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MO HINH POI XUNG THE HE S,
VA CAC HIEN TUQNG VAT LY LIEN QUAN
Nguyén Thanh Phong'

ABTRACT

We study the supersymetric seesaw model in a Sy based flavor model. It has been shown
that at the leading order, the model yields to exact tri-bimaximal pattern of the lepton
mixing matrix and zero lepton-asymmetry of the decays of heavy right-handed neutrinos.
By introducing a soft-breaking term in Dirac-neutrino mass matrix, a non-zero U, is
generated leading to the non-zeros of mixing angle 6,3 and Dirac CP violating phase Ocp,
and we also obtained the deviations of the values 0, and 6,3 from their tri-bimaximal
values. In addition, non-zero lepton asymmetry from the decays of right-handed neutrinos
is generated, as a result, by a reasonable choice of model parameters compatible with
low-energy data, the baryon asymmetry of the Universe is successful generated through
flavored leptogenesis.
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TOM TAT

Chiing t6i nghién ciru mé hinh siéu doi ximg voi co ché seesaw dira trén nhém doi xiing
Sy. Khi khéng tinh dén cdc bé dinh, mé hinh thu dwoe cdu tric tri-bimaximal ciia cdc goc
trén khu viee lepton va khéng c6 sw vi pham sé lepton trong phdn rd ciia cdc neutrino
phadn cuc phadi. Bdng cach dwa vao ma trdn khoi lwong neutrino Dirac mot yéu 16 nhiéu
loan, chiing t6i thu dwgc gid tri khac khéong ciia U, dan dén gid tri khdc khéng ciia géc
o, 3 pha Ocp, ngodi ra cdc goc tron 63 va 6’23 ciing dzch di so voi gid tri cua chung trong
cau tric tri-bimaximal. Ngodi ra, sw bat doi xing s6 lepton ciing dwoc sinh ra qua qua
trinh phdn rd cua cdc neutrino phan cyc phdi. Bang cdch chon cdc tham sé ciia mé hinh
sao cho phit hop véi két qua thuc nghiém & ndng lwong thap, bat doi ximg vat chdt-phdn
vdt chat cua vii try dwoc gidi thich dinh long thong qua qud trinh leptogenesis ¢6 phdn
biét sy dong gép ciia cdc lepton thé hé.

Tir khéa: co ché seesaw, céu triie tri-bimaximal, bat doi xurng baryon, leptogenesis

1 GIOI THIEU

Céc két qua thuc nghiém vé dao dong neutrino 13 bang chimg quan trong dé tim
kiém ngudn gbc vé su chénh léch thang khi lwong giita cac quark va cac lepton.
Céc thi nghi€ém gz“ln day vé dao dong neutrino 1a nham do dac chinh xac hon hiéu
binh phwong khdi luong cua cdc neutrino va cac goc tron gitra cac thé hé lepton
[1]. Céc goc tron nay gan nhu cd cdu tric tri-bimaximal (TB) [2] va c6 gia tri l6n
hon rat nhiéu s0 vO1 cdc goe tron cua khu vue quark. Do d6 viée tim kiém mot mo
hinh dan dén cau trac goc tron cho hai khu vuc quark va lepton tré nén hét sirc
quan trong.
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Nhitng ndm gan ddy, c6 rat nhiéu mé hinh 1y thuyét c6 thé dan dén cau triic TB cta
cac goc tron khu vuc lepton dd duoc xdy dung. Cac mé hinh nay co dic diém
chung 13 thém vao nhém chuan ciia mé hinh chuan (Standard Model - SM) céac
nhém doi xung khong lién tuc. Trong cac mo hinh nay, thu hut dugc nhiéu su chu
¥ 1a cac cac md hinh dua trén nhom d6i xing A, [3], T°[4] va gan ddy nhét 13 nhom
d6i xtng S, [5,6].

Trong md hinh S, [6], cAu trac TB cua cac goc tron cua khu vuce lepton dugc sinh
ra mot cach tu nhién véi co ché seesaw (seesaw mechanism). Mac du theo cAu trac
TB thi 6,3=0 (hay U,; =0, do d6 s€ khong co sy vi pham CP & khu vuc lepton) 1a
phii hgp véi cén trén cua két qua do dac & thi nghiém CHOOZ-Palo Verder
(6,5<12° ¢ 305) [1], nhung gia tri khac khong (va phirc) cua U., dan dén kha ning
phat hién su vi pham CP ¢ khu vuc lepton, 1a muc tiéu chinh cua nhiéu thi nghiém
vé dao dong cuia cac neutrino sinh ra tir cac 16 phan ung hat nhan (nha may dién
hat nhén). Ngoai ra, cAu triic cua cac ma tran khoi lugng cua khu vuc lepton (ma
tran khoi lugng ciia Dirac-neutrino) ciing khéng cho phép giai thich sy bat dbi
xung vat chat va phan vat chét cia vii try (Baryon Asymmetry of the Universe -
BAU ) thong qua qué trinh leptogenesis [7].

Trong nghién ctru nay, bang cach xét mot nhidu loan nho trong ma tran khoi lugng
cua Dirac-neutrino cia m6 hinh S4, chung t6i thu duoc gia tri khac khong cia U.g,
dong thoi sy bat d6i xtng vat chat va phan vat chét clng dugc gidi thich mdt cach
dinh luong. Ngoai ra, ching t6i cling nghién ctru chi tiét cac hiéu img vét 1y & mirc
nang lugng thap nhu khdi lwong neutrino, sy vi pham CP ¢ nang lugng thap (5,,),
su phan ra beta khong kém hat neutrino (|(m,,)|).

2 MO HINH POI XUNG THE HE S,

Chung t’6i nghién ctru md hinh S, dugc gi(’yi’thiéu bdi [6], trong d6, sau khi thuc
hién co ché seesaw va chéo hoa, ta thq duoc cau trac TB cua cac goc tr@n,khu vuc
lepton. M6 hinh nay la si€u d6i xing va dya trén nhom doi xung
G, =8, xZ;xU(l);y, trong d6 moi nhém thanh phan git mot vai tro khac nhau.
Thanh phan S, cing véi Z, quyét dinh cac goc tron; thanh phan phu Z, loai trir cac
yéu t6 phan ky trong Lagrangian va cting v6i U(1),,, dam bao thang khdi lwong cua
cac hat lepton mang dién thong qua co ché Froggatt-Nielsen [8]. S,1a nhom khong
lién tuc, dugc tao b(’{i cac giao hoan cua bén thyce thé. Nhom c6 24 phz‘”in, tor duoc
chia thanh 5 biéu dién bat kha qui: hai don tuyén (1, va 1,), mot nhi tuyén (2) va
hai tam tuyén (3, va 3,). Truong vat chat ctia khu vuc lepton va cac flavon (la cac
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hat chiu trach nhiém sinh cac ma tran twong tic Yukawa hiéu dung cia khu vuc
quark va lepton) duogc trinh bay trong bang 1.

Bing 1: Cac biéu dién ciia cic trudng vat chit ciia khu vue lepton va cac flavon trong mé

hinh
Dl e | w75 | v [ hual @ I Al e | &
Sa 31 1o | 12 | 11 | 31 14 14 31 2 31 2 1,
2 w? 1 w? | wt | w 1 1 w? | w? | W® | W® ]
Uil)rn 0 1 0 0 0 0 -1 0 ] 0 0 0

Siéu thé (super-potential) cho khu vuc lepton ciia mé hinh nhu sau

d 9 ye,i c ' y c 1 yr c
W, = 2 —Fe (IX;)'h, +A—’;,u (lyn)'h, +Xe (ly)h, +he+...,
o, =x(vDh, +x,(vVQ)+x,(VV AL+ hc+.., 2)

trong d6 diu ba chim (...) dé <chi ciac s6 hang bic cao,

X ={wwn, vnn, AAE', AeE'}, ngoai ra ching t6i dung dau ngodc don () dé chi
don tuyén 1, va ()’ dé chi don tuyén 1,.

Cac gia tri trung binh chan khéng (vacuum expectation value - VEV) cua céc
flavon c6 thé dugc xac dinh khi cho dao ham cua céac si€u thé theo cac truong

flavon bang khong. Theo phuong phap d6 ching ta c6 thé thu dwuoc cac VEV
nhu sau

W)=0 1 0y (W)=( 1 1Yo, G
(m=0 Do, (o)=(1 1)v,, (¢)=v.,

J4 - . h 2 M
trong 46 02 =—2112, 0 fzuz, vi=—luuv, |6 =—2

3g2 [ v 2f1 n 3 Mé. n- g Zov
dugc xéc dinh. Céc hé sb g, f, h, M., M,,, g, 1a khoi luong va hing sb

1

va vu,, v, thi chua

tuong tac xuét hién trong Lagragian c6 chira cac flavon. Tat ca cac VEV ¢6 cung
bac do 1("m va vi ly do d6 duoc tham s0 héa VEV/A =u, trong d6 A 1a mic nang
luong (rat cao) ma tai d6 nhom doi xing S, con hién hitu (hay ndéi cach khac la
chua bi pha v&). Chi duy nhat VEV cua truong 6 1 v, thu dugc tir co ché hoan
toan khac (véi cac VEV con lai) dugc tham s6 hoa la v,/A=t. Nhu da duoc
ching minh & [6], uva ¢ dugc xac dinh c6 gia tri nim trong khoang
0,01<u, t<0,05.

V6i cdu tric VEV nhur trén, ma tran khdi lwong cho céc lepton mang dién thu dugc

yil)uzt yiz)uzt y22)u2t
m, = 0 . 0 uv,, 4)
0 0 Ve

trong d6 y!”la két qua ctia cac dong gop khac nhau cua y,,. Cac ma tran khoi

lwgng cho Dirac neutrino va Majorana neutrino thu dwoc nhu sau
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1 0 0 2re'? 1-re?  1—re”
m'=10 0 1|uv, M,=Be"|1-re? 1+2re” —re? |, 5)
010 l—re?  —re? 142"

trong d6 B=2|x,|v,, C=2|x, |v,va r=C/Bla nhitng s6 thyc dwong, va cac pha

a,,a, la cac argument cua x,, va ¢ =a, —«a, la pha duy nhét c6 y nghia vat Iy trong

ma tran khoi luong M, . Ma trén khoi luong M, dugc chéo hoa béng ma tran TB
Mg =Vy MV, =Diag (M, M, M,), (6)

M, =BJ3re® -1, M,=2B, M,=B[3re" +1, (7)

Ve=UpVp, Vp = Diag~(elwza L eiwz)a 3= —arg(3re” F1). (8)

Sau khi thyc hién co ché seesaw, ta thu dugc gid tri hi€u dung ctia ma tran khoi
luong neutrino nhe

My = —(mj)TM;mg. (9)
Ma tran khoi luwgng nay dugc chéo hoa béng ma tran TB
2.2 2.2 2.2
xv;  xv; xv
U'm U, = Diag.(m, m, m,)=-Diag. “, “, i 10
v eff v g ( 1 2 3) g [ Ml MZ M3 j ( )
U, :UTBxDiag.<e"7‘/2, L ein). an
Pé tim ma tran tron cua khu vuc lepton ching ta can chéo hoa ma tran khoi luong
cua lepton mang dién
m =UImU, :Diag.(yeuzt, Vi, yr)uud (12)

16

)
o
®

14}

12} -

[z 10
S 08f
0.6F

041
1.0 -038 -0.6 -04 -0.2 0.0 0.4 0.6 0.8 1.0 12
cosp

bl eV ]
Hinh 1: Mién gi4 tri ciia cac tham sb ciia mé hinh

Trongd(')czxvj\/z b=x\NB ,_c/B

Ta tim duogc U, 1a ma tran don vi. Do d6 ta thu dugc ma tran U,,,,nhu sau

Upys =U) xU, =U, =" xUy, x Diag.(1, ¢*, ¢”), (13)
trong d6 B, =y,/2, B, =, —,)/2 la cac pha Majorana vi pham s6 CP. Phan tir
bang khong ciia ma trdn U, chi ra ring pha Dirac vi pham s6 CP (&5,,) khong
ton tai. Qéc tri riéng khdi lugng cla neutrino I}he chi don gian 1a ti 1€ nghigh vg’yi tri
riéng khoi lugng cta cac neutrino nang, hé so ti 1€ la —x’v?, nhu ta co6 thé thay tur
phuong trinh (10).
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Khéi luong cia cac neutrino nhe co thé ¢ dang normal hierarchy (NH -
m, >m, > m, ) hodc inverted hierarchy (IH - m, >m, > m,) phu thudc vao dau cua
cos¢é. Néu cosg <0 (cosg>0) taco NH (IH). Do gi6i han cua bai bao, ching t6i
chi nghién ctru truong hop NH, viéc nghién ctru cho truong hop IH 1a hoan toan
twong ty. Dé tim cac gia tri cho phép clia cac tham s6 trong m hinh, chung t6i str
dung s6 liéu thuc nghiém cho trong bang 2. Tir ddy vé sau chung t6i sir dung két
qua thye nghiém & mirc d0 tin cay 3o cho viéc tinh $6.

Béng 2: Cac gia trj thwe nghiém cia khu vue neutrino [1]

Parameter Best fit 10 3o interval
Am3, [1077eV7) 7.65%0 23 7.05 — 8.34
Am3,[10%eV?] | £2.40%53% | £(2.07 - 2.75)

sin? 612 0.304+0-022 0.25 — 0.37
sin? fas 0.5+507 0.36 —0.67
sin? B3 0.01+0:91¢ < 0.056

Mot dai lyong vat Iy quan trong khac 1a khéi luong hiéu dung |(m,,)|trong qua
trinh phén ra hai hat beta khong kém hat neutrino (neutrinoless double beta decay -

0vBp)
|<m£'e> = |m1U£'21 +m,Ug +mUg|, (14)

trong d6 U, 1a cac phan tir cia ma tran U,, . Do c6 phan tir U, = 0nén m, khong

c6 dong gop vao |(m,)|, do d6 chi duy nhit pha Majorana S 1a c6 dong gop vao
[(m,)|, khi d6 ta co

1.2 - 0.35 : : : : "
4
10} i 030} H
*
_ 025F 1
— 08r 3
i ; 0.20
e 06F 3 o015 ]
04} ~ 0.10f
0.2fF 0.05F

-10 -0.8 -0.6 -04 -0.2 (
cosp

Hinh 2: Tong khoi lwgng cac neutrino nhe Z" " (bén trai) va khoi lwgng hiéu dung | <m"e>
(bén phii) biéu didn theo <059

[(m...)

Mbi quan h¢ giita cac tham s6 cua md hinh duoc trinh bay trén hinh 1, v&i mire d6
tin cdy 3o cla sb liéu thuc nghiém cho trong bang 2. Gia tri tién doan cho téng
khdi luong cac neutrino nhe nhu 1a ham cia cosg duoc biéu dién trén hinh bén trai
ctia hinh 2, trong d6 duong nam ngang 1a giéi han hién nay cta tong khdi lugng
neutrino Zimi <0.6leV cho boi [10]. Hinh bén phai ctia hinh 2 cho ta thy gié tri

tién doan cua |(m,,)|. Ta nhan dugc 0.02eV <|(m,,)[< 0.2¢V, trong d6 gidi han trén

= [ et (15)

c6 dugc khi ta ap diéu kién Zl_m,. <0.6leV . Trong hinh nay, duong nim ngang
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lién nét (dGt nét) 1a gidi han dudi hién nay (tuong lai) cua cac thi nghiém vé 0va8
[11]. Ta thdy cac gia tri tién doan trén ctia mo hinh 14 hoan toan c6 thé kiém chimg
bang thirc nghiém trong trong lai gan.

V6i cdu tric ciia ma tran khdi lwong neutrino Dirac m? & phuong trinh (5), khi ta
chuyén co s& sao cho ma tran khéi lugng cua neutrino Majorana 1a thyc va chéo

d
Vv

X R , . 1 x £ A
thi ma tran tuong tac Yukawa c6 dang 7Y, =—2VRTm dan dén ma tran
v,

u

H =YY ~1I,trong d6 I la ma trdn don vi, do d6 qua trinh leptogenesis khong thuc
hién duogc, hay ndi cach khac mo hinh khong cho phép ta gidi thich dugc BAU.

3 NHIEU LOAN CUA MA TRAN KHOI LUQGNG NEUTRINO DIRAC

Dé nghién ciru kha ning sinh phan tir U, (do d6 sinh 6, va pha Dirac CP &,,), va
su x¢& dich cua 6,va 6,tu cac gia tri tuong Gng cua chung trong ciu tric TB,
ching t6i dua vao siéu thé mot phan tir nhiéu loan c6 dang w,, = nvylsh,. Nhiéu
loan nay s& tac dong 1én phan tir (f) ciia ma tran khéi luong cua neutrino-Dirac
m, . Téng cong c6 chin vi tri nhidu loan twong tng vai chin vi tri ciia m, . Nhu 1a
mot su lya chon dac biét, ching t6i nghién ciru thanh phﬁn nhiéu loan & phﬁn tr
(31) cua m,, khi d6 m, co dang

1 00
mi= 0 0 1 xv,, (16)
g 1 0

Sau khi thuc hi¢n co ché seesaw v6i M,va m, khong d6i, ma tran khoi luong cua

neutrino m,, c6 thé dugc chéo hoa bang ma tran U ,» lay dén s0 hang bac nhat cia &nhu

2.2 2.2 2.2
~ ~ . [ xv ; xv ; xv
sau UvrmefoV =—Dzag.( L11-2/3¢ge" |, L 1+2/38€" |, L J, 17)
Ml M2 M3
trong do6 U, =Uy, xDiag.(e?, ™7, &),
0.30
it T :
A 025} ]
G e
% **12:; **{: ﬁ:* ol :{*i % 0.20¢
- A e 3
i}«gﬂ;ﬁ ;‘ 3}‘ S 0157
gt Q*#W** ]
AT 010}
‘ ‘ 005 ‘ ‘ ‘ ‘ ‘ ‘
04 -02 00 015 020 025 030 035 040 045 050
cosp bV eV ]

Hinh 3: Mién gi4 tri ciia cdc tham s6 ciia mé hinh véi s xuit hién ciia nhiéu loan
_ 2 _ 2
c-xvu\/C, b—xv”\/B, r=C/B

1-2/3ge™ ; 1
v, =arg(—————), 7, =arg(1+2/3¢ge'"), 7, =arg(———), 18
7 =arg(— ), 7, = arg( ), 7y =arg(z ) (18)
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= —\/%—6'
~N/6+¢

trong d6 &= ge”,

—2+3r
\/%(1 + gm)

18J6(1-r)

17 +48r+27#*

1-24r+27¢*

187/6( —r)) VI73+e

r=r

thap duoc cho bai
UPMVS = U =e " XU pp % Diag.(l, el , e’ )’

trong dé /3] =(7

-7)12va B, =(7,

\/1/3(1—25%)

) J1/3-¢

-7
11-187+9

W3(1-4r+317)

7-9/7

9\/5(1—4r+3r2)

¢”. Do d6 ma tran tron cua khu vuc lepton & ning luong

Truong Dai hoc Can Tho

1-2r+37

R

) —1/2-

22(1-3r)

(1 r)(1+3r)

CR1-3r)

L (=r)1+3r)

) 119)

)

(20)

—7,)/2 1a cac pha Majorana vi pham s6 CP.

D@ thay néu pha nhidu loan « =0 thi cac pha Majorana khong bi tic dong cua
nhiéu loan.
Su x€ dich cta cac gbc tron tur gia tri theo ciu trac TB cua chiing dé dang tim
dugc bang
L4230 (1=r)(1+3r) e:_51—2r+3r2, o
RN 2(1-3r) L2(1-3r)

Trong d6 &, =sin> 6, —1/3 va &, =sin’ 6, —1/2. Dé thiy, cac gid tri clia cac goc

12—

tron s& trd vé cac gia trj cua chung theo cu trac TB mot khi & =0, tirc 1a khong co
nhiéu loan. Trong tit ca cac phép tinh s6 dudi ddy chung t6i cho &=0,1va
a =0,27 . Hinh 3 cho ta mién gia trj cho phép cua cac tham sb ctia mé hinh khi co
nhiéu loan.

Hinh 4 biéu dién cac dai luong tuwong ty nhu hinh 2, sau khi thuc hién nhiéu loan.
Chung toi nhan thiy rang gia tri tién doan cia |(m,.)| cling nam trong mién do dac

duogc cia cia cac thi nghiém 0vB8 sip thuc hién [11]. V6i sy nhidu loan, gia tri

08 025
07t
0.20 -

06F T _
< 05f x 3 015[ P
2 04 o = o
E_ * * *** Egg *
R 03 x 2 E

02t 2

0.1

-10 -08 -06 -04 -02 00

cosg

Hinh 4: Téng khéi lwong cic neutrino nhe (bén trai) va khdi hrong hiéu

dyng 2™

/" (bén phai) biéu dién theo | ") lkhi c6 nhiéu loan
méi clia goc tron @, va pha Dirac-CP &, (déu bing khong trong cau tric TB), dugc

sinh ra nho nhiéu loan, dugc trinh bay & hinh 5. Ta théiy ré“lng gia tri tién doan cua
mo hinh cho 6, co thé dat téi 4,5°, day la cac gia tri ma céc thi nghiém vé dao
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dong neutrino cia cac 10 phan tng voi duong truyén dai (long baseline reactor
neutrino oscillation experiments) trong twong lai gan c6 thé do dat duoc [12].

4 LEPTOGENESIS
Nhu da dé cap tir dau, trong mo hinh S, nguyén thily, leptogenesis khong hoat
dong, tire 1a khong cho phép giai thich duoc BAU. O muc nay, ching t6i nghién
clu qua trinh leptogenesis nhd vao nhifu loan nhé ¢ ma tran khéi lugng cua
neutrino Dirac dd dugc xem xét ¢ trén. Trudc hét sy bat doi xtung sé lepton duoc
sinh ra nhd vao sy phéan rd khong can bang va vi pham s6 lepton ciia céc neutrino
ning phan cuc phai (Right Handed Neutrinos-RHN) ¢ thoi diém rat som cua
v tru.
Néu sy phan rd cia RHN xay ra ¢ nhiét vii try vao ¢& T = (1+tan® 8).10> GeV hodc
cao hon, sy phan rd cia RHN ra cac thé hé lepton khac nhau 1a khong phan biét
duoc, khi d6 su bat ddi xrng s6 CP do su phéan ra cia RHN thir i dugc cho boi
[13,14]
1 20, M

ey ;Im[HU la( 7 ).
Néu khéi luong ciia cac RHN 1a M < (1+tan® £).10” GeV, khi d6 su phan ri cta
RHN ra cac thé hé lepton khac nhau la phan biét duoc, va sy bat dbi xuing s6 CP
do su phén ra ctia RHN thtr i ra lepton « (« = e, u,7) dugc cho bdi [13,14]

My (23)

(22)

.1 S ;
& S ZIm[Hﬁ(Y)m(Y)‘,-a]g( 2

i J#

M

150
100}
50F

ocp [Deg.]
o
013 [Deg.]

-50F
-100¢
-150¢ :

0 50 100 150 200 250 300 350
« [Deg]

Hinh 5: Gia tri tién doan ciia Ocr (bén trai) va géc tron b (bén phai) biéu dién theo &

X M
O trén, ham vong g(x) duoc cho boi g(M—é) =g,(x)= \/;(li— lnH—x), (24)
; ; —X X

ham nay phu thudc rit 1on vao khoi lugng clia cac RHN. Néu khéi lugng cua céc
RHN la gan nhu suy bién thi gia tri ham vong va do d6 gié~ t{i bat doi x1'm~g CP s¢
rat 1on (giong nhu hién tuong cong huong). Ma tran H =YY/, trong d6 Y, 1a ma
tran twong tac Yukawa, trong co s& ma ma tran khéi luong ctia M, 1a thuc va chéo,
duoc cho boi
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(25)

e (2—ge”) —e"? "
J6 NN
= 1 1+ge” 1 1
Y =—V'm® = — _—
v U; R \/g \/g \/g
gei/2(2a+73) 6173/2 _e%/z
3 V2o 2

trong d6 v, va m! lan Iuot cho béi cac phuong trinh (6) va (8). Khi d6 ma tran

hermitic H 1a

in/2 —i/12(2a-y+73)

1-2/3¢gcos ——¢&(cosa—3isinqg) ———
W2 3

) efiyl/Z 567172(20#}/3)
H=x g(cosa +3isina) 1+2/3ecosx B (26)
W2 J6
gei/Z(Zaflery;) ge"/z(zaﬂﬁ) |
V3 J6

Dé théy ma tran H Iuc néy‘ khépg con 1a chéo nita do sy xuat hién cua nhiéu loan
&, day chinh 1a diéu kién can dé c6 leptogenesis. Khi do, dya vao cac phuong trinh
(23, 24, 25, 26), ta tinh duoc dai lugng bat dbi xung CP & (i=1,2,3;
tlr sy phén rd cia RHN thl'rw . o ‘ )
Bén canh dai lugng &7, dé tinh so bat doi xung baryon ta can phai tinh cac h¢ so

a =€,ﬂ,T)

suy giam (washout factor) K do su phan rd ngugc cua RHN thir i [15]
a _ F;Z — U; (Y~\/)ia ()‘;v* )ia 167[5/2
COHWM,) m, B VAR \/gM

Trong d6 I'“la toc do phan rd cia qua trinh N, —>l"‘gpT va H(M,)1a hing sb

Hubble, ¢,=288,75 la s6 bac tu do hiéu dung cia moé hinh [16] & nhiét do

T = M, va khoi lugng Planck M, =1,22.10” GeV.

Céc s bt dbi xtmg lepton nhéan cac suy giam khdc nhau boi hé s6 suy giam tuong
mg. S6 bat d6i ximg lepton ing v6i mdi vi « sinh ra trong qua trinh phan ri cua
N, dugc cho boi [15] trong trudng hop suy gidm manh (strong washout) suy giam

~a
_m,- ~a
= s :

) @7

m Planck

yéu (weak wasout) 1an luot 1a

03’
8.

i

0.55x107er ) "
me ’

ye =15% ( "
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3.3x103eV][3.3><103eV

(28)

} (29)
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Hinh 6: Phd khéi lwgng cia cic RHN theo tham s6 nhiéu loan & (hinh bén trii)

Trong d6 "°", "<" - dwong nim ngang va "+" tuong tmg 14 M, , M, va M3. Hinh bén

phai 1a gia tri tién doan BAU ciia mo hinh. “%” va “+” twong tmg v6i thang khéi luong ctia
cac RHN la B=5.10"GeV y3 B=10"GeV Tham sé siéu déi xung tan f =2,5. Buong
nam ngang la gia tri thuc nghi¢ém ctia BAU [18]

trong d6 tham s6 7, duge cho boi 7, =Y. i

O nhiét d6 vii tru vao c¢310°(1+tan> B)GeV <T ~ M, <102GeV (1+tan> B)GeV , cac
qua trinh tuong tac v6i sy tham gia cta hat tau (7) 13 & can bang, trong khi d6 cac
qué trinh twong tac c6 sy tham gia cua muon () va electron (e) la khong can
bang. Khi d6 s6 dbi ximg lepton cho electron va muon c6 thé cong dugc véi nhau
Y2 =Y +Y*. Khi d6 s6 bat dbi xtng baryon dugc cho béi [15]

10 o, 541 494
Y, = — Y| e, —m, |+Y | &,—m 31
5 312,-:|: ' (gl " 761 2) ! (gl " 761 Tﬂ’ (1)

trong d6 &’ = &' + & va hé s6 washout twong ing 13 K2 = K¢ + K* .
Cubi cung, ti s6 baryon-photon dugc tinh bai [17]
Mg =—

n,

Y, =7.04-7,, (32)

0
trong d6 chi s6 “0” chi thoi gian hién tai.

Hinh bén trai ctia hinh 6 trinh bay ph6 khdi lugng ciia cac RHN, trong d6 "°", "x"-
duong nam ngang va "+" twong tmg 1a M,, M,va M,. O day thang khi lugng
cia RHN 1a B =10" GeV va tham s6 siéu dbi ximg duoc sir dung trong bai nay la
tan 8 =2,5. D& thiy khdi luong cua cac RHN 1a khong chénh 1éch 16n, do d6 qua
trinh tinh leptogenesis (do d6 tinh BAU) chung ta xét dong gdp cua ca ba thé hé
RHN. Gia tri tién doan BAU cua md hinh dugc trinh bay ¢ hinh bén phai cta hinh
6, trong d6 “¥%” va “+” tuwong tng voi thang khdi lwong cua cac RHN la
B=5.10°GeV va B=10"GeV . Tir diy ching ta c6 thé két luan rang, dé qua trinh
leptogenesis co phan biét sy dong gop ctia cac lepton thé hé (flavored leptogenesis)
thyc hién thanh cong, va do do giai thich dugc BAU, thi thang khéi luong cua cac
RHN vao ¢& 10°GeV cho tanf=2,5.

5 KET LUAN
Ching t6i nghién ctu md hinh S,, trong d6 dang tri-bimaximal cia ma tran tron
khu vuc lepton thu duge mot cach ty nhién. Trong mé hinh nay, tich s6 Y,Y, von
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xudt hién trong qua trinh leptogenesis, ti 1& v&i ma tran don vi, do d6 leptogenesis
khong thuc hién dugc trong mé hinh. Dé co leptogenesis, do d6 cho phép giai
thich dugc BAU, chung t6i xét dén mot nhiéu loan trong trong ma tran khéi lugng
cua neutrino Dirac va da thyc hién thanh céng qué trinh leptogenesis. Trong
nghién ctru nay, tham s6 siéu dbi xung dugc chon 1a tan g =2,5, khi d6 thang khéi
luong ciia cac RHN can thiét cho qua trinh leptogenesis 1a vao ¢& 10 GeV, do d6
ta phai phan biét qua trinh phan rd cta cac neutrino ning phan cuc phai ra cac thé
hé lepton khac nhau. BAU, do d6, dugc sinh ra trong qua trinh leptogenesis co
phan biét dong gop cua cac lepton thé hé.

Chung t6i ciing nghién ciru cac hiéu tng vat Iy & nang lugng thip. Tong khdi
lwgng cac neutrino nhe zim,. cung voi khoi Iwgng hiéu dung |(ma,) cua cac thi

nghiém0vAA dugc tinh toan cu thé. Cac gia tri tién doan ciia Z,-mi va |<mee)| cua
chung t6i ndm dudi mién do duoc cia cac thi nghiém hién tai, nhung hoan toan
nam trong kha nang do dac cua céac thi nghi€ém sap thuc hién. Dac biét, gia tri tién
doan cua chiing t6i cho goc tron 4, 1a kha 16n (~4,5°%), gia tri nay c6 thé do dugc
boi cac thi nghiém vé dao dong neutrino dang duoc trién khai.
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