TAP CHi KHOA HOC VA CONG NGHE - SO 33 - TRUONG BAI HOC PHAM VAN BONG

SU XUAT HIEN CUA VAT CHAT TOI FERMION TRUNG HOA
TRONG MO HINH 3-3-1-1
Tran Dinh Tham*
TOM TAT

Hién nay nguon géc va mdt do vt chdt téi trong Vil tru & cau héi trung tam trong
Cd Vdt 1y thién vin va vat Iy hat co ban. C6 rat nhiéu bang chieng thuc nghiém da chimg
t6 Sir ton tai cua vdt chdt téi trong Vi tru. Tuy nhién, vdn dé dat ra |a: Vat chat toi duoc
cdu tqo tir hat co' ban méi nao, hay noi cach khac ing ci vién cua vt chat toi la ai? Cac
1Ng Cik Vien cua vdt chdt téi xuat hién nhur thé ndo trong cac md hinh mé réng md hinh
chudn? Viéc tim kiém vat chat tai trong thiec nghiém ra sao?... Tdt cd cac cau héi dé van
dang dwoc cac nha vdt Iy hat co ban, ca thuc nghiém va ly thuyér dang rdt quan tam
nghién cizu dé tim ra cau trd loi.

Trong bai viét nay, toi tdp trung vao viéc nghién cizu sir xudt hién cua vdt chat toi
fermion trung hoa trong mé hinh mé réng cua mod hinh chudn dé la md hinh 3-3-1-1 dé
gop phan vao viéc tim hiéu day dii hon g cir vién cua vt chdt toi.

Tir khoa: Vit chdt téi, md hinh, fermion trung hoa, ng cit vién cua vat chdt toi.

1. Mé dau

Nhiéu thap ky qua, viéc tim kiém va phat hién cac hat mai da thu hit cac nha vat ly
trén thé gigi, nham cb ging tim hiéu vé cau tric va ban chat caa Vi try. Nhitng cong
nghé quan sat hién dai cua cudi thé ky XX dau thé ky XXI chi dem lai cho ching ta
nhitng hiéu biét phan nao vé Vi try, nhung thuc sy ching ta van chua hiéu duoc nhiéu vé
ban chat ctia Vi tru. Theo thyc nghiém quan sat hién nay, Vii try chira 68,3% nang lugng
t6i, 26,8% vat chat tdi, chi cd 4,9% la vat chat thong thuong (vat chit ma ching ta quan
sat duoc) [1]. Vat chat téi (Dark Matter - DM) da duoc khang dinh vé sy ton tai cia n6
bang ca quan sat va tién doan 1y thuyét, DM duoc cho I cac hat co ban. Do do, cac hat
CAu tao nén DM ciing nhu ban chit cua ching dang 1a van dé thoi sy cua vat ly hat, thién
van hoc va vi tru hoc.

Trén quan diém cua vat |y hat co ban, cac hat DM la céc hat trung hoa, khong bj ra
hoic thoi gian sdng cua ching phai da 16n (tic 1a thoi gian sbng cia DM phai 16n hon
tudi cua Vi tru).

Nhu ching ta dd biét, phan I6n cac hat trong md hinh chuan (Standard Model -
SM) déu c6 khéi luong va khdng bén, véi thoi gian sdng rat ngan so vai tudi cua Vi tru.
C4c hat bén con ton tai trong Vi try (khéng ké photon) bao gdom: electron, cac quark u, d
va ba neutrino; trong d6 cac hat mang dién cd thé tdn tai trong cac t6 hop bén nhu proton,
notron. Electron c6 thé cho dong gop vao DM chi khi ching lién két véi cac proton dé
tao thanh cac t6 hop trung hoa nhung t6 hop nay cho mét d6 ning lwong nho hon rat
nhiéu so véi mat 6 DM do dugc hién nay. Nhu vay, trong SM khéng ton lai tng cir vién
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DM. Diéu nay khing dinh céc hat dong gop vao DM phai & cac hat mai chi ¢ trong cac
mo hinh ma rong SM.

Trude day, cac tng ctr vién caa DM la cac hat c6 khéi luong va khong tuong tac
Vi vat cht thong thuong. Ngudi ta ciing cho rang, phan ning lugng bi mét di trong cac
maéy gia tc chinh Ia tin hiéu cua vat chét téi. Tuy nhién, khoa hoc hién nay da mé rong
dang ké danh sach cac tng cir vién va cung cap nhiéu diu hiéu mai cé thé tim kiém DM.
Céc s6 lieu thuc nghiém vé tim kiém DM mot céch gian tiép cho thiy phd khéi lwong cua
DM Ia rat rong. Céc thong tin vé spin cia DM ciing khong duoc xac dinh. Chinh vi vay,
céc ung ctr vién caa DM I rat phong pht nhu neutralino, boson Higgs, axion..., trong do
c6 fermion trung hoa.

Do d6 trong bai viét ndy, toi chi tap trung vao viéc nghién ctru su xuat hién cua vat
chat téi 1a fermion trung hoa trong mé hinh mé rong ciia SM d6 1a mo hinh 3-3-1-1 va dé
XUAt phuong an tim kiém trong thuc nghiém.

2. Noi dung
2.1. M6 hinh 3-3-1-1
2.2.1. Fermion trung hoa va cac hat lepton sai

Nhém déi xung chuan cia mé hinh 3-3-1 1a SU(3)c®SU(3)L®U(1)x, trong d6
SU(3)c 1a ddi xiing cua sac dong luc hoc Tuong tir con SU(3)L®U(1)x 1a su mé rong tir
db6i xtmg dién yéu cia SM. Toan tir dién tich la tich con lai khéng bi pha v cia ddi xing
chuin Q = Ty - (1/V/3)Tg + X, 6 day Ti (i=1, 2, 3, ..., 8) la vi tir ciia nhém SU(3)L, X 1a
tich cua U(1)x. Siéu tich cia SM 13 Y = - (1/+/3)Tg + X.

Cac fermion dudi ddi xung 3-3-1 dugc sip xép nhu sau:

VaL
Y,.=le, |~(,3,-1/3); e ~(1,1,-1) 1)
N &
daL USL
Qu=1]-Uy [~ (G, 3, 0); Qz=|ds [~(3,3,1/3) (2
DaL U L
Ug ~(3,1,2/3);dy; ~(3,1,-1/3) (3)
U.~(3,1,2/3); Dy~ (3, 1,-1/3) 4)

Trong dda=1,2,3 va a =1, 2 1achi sé thé hé hay chi sé vi. C4c s6 trong ngoaic
lan Tuot 12 céc sé luong tir caa SU(3)c, SUB)L va U(1)x. N,va U, D, tuong Gng la
fermion trung hoa mai va cac quark ngoai lai. Bién tich cua cac quark ngoai lai Q(U) =
2/3va Q(D,) = - 1/3 gibng nhu cac quark thong thuong. S6 lepton cia N, bang khong
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L(N, ) = 0 khac véi v, . Vi vay mo hinh duoc goi la mo hinh 3-3-1 véi fermion trung
hoa.

Ta biét rang, mo hinh 3-3-1 vai neutrino phan cuc phai L(v, )= 0 c6 thang seesaw
rat cao (dé giai thich céc khéi lwong nho cia neutrino thong thuong) tir 10%° dén 10
GeV [2, 3]. Thang ning lugng nay la quéa cao so véi may gia téc thong thuong (¢ TeV)
nén rat kho kiém ching thuc nghiém. Tuy nhién, mé hinh 3-3-1 v¢i fermion trung hoa
[4, 5] cho thang seesaw ¢& TeV do L(Ng) = 0 va vi vdy mo hinh c6 thé dugc kiém
chtng.

Ngoai ra, mé hinh 3-3-1 véi fermion trung hoa cho ta giai thich ma tran tron
neutrino ty nhién [6, 7]. Su c6 mat cua N, thay cho v, s& dan dén mot 16p cac hat mai,
Ié dudi mot dbi xing chan Ié va co thé cung cap tng cir vién cho DM.

Dé pha v& dbi xtang chuan SU(3)L®U(1)x vé d6i xiang U(1)q va sinh khéi lugng
cho cac fermion, mé hinh 3-3-1 doi hoi ba tam tuyén vo huéng.

P
p=|p; |~ (13 23) (5)
Ps

0
m
n= 772_ - (11 31 -1/3)1 (6)
0
3

7

x=| 1 |~ @3,-13), (7
s
Trong cac md hinh 3-3-1, sé lepton va sé baryon c6 lién quan dén déi ximg U(1)L
va dbi xiing U(1)s (L s6 lepton méi cua md hinh va B s baryon méi caa md hinh).

S6 lepton L thong thudng 1a td hop cua cac vi tir chéo ciia nhém SU(3)L®U(1)L —
Ul

2

L=——T,+L 8
ok (8)

Déi xting baryon U(1)s 1a ddi xang chinh xac sau pha v& SU(3)L®U(1)s — U(1)s
B=B 9)

Tir biéu thirc (8) va (9) ta thay L 12 s6 lepton thong thudng va B 1a sé baryon thong
thuong, Ts dd biét nén ta hoan toan xac dinh duoc L va B.
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O day, cac hat trong SM van giir nguyén sé lepton ban dau. Tuy nhién, hau hét cac
hat méi chang han nhu Ng, U, D, X, Y, p,,7,va z,, mang sb lepton khac véi t nhién
cta n6 duoc quy dinh bai SM. C6 nghia 1, N, nam trong tam tuyén lepton nhung lai c6
s6 lepton bing 0; U, D 1a cac quark nhung lai c6 s6 lepton khac 0; cac boson chuan X, Y
va cac hat vo huéng p,,n,va y,,co sb lepton khéc 0. Vi vay, mé hinh nay 1a mé hinh
véi phan 16n céc hat mai mang s lepton sai con goi 1a mé hinh véi cac hat lepton sai [8].
2.2.2. Pbi xieng chuin 3-3-1-1 va W- parity

O day nhom dbi xtng chuan ctia moé hinh 1a SU(3)c®SU(3)LQU(1)x®U(I)n * Vi
vy ta goi 1a mo hinh 3-3-1-1. Cac da tuyén cta mé hinh 3-3-1-1 va céc tich N
twong Gng duoc cho boi Bang 1. Pé pha v tich B - L chung ta phai thém mot
trudng v6 hudng phic bién di nhu don tuyén ctiia nhom 3-3-1,

¢ ~(1,1,0) (10)
voi B(¢) =B(¢) =0, L(¢) = L(¢) = - 2. Pbi xttng 3-3-1-1 s& bi pha v tu phat
va cac hat trong md hinh nhan khdi lugng dung théng qua bén truong voé hudéng
¢, pr X

Bang 1. C4c da tuyén trong mo hinh 3-3-1-1 vdi tich N aweong iing

Multiplet | wa | € | var | QaL| Quz | U | G| Ur| Dur| p n| x ¢
N=e-L| 2[-1[-1]2 |0 |1 |L|4| 211 2|2
3 3 3 3 3 3 3 3

Tich chuén B - L dugc xac dinh nhu sau:

B—L:—\ETSJrN (11)

Pay 1a tich khong bi pha v& sau khi SU(3)L®U(1)n bi phd vo boi 7, p, .
Sy mo rong mé hinh 3-3-1 véi fermion trung hoa thanh md hinh 3-3-1-1 c6 thé 4p
dung cho cac mé hinh 3-3-1 thong thudng nhu mé hinh 3-3-1 ti thiéu va mé hinh 3-
3-1 v6i neutrino phan cuc phai. Cach mé rong nay twong tu nhu mo rong ly thuyét
SU(5) thanh SO(10) véi tich B - L duoc xem nhu 1a mot tich chuan dinh x.

Hién tuong luan ciia md hinh 1 rit phong pha [9]. Tuy nhién, trong bai bao nay toi
chi tap trung vao mot hé qua 1a d6i xing gian doan con du sau pha v& ddi xtimg chuén 3-
3-1-1. D6i xtig gian doan nay s& cho mot sd hat méi bén viing va chung co thé 1a tng cir
vién cuia vat chét tbi. Vi vay, dong luc gén voi sb lepton va baryon s€ khong dugc quan
tam nghién cuu.

O day, s6 lepton dugc hiéu nhu 1a mot hé qua cua bao toan tich twong tmg
v6i nhém G = SU(3)L@U(1)L. Thira sb dau tién 1a phién ban dbi xtmg toan cuc
ctia dbi xtmg chuan. Nghia 13, khi tinh toan s lepton, tit ca cac sd luong tir gan
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véi ddi xtmg toan cuc SU(3)L cho cac da tuyén ctia mé hinh giéng nhu ddi xtmg
SU(3)L dinh xt. Do d6, néu Ts va L dic trung cho sb lepton thi chung dugc xem
nhu 12 mot tich toan xt va khéng nén nham 13n véi c4c tich chuan SU(3)LQU(1)x.
Tuong tu, sb baryon B ciing duoc xem nhu 13 tich toan cuc théng thuong. Thyc té,
cdc md hinh 3-3-1 ludn ludn bao toan sb baryon. Vi viy, sb lepton L hay L tac
dong 1én md hinh 13 twong dwong véi tich N va s& duoc nhic dén thay cho N. Tém
lai, m6 hinh 3-3-1 vé&i cac fermion trung hoa va tich L (cdng thém cac neutrino mai
phan cuc phai va don tuyén vo huéng) dugce hiéu nhu 14 mé hinh 3-3-1-1, trong dé
trong tac chuan tng véi tich N khong duoc xét dén.

Mic du 1y thuyét bat bién voi cac d6i ximg U(1)L va U(1)s va L, B khéng
bi pha v& bdi cac gia tri trung binh chan khong cua #, p, . Tuy nhién, B, L nén
bi pha v& theo mdt cach nao d6 dé giai thich bat ddi xting vat chat va phan vat
chét cua Vii try, déng thoi cung cap khdi luong cho neutrino.

Nhu d3 dugc chi ra, ban chét ctia L trong mé hinh nay 1a tich dinh x@ vi n6
14 két qua cua Ts. Ly thuyét véi L dinh xtr c6 thé dua vé 1y thuyét véi tich N = B
— L. Chung ta phai pha v& hoan toan tich N ciing nhu cung cap khéi luong du 16n
cho boson chuan méi Zy tuwong g dé hat nay khong bi phat hién bdi cac may
gia toc hién tai. Diéu nay c6 thé dat dugc néu ta dua vao don tuyén vé hudng ¢ nhu

da dé cap, voi gia tri trung binh chan khong,

(#)= %A (12)

Véi nhirng vo huéng va trung binh chan khong da cho, ta ¢ thé chung
minh duoc rang parity (twong tu parity trong Mo hinh chuan siéu ddi xung t6i thiéu)
la dbi xumg gian doan con du va khéng bi pha v& sau pha v& déi xtmg B - L = -

(%)Ts +N [hay SU(3)L®U (1)n]. Parity nay Ia mot déi ximg chinh xac ciia
mé hinh 3-3-1-1 va do dé khi ké dén spin s& c6 dang:
P— (_1)3(B—L)+25 _ (_1)—2\/§T8+3N+25 (13)

P van bao toan tit ca cac trung binh chan khong dugc cho & trén. R-parity cua cac
hat trong mo hinh dugc cho ¢ Bang 2.
Bang 2. R-parity cua cac hgt trong md hinh 3-3-1-1 gom hai logi 1a cac hat lepton
sai va cac hat thong thuong

+ 1 (ordinary or weud y W Z p1 72 x ¢
bilepton particle) w 7 4N 2
- 1 (lepton sai particle) Nk UD p3 3 x12 X Y
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Chung ta thiy ring tat ca cac hat c6 sb lepton sai khac so véi ty nhién théng
thuong cua chdng nhu duoc quy dinh béi SM béi 1 don vi, vidu L(NR) =0, L(U) =
-1, L(X) = 1, L(p3) = -1 thi dwoc goi la cac hat lepton sai vai tich R-parity lé.
Nguoc lai, cac hat thong thuong la cac hat trong SM va cac hat mai co tich R-
parity chan. Nhu vay R-parity c6 ngudn gbc tir ddi xing chuin 3-3-1-1 va 1a mot
ddi xting tu nhién cua cac hat lepton sai. Hat lepton sai nhe nhét 1a bén virng do
ddi xting R-parity va c6 kha ning 1a ing vién caa DM.

2.2.3. Thé vé hwéng va khéi lwong

Néu don tuyén vd hudng ¢ c6 gia tri trung binh chan khong A ¢& thang w cua
pha v& dbi xtmg 3-3-1 thi né s& twong tac voi cac vo hudng thong thuong #, p, x
théng qua thé vé hudng. Hién tuong luan tGng véi ddi xtmg B - L bi pha v& véi su
hién dién cua boson chuan Zn s& xuat hién dong thoi voi vat 1y méi ctia mé hinh 3-
3-1 ¢ thang TeV [9]. Néu trung binh chan khong A rat 16n so v&i w, nghia 13 trudng
Higgs cho pha v& d6i xtmg U (1)n rat ning, thi ¢ sé& tach khoi thé hiéu dung cua 7,
p, x ¢ nang luong thap. Ngoai ra, Zn ciing tach khoi phd va khdng tron 1an véi cac
boson chuin ctia md hinh 3-3-1.

Ph& v& tich N = B - L c6 thé xuat hién & thang TeV hoic thang rat cao. Vi
vay, ching ta goi R-parity trong mo hinh nay la W-parity va & day W nghia la
lepton sai. TOy thudc vao khong gian tham sb ctia mo6 hinh, hat lepton sai nhe
nhat c6 thé la hat vector (X°), vo6 hudng (70 hay 7?Y), hodc fermion (NJ). Tét
ca cac hat nay phai trung hoa dién néu ching la tng ctr vién cho DM.

Bai b4o nay khong quan tim dén luc tuyén vo hudng boi su c¢6 mit cua don
tuyén v6 hudng ¢ 1a da dé cung cap khéi lugng cho cic neutrino phu hop véi thuc
nghiém. Do ddi xtimg W-parity nén cac v.r khong tron véi Nr. Ngoai ra, ngudn
gbc khoi lugng cuia Nr va vk ¢O thé dén tir cac loai pha v& ddi xung khac nhau
trong mo hinh 3-3-1-1.

2.3. Vit chit t6i va thwc nghiém tim kiém
2.3.1. Mat d¢ tan dw cua fermion trung hoa Nr

Céc hat mang sd lepton sai bao gom céac ung ctr vien cho DM X°, N2 va
H® 1a cac hat ning véi khéi luong ty 1& véi w. Tuy nhién, & day chi tinh cho
truong hop hat nhe nhat fermion trung hda N? sao cho cac két luan 1a dang dan.

Su huy ctia Nr thanh cac hat SM chu yéu théng qua cac kénh sau:

NNC > v I1H,v ve 117,09 zZH

a’ a!

Cac gian d6 Feyman cho cac kénh nay duoc cho

vl vilm v 17,q,Z

"Warla:
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N ¢ |+ N

N© N© AR NV

q°H

Quy tic Feynman cho cac qua trinh trén c6 thé tham khao tir tai liéu [10, 11].
Duva vao gian do Feynman ta tinh dugc tiét dién tan xa toan phﬁn cua qua trinh hay

nay va tu do tinh dugce trung binh nhiét cua tich gitra tiét dién tan xa va van tbc tuong
dbi cia DM dugc cho boi:

2 (2557.5GeV)*my

a
OV ) ® 14
(V) (150GeV)? m? 14)
aZ
& day ta da su dung s; = 0.231 va xp = 20. Vi ———— ~1pb va di liéu
(150GeV)
WMAP cho mat d§ tan du DM Nr (Qn h? = 0.1pb/{oviel) = 0.11), ta co:

m LMz (15)
M 2557 .5GeV
Vim, < m, tardtra dugc giéi han m,. < 2.5 TeV. Gidi han trén cho khéi

lugng Z' 1a diéu kién can thiét dam bao Nr bén, tuong ung véi thudc tinh cua
DM. Mot sb gi6i han dudi cho khdi lugng Z' da duge xem xét. Hat nay c6 khdi luong
¢& vai TeV [12, 13]. Vi vay, ching ta ldy giéi han dudi duoc nghién ctru gin day
[13], m, > 2.2 TeV. Két qud 1a, khdi luong cua Nr duge gidi han béi myg > 1.9
TeV.

Toém lai, Nr 12 DM néu c6 khéi lugng nam trong khoang:

1.9TeV=m, <2.5TeV (16)

Khbi lugng ciia Nr hoan toan duoc xac dinh thong qua khdi luong m.. hay chan

khong VEV o theo mdt ham don tri vi mat d6 tan du da dugc biét, diéu nay khac véi
céc tinh s6 duoc thuc hién bédi phén mém Mi- crOMEGASs [14]. Két qua trén cua
chung t6i phu hgp trong mét khoang 16n nhu da chi ra trong [14].

2.3.2. Thue nghiém tim kiém vat chat ti fermion trung hoa Ng

Céac thi nghiém tim kiém truc tiép DM do ning luong giat lui duoc sinh ra
do su tan xa cua DM véi hat nhan trong mot may do 16n. O mirc co ban, su tan
xa 1a do twong tac ctia DM v&i quark bi giam cam trong c&c nucleon. Trong mé
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hinh nay, dong gop chinh cho bién d6 tan xa Nr-quark dén tir kénh t v6i boson Z'
(ngoai ra co6 thé c6 dong gop khac dén tir Z boson, tuy nhién dong gop nay la rat
nho boi gidi han tron gitta Z - Z' nho). Vi vay, Lagrangian hiéu dung duoc cho
boi:

LY. _quar = NRY*NR[Gypu(aqPL + SoPr)A], (7)
& day céc hing sb twong tac lién quan duoc cho bai [10, 11, 15].

Trong gidi han phi twong d6i tinh chi c6 hai toan tir trong Lagrangian hiéu
dung ton tai (cac toan tir khac triét tiéu) nhu duoc cho bai [16].

LY _quar = 20,0 NP#N@yL0 + Ag,e NoHpsNGyuysa, (18)

0 day Aq,0 = (fq + aq)/4 cho céc toan tir 1€, trong khi Age = (fq - aq)/4 cho cac toan
ter chan.

Bién d6 tan xa Ng - nucleon c6 thé dugc xac dinh truc tiép tir cac bién do trén

thong qua thira sé dang nucleon nhu duge cho sau day [16].

L3 nucteon= Av.o NHNwypys + 2y e NN yyuysy, (19)
¢ day w la nucleon, w = (p,n), va Ay = >.q=u,d,s Aq"Aqe V6i gia tri Aq”
dugc cho trong [16], trong khi 4,,, dugc cho boi phuong trinh,

Ayo= 2 fdeor fo=2, f4=1, fi=1, f3=2 (20)

v.,0 g=u,d

Apo VA Ay, tuong ng 1a cac tuong tac ddc 1ap spin va phu thude spin.

D6i voi hat nhan 16m, tiét dién tan xa cta hat nhan véi Nr duoc tang cuong boi
tuong tac doc lap spin, trong khi khdng c6 sy ting manh dén tir trong tac phy thudc
spin [16]. Vi vay, dong gop cha yéu cho tiét dién tan xa dén tir twong tac doc lap
spin dugc cho boi phuong trinh,

4 2
oS = 28 (2,7 + 2, (A-Z))? (21)

—nucleon —
T

& day Z 1a dién tich ctia hat nhan, A 1a s khéi va

,UA_M 1 _ Ao _ 3(2S, - 9°) o g°

_ g =Teo A=l 9 22
my +m, ° 2 16(3-4S;)m.. 2 16m>. (22)

S6 liéu thyc nghiém vé tiét dién tan xa giita Nr va nucleon duoc xac dinh
boi két qua trén bang cach lay trung binh trén mot nucleon,

O-NR—nucIeon

4k Z A-Z
Sl — nucleon ﬂ, —+ﬂv 2 23
- (4, A n(—A ) (23)
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mNRmp]n
Moscleon = ® Myienn (24)
mNR + mpyn

Gi6éi han thuc nghiém manh nhat vé tiét dién tdn xa gitta Nr VA
nucleon hién tai duoc cho boi thuc nghiém XENONZ100. Pbi v6i hat nhan Xe
vol Z = 54, A= 131, Vé. Mnucleon = 1 GeV, gz = 47[(%/8; voi a = 1/128 Vél Sv% =

0.231, chang ta cé:
) em? (25)

Sl
O-NR—nucIeon

~29.10 9 Y
m._.

z

Véi gioi han khoi lugng Z' dugc cho & trén, m, > 2.2 TeV, ta co;

ON, —nuckeon < 1,2.10° cm? (26)
Gidi han nay dédng ngac nhién vi phu hop voi gidi han dugc cho boi thuc
nghiém XENON100 [17] va phu hop véi mot sd cong trinh duoc céng bd gan day

[18, 19, 20], véi DM c6 khdi lugng trong mién TeV.
3. Két luan

Bai bao da chi ra dugc md hinh 3-3-1 ¢ thé thém vao mot d6i xing U(1)n bién doi
theo d6i xang chuan. M6 hinh nay dya trén nhéom ddi xing chuan
SU(3)c®SU(3)L®U(L)x®U(1)x cho tich B - L 1a mét tich cua dbi xiing SUB)LOU(L)n.
Sy phé v& B - L sinh ra mot dbi xing du W-parity tuong ty nhu R-parity trong siéu dbi
xtng. DS xang nay gilp ta phan loai phd hat trong md hinh thanh hai loai: Hat thong
thuong mang tich chan, cac hat lepton sai mang tich 1¢ 1a cac hat méi khdng c6 trong mo
hinh chuan. Vi vay, céc hat lepton sai nay c6 thé dong vai trd ¢ng cir vién DM.

Két qua nghién ciru ciing cho thay, néu hat lepton sai nhe nhat 1a fermion trung hoa
thi n6 c6 thé 1a DM néu khéi lugng cia né nam trong khoang 1.9 TeV< mnr < 2.5 TeV
va khéi luong cua boson chuan trung hda Z’ ciing phai thoa man gisi han 2.2 TeV< mz <
2.5 TeV.

Véi nhitng ndi dung da trinh bay & trén c6 thé nhan manh ring, két qua nghién cau
cua bai b4o so voi mot s cong b gan day thé hién tinh khac biét & chd, mé hinh nay giai
quyét triét d¢é van d& DM ma cac mé hinh trudc day chua giai quyét mot cach tot nhat.
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EMERGENCE OF NEUTRAL FERMION DARK MATTER IN THE 3-3-1-1
MODEL

Tran Dinh Tham?
ABSTRACT

The origin and density of dark matter in the Universe are currently key questions in
both astrophysics and particle physics. There has been lots of experimental evidence that
proves the existence of dark matter in the Universe. However, the question is what new
elementary particles is dark matter made of. In other words, who are the candidates for
dark matter? How do dark matter candidates appear in models that extend the standard
model? How is the search for dark matter conducted in experiments? These questions
are still being studied by particle physicists, both experimental and theoretical, to find
answers to these problems. In this article, we focus on studying the appearance of
neutral fermion dark matter in the extended model of the standard model, the 3-3-1-1
model, to contribute to a more complete understanding of the candidates for dark matter.

Keywords: Dark matter, model, neutral fermion, dark matter candidates.
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