!
U ds

1B 1B
L= d/ ~ 37 3 ) —uf ~ 37 3* ) A + — )
Qir o ( 6 2\/—> Q3p, = 3 ( 6 2v3
2

L J3 L

2 —1 1 3
ugRN(S, 17§)7 d/aRN(?), 1,?), J{RN (3, 1,6—Q>, JéRN (3’ 1 6+Q>

ddayi=1,2,a=1,2,3 va J, r la nhitng quark ngoai lai.

S~

Dé sinh khdi lugng cho boson chuan va fermion, can 3 tam tuyén Higgs nhu sau:

— X:; 13 0 - pz .3 LB
X XO ) 7\/§ 7p IO_B b ’2 2\/3 b
X p
n° |
o |~ (13t B (1.5)
n nnA : NG

véi, A, B la cac dién tich tuong ung: A = 1+’g\/§’ va B = %ﬁ Cac thanh phan
trung hoa c6 trung binh chan khong nhu sau: (x°) = \”/—i, (p°) = ”72, (n°) = \“/—15, dan
dén x° = w\/gm, (") = L\;{“‘Q, va n0) = % Su pha vo doi xiing x4y ra

theo hai bude: SU(3), @ U(1)x = SU2),@U(1)y —2 U(1)q, dan dén vz > vy, vs.
Trong d6 p va n dong vai tro ciia hai ludng tuyén SU(2)y, gidong mo hinh véi hai ludng
tuyén Higgs (2HDM).



Chuong 2

KET QUA GIAI TiCH CUA QUA
TRINH RA LFVHD TRONG MO
HINH 3-3-1 DAO

2.1 Nguoén vi pham sé lepton thé hé va cac tuong tac lién
quan dén qua trinh ra LFVHD

Cac s6 hang sau c6 lién quan dén dinh tuong tac cia LEVHD:

1, -
Ly =g lEeL7M€L + 7 (Buzn"p + ETL7M7L>1 V) +hee.

V2

Trong co sé vat 1§, dinh tuong tac Yukawa ffs? cho déng gép t6i LFVHD nhu sau:

* T 1 * T * T
=g l(VLE )3iEZ"y“PL6 + — [(VLE )MEZ")/MPL/L—G— (VLE )ziEi’yMPLT}] VXE) + H.c..

3
HY"
Logs = == mufmps +mergm] = ot ) D V], VE; Pre(j)

i=1 j=1,2
s
1

4 day hang so6 Y‘Sia 1,7 = 1,2, 3, duge xac dinh nhu sau:

Z Y E;Pregjin) + Yoo EiPre| + He, (2.1)

"(7+1) Ex .
ol _ ke (V )]i7 Jj=12, he __ Y _ C2sMg
}/}il - { ' 0, j=3 ) ijiG - SQSY]Z? =1,2,3, s95 = 9 . (22>

Cac gian do Feynman bac mot vong déng gép vao bién do ra LFVHD cho trong hinh 2.1.



sy .7

AN .+
59 €y

Hinh 2.1: Gidn dd déng gép bac mot vong vao 1a h — eqep, trong chuan unitary, véi 9, s, s9 = hg, o¥.

2.2 Biéu thitc giai tich ctia bién dé qua trinh ra h — ur
Beé rong ra riéng phan clia qua trinh rd h — eqep:
_ . my
T(h — eqey) =T(h —egef) +T(h — efey) = 2 (1A gy + 1A pa)rl?) |

V6L mp, > mgp v Mg 1a khoi lugng céc lepton mang dién, a,b = 1,2, 3 tuong tng v6i
e, i, 7. T 16 14 nhénh ctia qua trinh LEVHD la BR(h — eqep) = I'(h — eqep) /T
véi ontal = 4.1 x 1073 GeV. Ham Apayr,r duge viét nhu sau:

5
Awa)L,R = Z AEZ)(L)LR. (2.3)
i=1
Chting toi chi tap trung vao cac biéu thiic AE;}I) . r = D@ar,r VOi cac dong gop chinh:

odo? o¥hs heo? oths —
As2)L,R A(32)L R A(32)L R A(32)L R BODLR A(bl)L r0=23,

060 _ MrAi3myy PUI o2 22
(B2L ~ 16229 ZY Yo [_CQ(O’O’mE“mU?’mU?)}’

0,0 M )\13mW 0y 50
0107 p LW O1%y 01 . 2 2 2
— E YUYy, {CI(O, O,mEi,mU?,mO?)] ,

(32)R 1672 g
oY he f?s2s 3 0% h 2 2 9
A(§2)L = - —3271'2 X Z Y1i1 }/27;5 |:mEZCo(O, 0, mg,; mo‘?’ mh@)] s
i=1
hea?) f¢325 ’ 0%« hek 9 9 9
A(??Q)lR = — —3271'2 X Z Ylil Y%G |:mElCO(O7 0, mEi, th’ mg(l)):| R

on f 52 Bk
A((7611)(}% - 3972 3 Z YUIY ’ [mEiCO(()? 0; mZE‘ia m}Zw ) m?f?)] .

Ham Cp 12 = C’Lg(m%_,mio, mio) 13 ham Passarino-Veltman (PV) mot vong ba diém.
g 1 2

Trong chuan unitary, gian do Feynman cho déng gép bac mot vong vao bién do clia

qué trinh ra e, — e,y (a < b) dugc cho trong hinh 2.2. Trong giéi han nang lugng



(2)

Hinh 2.2: Gidn d6 déng gép bac mot vong ciia qua trinh ra e, — .7, véi s° = o, hg.

thap, ty 1é r4 nhanh ctia qua trinh ra cLFV c¢6 thé viét ¢ dang thuan tien nhu sau:

2\ 3
m 3o 2 _
BR(ep — e47) = (1 — m—g) x —=2 (\Fba o+ |F(ba)R|2> x BR(ey = eqlaty),
b

-1
Vol e =~ 1/137, Fuoyp,.r = Coarrr o ( 92262 ) va Cpa)r,r 12 dong gop bac mot

mp 3212 my,,
vong vao bién do ra trong hinh 2.2. Cac gia tri thuc nghiem da biét: BR(e, — eqi7q1)

la BR(T — puv,vr) ~ 17.41%, BR(1 — every) ~ 17.83% va BR(p — every,) ~ 100%.

2

Chung t6i st dung giéi han m;, mg ~ 0, két qua nhu sau:

FoayL,r = <1>) Lrt Fo

(b (ba)L,R’

(1) 2mWYU¥*Y(;¥ 3 2mMmWYh6*Yh6

F(32)L = Z —g . gs(tggi) + Z g mi 9s(the.i),
i=1 o i=1 6
2m,,m? Y"l*Y"l m?, Yy e

Ja O wmyy to.)+ 2w i Yo )

(32)R ; mrg mz Vs Z P2 mhﬁ 6,1

3 he* h

O QmemWY Yoy

(b1)L — Hb (b1)R — Z Mg mz 9s(the,i)s

1=1

F(Q) — @F 2 2mW Z V/Ev/E* )

mr
E
F(Q) — me F(Q) _ 2m12/V V/Ev/E* t 2 4
6DL = T, " DR T 2 30 Vip_1)idv (i), (2.4)
i=1

Vi = { Vi = (2.5)

vigs(tsi), go(tvi) 1a cdc ham da biét. Luu ¥ ring of chi cho déng gép vao rd LFV
t— pyvah — ur.



Chuong 3

KET QUA TIiNH SO VA BIEN
LUAN QUA TRINH RA h — ur
TRONG MO HINH 3-3-1 DAO

3.1 Vung gi6i han cta cac tham sé

Trong phéan giai s6, cac tham s6 tu do dau vao la: mp, va 85; Mgo, Mpg VA S2s; k1

va ng. Céac lien hé tham s6 phu thuoc:

52512 ) )

ng = , nao(l42t5,) =

025\/§ 2( 25)
§ day tos = s9s/c2s. Diéu d6 c6 nghia rang n% + 477,% ~ (2.15m/)?. Giéi han dudi méi
nhat cia mZZ/ > 4 TeV cho \/n% + 471% > 8.3 TeV. Trong khao sat s6 chting t6i chon
\V/n3+4n% = 83 TeV, ng = 1 TeV, ng > 4 TeV, dan dén tys = V2ng/ns = 42,
tuong duong sos ~ 0.985. Gié tri 16n clia sos tuong ting hing sé Yukawa Y 16n trong
phuong trinh (2.2). Ching toi chon 10 GeV < k1 < 50 GeV. Chon mpg, cho phép
BR(h — epeq) nhan gid tri lon: mp, — mpg, = O(10%) GeV.

Céc gia tri mac dinh dau vao dude chon la k; = 20 GeV, M3 = 1, f® = 2 TeV,
mp, = 1 TeV, mg, = mp, —k x 100 GeV, ng =1 TeV, sos = 0.985, Mmgo = mp, =1
TeV. Gi6i han nhiéu loan ctia hing s6 tuong tac Yukawa m B, < ngvdmr = 3.5 TeV khi
ng = 1 TeV. Tat ca cac tham s6 da biét khac 1a: my, = 125.01 GeV va beé rong phan ra
toan phan I, = 4.07 x 1072 GeV; myy, me, my, m,, hing s tuong tac ae.

(3 —4s%,)m%,

4g%c%,

; (3.1)

3.2 Két qua khao sat s6 va bién luan

V6i s19 = 1/3/2 va s13 = s93 = 0, chiing toi luon ¢6 BR(h — pe) = BR(h — Te) =
BR(p — ey) = BR(r — ev) = 0. Ngugc lai, BR(h — 7p) vd BR(7 — uy) c6 thé
16n va duge vé theo ham clia mpg, véi ky thay doi. Két qua gidi s6 cho trén hinh 3.1.
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C6 thé thay rang BR(7 — py) nhé hon nhiéu so véi gisi han thitc nghiém hién tai.

E_E
S13=523=0

E E
) shp=s83=0
1.x10713
5.x10714
1 x -14
< 2 110
@ . =
§ " @ 15
et 5.x107"°
10’“/ 1 — k=10[G kq=40[GeV.
[ Kk1=10[GeV] — k1=40[GeV] 1=10[GeV] 1=40(GeV]
-------- ki=20[GeV] ===+~ k;=50[GeV]
-------- Ki=20[GeV] ==+~ k;=50[GeV] 1=201GeV] 1=501GeV]
1078 1.x10715
1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000 3500
me4[GeV] meq[GeV]

Hinh 3.1: BR(h — 7p) va BR(7 — wv) phu thuoc vio mp, khi s¥) = L 5% E=0.

BR(h — 7p) ~ O(1073) gan véi gidi han thuc nghiém hién tai. Cac giéi han thap hon
trong thitc nghiém tuong lai gan c6 thé duge ding dé gisi han khong gian tham s6 ciia
mo hinh. Hai tham s6 k1 v mp, dnh huéng manh dén BR(h — 7p). .

Tuong tu, véi 31192 = 32E3 =0 va 3{33 = \/LE’ minh hoa cac ty 1é ra nhanh khac nhau

theo cac ham ctia mp, vdi cac gia tri khac nhau cta k; duge cho trén hinh 3.2. Theo

shy=s53=0

E_E
ST2=523=0

g =
z H
< h
a =
&

/' K1=10[GeV] Ky=40[GeV] ky=10[GeV] k1=40[GeV]

........ kq=20[GeV] -=-=+= k;=50[GeV] k1=20[GeV) k1=50[GeV]

. .
1077
1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500
mg4[GeV] me4[GeV]

Hinh 3.2: BR(h — pe) va BR(u — ey) phu thuoc vio mp, khi s& = % va st = sB = 0.

do, BR(p — ey) < O(1071), vAn thoéa man gidi han thic nhghiem. BR(h — pe) phu
thudc manh vao kq, con BR(u — ev) thi nguge lai, vi khong nhan déng gép tir a?.

shp=s53=0 .
s12=573=0
5.x10719
o /\
3
R
L
o
11071 ky=10[GeV] k1=40[GeV]
o k1=10[GeV] k1=40[GeV] 1= 1=
%
O S T S S H SRRt k1=20[GeV] -=-=-= kq=50[GeV]
B ky=20[GeV] ==r=e= k4=50[GeV] 1=20(GeV] 1=50[GeV]
5.x10720
1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500
mg4[GeV] me4[GeV]

Hinh 3.3: BR(h — 7¢) v BR(T — e7) phu thuoc vio mp, khi s = % va st = sB = 0.

Véi 3]152 = 3]153 =0 va 32Eg = %, minh hoa ty lé rd nhanh qua trinh ra theo ham cua

mp, v6i k1 thay ddi duge cho tren hinh 3.3. BR(h — 7€) c6 ciing bac v6i BR(h — Tp),
N O N
vi deu nhan déng gop tu A‘(fblah)‘}% BR(7 — e7) nhé hon nhiéu so vé6i do nhay ctia thuc

nghiém hién tai va trong thoi gian sap tdi.



Chuong 4

KET QUA GIAI TiCH CUA QUA
TRINH RA h — Z~v,vv TRONG
MO HINH 3-3-1 VOI 3 BAT KY

4.1 Cac tuong tac lién quan dén qua trinh ra h — Zv, vy

Quy tac Feynman tuong tng tat ca cac dinh tu tuong tac ctia SM-like Higgs boson
v6i cac boson Higgs khac c6 lien quan dén sy phan ra h — Z~v va h — vy dude cho
trong bang 4.1.

Dinh Heé s6 dinh: —iApss

. . 3 3 Y
—IALH+H- i |2812¢12 (—A1€12 Ca 4 A2812 5a) + (SaCly — Casty) A2 — csA12

—iXpgag-a | iciy {U sac12 (M2 + t33A23) — Cas12 (2>\1 + t15(A13 + 5\13)) + v3ti3 (2{,2“ - Ca5\13)}

—iXyeg-5 | i3 {U 5aC12 (2)\2 + t35(Aog + 5\23)) — cas12 (M2 + t35h13) | + vstos (5045\23 - 2{,%)}

Bang 4.1: Quy tic Feynman cho dinh ty tuong téac gitta boson Higgs tiua SM véi cac Higgs mang dién.

Dinh tuong tac Yukawa ctia boson Higgs tuwa SM véi cac fermion trong SM cho trong
bang 4.2. Ky hiéu ciia quy tac Feynman: —i (YhffLPL + YhffRPR) cho méi dinh hff.
Cac boson Higgs h va hg khong tuong tac véi fermion ngoai lai. Ngugc lai, hg chi tuong

—1Yhere LR —tYhau LR —1Yhuzus LR Yy ra LR — Y, LR

- Me Ss .mui S5 .7nu3 mdl ,mdS Ss
—1 . (05 — E) —1 P (Cg — E) —ZT (05 + t1285) _ZT (05 + t12$5) —1 P <C§ — E)

Béang 4.2: Dinh tuong tac Yukawa ctia SM-like Higgs boson.

tac v6i cac fermion ngoai lai, khong tuong tac véi cac fermion SM.
Dinh tuong téc ctia boson Higgs va boson chuan duge suy ra tit Lagrangian sau:

Lgn = Zghvvg/whv—Q'uUQV + Z [—Z'QZSUU_Q’M (S+Qauh - haus—l—Q) hc}
v

S,V

11
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+ Z Z'ngsZM

+Z ZngSZMU s g/u/‘i"lgz AN Q quy] + ..,

S_QE) s9 — SQauS_Q) + Z ieQQ A* (S_QaﬂsQ — SQaMS_Q)
(4.1)
§ day s = Hi, H*4 H*B va v = W,Y, V. Chang toi chi liet ke cac phan c6 déng gop

vao sy phan ra h — Zv, vy va bd qua cac s6 hang con lai. Quy tic Feynman dugc cho
trong bang 4.3 véi d,h — —ipo,h va 3usiQ — —ipiusiQ. Cac ky hiéu pg, p+ la xung

Dinh Heé s6 dinh: Dinh Heé sé dinh
Ihw+w- gmw Cs Jhy+Ay—-4 | gMw CaS12
ghv+Byv-B | —gMWw SaC12 | GhH-W+ %
JhH-AyA e GhH-EVE gezssa

Bang 4.3: Quy tic Feynman cho dinh tuong tac gitta boson Higgs twa SM véi Higgs mang dién va
boson chuén.

lugng 4 chiéu ctia h v sT v6i chiéu qui ude di vao dinh tuong tac.
Quy tic Feynman cho cac dinh tuong téc ctia Z véi boson Higgs va boson chuan

trong Lagrangian (4.1) dugc dua ra trong bang 4.4.

Dinh Hé s6 dinh
g 59[\/5(:%,(1—25%2)4-368%‘/}
9zH+H- Tew <69 Cow + Sew/1-F71E,
So [\/gcz (s25—2)4+3B8(V3B8+c23)s% ]
9ZHAH—-A ﬁ < [513 (1 + fﬂ)SW] w 31§W\/17132t%/v 13)5w
i ET) [\/562 (825—2)+3B(V3B8—c24)s2 ]
9zHBH-B 20‘3] (_CQ [S%g + (\/gﬁ - 1)5%‘/] + w 3203W\/1_ﬁ2t%‘/ 23/°wW )
g o _ gmw(2s12¢1250)
zw+H N
z
JZzyAH-A, % { coCw [812 (1 + (2 + \/gﬂ)t%v) v+ t13(1 — \/gﬁt%‘,)vg]
gzy-AHA +ﬁ [812 (\/g — 3[3(2 -+ \/gﬂ)t%v) v+ \/gtlg (]. -+ 36215%[/) 1)3] }
9zvBH-B, ez 22 { coew [cra (=1 + (=24 V3B)tY,) v — tas(1 + V3Pt )vs]
s | o e (V3302 4 VED) v+ Vs (135 5]

Bang 4.4: Quy tic Feynman cho dinh tuong tac giita Z boson véi Higgs boson va boson chuan.

Dinh tuong tac ctia Z boson va photon A, v6i cac fermion dugc suy ra tit Lagrangian:

km ) Z [g O ( Py, +9£PR) fZ,+eQrfy"fA, ] (4.2)

v6i f ky hiéu cho tat c& cac fermion trong mo hinh 3-3-13, Q 1a dién tich ctia fermion

f. Gia tri cta g{ r cho trong bang 4.5. Dinh ctua ba boson chuan dugc suy ra tir:

8
1
-
a=1

(4.3)



f 91 9k

o | A+ A | (1o )

I vl e 09
i | bl e | b (1- el

Bang 4.5: Binh clia Z boson vdi cac fermion

8
Fl, = 0,W8 = 0,Wi+g Y frewhwe, (4.4)
b,c=1
£ (a,b,c=1,2,...,8) la hiing s6 cu tric clia nhém SU(3). Ching duge xéac dinh:

LY~ — gzo00 2" (p0)v T (01 )v™ (=) X T (po, p+, p-),
— eQAM (po)v T (p1 )o@ (p_) x T (Do, P4, P-), (4.5)

v6i Lun(po, P+, P-) = Guw(Po — P+)x + gD+ — P+ Gru(p— —po)a vav =W, V) Y.
Cac dinh tuong tac lien quan cia Z duge dua ra trong bang 4.6.

Dinh Heé s6 dinh
—igzw+vw-A —igewece

—igzyay-a | £ |co (—ew + V3Bswiw) + s0/3 — 36713,
—igzvey-5 | 4 |co (ew +V3Bswiw) + s01/3 — 3626,

Béang 4.6: Quy tic Feynman cho dinh 3 boson lién quan dén sy phan ra h — Zv,y7.

4.2 Biéu thic giai tich ctia bién do ctia qua trinh ra h — Zv, v~

Trong chuan unitary, cac dinh & trén tao ra céc gian do Feynman cho dong gép
bac mot vong vao bién do phan ra ciia SM-like Higgs boson h — Z~ dugc vé trong
hinh 4.1.

Bé rong phan ra rieng phan cé biéu thic dang

T

m3 m2 3
I'(h = Zv) = BTh X (1 - —§> | Fon |, (4.6)
my,

v6i Fyy dude xac dinh tit cadc dong gop mot vong theo ting gian do cu thé

EPt = Ry Y B Y R Y (R FRL) (4.7)
f S v {371)}
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Hinh 4.1: Gidn dd Feynman ba diém bac mot vong cho déng gop vao bién do ra h — Z+ trong chuan
unitary, véi f; ; 1a cac lepton trong SM, s; ; = H* H+*A H*B, v = W+, y+4 y+B,

Biéu thitc tinh bé rong phan ra rieng phan h — vy
3
_ mpy 3312 331 _ 331 331 331
F<h—>77)_@ < |EYT, _ZFWW7f+ZF77a5+ZFVV7U’ (4.8)
f s v

Dé xac dinh BR ctia boson Higgs tita SM, chiing ta can biét bé rong phan ra toan phan
"M § day bé rong phan ra tuong tng véi khéi lugng ctia boson Higgs 1a 125.09 GeV
da dugc thuc nghiém tim ra. BR cta kénh ra h — XX, XX = gg,vy, Z:
IM(h — X X)

oM

BRM(h — X X) = (4.9)
Cuong do tin hiéu cta kénh ra trong mo hinh 3 —3 — 15 do déng gép bac mdt vong
sinh ra la:

BR*!(h — XX)

BRM(h — X X))
Gi6i han trén clia thyc nghiem cho cudng do tin hiéu ciia b dinh bac 2 vong ctia ra
h — Zvyla: pz, < 6.6(5.2). Cuong do tin hieu gan day dude thiyce nghiem ATLAS xac
dinh 1a: 1, = 0.99 £ 0.14.

133 = (cs5 + t1ass) X

(4.10)

Qua trinh phan ra cta Higgs boson trung hoa h)

Dinh tuong tac ctia boson Higgs trung hoa hg véi cac fermion:

%(%"‘35), f:€a,ul',d3

0 = eq, Ug, d,
Vigrrnp =\ 5 (st +55),  f=us,di Yigpsrp= {mf ; Ea ; R
a2 = L, Ja

0, [ =Ea, Ja. "
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Cac tuong tac Yukawa ciia hg chi khac khong v6i cac fermion ngoai lai. Bé rong phan
ra riéng phan ciia kénh hg — gg trong gidi han t, > 1 Va=1,2,3

azmio
L(hg = gg) = (4.11)
87r3v3
Bé rong ra rieng phan ciia mic cay hg — hh khi mpg > 2mp:
Aonn|? 4m? A2 sp2 4m2
T(hY — hh) = Paganl” b 137003 o (4.12)
T MY M0 8T Clg Mg My

Bé rong rd toan phan ctia h§ 1a Ty = T'(h§ — hh)+T(h§ — gg)+T(h — ~7)+T(h —
Z7). Hai qua trinh ra khac duge xéc dinh nhu sau:

mio m2 3 3
D0 = 77) = 5 (1= T2 (B = Z9)P, 08— ) = S E 0 = )1,
h3

FFY W — Zy) = Y FFu(h§— Z7) +ZF§’f’i (h§ = Z7)+ > Fi(h§ — Z7)

F=Fq4,Ja v=Y,V
+ > [FIR(h = Zy) + FL (WS = Z)], (4.13)
(s}
FEY RS — )= Y F3L.(hS — Z7) +ZF3§18 hy = Zy)+ Y F3(h§ = Zy),
F=Fq4,Jq =Y,V

vl s = H* HE5A HEB o = Yy 24 VEB vy {5 0} = (HHA yEAY (HEB vEBY



Chuong 5

KET QUA TIiNH SO VA BIEN
LUAN QUA TRINH RA h — Z~, vy
TRONG MO HINH 3-3-1 VOI 5
BAT KY

5.1 Giéi han vung khong gian tham sb

Do léch dinh lugng gitta cac du doan ctia hai moé hinh 3-3-13 va SM cho quéa trinh ra
h— XX (XX = v, Zv) dugc khio sat bang dai lugng dux = (u%?’l - 1) % 100% Dinh
nghia dai lugng méi nhu sau Ry, 1y = [0f124/pty4/] dé nghién ctu sy khac biét tuong
ddi gitta hai cudng do tin hicu. Cac giéi han thuc nghiém hién nay —15% < dpy, < 13%,
trong tuong lai jiy = 1+£0.04 va gz, = 1 £0.23,vv.. [0py4] < 4% va [dpz,| < 23%
tuong ing.

Cac dai luong da biét duge sit dung trong phan nay: my, = 125.09 GeV; my,, mz;
khoi lugng fermion mang dien; v ~ 246 GeV, g ~ 0.651, aem = 1/137, ¢ = /AT e,
st = 0.231.

Cac tham s6 tu do chua biét: 8, t19, v3, Ss, Mg, My, A, A2, A3, a3, mg,, mj,.
Chiung toi chon: mp, = mj, = mp cho don gian. Thuc nghiém LHC cho my > 4
TeV cho mo6 hinh véi 3 = —1/v/3 . Do v3 ~ O(1) TeV, khéi lugng my tinh gan
diing m3, = 5% Lite nay, mzr > 4 TeV cho v > 106, 10.1, 8.2, 3.3 TeV khi
B =0,41/v3,42/v/3,£/3. Céc thio luan gan day, my = 3 TeV hay vz > 7.6 TeV
cho mo hinh 3-3-1 véi f = —1/+/3 van dugc phép. Mat khéac, mo hinh véi = /3 van
cho phép thang SU(3)y, kh& thap my ~ 3.25 TeV, tuong ting véi v ~ 2.7 TeV. Ching
toi chon v = 14 TeV cho || < v/3 va v = 3 TeV cho || = /3.

Céac gidi han nhiéu loan yéu cau rang cac gia tri tuyet doi ctia tat cd cac tuong
tac Yukawa va Higgs boson phai nhé hon /4w va 4, tuong tng. Diéu nay dan dén
t1o < V2mv/m; ~ 3.5. Ching toi giéi han khao sat s6 0.1 < tj5 < 3, cho phép

16
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lsg| > 5 x 1073, Gia tri cia mpg va mp+ 88 duoe chon dé théa méan mpg, mpy+ > 300
GeV.

Diéu kién ctia thé Higgs dé thoa man on dinh trung binh chan khong trong mé hinh

3-3-18 Ia

Ai >0, fij = /\ij + 2 /\z‘)\j > 0,

.]Eij = )\ij + S\ij + 2 )\i)\j > 0, (51)
VGii,j=1,2,3vai<].

T cac thdo luan & trén, cac gia tri mic dinh clia cac tham s6 doc lap chua biét
duge chon nhw sau: f = 1/\/5, ss = 0.01, A\ = 1, t12 = 0.8, 5\12 = 5\13 = 5\23 = 0.1,
mpy = 1.2 TeV, mpy =1 TeV, v3 =14 TeV, mg, = mj, = 1.5 TeV. Ching t6i chon gi6i
han nhiéu loan ctia hiang s tu tuong tac ctia boson Higgs 1a 10. Ngoai ra, tity thuoc
vao céc khéo sat sb cu thé, viec thay doi bat ky gi tri sé clia cac tham sé doc lap ciing
sé dugc chi thich cu thé.

5.2 Két qua giai sd va bién luan
5.2.1 Trudng hgp 1: A\, > 0

Dau tién, ching toi tap trung vao cac tham s6 c6 lien quan dén mo hinh 2HDM.
Céc hinh 5.1 va hinh 5.2 minh hoa khdo sét s6 céc hang so tu tuong tac Higgs va fi;
la ham ctia myy, ¢6 dinh t19 = 0.8 vA s5; nhan mot s6 gia tri: ss = £1072, 45 x 1072
V6i s5 > 0, thi t1o duge chon di 16n dé théa man fio > 0 va mpg > 1 TeV. Két luan

ss= 1072 Ss=5x1072

0.100 0.100

00017_ 00017_

fiv [A12] fi2
-=== A [Ava] | ==== fi3 —m== A [Agl === fi3
1075 1 1075+
—"‘/\3 [Az| | — - = a3 —_-- /\3‘ 2| — - = fa
1000 2000 3000 4000 1000 2000 3000 4000
myg [GeV] Mg [GeV]

Hinh 5.1: Do thi f;; va hang s6 tu tuong tac clia boson Higgs phu thuoc vao myg véi s5 > 0 va
t12 = 0.8. Cac dudng nim ngang & gia tri 10 tuong ng véi gidi han nhidu loan clia hing s6 ty tuong

tac ctiia boson Higgs.

duge rit ra la diéu kien 6n dinh trung binh chan khong fi2 > 0 4nh hudng rat manh
dén gidi han trén clia mpg, Cu thé s5 16n chi cho phép mpg nhan gia tri nhé. Hinh 5.2
minh hoa céc ving duge phép khi s5 < 0, v6i t12 = 0.1, dt nhé dé cho phép Ay > 0 va
mpyg > 1 TeV. N6i chung, khao sat s6 cho thay t12 vd sy phu thuoc manh nhat vao su
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s5=—1072 S5=-5x1072

—_—-— -
i . . L L . L
1000 2000 3000 4000 1000 2000 3000 4000

myg [GeV] myg [GeV]

Hinh 5.2: Do thi fi; va hing s6 tu tuong tac clia boson Higgs phu thuoc vao myg véi ss < 0 va
t10 = 0.1.

thay doi khéi lugng mpg. Hinh 5.3 minh hoa ving duge phép cua ti2 va sg tuong tng
mpg = 1 TeV va 2.5 TeV. Co thé thay riang véi mpg 16n hon, két qud sé cho [sg| nho

A2, f, A2l fi2, A1=1, m,g= 1 TeV Az, f, A2, f12, A1=1, mg= 2.5TeV
2 2

0.03

0.02

0.01

S 0.00

%)

-0.01

-0.02

-0.03

1

0.0 0.5 1.0 1.5 2.0 25 3.0 0.0

t12

Hinh 5.3: D6 thi dudng bao ctia A2, f, [A12] v fi2 phu thudc vao sg va t12. Cac viing mau luc, lam,
cam, dé tuoi dugc loai trit bdi cac yeu cau 0 < Ao < 10, f > 0, |A2| < 10 va fi2 > 0 tuong tng.
Dudng cong mau den thé hién gia tri khong déi ciia fis.

hon. Céc duong cong mau den nét dit thé hien cac gia tri khong doi clia fig sé hitu
ich cho cac thao luan cho truong hgp 5\12 < 0.

Cac viing tham s6 dugce phép ciing phu thuoc vao M. Khéo sat s6 cho thay Ay phai
dti 16n méi cho phép |sg| nhan gia tri 16n. Trong trudng hop gia tri 16n |sg| = 0.02, céc
gia tri duge phép ciia A1 va t1o cho trén hinh 5.4. C6 thé thay ring chi c6 gia tri sp am
sé cho fi2 16n. Trudng hop |sg| = 0.05 nhan gia tri 16n hon. Chung t6i chon mpg = 1.2
TeV, di 16n dé gia tri |sg| = 0.05 vAn dugce thda man. Trong dicéu kién ca |ss| va My
déu 16n, cac ving tham s6 duge phép clia t12 va A\; v fio kha hep. Véi |ss| < 1072
nho, cac gia tri duge phép cta myg va t12 duge md rong hon. Tuy nhien, cac ving duge
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A2, T 1A12], fiz, 6= 0.02, m g =1 TeV A2, f, 1A12], fr2, 8= ~0.02, mg =1 TeV
2 2

t12 t12

Hinh 5.4: D6 thi dudng bao clia A2, [A12| v& f12 nhu 1a ham clia A1 va t12 v6i mot s gid tri ¢6 dinh
mpg - Cac viing mau lue, lam, cam, dé tudi bi loai trit béi cac yéu cau tuong tng 0 < Ay < 10, f > 0,
|A12| < 10, and fi2 > 0. Dudng cong mau den thé hign gia tri khong ddi ctia fio.

phép nay sé khong dan dén nhiéu sai lech so véi du doan ciia SM.

Trong hinh 5.5, do thi trai minh hoa cac do thi duong bao véi f = —1/ V3 mo ta
cac gid tri dugc phép ctia oy 7, tuong ing véi cac viing khong to6 mau, 1a cac viing thoa
man day di cac rang budc clia tham s6 va giéi han thuc nghiem gan day cho dfiy.
D6 thi bén phai biéu dién duong bao ciia Rz )y, trong d6 ving khong t0 mau thoa
man diéu kien Ry, /., > 2. Trong ving nay, ching ta c6 the thay [ss| ~ O(1073) va
c6 gia tri am. Them vao do, djuy, < 0.04. Do vay, ving vy, = 0.99 + 0.14 dan dén
|0pz] < 0.15 van con nhé hon do nhay trong tuong lai dpz, = £0.23. Ngoai ra, hau
hét cac vimg duge phép déu dap ing 0.8 < Ry, < 2, do d6 gia tri gan ding
BR(h — vy) ~ BR(h — Z7) la gid thiét hop 1y dé don gian héa cic tinh toan da
duge thira nhan trong cac nghién ciu trude day.

Véi gid tri 16n vz = 14 TeV va gid tri thuc nghiem gan day clia dpy,, cac ving
tham s6 duge phép ciing nhw Rz, /., phu thuoc yéu vao tham so 3. Két qua ciing
khong ddi khi vz > 8 TeV tuong ting véi = +2/v/3. Ly do la v ~ 10 TeV dan dén
my,my > 4TeV va khoi lugng clia boson Higgs mang dién khong nhé hon 1 TeV. Déng
g6p bac mot vong tii cac hat méi vao F3i va F331 nho hon it nhét 4 bac so véi F3Y
xem minh hoa trong bang 5.1. Ching toi st dung bien do duge duy doan bsi SM dé so
sanh, cu thé 1a Re[F§M] = —5.6 x 107° [GeV '] va Re[F$M] = —3.09 x 1075 [GeV ).
Ching toi lwu y réng F3PL, c6 thé 16n hon dang ké so véi Fyp,, nen phai dong thoi
duwa vao bién do phan ra h — Z~.

V6i gia tri duong di 16n clia Ajg v mpg du nho, déng gop bac mot vong tut + vao
F33L va F%)’l chiém uvu thé nhung van khong tao sai lech dang ké cho duz., xem vi du
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1
Rzylyy ﬁ:\/a—

-0.01H

-0.02

t12

Hinh 5.5: D6 thi dudng bao hién thi cac viing duge phép ss va t1o (trai) va Ry, /v nhu ham clia ss
va t12. Cac viing mau luc, lam, cam, dé tuci va vang dudc loai trit béi cac didu kién can clia cac tham
$6 A2, f, A12, f12 VA Oy tuong uing. Céac dudng cong mau den va cham den hién thi gia tri khong déi
clia Oflzy Va Ofly, titong ting. Ving khong c6 mau trong bang bén phai tuong ting véi Rz, /., > 2.

Fddls Fds’lu Fdd’lsv Fdd’ls Fd'j}u
53 t12 Re[i‘12§1M] Re[?zsll\d] ReTIITQIM] Re%y] Re[gsg\d] Opzy  Ohyy
2x1072 1.5 —-33x107* 3x10° —16x10"* —6x10"* 55x107* 44 6.5
—2x1072 15 ~107° 3x107° —15x107* ~ 1076 53x107* —54 -6

2x1072 05 13x107%* —-9x107° —5x107° 23x107%  22x107* 6.8 8.1
—2x1072 05 —-42x107* —9x107° —4x107° —75x107* 21x107* —75 —74
—-1073 1.5 —16x107* 3x107° —16x10"* —29x107* 54x107* —-0.8 —02

o She Sl S sl

Béng 5.1: Déng gop chia céc hat thuoe nhom SU(3)p t6i F5ft va F331 vei F3Pl = F3PL + F3PL

& dong dau ctia bang 5.2. O day ching toi luon ap dat |04ty] < 4% la do nhay du kién
cla flysy .

Xét trudng hop 8 = /3, véi gia tri nhé vg = 3 TeV van dugce chap nhan, cac ving
duge phép thay doi dang ké, xem hinh hinh 5.6. Dic biét, mé hinh dy doan gii han
chat ché hon s5 < 0.03. Déng gép bac mot vong cua cac hat ddc trung nhém SU(3),
c6 thé dan t6i ca hai do sai lech pu Zs Ofiyy dat gid tri cd vai phan tram, trong d6 hai
dudng bao 0z, = duyy = 0 tach biet han so véi dudng s; = 0. Cac két qua tinh sb
dugc minh hoa trong bang 5.3.

Chung to6i can nhan manh hai tinh chat quan trong sau. Thit nhat, dong gop bac
mot vong tit cac boson chuan dic trung cho nhém SU(3)y, ¢6 the lam Oty dat téi do
nhay tuong lai. Thit hai, do 16n clia F37) va F3Pl c6 thé c6 cing bac 1a 1072 so véi
SM, nhung nhitng déng gép nay khong di 16n dé lam cho do sai léch kenh ra h — Z~y
16n t6i do nhay thyc nghiém trong twong lai |04z, | > 23%.

Chiing t6i mubén nhan manh ring sy ton tai ctia Higgs va boson chuan méi, céc
déng goép ciia ching F33L va F331 vao bien do ra h — v ¢6 thé nguge dau nhau va

VY8 YV
cung bac, lam cho cuong do tin hiéu tuong ting ¢6 thé di nho thdéa man cac giéi han
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F3p. 3y F3y 3T 51
B 55 b e Ro[FE RelF5T] Re[FS] R[FS] Oz Ok
% 1073 1.7 —146x1072 4x107° —1.7x10"* —264x10"2 57x107* —-31 —47
% —1073 1.7 —144x1072 4x107° —1.7x107*% —2.61x10"2 57x107* -36 —5.3
% 3x1072 1.5 —124x1072 3x107° —1.6x10"* —223x1072 55x10"* 44 5.2
% —3x1072 15 —-96x10"® 3x107® —15x10"* —1.75x10"% 53x10~* —96 —12.3

Béng 5.2: Dong gop clia cac hat trong nhom SU(3)y, t6i F5P' va F231 cho A2 = 5 16n va myg = 600
GeV nhd.

0.02

Ss

-0.02

-0.04

-0.06

Hinh 5.6: Dudng bao ving dugc phép cia s5 va t1o v6i vg = 3 TeV. Cac vung mau luc, lam, cam, do
tuoi va vang bi loai trit bdi cac diéu kién can thiét tuong tng ctia g, f, M2, fi2 va djy,. Céac dudng
mau den va chdm den hién thi gid tri khong déi tuong ing v6i Sz VA Ofiys .

trén tur thuc nghiém. Dong thdi, tat cd cac dong gép cho bién do phan ra h — Zv c6
thé c6 ciing dau lam tang bién do ra, lam do léch tuong ting Hz~ €O thé 16n. V6i mo
hinh 8 = V3 va v3 = 3 TeV, do lech nay c6 thé dat duge gia tri —10, nhung van con
xa so v6i do nhay thiuc nghiem du kién du Zy = +23%. V6i cdc mo hinh c6 vg > 8 TeV,
déng gop tit boson chuan nang khong dang ké, déng gép chinh dén tir cac boson Higgs
mang dién. T d6, cdc gidi han tit oy, s& dan dén cac gidi han chit ché hon cac gid
han ctia dpz, thu duge tit thye nghiém.

5.2.2 Trudng hop 2: \j» < 0.

Véi A2 < 0, déng gop ciing dau lai xuét hien trong bien do ra h — ~v, trong khi d6 lai
xuat hién nhitng déng gép trai dau & bién do ctia phan ra h — Z~. Do vay, cac gidi han
thu duge tit dit lieu thyc nghiém kénh ra h — v du doan do sai léch piz, nhan gia tri nho
hon so véi cac gia tri tuong tng véi truong hop Age > 0.
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F331 F331 F331 33T 33T
B ss to 21,s 21,0 21,sv Y8 Yy, Spiz S
Re[FSM Re[FSM Re[F5M] Re[FSM] Re[F5M] 2l Y

V3 1073 15 —1.8x107% —16x1073 —4x1073 -32x10"% 22x1072 —-16 48
V3 =103 15 —-1.6x107% —17x1073 —4x10% -29x107% 22x1072 -2 4.2

Béng 5.3: Dong gop ctia céc hat trong SU(3)p t6i F3P' va F33! cho mo hinh duge cho trong [?]. Cac
k¥ hiéu duge 1ay tit cha thich 6 bang 5.1.

5.2.3 Qua trinh ra i) nhu mot tin hiéu méi cia mo hinh 3 — 3 — 103

Cac dong gop khéc nhau cho phan ra bac mot vong h§ — 7, Zy v6i sy = 1073, myy = 700
GeV, ti2 = 0.8 dudc minh hoa trong hinh 5.7, tuong ting v6i cdc do thi mo ta cac ty sd
|Fo1,0(hg = Zy)|/|Far(h§ = Z7)| va |Fyyu(hy = Z)|/|Fy (B3 = Z7)|, = = f, 8,0, sv. Cac

/1%%2)«55: 1073 hgayy_%: 1073
B T R T T T S S T
10
l...:\.
\
0.100 0.100 AN
o’ \\'I\~~~
,,,, \y TEmme———
0.001 0.001 -
Mo ,”
A4
\“I
1075 1075
1 _———— —_—
H Fyy.f Fyv.s Fyvv
1
1077 10—7”wHHw‘H‘wHHwHHwHHwHHwH
-15  -10 -05 0.0 05 1.0 15

Hinh 5.7: C4c déng g6p khac nhau cho ra hY — 7, Z7 phu thudc vao 5.

fermion ngoai lai néng luon cho déng gép chinh véi g du 16n. Ngugce lai, Fo 4, cho dong
gop khong déng ké. Xét qua trinh ra hJ — v, mdi tuong quan trai dau clia Fy,, va Fyp
xay ra khi 5] nho.

Cac ti s6 rd nhanh riéng phan ctia hg duge cho trén hinh 5.8. Dac diém thu vi ¢ day

s6=5x1072

s5= 1072

h3->XX)[%]

0.001 -

Br(h3->XX)[%]

Hinh 5.8: Céc tj l¢ ra nhanh ciia rd A — X X phu thudce vao B.

1a BR(hY — v7) c6 thé c6 gia tri 16n va bién doi rat nhay véi su thay doi ctia 8. Do do,
kénh ra nay 1a mot kénh day hita hen dé x4c dinh 8, mot khi A thue su ton tai. Mat khac,
BR(hY — hh) phu thuoc rat nhay vao s;: BR tang déng ké theo gia tri ting ctia ss, nhung
gia tri nay luon luon nhé, BR(hS — hh) < 1%.



KET LUAN

Nghién cttu chi tiét hai qua trinh ra ciia boson Higgs tiya SM 14 h — Z~ trong mo
hinh 3-3-18 va h — u7 trong mo hinh 3-3-1 ddo, chiing t6i thu duge cac két qua méi
nhu sau:

e Trong mo6 hinh 3-3-1 déo:
+ Xay dung dugc biéu thiic giai tich tinh ti s6 ra nhanh cac dong gép bac mot
vong cua cac qua trinh ra h — pr, u — ey.
+ Tim duge cac ving khong gian tham s6 duge phép théa man cac gidi han thic
nghiém hién nay vé ra cLFV, dong thai cho ti s6 r4 nhanh LEVHD dt 16n dé thuc
nghiem c6 thé do duge. Khao sat sy phu thuoc ctia BR ctia h — JT, [t — €7y VA0
cac tham s6 (Mg), (si;), (k1), ching toi thu duge mot s6 két qua méi nhu sau:
- Cac nguon chinh LFV 1a cac lepton mang dién ning. Dong gép bac mot vong
vao bién do ra LFV h — p7 va 7 — py 16n hon so véi ra h — 1e, pe va 7, u — e7y.
- Ty 1¢ ra nhanh BR(h — Tu,7e) vA h — pe c6 thé c6 bac O(1073 — 107*) va
O(1079), rat gan v6i gidi han dudi clia thiic nghiem gan day. Ching diing dé gidi
han khong gian tham s6 khi do nhay thitc nghiém dudgc cai tién.
- BR(7 = pv,ey) < O(107M) | rat nhé so v6i do nhay thyc nghiem hién tai.
BR(p — e) bac 16n nhat ¢6 O(1071) gan v6i do nhay thuc nghiem dy kién.

e Trong mo6 hinh 3-3-15:
+ Tim duge bicu thic tinh Br(h — Zv,v7). Ching phu thuoc yéu vao 3. F52L,
c6 thé ctng bac véi F3PL. Véi g = V/3, cac déng gbép tit boson chuan va boson
Higgs 6 thé 16n va ¢6 ciing bac, vi vay khong nén bo qua F3PL.
+ K&t qua khao sat cho thay ring c6 thé ton tai cac boson mdéi ciia BSM tao ra
déng gép cho [0puz,| 16n, trong khi van théa méan dit lieu thuc nghiem duge du
doan trong tuong lai gan |du.,| < 0.04.
+ Két qué khéo sat s6 ctia chung toi cho thay: (i) Do lech 16n 61z, -, nhan déng
g6p chinh tit H* va gid tri |ss| 16n. Hon nita, pz, luon bi chan trén béi u.,., cu thé
6112 < [041] < 0.23. Mb hinh 3-3-1 v6i 3 = /3 vi vz =~ 3 TeV, Suz, c6 thé lon
trong vung ., = 0.99£0.14. V6i do nhay du kién [0p,,| = 0.04, mo hinh nay van
cho phép |dpz,| < 0.1, nhung khong thé dat dén do nhay du kién |0pz] = 0.23.
- Bé rong ra toan phan cia h3 va BR(hY — v, Z7) 1a mot tin hiéu quan trong
dé phan biet cac mo6 hinh 3-3-1 khac nhau.
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