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ABSTRACT

The forward-backward asymmetry AFB in top quark pair production is
probably related to the contribution of new particles. The results from
Tevatron’s forward-backward asymmetry in top quark pair production
deviate from the standard model prediction at the level of 2 sigma,
which motivates the application of alternative models to introduce new
states. However, as the standard model predictions for the total cross

section o, and invariant mass distribution My for this process are in

good agreement with experiments, any alternative model must reproduce
these predictions. These models can be classified into two categories.
One introduces the s-channel exchange of new vector bosons with chiral
couplings to the light quarks and to the top quark; the other relies on the
t-channel exchange of particles with large flavor-violating couplings in
the quark sector. In this work we employ the minimal version of the

SUBR)c ®SUB), ®@U(1) y model (3-3-1 model) to introduces both s- and

t-channel nonstandard contributions for the top quark pair production in
proton antiproton collisions. The result reinforces the role of the 3-3-1
model for any new physics effect.

TOM TAT

Bdt doi xig tién - hii ciia top quark dwoc dy dodn c6 lién quan dén su dong
g0p ciia cac hat moi. Két qua tai Tevatron vé tinh todn bat doi ximg tién i thi
co hon 20 do léech chudn so véi tir dw doan ciia mo hinh chudn va dé la by do
thiic day viéc dp dung cdc mé hinh mé réng vao cdc hién twong vit 1y moi.
Tuy nhién, nhir cac dy dodn ciia mé hinh chudn cho tiét dién toan phan o, va

sw bat bién trong phan bé ciia khoi heong My, cho qud trinh nay la phit hop tot
Vi thuc nghiém, do do bat ky mét mé hinh mé réng nao ciing phdi théa man
yéu cau nay. Trong mé hinh chudn mo réng 6 sw dong gép cuia Z' boson ¢ ca
hai kénh: mot dya vdo sy trao doi vector boson méi véi twong tic chiral dé
néi cac quark u, d va quark top & kénh s, va mot dya trén sy thay doi ciia cdc
hat vi lon voi vi pham khop noi o kénh t. Trong bai bao nay, chung toi st dung

mé hinh 3-3-1 t6i thiéu SU(3)- ® SU(3), ® U(1)  dé xét ca hai dong gop trén
trong va cham proton - phan proton. Két qua ndy sé cing ¢é vai tro ciia mé
hinh 3-3-1 cho cdc hiéu wng vdt [y m&i ma vt Iy hat sé gap phdi trong twong
lai gan [2].
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1 GIOI THIEU

Nhu mot tat yéu cua khoa hoc, tr md hinh
thdng nhat twong tac dién tir va twong tac yéu cia
S.L.Glashow - S. Weinberg - A. Salam (GWS) két
hop v6i "Sic dong hoc luong ti" (Quantum
Chromo Dynamic - QCD) mé hinh chuan
(Standard Model - SM) mé hinh théng nhét twong
tac dién yéu va manh ra doi. Thanh céng 16n nhat
cia md hinh chuén 1a théng nhit dugc cic tuong
tac vat 1y bing mot nguyén 1y chudn (cac dbi xtng
chudn), tim ra cdc boson chuin véi khdi luong
duoc tao ra bang cach pha vo ddi xung tu phat.

Tuy ¢6 nhiéu thanh cong, nhung mé hinh chuén
con mot s6 han ché, khién n6 khong thé 1a mé hinh
thong nhit twong tac cudi cing. Do do, ching ta
can phai mo rong mé hinh chuén. Cé nhiéu mod
hinh chudn mé réng nhu mé hinh chuan siéu ddi
xtng t6i thiéu (MSSM), md hinh dbi ximg phai
trai, va cdc mo hinh 3-3-1...

Su van hanh cia cac may gia toc & cac ving
nang lugng cao hon da tao da cho cac nghién ctru
cua vat 1y hat trong tuong lai. May va cham LHC
la mdt cong cu dién hinh. May st dung hai chum
proton gia tbc v6i tbc do rat cao sau d6 cho va
cham vao nhau theo kiéu d6i dau. Vi proton cAu tao
tir 3 quark gom: uud nén day 1a t6 hop rit phuc tap.
Hon nita do proton mang dién duong nén khi
chung tién sat vao nhau thi lyc diy Culdng tré nén
rat 16n, do d6 xay ra ca nhitng qua trinh khong xac
dinh (underlying event) dan dén sy xuat hién cua
cac phan quark. Tan xa quark va phan quark 1a mét
qua trinh phtre tap, co nhleu thong s6 can dugc tinh
toan va klem chimg véi sb lidu thuc nghiém. Bat
d6i ximg tién - 10i cua top quark 1a mot qua trinh
nhu vay.

yovil Iy md@?
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Trong thoi gian gan déy sb liéu vé bat ddi ximg
tién - 10i cua top quark co sy sai khac giira ly
thuyét va thyc nghiém, do d6 viéc giai thich sy sai
khac giita 1y thuyét va thuc nghiém dang 1a van dé
néng hoi. Trong md hinh 3-3-1, v6i su tham gia Z’
boson vao ca 2 kénh s va ¢ trong tan xa quark va
phan quark, hira hen 161 gidi thich thoa dang cho
van dé Agg cla top quark. Mat khac, khéi luong
ctia top quark nam trong tAm ngim cua cac may gia
téc nhu LHC vi vdy cac tién doan vé ching s& d&
dang duoc thuc nghiém kiém chimg.

Di ¢6 rat nhidu cac nghién ciru vé van dé nay
nhung chi yéu & goc do tinh toan, mé phong bang
may [2-18, 24-26]. Do @6, s& rat thu vi dé nghién
ctru tinh bat ddi xtmg tién - Iui cta cac quark trong
c4c mo hinh chuin mo rong bang tinh toan cu thé
sau d6 so sanh voi thuc nghiém kiém chimg su
dung dan duy nhét ciia mé hinh chuan.

2 VAT LY MOI VA THUC TRANG
NGHIEN CUU BAT POI XUNG TIEN - LUI
CUA TOP QUARK

Cac md hinh chuin mé rong (gdm ca cac mod
hinh 3-3-1) 4p dung cach m¢ rong theo cach xét
cing mdt truong nhu md hinh chuan, nhung c6 cac
trong tic moi. M6 hinh chudn chi dang ¢ mién
ning luong thip ¢& 200 GeV, la mién ning luong
ma gbéc tron Weinberg va Lagrangian cia dong
trung hoa da duoc xdc dinh. Nhitng qué trinh ¢
mién nang lugng cao hon 1a mot bi an. Vay “vat ly
moi” 1a qua trinh nghién ctru cac hién tuong vat ly
& mién ning lugng cao hon mién nang luong cua
SM. Theo SM thi bén trén mién nang lugng
ctia md hinh chuén s& khong ton tai qué trinh vat
ly méi, goi la "sa mac 16n" (grand desert) xem
Hinh 1.

varl 1f mdi? 4—
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“gamac ldn”

Hinh 1: Vit ly méi

Theo céc 1y thuyét thong nhét thi "vat Iy méi"
chi hién dién ¢ mién ning luong rat cao (c& ning
luong Planck) trén ca sa mac (phan elip). Theo
nhiéu nha khoa hoc thi "vét ly méi" co thé nam
ngay trong mot mién ning lugng khong qué 16n so
v6i md hinh chuan (phan tron). Cac mo hinh 3-3-1

khai thac theo kha ning thur hai dé di tim cac tin
hiéu vét ly méi.

Két qua thuc nghiém tir cic may gia téc 16n
nhu LEP, SLAC, Tevatron vv. phu hop véi tit ca
cac du doan ctia md hinh chuén. Tét ca cac hat du
doan d6 da dugc phat hién ké ca hat Higgs. Tuy
nhién, mot s6 dau hiéu cho thdy mé hinh chuan
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khong thé giai thich tat ca cac két qua thuc nghiém.
Vi dy, tor dao ddng cia neutrino va goc tron
Weinberg vv. Mot dau hiéu khac cho thay nhiing
kho khan phai d6i mat véi thuc nghiém xuét phat
tir bat ddi xing tién - 1ii cta top quark (Ar) do tai
Tevatron trong va cham proton va phan hat cua
ching. Pay 1a van d& nong hoi can dugc quan tim
dic biét. Do do, cac may gia tdc 1on hang dau thé
giéi nhu LHC da kiém chung va cho ra khong it
nhiing s6 liéu chinh xéac [2-7, 13-25]. Nhu vy, sau
hat Higgs nhiéu thi nghiém nira con phai tiép tuc
dé giai ma mot so bi an khac, d6 1a bi an vé vat
chit téi, sy vi pham sb lepton... Nhiing van dé
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nong hdi nay khong co trong mé hinh chudn, véi
nhitng mo6 hinh chuin mé rong cac nha vat Iy hat
da va dang giai ma nhimg vén dé trén.

Trudc khi d&én véi cac mo hinh mé rong ching
ta xét bat ddi ximg tién - Iui cua top quark trong
md hinh chuan. Trong mé hinh chuan bat ddi ximg
tién - Iui cta top quark duge xac dinh qua dong
gop cua cac hat truyén: photon, gluon, W, va Z
boson. Trong d6 gluon, photon va Z boson cho
dong gop & kénh s va W cho dong gop ¢ kénh ¢ [3,
14, 15] nhu cac gian d6 Feynman trén Hinh 2.

~l

d

Hinh 2: Gian d6 Feynman cho SM

) Néu ta xét trong mo hinh 3-3-1, bat ddi ximg
tién - lui cua top quark dugc xac dinh thong qua
cac gian do Feynman cho boi Hinh 3.

Trong m6 hinh 3-3-1 c6 thém dong gop cua Z’
boson ¢ ca kénh s va ¢. Thuc nghiém & cac trung
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tam nghién ctru 16n hang dau thé gioi (CDF, DO -
LHC) di chung t6 rang gia tri bat doi xung tién ui
ctia top quark 16n hon nhiéu so véi tinh toan ly
thuyét cia SM mdc du sy phan bd khéi lugng va
d6 léch chuin cho két qua phu hop [2-26].
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Hinh 3: Giin d6 Feynman cho mé hinh 3-3-1

Bét d6i xtng tién - I0i cta top quark dugc giai
thich tir dong gop cua vét ly mai, dong gop cua 2’
boson. Bong gbép cua kénh s, kénh ¢, va thanh phan

trung gian, ¢6 thé cho mot gia tri Aps dwong phu
hop vai thyc nghiém.
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2.1 Doéng gop cua Z' boson vao bt déi xirng
tién - lui cia top quark trong mé hinh 3-3-1
_ Xét dong gop cua Z' boson trong m6 hinh 3-3-1
toi thiéu & céa hai kénh s va ¢. Pong gop ¢ kénh s
(xem Hinh 4).

Hinh 4: Giin d6 Feynman cho kénh s

Lagrangian cuia dong trung hoa c6 dang
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Biéu thire cua bién d tan xa duoc viét (chiing
ta chon chuan t’Hoot Feynman cho don gian):
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kénh s, dan dén binh phuong bién do tan xa c6 biéu
thirc sau:

2 32g%g",
M| =
o, (2cos€w)41:(k27m;)2+m§.1"§.]X ©)

{(c*+6c" +D(pk)* +(c* =1V (pk, ) +(c* =D pyp,)m |

Dé chung t6 cac két qua vat Iy khong phu thudc
vao phép chuan ta lam viéc vdi chuan khac vi du
, , —kyk,,
chuan unita, khi d6 s6 hang 5
mZ.
dong gop. Noi cach khac cac két qua vat Iy khong
phu thudc vao phép chuan.

khong cho

Dbi voi kénh ¢ thye hién mot cach twong ti
kénh s (xem hinh 5). Trang thai dau la u, trang thai
cuoi la .
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Hinh 5: Gian d6 Feynman cho kénh t
Két qua binh phwong bién do & kénh ¢ 1a
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Thanh phan giao nhau gilra kénh s va kénh ¢
duogc xac dinh thong qua bi€u thire sau:
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Luu ¥ rang ching ta s€ ap dung cdc cong thirc
co hoc tuong doi tinh [1] cho hé khoi tam.

Nhu vay, binh phuong bién do tan xa véi dong
gop cua Z’ boson & ca hai kénh s, ¢ dugc viét lai
nhu sau:

4 4
32g g'y
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Thé cac gia tri (6,7,8) ~vao phuong trinh (9) va
ap dung co hoc tuong doi tinh cho h¢ tan xa ta
duoc gia tri cua binh phuong bién dg.

2
+

P ©)

S *t t *s
Jer1 ><Mf1 Jer-1 XMﬁ

2
up |

2
(02+1)2 S—Jrf(ffm )00526’ —my (c 71)7720 sf 7m$ cos @
8 2 4 2 4

4 4
32g g"y

2 2 2 2 2 278 s 2
+ (=D (piky) +| (4D +4c” | = (—=m))
7 2 2{ 152 [ ]2 S }

(2cos b ) (t—mz)

2 "M 4 2
ZgAgAg (k ,mz,)

7.2 2 4
I:(k —my) +mZ'rZ':|(t —mZy)(2cos€)W)

(10)

2
s s s s s

x{(cc'+ 1)2[—+ f(f-mtz)cosze] + 2mt2(cc‘— I)(cc'+1)——=(c +c)2 2sV's f—mtzcos 9}.
8 2 4 2 4

3 TiNH BAT POI XUNG T}EN —LUI
CUA TOP QUARK TRONG MO HINH 3-3-1

Theo dinh nghia ta c6
°F ~°B
Apg = ——— (11)
GF + GB
hay:
SM SM NP NP
GF —O'B + GF —O'B
AFB="SM SM NP NP
UF + GB + GF + GB (12)
Yo >
= Als;]l\; X ’sM A};\g X ONP .
c 2o
Va su dung
My
do) My M 0
= T
dQ /om 4.64sn |p|

Tir (13), lay tich phan theo ¢ va dcos6 va theo
[2] ta sir dung s6 lidu sau:

M; =171 GeV; \/; =1960GeV; mz = 400GeV;
r, =43GeV;

U11=0.933; U;5=0.766, Ayy =0.051; Sog,, =
7.62 pbar.
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Ding phin mém tinh toan (Mathermatica,
Matlab vv.), ¢ ddy tac gia dung phan mém
Mathermatica s& thu duoc gia tri bat ddi xtng tién -
lui cua top quark trong mo hinh 3-3-1

tdi thiéu 1a
> ONP

sM_ Zogy

NP
App = A *

+Apg X ~ 0.15

(14)

9

Nhu vay, khi chiing ta c6 cac dir liéu dau vao
cu thé, ta c6 the tinh dugc bat doi xting tién - lui
cia top quark. So vo&i gia tri thuc nghiém

Ay =0194007+002[2, 3], ta thly gid tri tinh

toan theo (14) c6 thé chdp nhéan trong pham vi sai
s6 cho phép. Cac mé hinh 3-3-1 di cho céu tra 16
thoa déng vé van dé bat dbi xtmg tién - 1ui cua top
quark. Két qua nay da cing c¢b thém vai tro cta cac
mo hinh 3-3-1 trong viéc nghién ctlru "vat ly méi".

4 KET QUA PAT PUQC

Trong bai bdo nay chung t6i da xem xét mot s6
khia canh cua cac mo hinh 3-3-1. Tir 0, ta di dén
giai thich tai sao trong cac mo hinh chuin khong
giai thich duoc s6 liéu thuc nghiém vé bat ddi xung
tién - 1ui cua top quark. Téc gia ciing tinh toan su
dong gop cua photon va Z boson trong md hinh
chudn vao bat dbi ximg tién - Iui cia top quark
trong mé hinh chuan. Tinh toan va giai thich dwoc
Arp trong md hinh 3-3-1 va so sanh véi két qua
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thuc nghiém. Tir viéc nghién ciru nhitng van dé
trén, t6i rat ra nhitng két luan sau ddy trong mo
hinh chudn Arg sai khac kha xa so voi thyc nghiém
1a do trong mé hinh chuin chua xem xét tinh toén
hét cac hiéu tmg vat Iy mdi, ma cac hiéu tng nay
chi c6 ¢ thang nang lugng cao. Photon khéng lam
cho tan xa proton c6 bat ddi xtng tién - lui. Z
boson cho dong gop voi gia tri am. Dé tinh toan va
giai thich dugc vin d& Aps ching ta can xét mé
hinh 3-3-1 véi sy tham gia ciia Z’' boson & ca hai
kénh s va 1 & nang lugng c¢& TeV. Cac két qua vat
1y khong phu thudc vao cac phep chuin. N6 1a bét
bién trong cic phép chuan Dé tinh duoc Agg tac
gia da tinh bién do va tiét dién tan xa gitra quark va
phan quark bang cach st dung 1y thuyét tan xa va
dic biét 1a quy tic Feynman. Nhu ta dd néi ¢ phan
truge, "vat Iy méi" co thé nam ngay trong mot
mién ning lugng khong quéa 16n so véi mod hinh
chuan. Cdc md hinh 3-3-1 da khai thac c4c tin higu
vat Iy méi theo kha nang nay va da dat dugc nhitng
thanh cong dang ké. Viéc tinh toan va giai thich
duoc van dé bat ddi ximg tién - lui cia top quark la
mdt trong nhimg thanh cong cua cic mé hinh
chuén m¢ rong. Pidu d6 goép phan cing cb vai tro
cua cac mo hinh 3-3-1 trong viéc khai thac cac tin
hiéu mai.
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