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ABSTRACT

We studied the seesaw realization of seven textures of the neutrino mass
matrix with two zeros, which were presented by Frampton, Glashow and
Marfatia. It is found that once the Dirac neutrino mass matrix is fixed,
only texture A, out of the seven textures is realized by the seesaw with
three textures of heavy Majorana right handed neutrino (RHN) mass
matrix. As a consequence of the seesaw mechanism, the out of equilibrium
decay of the lightest RHN generates a lepton number asymmetry. By the
sphaleron process, this lepton asymmetry is converted to the asymmetry of
baryon number (BAU), which is called leptogenesis. By a proper-choice of
parameter space of the model satisfying the low energy experiment data,
the BAU is successfully explained by both flavored and unflavored
leptogenesis of the model. It is also shown that the predictions of Dirac CP

violation phase, d, ,

can be constrained by the current observation of baryon asymmetry
(BAU).

TOM TAT

for some fixed parameters of high energy physics

Chiing t6i nghién ciru co ché seesaw dé sinh bay ma tran khoi lwong
neutrino voi hai phan tir bang khéng, cac ma trdn khoi leong nay dugc dae
xudt boi Frampton, Glashow and Marfatia. Ching t6i tim thdy rang, mot
khi ma trdn khoi lwong neutrino Dirac diege cho trude, thi trong bay ma
tran khoi lwong neutrino noi trén, chi co cdu tric A; duoc sinh ra voi ba
cau triic khdc nhau ciia ma trdn khéi lwong ciia cde Majorana ndng phdn
cwe phai (RHN). Mot hé quda vt Iy ciia co ché seesaw d6 la cdc qud trinh
phdn rd phi can bang ciia cac RHN tao ra bat doi ximg soé lepton. Nho vio
qud trinh sphaleron, bdt doi xirng leptonton chuyén thanh bat doi xirng vt
chdt - phan vt chdt cia vii tru (Baryon Asymmetry of the Universe —
BAU), chung ta goi la leptogenesis. Thong qua viéc lwa chon khong gian
tham sé cia mé hinh théa man sé lieu thuc nghiém o muc nang luwong
thdp, mé hinh da gidi thich thanh céng BAU trong ca hai truong hop
flavored va unflavored leptogenesis. Chiing téi tim thdy dwoc mién gida tri
tién doan cua pha vi pham CP Dirac, Ocp s cé thé duoc co dinh boi 56 liéu

thyc nghiém ciia BAU.
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1 GIOI THIEU

Nhing két qua thi nghiém vé dao dong neutrino
cho ta nhitng bang chiing chac chan vé sy dao dong
neutrino. Két qua thi nghiém vé dao dong neutrino

khi quyén cho thay rang hai thé h¢ v, va U, tron
= 45°). Trong khi d6, thi

nghiém d6i voi neutrino mit trdi cho thiy goc

lan tuyét déi (o,

tron giita hai thé h¢ v, va v, la gan tuyét ddi

(012
neutrino tir 16 phan mg hat nhan va may gia tdc

~ 34°). Ngoai ra, tu s6 lidu thi nghiém

cho ta gi6i han goc tron giita hai thé hé v,va v, la
nho (@, <11°). Mac du nhing tinh chat cua

neutrino ngay cang dugc sang td nho nhitng thi
nghiém khac nhau, nhung nhiing van deé lién quan
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dén sy vi pham sb lepton (leptonic CP violation) 1a
hoan toan chua 16 rang.

Hiéu duge ciu trac tron cla neutrino trén co s&
ly thuyét 1a mot trong nhiing van dé ly tha nhat cua
vét 1y hat co ban ngay nay. Céu trac tron cua khu
vuc lepton ¢ thé duogc md ta bang ma tran 3x3
unitary U, .- Ma trdn nay chia ba géc tron

(6,,,0,,,0,,), ba pha vi pham CP (5, p,, f3,)-
12:015, 5 ) cung
v6i hiéu binh phuwong khdi Iluwgng neutrino
(Am221 = mz2 _mlza‘ Am32] = m; _mlz |) c6 thé
xac diqh tir cac thi ngh‘iém an dong neutrino.
Theo so liéu thong ké gan nhat thu dugc tr cac
sd liéu thuc nghiém [1], & d6 tin cdy 30, ching
ta co:

Bon trong sau tham sb nay (g 0,,,

0.27 <sin;, <0.37, 0.34 <sin}, <0.67, sin}, <0.05,

7.12< Am},[10°eV?]<8.20, 2.31<|Am}|[107eV?] < 2.64,

Tuy nhién, pha vi pham CP Dirac la tuy y
(0 < 8 < 2x). Cac thi nghiém dao dong neutrino
hién nay dang tién hanh xac dinh chinh xac do 16n

N A , 2 N A 12 , ’
cua 6, dau cia Am;, va do 16n cua O . Thi

nghiém neutrinoless double beta decay (OUSS ) s&
gitp ching ta xac dinh khéi lwong hiéu dung

{

1ap c6 thé do tir thuc nghiém. Ma tran khéi luong
neutrino, mot cach téng quat 1a ma tran phirc ddi
xtng 3x3. Ma tran nay c6 muoi hai tham sé thyc,
trong d6 co ba pha bt ky twong tmg ba thé hé
lepton, tirc 1 con chin tham sb thuc. Nhu véy, hai
tham s6 doc 1ap con lai khong c6 kha nang do dac
tir thuc nghiém, hay néi cach khac khong co thi
nghiém co thé x4c dinh hoan toan dwoc ma tran
khdi lwong neutrino.

mee> |. Nhu véy, tong cong c6 bay tham sé doc

Nhu vay, van dé dit ra 1a chung ta phai tim
cach giam bot s tham sb trong ma tran khéi luong
neutrino. P.H. Frampton [2] tim thdy c6 bay ciu
tric ciia ma tran khoi lwong neutrino véi hai phan
tr ma tran bang khong thoa man viéc mo ta s liéu
thuc nghiém hién nay. Tuy nhién, cac tac gia [2]

0 0 x 0 x 0
A0 x x|; 4,1 x x x
X X X 0 x x
x 0 x 0 x
B,:]0 x x|; B;: 0 x
x x 0 X X X
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(M

chi d¢ xuat ma tran khdi luong neutrino ma khong
giai thich co ché sinh ma tran khéi luong nay. Dé
giai quyét van dé nay, Atsushi Kageyama [3] sir
dung co ché seesaw dé sinh ma tran khéi luong
neutrino.

Sau khi ma tran khéi lwong neutrino véi cu
trac zero dwoc sinh ra bing co che seesaw, Vviéc
nghién ctru cac hiéu ung vat 1y tiép theo, ching
nhu leptogenesis ..., dd khong dugc nghién ctru chi
tiét va day du. Trong bai viét nay, ching t6i nghién
ctru chi tiét co ché seesaw trén co sé ma tran khéi
lugng cua cac lepton mang dién 1a chéo va thyc.
Sau d6 chung t6i nghién ciru lam thé nao bat ddi
xting vat chat va phan vat chit (bat ddi xing
baryon - BAU) duogc giai thich thong qua qua trinh
leptogenesis.

2 CO CHE SEESAW SINH MA TRAN
KHOI LUQNG NEUTRINO

Nhu dd d& cap o trén, theo [2], c6 bay cdu tric
ma tran khdi lugng neutrino, 2, , ¢ hai phén tr
triét tiéu thoa man viéc mo ta sd lidu thuc nghiém
nhu sau:

X 0

X x |2

0 x x

x x 0 X X X
x x x[;C:x 0 x|
0 x 0 x x 0
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Trong d6 ky higu "x" d¢ chi cac phin tir khac c6 thé tim duogc cdu triic cua M, tir (2), tic 14 chu
khong. Cac ma tran khoi Iuong nay, mot cach tong

quéit c6 thé sinh ra tir co ché seesaw: trac cua M, phu thudc vao cau tric cia m,.O

m, = _mg M;l m,, ) day, c’hl'mg t6i st dung ma tran khéi lwong m »
theo cau truc Fritzsch [4]:

Trong d6 m, 1a ma tran khdi lugng neutrino ;
& d ' one 0 @™ O
Dirac, M ,la ma trin khdi luong neutrino j j
. R ' ' uong m, =vY, =vp| @e?” 0 €71,
Majorana nang phdn cuc phai (Right Handed 0

Neutrino - RHN). O day ching ta loai trir kha nang 0 e K
cac phén tlr zero cua 1, nhan dugc tir sy triét tiéu . . . A
x N . . Trong d6 v =174 GeVva Y la ma tran
ngau nhién cua cac phan tir cua hai ma trén m , va i , : ) a1
twong tac Yukawa cia neutrino Dirac. Khi do, chi

M , . Khi do, mot cach tong quat, cac phan tur zero duy nhat ma tran khdi lugng neutrino theo cdu tric
cua m, phai dén tir cac phan tir zero cia m ,va A4, méi dugc sinh ra tir co ché seesaw vdi ba cdu
M , . Néu cho truée cau triic ciia m, thi ching ta trac khéc nhau cia M , xéc dinh duge nhu sau:
0 ¢ O 0 ¢ O 0 ¢ O
M,=lc 0 b|(I); My=|c b O0|); M,=|c 0 0], 4)
0 b a 0 0 a 0 0 a
O day ching ta gia st rang tat cd cac phan ti Trong d6 V), la ma trn chéo hoa M, , tic 1a

cia M, 1a thuc. Do M, la thyc nén thanh phan

chu yéu cua leptogenesis dén tir ma tran khdi luong
neutrino Dirac (3). Ngoai ra, chung ta can phai st

Ve MV, =Diag.(M,, M,, M,).Saudiy

chung t6i 1an Iuot thuc hién chéo hda cac ma tran

dung hé co so md M, 1i chéo va thyc dé tinh x4

leptogenesis. Trong h¢ co s¢ nay, ma trén twong 2.1 Truong hop I

tac Yukawa neutrino Dirac bién d6i nhu sau: Trong trudng hop ndy, céc phin tir khic khong

Y =>Y = VRTYV . 5) cia cua M, xac dinh dugc nhu sau:
A=) = )1 +7) 12 5 12
—X — X X
a=M(1-y+xy), b=M,| = LR =M —— |, ©)
l-y+xp I-y+xp

trongdé x=M,/M,, y =M,/ M,,va céc phan tir cia V,tinh dugc nhu sau:

V :|: l—y :|1/2 V :|: x(1+xy) :|1/2 V :|: xys(l—x) :|1/2
lan-op)1-y+xn) | T [ A+A-p)A-y+xr) | T8 A=)+ A=y +xy) |

, { x(1-y) } ) z[ ey r v {M} ™
Tl a+nd-x) | 7 la+0a+n | TP | (-0)d+y) |

Vz{ (1 =x)(1+ ) } Vz{ y(1=x)(1-) }”ZV:{ (1=1)(1+%) }

I+ x)(1=xy)(1 =y +xy) I+ x)(1+ )1 =y +xy) (I=x)(1+y)(1~y+xy)
Ma tran tuwong tdc Yukawa neutrino Dirac trong h¢ co sé méi c6 dang nhu sau:

@e"V,, @e"V,, @e"V,,
o _ 1T _ ip ip ip ip ip ip
T, =V]Y, = p| @V, +e%V, @V, 4", @V 1, | ®)
i, i. i,
eV + V5, eV, + KV, eV + KV,

Ngoai ra, tir (2), (3) va (4-I), ta tim dugc biéu thirc trong minh ctia ma tran khdi lwong neutrino nhu sau:
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(€]

2 i2¢
w e
0 _— 0
C
s 5| @ (wbe'” —ce”)’ xce'” + e (ae'” —kb)
m,=0p 2
C ac ac
0 Kce'” +we'” (ae'” — kb) K
ac a
d& thay ma tran nay c6 céu triic 4> nhu ky vong.
2.2 Truong hop II va P=Diag.(i, 1, 1).Céc thanh phin cta
Trong trudng hop ndy ma tran ¥, dugce tham sb

hoa nhu sau V, =V, P, trong d6 V,1a ma trén
tryc giao c6 dang nhu sau:

cos@ sind 0

) 2/MM,
Ve=|sin@ cos@ 0| tan20=———=(10)

0 0 1 M, ~M

—@e” sinf  we” cosl
Y, =VY =p| @e”cosd w@e” sind

0

e”/’z

M, xac dinh dugc nhu sau:

a=M,, b=M,-M,, c= MM, . (11

Ma tran tuong tdc Yukawa neutrino Dirac trong
hé co s6 mdi c6 dang:

—@e” sinf

€ cosd

K

(12)

Tuong tu nhu trén, ma tran khéi luong neutrino 1, theo chu trac A, tim duoc tir (2), (3) va (4-11) c6 biéu
thirc tuong minh la:

2 i2¢
@ e
0 0
c
” 5 : ,
, | @ e e’ (ck +awe”)
m,=v"p (14)
¢ a ac
0 e’ (cx +amwe™) K
ac a

2.3 Trwong hop 111

Trong truong hop nay hai RHNN, , N, co
khéi lwong suy bién (trc & M \=M,),
ViMV,=Diag.(M,, M, M,)va

ma
tran tryc giao V7, c6 dang:
cosd sind O
Ve=|-sin@ cosf O0]|, 0=-_F%- (15)
0 0 1
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O day chung t6i chon @ =7/4, khi d6 hai
phan tir khéc khong ctia M, cho béi:
a=M,, c=M =M,. (16)

Lic nay ma trdn tuong tdc Yukawa neutrino

Dirac trong hé co s M, chéo va thuc c6 dang
nhu sau:



Tap chi Khoa hoc Truong Pai hoc Can Tho

—we? | \/5 @e'” | \/E

Y, =ViY =p e’ N2 we” /N2

e"ﬂz

0
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—we?” | \/5

Twong ty nhu trén, ma tran khdi lugng neutrino m,, tim duoc tir (2), (3) va (4-11I)

2 _i2¢
@’e

0 Lec
c

2 i2 i2

o o el ? e’ (2]
m,=0"p

c a

0 e (cx +ame™)
ac

3 GIA TRI CAC THAM SO CUA MO
HINH TU SO LIEU THU'C NGHIEM

Pé xac dinh gia tri cua cac tham s6 ctia md
hinh, chtng t6i dua vao $6 liéu thuc nghiém tir dao
dong neutrino cho ¢ (1). Trudc tién ching ta chéo
hoa ma tran khéi lugng neutrino (9), (14) va (18),
duoc tham s6 hoa lai nhu sau:

0

NG (17)
K
0
9 ip
e’ (cx +awe'™) a8)
ac
a

T T _ . _ .
Upis™Upis = Diag.(m, ) =Diag.(m,, m,, m,).
Tuy nhién, thay vi chéo hoa m,, ching t6i chéo
héa ma tran mjmv béi vi né cho phép ta dé dang
xac dinh cic goc tron ciing nhu cic pha xuét hién
trong ma tran U puns theo cac tham s6 xut hién

0 a0 (19) trong 71, :
m,=\q 7 §|,
0 5 1
4 B C
mim, = Up,nsDiag.(mf, my, m)U} s = B B E (20)
c EC
A=|GP, B= 7, C= q's,
voi ‘ 1 | q 1 (21)
DG +|FF +|5P, E=F§+5u, F25§} +u’,
Trong d6 cac phan tir c6 ddu “~” 1a cac dai luong phc.
Tt qua trinh chéo hoa me , chiing t6i thu duoc cac két qua sau:
m? _A+4 75 Re(B) - sy, Re(C) /11013 S13 22)
1,2 — s
2 25,,¢1,C15 613 _S13
Im(B ¢,, Im(B) — s, Im(C $,,B+c,,C
tan 6, = m( ) an 20, =22 (B) =8, Im(C) tan2913=2| 23 23 |,(23)
3 (4 —4) -
1 Im(B
tano =— (B) (24)
S,; 5,3 Re(B)+cy, Re(C)’
2 2
A =c3A=2s5¢,5 | S23B + Czsc | +5134;,
(25)

A =ciD+ 55 F —2s,c,, Re(E), A, =s5D+coF +2s,,c,, Re(E).

100



Tap chi Khoa hoc Truong Pai hoc Can Tho

C6 thé thay, tir (22), (23) va (24), ba khéi luong
neutrino (71, , 5 ), ba goc tron (4912513’23) va pha CP
Dirac & duoc biéu dién qua nam tham s6 doc lap
P, K, @, ¢, @,. Nam tham s6 nay hoan toan

duoc xac dinh tr ndm tham sd thuc nghiém cho

3 (1).

4.0

'6.05 0.10 0.15 0.20 0.25 0.30

Hinh 1 : Khong gian tham s6 ciia ma trin twong
Yukawa ciia neutrino Dirac cho trudomng hop I

0.14

0121

0.10

0.08

0.06

0.041

Hinh 2 : Khong gian tham s6 ciia ma trin twong

Yukawa ciia neutrino Dirac cho trwong hop II
2

T 0
H=YY =YY =p| 0 l+a’
we ™ ke

Ma tran nay nhu nhau cho ca ba trudng hop.
4 LEPTOGENESIS CUA MO HINH

Theo co ché leptogenesis, truéc hét sy bat ddi
xung sd lepton dugc sinh ra nho vao sy phan ra
khong can bang va vi pham s lepton cta cac RHN
& thoi diém rat som cua vii try. Néu ching ta
khong phan biét sy phan rd cta cic RHN ra céc
lepton thé hé khac nhau thi bat d6i xtmg sé CP do
su phan ra cia RHN thtt i (N, 1a RHN nhe nhét)

duoc cho boi [5,6] :

8[ i
8t H. J

i J#i

we

Ke
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1.2}
L0}
3 |
0.8}

0.6}

Hinh 3: Khéng gian tham s ciia ma tran twong
Yukawa cia neutrino Dirac cho trwong hop IIT

Céc Hinh 1, 2 va 3 cho ta thiy mién gid tri cia
hai tham s0 @, K cla ma tran twong tic Yukawa
neutrino Dirac théa man cac s liéu thuc nghiém &
d6 tin cdy 30 cho & (1). Trong khi d6 hai pha
@, @,co thé nhén cac gia tri bat ky trong khoang
0—27 . Tham sb p duoc xac dinh boi quan hé

2 MVAm321

p’ = >—— trong d6 M 1a thang khdi lugng
L

seesaw (thang khéi lwong cua cac HRN).

Ngoai ra, ma trin hermite H = YVYVT ding dé
tinh leptogenesis c6 dang nhu sau:
iNp

ipy

. Ap=9,—9,> (26)

1+ x?

Trong d6 ham g(x) 1a cic bo dinh bac mot

(mét vong) cua su phan ra cua RHN thu i, duoc
cho béi [5 6]:

g( Mg 4{1+x)ln— (28)

Bén canh g, dé tinh bat dbi xing baryon

)=g (1) —J}

(BAU), chung ta can phai tinh tham s6 suy giam
(washout parameter) K, do sy phén rd ngugc cua
RHN thtr 7 [7]:

L), o, 1oz f : (29)

P/anck
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N. va

1

H (M) 1a hang s6 Hubble, g,=106.75 la sb bac
ty do hi¢u dung cta mo hinh ¢ nhi€tdo 7' = M, va
khéi lwong Planck M =1,22.10" GeV [8].

Trong d6 I',1a tc do phan rd cua

Planck

Néu K, >1, bat dbi ximg lepton dugc cho
bai [9]:

Y, z0,3i(

0,55x10%eV )
o el B

m.

1

vanéu K, <1, bat déi ximg lepton dugc cho

béi [9]:

Y, ~ 0,35 _____lELt;___
2.10,33x10 eV

Cubi cung bat ddi xtimg baryon (BAU) duoc

cho boi:

S n

_ B
My —{—} x —
I’ly 0 S

Qua trinh leptogenesis vira tinh & trén dugc goi
1a leptogenesis khong xét dén s dong gop riéng 1é
clia cac lepton thé hé (unflavored leptogenesis).
Tuy nhién, néu khdi luong cua cac RHN Ia
M <10" GeV, khi d6 su phan rd cia RHN ra cac
thé hé lepton khac nhau 14 phan biét dugc, khi do
leptogenesis ¢6 xét dén cac dong gop riéng 1é cua
cac lepton thé hé (flavored leptogenesis), va bat dbi
xtng sb CP do sy phén ri cia RHN thir i ra lepton
o (o =e, 1,7 ) dugc cho boi [5, 6]:

(€3]

12
~7,0Y, ~ 7,OEYL. (32)

2

o 1 y V)" M
8 = g L mlH, (), (7)), 1g(

i J#i i

). (33)

Tuong tuy nhu trén, bén canh dai luwong 8;1 , dé
tinh s6 bat dbi ximg baryon ta can phai tinh cac
tham s6 suy giam (washout parameter) K [a do su
phan rd nguogc ciia RHN thtr 7 [7]:

_UE) &)
M.

1

o ~
a F[ _mi ~a

i s 1Yy 734
CTHMY m " eh

Trong d6 'Y 1a toc do phan rd cta qué trinh

Ni—>l”’goT.
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Céc sb bat d6i xtng lepton thé hé Sl.a nhén cac
gia tri khac nhau twong tmg v6i tham sb suy giam
K [a khac nhau; va cac s6 bt ddi ximg lepton nay

c6 déng gop khac nhau vao sb bat dbi ximg BAU
[9] nhu sau:

417 390
~—102) [6' (—K)+&' K (—K))]. (35)
773 ;[ i 1(589 1) i 1(589 1)]

Néu thang khdi Iluwong cua RHN vao
@ 10°GeV <M <10”GeV, trong do6

& =& +e&va hé sb suy giam twong tng I
K} =K +K!. Oday k& duoc goi la h¢ s6 suy

giam (washout factor), Kia , duogc cho boi [9]:

L 825 K% i
K% ~ +(——)" . 36
; (Kf‘ (0.2) ) (36)
107 s

.8 " .
. :if‘,a '!:"". i

lo-’ sagubelcafonl.d.
-l.' """"""""""
S 10 1 1
-1
10 ] 1
(e
I 1
- 0 20 40 60 80
écp [Deg.)

Hinh 4 : Gia tri tién do4n ctia 77, theo pha vi

pham CP 5CP , trwomg hep I

107

10*

102
&
b Ui

105

o ) d.

™y 0%
Af|GeV)

Hinh 5: Gia tri tién doan cia 7, theo khdi

lwgng ciia RHN nhe nhit (v . ), truwong hop 1
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1077 - - - -

0 20 1 60 s0
Scp(Deg.]
Hinh 6 : Gia trj tién do4n cda 77, theo pha vi
pham CP 6, , truomg hop 11
1077
107k
=
1078
10"
lo-ls — " -
107 10° 10" 108
M [GeV)

Hinh 7: Gia trj tién doan cia 7, theo Kkhéi

lugng ciia RHN nhe nhit (), ), trudng hep II
1077 : . . T

40

6cp[Deg.]
Hinh 8 : Gia tri tién do4n cda 77, theo pha vi
pham CP &, , treong hop 111
1077
107°
lo-ll
=
1078
10
lo-l'l L ' " " .
10 10% 10° 10 100 102 10%
M;[GeV]

Hinh 9: Gia tri tién doén cia 77, theo Kkhoi

lugng ciia RHN nhe nhit (), trudng hep III
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Gia tri tién doan s6 bat dbi xung BAU, 77,,
nhu 12 ham cua pha vi pham CP Dirac, &

cp» (cac
hinh bén trai), va cua khéi lugng neutrino
Majorana phén cuc phai (RHN) nhe nhat (cac hinh
bén phai) dugc bi€u dién trén cac Hinh 4 va Hinh
9. Trong tat ca cac hinh nay, mau do (17, €O gia tri

16n hon) va mau xanh (77, c6 gia tri nho hon)

tuong Ung voi  flavored leptogenesis  va
unflavored leptogenesis. Pudng lién nét nam
ngang la gia tri trung tdm (best fit) cia BAU
quan sat tur thi nghiém do dac buc xa nén vii
tru (Cosmic Microwave Background - CMB),

ngMB =6,1-10"" [8]. Cac dudng niam ngang
det nét 13 mién cho phép cia BAU,

2107 <y, <107°. D& dang thdy c4 ba chu
tric cla M , déu giai thich thanh cong BAU cho
ca hai truong hop flavored leptogenesis va
unflavored leptogenesis. Pac biét, chiing ta c6 thé
tién doan pha vi pham CP Dirac tir cac Hinh 4, 5 va
8 mot khi ch}'mg ta cO dinh gia tri khoi lugng cua
RHN nhe nhat.

Luu ¥ ring leptogenesis chu yéu dén tir su
phén rd cia RHN nhe nhat. O Hinh 4 va 6
(truong hop 1 va II), khoi lwong RHN nhe nhat
la M, va pho khéi lugng cia cac RHN la
M, =10" GeV, M, =10" GeV, M, =10" GeV,
do d6 leptogenesis dén tir sy phan rd cia M - Ta
c6 thé thay 1a thang khdi lugng cia RHN dé thuc
hién thanh cong leptogenesis la tuwong doi 106n,
M ~10"GeV . Trong khi d6 v6i trudng hop 111,
vi khoi lugng cua RHN the hé thir nhat va thir hai
la suy bién nén ching t6i chon phd khoi luong
nhu sau M = M,< M ,. Khi do leptogenesis
dén tir su phan ra cua M, M, va do d6 ta co
leptogenesis cong huong (resonant leptogenesis)
[10], lam cho thang khoi cua RHN Vdé thgc hi'én
thanh cong leptogenesis c6 thé xudng rat thap,
M ~ TeV ; thang khoi lugng nay hoan toan cho
phép do dac boi may gia toc hat manh nhat hién
nay la LHC.

5 KET LUAN

Pé mo ta ma tran khéi lugng neutrino m,, mot
cach dy du bang cac sb liéu thyc nghiém thi ma
tran khoi luong neutrino phai c6 mot sO phan tir
triét tiéu. CO bay ma tran khdi lwong neutrino m,

v6i hai phan tir bang khong théa méin yéu cau nay.



Tap chi Khoa hoc Truong Pai hoc Can Tho

Khi nghién ctru co ché seesaw dé sinh bay ma trén
m,, nay, chung t6i tim thay néu ma trn khoi luong
neutrino Dirac m , ¢ cau truc Fritzsch thi chi c6
cau tric 4, dugc sinh ra bang co che seesaw, voi

ba cu trac I, I va Il caa ma tran khoi lugong cua
cac RHN R, . H¢ qua vét ly quan trong cta co ché

seesaw 1a su phan rd vi pham s lepton cia cac
RHN rit nang. Néu sy phan rd nay 1a khong cén
bang thi s6 bat ddi xtng lepton duge sinh ra. Nho
vao qua trinh sphaleron (trong d6 sy vi pham s6
lepton dugc chuyén thanh sy vi pham s6 baryon),
bat dbi xtng baryon dugc sinh ra, ching ta goi la
qué trinh leptogenesis. V6i su lya chon khong gian
tham s& mot cach hop ly, théa man cac s6 lidu thuc
nghiém tir dao ddng neutrino, s6 bat dbi ximg
baryon (BAU) sinh ra tir mé hinh phi hop véi sb
liéu thuc nghiém do dac CMB tir vé tinh WMAP
cling nhu véi s6 liéu tién doan cua Big Bang
Nucleonsynthesis (BBN). Dé tinh toan qua trinh
leptogenesis, chung ta xem xét cé hai truong hop
unflarored leptogenesis va flavored leptogenesis;
va ca hai truong hop déu giai thich thanh cong
BAU. Diéu dang chu y 13, khi ta c6 dinh gid tri
Kkhéi luong cua RHN nhe nhét thi ta c6 thé tién
doan duorc gia tri cta pha vi pham CP Dirac ;.
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