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TAC PQONG CUA TAI CHUAN HOA LEN MO HINH
POI XUNG THE HE S, VA LEPTOGENESIS

Nguyén Thanh Phong', Piang Trung Si°, Nguyén Vin Diép’ va Truwong Trong Thiic®
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 considering the renormalization group evolution from high energy scale (GUT scale)
to low energy scale (seesaw scale), the off-diagonal terms in the combination of the Dirac
Yukawa-coupling matrix can be generated and the degeneracy of heavy right-handed
Majorana neutrino masses can be lifted. As a result, the flavored leptogenesis
successfully realized. We also investigate how the effective light neutrino mass |{m,,) |
associated with neutrinoless double beta decay can be predicted along with the neutrino
mass hierarchies by imposing experimental data on the low-energy observables. We find
a link between the leptogenesis and the neutrinoless double beta decay characterized by
|[<m,)| through a high energy CP phase, which is correlated with the low energy

Majorana CP phases. It is shown that the predictions of |(m,)| for some fixed
parameters of high energy physics can be constrained by the current observation of
baryon asymmetry (BAU).
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Title: The effects of renormalization group evolution on Sy flavor symmetry and
leptogenesis

TOM TAT

Chiing t6i nghién citu mé hinh siéu doi xing véi co ché seesaw dwa trén nhom doi xirng
Sy. Khi khong tinh den cdc bo dinh, mo hinh thu dwoc cau truc tri-bimaximal cua cac goc
tron khu vuc lepton va khong co sw vi pham so lepton trong phdn rd cua cdc neutrino
phan cuc phdi. Bang cach xét qua trinh tai chudn héa tw muc nang luong cao (GUT
scale) vé mirc nang luwong thap (seesaw scale), cac thanh phan khong chéo cia ma trdn
tich gitta ma trgn twong tac Yukawa neutrino Dirac voi ma trdn lién hiép hermite cua no
duoc sinh ra, dong thoi sw suy bién khoi lwong cdc neutrino Majorara nang phdn cuc
phdi dwoc loai bo. Két qua la leptogenesis co xét dén dong gop riéng lé cua cac lepton
the hé dwoc thuc hién thanh cong. Chung téi ciing nghién cuu va dwa ra tién doan vé khoi
lwong hiéu dung |(m,,)| cua qua trinh rd hai hat beta khong kem hat neutrino bang cach
diea vao cdc s6 liéu thwe nghiém ¢ mirc ndang leong thap. Chiing téi tim thdy méi quan hé
gitta leptogenesis va khoi luong hiéu dung |(m,,)| qua pha CP ¢ mirc nang luong cao,
twong quan véi cac pha CP Majorana & nang lwong thdp. Ching t6i tim thdy dwoc mién
gia tri tién dodn cua |{m,)| co thé dwoc xdc dinh boi so liéu thuc nghiém ciua bat doi
xung vdt chdt — phdn vat chdt ciia vii tru (BAU).

Tir khéa: Co ché seesaw, céu triic tri-bimaximal, bt doi xurng baryon, leptogenesis
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1 GIOI THIEU

Céc két qua thyc nghiém vé dao dong neutrino 14 bang ching quan trong dé tim
kiém nguon gdc ve€ su chénh léch thang khoi lugng gilra cac quark va céc lepton.
Céc thi nghiém gan day vé dao dong neutrino 1a nham do dac chinh xac hon hiéu
binh phuong khéi luong cua cdc neutrino va cac goc tron gitra cac thé hé lepton
[1]. Cac goc tron ndy gan nhu co cAu triic tri-bimaximal (TB) [2] va c6 gia tri 1on
hon rat nhiéu s0 voi cac goe tron cua khu vue quark. Do d6 viée tim kiém mot mo
hinh din dén céu trac gbc tron mdt cach ty nhién cho hai khu vye quark va lepton
tré nén hét sirc quan trong.
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Nhitng nim gan déy, co rat nhiéu mé hinh Iy thuyét c6 thé dan dén ciu trac TB cua
cac goc tron khu vuc lepton dd duoc xay dung. Cac mé hinh nay co dic diém
chung 1a thém vao nhém chudn ctia mé hinh chuan (Standard Model - SM) cac
nhom déi xtmg khong lién tuc. Trong cac mé hinh nay, thu hut dwoc nhiéu sy chu
¥ 1a cac cac md hinh dua trén nhom d6i xtng A, [3], T°[4] va gan day nhét 13 nhom
d6i xung S, [5,6,7].

Trong mé hinh S, [7], cdu triic TB cua cac goc tron ciia khu vyc lepton dugce sinh
ra mot cach tu nhién véi co ché seesaw (seesaw mechanism). Mic du theo cau trac
TB thi 6,3=0 (hay U =0, do d6 s€ khong co6 sy vi pham CP & khu vuc lepton) 1a
phii hgp véi can trén cia két qua do dac o thi nghiém CHOOZ-Palo Verder
(65<12° &6 30) [1], nhung gia tri khac khong (va phuc) ctua Uy, dan dén kha ning
phat hién sy vi pham CP & khu vuc lepton, 1a muc tiéu chinh ctia nhiéu thi nghiém
vé dao dong cua cac neutrino sinh ra tir cac 16 phan ung hat nhan (nha may dién
hat nhan) va tir cdc may gia toc. Ngoai ra, ciu tric ciia ma trn tuong tic Yukawa
clia neutrino Dirac va sy suy bién ctia khdi lugng cic neutrino Majorana ning phan
cuc phai ciing khong cho phép giai thich sy bat ddi xtng vat chit va phan vat chat
cua vii tru (Baryon Asymmetry of the Universe - BAU) thong qua qua trinh
leptogenesis [8].

Trong nghién ciru ndy, bang cich xét qué trinh tai chuan héa tir mirc ning lugng
cao (GUT scale) vé mirc ning lugng thap (seesaw scale), cac thanh phan chéo cia
tich ma tran tuong tac Yukawa cia neutrino Dirac va lién hi¢p hermite ctia no
dugc sinh ra, ddng thoi sy suy bién cia khéi lugng cua cac neutrino Majorara ning
phan cyc phai duoc loai bo. Két qua 1a leptogenesis dugc thuc hién thanh cong, tirc
1a sy bat di xtng vat chat va phan vat chat duoc giai thich mot cach dinh luong.
Ngoai ra, chiing toi ciing nghién ciru chi tiét cac hiéu tmg vat 1y & mirc ning luong
thap nhu khdi lugng neutrino, su vi pham CP & nang luong thap (8.p), su phan ra
beta khong kém hat neutrino (| (m,,)|) va hiéu tmg ciia qua trinh tai chuan hoa lén
cac goc tron khu vyc lepton.
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2 MO HINH POI XUNG THE HE S,

Chung t61 nghién ctru m6 hinh S, duoc gioi thiéu boi [7], trong do, sau khi thyc
hién co ché seesaw va chéo hQa, ta thu duoc cau trac TB cﬁa cac goc tron khu vuc
lepton. M6 hinh nay 1a siéu doi xting va dya trén nhom doi xing G, =S,xZ,xZ,,
trong d6 mdi nhom thanh phan giit mot vai trd khac nhau. Thanh phan S, quyét
dinh cac goc tron; thanh phan phy Z, dam bao su sap xép khong gian thé hé giita
neutrino va cac lepton mang dién; thanh phan Z,loai trir cac yéu té phan ky trong
Lagrangian va dam bao thang khi lugng ctia khu vuc lepton. S,1a nhém khong
lién tuc, duoc tao b(“zi cég giao hoan cua bdn th}rc thé. Nhom c6 24 phﬁn’ tor duogc
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 chit ciia khu vuc lepton va cac flavon (la cac
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.

Bang 1: Cac biéu dién ciia cic trwomg vat chit ciia khu vue lepton va cac flavon trong md hinh

Field 1 e° I T v R d @ X 9 1 @ A
Sa 3 1 12 1, 3 1 3 32 1 2 31 1
Z3 w w? w? w? 1 1 1 1 1 w? w? w?
Z4 1 i —1 —1 1 1 i i 1 1 1 -1

Si€u thé (super-potential) cho khu vuc neutrino ctia mé hinh nhu sau

M1 . Yo 1
o, = TV((v‘l)zn)l] h, +—/; (VD)3 ), b, +5M(vcvc)ll +hc+..., 2)

trong d6 ddu ba chdm (...) dé chi cac s6 hang béc cao.
Cac gia tri trung binh chan khéng (vacuum expectation value - VEV) cua céc
flavon ctia mo hinh duogc xac dinh nhu sau

<¢>:(0 Y 0)’ <}(>:(1 v, 1)’ <'9>:U9 3)
M= v,), (&=, v v,), (a)=v.

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

} VU, v

= A—"’J @

m, = Diag.(y Vu

(4
Y
trong do6 cac thanh phﬁn ctia ma tran dugc cho 1a thuc. Cac ma tran khoi lugng cho

Dirac neutrino va Majorana neutrino thu dugc nhu sau

20e”  a—be”  a—be’ M 0 0
m! =e“ | a-be” a+2be? -be” |v,M,=|0 0 M|, ®)
a—be" —be' a+2be"’ 0O M O
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Hinh 1: Twong quan giira r (r = b/a) va cos¢ cho hai truwong hop NH (phin cosg>0) va IH
(phﬁn cos¢p<0)

trong d6 M 14 thyc va duong. Pha ¢ = a, —a, 1 pha duy nhat c¢6 y nghia vat 1y, boi
vi pha chung ¢, c6 thé bi loai trir bing phép quay toan cuc. Hai pha «,,a, 1a cac
argument clia y, vay,,. Cac tham sd a va b la thuc va duong va dugc cho boi

Y, Yy
a=y, \X,b=|yvz |X'
Sau khi thuc hién co ché seesaw, ta thu dugc gia tri hiéu dung ciia ma tran khéi
luong neutrino nhe
My ==Y M. (6)
Ma tran khéi lugng nay dugc chéo hoa bﬁng ma tran TB
U\Z-mqfov = Dlag(ml s m23 m3 ) s (7)
m, = my(1+9r° — 6rcos @), m, = 2m,,m; = m,(1+9r” + 67 cos @),
my=v.a’ I M,r=b/a.
Ma trén tron ctua khu vyc lepton dugc cho bdi
Ups =U, =¢ 77U, -Diag(1, €”, &), 6))
trong d6 B =7,/2, B, =(y, —7,)/2 la cac pha Majorana vi pham s6 CP, trong d6
7, = arg[(a—3be”)’], y; = arg[(a +3be”)’]. ©)

D@ thay phan tir ¢”’> khong c6 y nghia vat 1y. Ngoai ra, nhom ddi xtmg G, lam
cho céc goc tron khu vuc lepton theo cAu triic TB, do d6 pha CP Dirac bé'lng khong,
O.p=0. Con lai nam tham so vat ly 1a B, 8,,m,,m,,m, hoan toan dugc xac dinh boi
nam tham s6 ctia mo hinh 13 M,v,,a,b va ¢.

Khéi lwong 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
cosg. Néu cosg>0 (cosg<0) tacd NH (IH). Mbi twong quan giita r va cos¢ cho
hai truong hop NH (phan cos¢ >0) va IH (phan cos ¢ < 0) dugc biéu dién trén hinh
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1. O day (va trong toan bd bai bao nay), ching t6i sir dung két qua thuc nghiém tir
dao dong neutrino & mirc do tin cdy lo cho trong bang 2 cho viéc tinh s [1] (cin
phai n6i thém rang, c6 mot sb két qua 1am khép khac nhau tir s6 liéu thuce nghiém.
Viéc chon s6 lidu 1am khép trong bai nay 1 ngau nhién).

Bang 2: Cac gia tri thwc nghiém ctia khu vwe neutrino [1]

Parameter Best fit +10 30 interval
Amz, [107"eV7] 7.6570 50 7.05 — 8.34
AmZ,[107%eV?] | £2.401912 | (2,07 — 2.75)

sin? 612 0.304+0-022 0.25 — 0.37
sin? fas 0.5+007 0.36 — 0.67
sin? 043 0.01+5:518 < 0.056

Mot dai lwong vat 1y quan trong khac 1a khéi lwong hiéu dung |{m,)|trong qua

trinh phén ra hai hat beta khong kém hat neutrino (neutrinoless double beta decay -

[(mee)| [eV]

0vBpB)
|<mee> :|m1Ue21 +myU g, +mU;|, (10)
0.25 trong d6 U, 1a cac phan tir ciia ma
020 tran  U,,. Do co6 phan tu
0.15F ! U, =0nén m, khong c6 dong gop
0.107 ® vao |(m,)|, do d6 chi duy nhét pha
O'OSlL }__J Majorana fla c6 dong gop vao
JO S A ~ [(m,) . khi d6 ta co
1 ,
-0.05 ‘ ‘ |<mee> =§|2m1 +m,e* | (11)

=50 0

50 160
¢ [Deg.]

150 200 250

Hinh 2: Gia tri tién do4n ciia khdi lwrong
hi¢u dung |(m, )| biéu dién nhw la

Hinh 2 cho ta thay gi4 tri tién doan
cho|(m,)| cua mo hinh nhu la ham
ctia ¢. Trong hinh nay, duong nam

ngang lién nét (dGt nét) 1a gii han dudi hién nay (twong lai) cia céc thi nghiém vé
OvBp [9]. Ta thay cac gia tri tién doan trén ciia mo hinh 1a hoan toan c6 the kiém
chimg bang thiic nghiém trong twong lai gan. Ngoai ra, mbi quan hé giita ¢ va 3,

¢6 thé tinh dwgc tir phuong trinh (9) nhu sau sin2, =

P [Deg.]

100 w

/

50

=50~

/

-100 ‘
-100 -5

0

50 160
¢ [Deg.]

150 200 250

6rsin g(1—3rcos @)
1—6rcos ¢ +97°

(12)

va duge biéu dién trén hinh 3.
Khi chéo héa ma tran khdi lugng
M,, ta nhan dugc khoi luong cua
cac neutrino nang phan cyc phai la
suy bien (M, =M, =M, =M ). Trong
hé co s& nay, ma trdn tuong tac
Yukawa cuia neutrino Dirac c6 dang
1 .
Y, =V Y'Y =—m?, trong d6
1%

u

Hinh 3: Twong quan giira pha CP S va pha goc 4.
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VIM,V,=Diag.(M, M, M,)

1 0 0
V.=10 1/42 -1/2]  (13)
0 1/42 142
Dan dén ma tran hermite H =Y Y'cé dang nhu sau
2a* +6b* —4abcos ¢ x/z(a2 —3b” +2abcos @) 0
H=Y)Y =|\2(a* -3b* +2abcosg)  3a* +3b> —2abcosg 0 . (14
0 0 a’ +9b +4abcos ¢

Nhu véy, trong mo hinh nay khdi lugng cac neutrino phan cuc phai 1a hoan toan

suy bién va Im[H,;]=0, do d6 dan dén cac h¢ qua sau :

- Leptogenesis khong phan biét sy déng gop riéng 1é cua cac lepton thé hé
(unflavored leptogenesis) khong xay ra trong mo hinh.

- Leptogenesis co phan biét sy dong gop riéng 1é cua cac lepton thé hé (flavored
leptogenesis) c6 thé thyuc hién.

Trong cé hai trudng hop trén déu doi hoi phai loai trir sy suy bién ctia khdi lugng

cac neutrino Majorana nang phan cuc phai. Qua trinh tai chuan co6 thé lam cho hai

qué trinh leptogenesis (unflavored va flavored) xay ra.

3 CAC PHUONG TRINH TAI CHUAN HOA

Nhu da dé cap 6 trén, do Im[H ;1= 0nén unflavored leptogenesis khong xdy ra, qua
trinh tai chuan héa c6 thé lam cho Im[H il# 0dan dén unflvored leptogenesis co
thé thuc hién. Ngoai ra néu Im[H,]=0 thi flavored leptogenesis ¢6 thé thuc hién

dugce mot khi suy bién cua cac khdi lvong neutrino Majorana ning phan cuc phai
duogc loai trir, va qué trinh tdi chudn hoa ciing c6 thé thyc hién dugc. Nhu vay,
trong ca hai truong hop ta déu can dén qua trinh tai chuan hoa.

Phuong trinh tai chuan héa cho ma tran khéi lugng neutrino ning phan cuc phai
trong hé co s ma ma tran khoi lugng nay chéo va thyc 1a [10]

dMié’fj T T t \T
TZAifMj+Mi‘47j+2{VR [(FY)M+ M (YY) Vil (15)

1
trong do ¢ =
£ 16

p= In(M /A'), v6i M 1a thang ning luong tai chuin héa, thang cut-off
A’ ¢ thé ddng nhit voi thang pha v& ddi xtimg ctia nhom G, va dugc cho la dong
nhit v6i GUT scale, A" ~10"GeV. O day, vi M, thay doi theo mirc ning luong
nén ¥, ciing phu thugc vao thang ning luong. Phuong trinh ti chuan hoéa cho
V,(¢) dugc cho nhu sau

d

EVR =V,A, (16)
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trong d6, do ¥, 13 unita nén 4 13 ma trdn phan hermite, tac 1a 4"'=-4. Tu
phuong trinh (14), phuong trinh tai chuan héa cho phan thyc ctia phan tir chéo 1a
dM =4M. (YYVT) 17

Phuong trinh tai chuén hoa cho Y, trong co s& M, chéo va thuc 1a [10]

Doy iT -3 -2ghH + 1Y+ 314 AT, (18)
Va cudi cung, phuong trinh tai chudn héa cho ma tran hermit H 1a
”Z: =2(T-3 2——g] YH +2Y,(Y, Y)Y, +6H> + A"H + HA". (19)

Tir phwong trinh nay, chi giit lai dong gép chu yéu la cac hiéu ing tai chuan hoa tir
tau-Yukawa, ta nhan dugc cac thanh phﬁn sinh ra tir tai chudn héa cho céc yéu t6
chéo ctia ma tran hermite A nhu sau [10, 11]

H,y :zyf(Yv)iS(Yv);}t' (20)

Tir phuong trinh (17), tham s6 d6 dich khdi lugng cua cac neutrino nang phan cuc
phai tir qua trinh tai chuan héa nhan dugc nhu sau

M,
oy =l-—L=4H,-H))\, 21
I ( i) @n

J
Trong d6 H dugc cho ¢ phuong trinh (14).

Nhu vay, dudi tac dung ciia qua trinh tai chuin hoa, cac thanh phan khong chéo
ctia ma tran H nhan thém cac bd dinh nho va phtrc; ngoai ra, sy suy bién cua khoi
luong cic neutrino Majorana ning phan cyc phai ciing dugc loai trir. Két qua la
cac thanh phan can thiét cho qua trinh flavored va unflvored leptogenesis dé
nhan dugc.

4 FLAVORED LEPTOGENESIS TU QUA TRINH TAI CHUAN HOA

Nhu da dé cap tir du, trong mo hinh S, nguyén thily, leptogenesis khong hoat
dong, tic 1a khong cho phép giai thich duoc BAU.ﬂ(gj muc nay, chung t6i nghién
clru qua trinh leptogenesis nho vao qua trinh tai chuan héa da duoc xem xeét ¢ trén.
Ngoai ra, mac du cdc yéu to can thiét cho hai qua trinh leptogenesis (flavored va
unflavored) diéu da c6 du, trong khudn kho ctia bai bao nay, chung toi chi trinh
bay qua trinh flvored leptogenesis.

Trude hét su bat déi xtmg sb lepton dugc sinh ra nhd vao sy phan rd khong can
bang va vi pham s6 lepton cta cac neutrino nang phén cyuc phai (Right Handed
Neutrinos-RHN) & thoi diém rat sém cua vii try. Néu khoi lu’ong cua cac RHN la
M <(1+tan® §).102GeV, khi d6 sy phan rd cia RHN ra cac thé hé lepton khac
nhau 1a phan biét dugc, va sy bat d6i xung s6 CP do su phan ra cia RHN thur i ra
lepton a (a =e, u,7) dugce cho boi [12,13].

2

o= Im[H_(Y), (Y M, 22
6 = Sl H, (7), (7, )2 s 22)

ii J#
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trong d6 ham g(x) la cac bd dinh bac mot (mot vong) cua su phan ra cia RHN thtr
i, duogc cho boi

M:? 2 1
860 = 8 0 =Vr = - =5, 23)

Ham nay phu thudc rat l6n vao su phén cép khdi luong cua cac RHN. Néu khéi
lwgng cia cac RHN 1a gan nhu suy bién thi gid tri ham g(x) va do do6 gia tri bat
d6i xtmg CP s& rat 16n, ta goi ddy la leptogenesis cong hudng (resonant
leptogenesis), khi do bat d6i xung & dugc lay xap xi [14].

Im[H,(Y,),,(Y,)}.] r

gl = ~ 1+ L), 24
’ ,Z 67H,5) 4Mj552) @4

Trong d6 T', = H M /8z 1a d9 rong phan ri cia ciia RHN thir j va &y 1a tham sO
d6 léch khéi lugng (xem phuong trinh (21)). Nhu vy, bang cach Iya chon thich
hop céc hi¢u ung cia qua trinh tai chuan hoa, bat doi xung &“nhan dugc gia tri
khac khong.

Bén canh dai lugng &“, dé tinh s bat ddi xtg baryon ta can phai tinh cac tham s

i

suy giam (washout parameter) K do sy phan rd ngugc cua RHN thir i [15]

. i 2o ~ 5/2 2
oo X0 00, 167 Jo.— 29

i = =—, m , m, = *

' H(Ml) m, Mz' 3\/§ g Planck

Trong d6 I'“la toc do phan rd cua quéa trinh N, —[“¢" va H(M,)la hang s
Hubble, g,=288,75 la s6 bac tu do hiéu dung cia moé hinh [16] & nhiét do
T = M, va khéi lugng Planck M, , =1,22.10°GeV.

Planck
Céc s6 bat dbi xtng lepton thé hé &” nhan cac gia tri khac nhau tuong Gng voi
tham s6 suy giam K khac nhau; va céc s6 bat d6i ximg lepton nay c6 dong gop
khac nhau vao sb bat d6i ximg BAU [15] nhu sau:
93 19 19
=—107) [ (— K+ &' (=K' + & kT (— K] 26
s %[,,(110 i)t E 1(30 ) ,,(30 )] (26)

néu thang khéi luong cuia RHN vao ¢ M <(1+tan® £)-10 GeV, khi ma cac qua
trinh twong tac voi sy tham gia cua hat tau (7 ) va muon () 1a & trang thai can
bang, thi cac lepton thé hé c6 cac dong gop riéng 1é vao 77,. Néu thang khdi luong
cia RHN 1a vao ¢& (1+tan’ B)-10°GeV <M <(l1+tan’ £)-10”°GeV, cac qua trinh
tuong tac voi su tham gia cua hat tau (7 ) 1a can bang, trong khi do cac qua trinh
tuong tac c6 su tham gia ctia muon () va electron (e) la khong can bang. Khi d6
s6 dbi xtng lepton cho electron va muon c6 thé cong duge véi nhau Y2 =Y + Y,
dan dén s6 bat d6i ximg BAU dugc cho bai [15].
L, 541 494

=-102) [e’x’(—K)+ &'k (—K’ 27
M5 %;[,,(761 ;) ”(761 ] (27)
trong d6 & =&+ va hé sb suy giam twong tmg 1a K2 = K¢ +K/. Tham s6 suy
giam (washout factor), «, dugc cho bdi [15]
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a 825 K 1.16\—1
f=(—+ (= . 28
K=o () (28)

i

Trong md hinh nay, néu ta bo qua hiéu mg ctia qua trinh tai chuan héa 1én ma tran
H, dong gop cuia RHN theé hé thu ba, N3, la khong dang ke, do H,y,) = Hy .y, =0.

That ra, diéu nay ciing hoan toan ding néu chung ta xét dén hiéu tmg cua tai chuan
hoa 1én H, béi vi cac s6 hang Hw(m,HBm) sinh ra tir tai chuan héa la rit nho. Két

hop cac phuong trinh (14, 24, 30), sb bit ddi ximg lepton nhan dugc nhu sau

2 2
e a‘rsing e = a‘rsing _ (29)
327(1-2rcosg+3r)t 64r(1-2rcosg+3r°)t
o = —a’rsing PR a’rsin ¢

—, & =& = ——.
167(3—2rcosg+3r-)t 327(3-2rcosd+3r°)t

O day ching toi da sir dung tham s6 d6 dich khdi lugng tinh tir hai phwong trinh
(14, 21)
512 =52 =—4a>(1-3r" + 2rcos ). (30)

Dang tuong minh ctia K" tinh dugc nhu sau

Kf=4r2ﬂ, K{”:£(l—2rcos¢+r2), G

* m*

Ke=2M (1 2rcosgert), K=" (14 2rcosgt ).
m, 2m,
Két hop cac phuong trinh (26, 28, 29, 30, 31), chung ta tinh dugc sé bat ddi xtng
BAU.

10°% , , , , , 1078
10~° 107 -~ -
£ 107 S0
101k 1071
L]
10712 . . . . . 1072
0.00 0.2 004 006 008 010 0.12 0.04 005 0.06 0.07 0.08 0.09 0.10 0.11 0.12

[mee) [eV] [(mee)| [eV]

Hinh 4: Gi4 tri tién doan sb bt dbi xtitng BAU, 7, , nhwr 13 ham ciia khéi lwgng hiéu dung
[(m,c)|
Gia tri tién doan sd bat ddi ximg BAU, 7, , nhu 1a ham ciia khdi lugng hidu dung
|(m, >| dugc biéu dién trén hinh 4. Chang t6i st dung thang khdi lugng ciia cac

Majorana neutrino nang phan cuc phai M =10°GeV va tham sb siéu d6i ximg
tan B =1. Puong lién nét nam ngang la gia tri trung tdm ctia BAU quan sat tir thi

nghiém do dac buc xa nén vii try (Cosmic Microwave Background - CMB),
CMB

7S =6,1-10"° [16]. Cac duong nam ngang dirt nét 1a mién cho phép ciia BAU,
2-107° <7, <10™. C6 thé thay tir hinh 4, tir gia tri thuc nghiém cta 1S ching ta
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c6 thé gi6i han mién gié tri tién doén cta [{m,, )| cho c4 hai truong hop NH va IH.
Két hop v6i két qua tir hinh 2 va hinh 3 chiing ta ¢ thé tim dugc gia tri tién doan
ctia mo hinh cho pha vi pham CP Majorana g, thong qua tham s 4. Ngoai ra, tir
két qua tinh s6, ching t6i nhan thay gia tri ciia goc tron khu vuc lepton gan nhu
khong bi tic dong ctia qua trinh tai chuan hoa, két qua nay 1a phu hop véi cac cong
bd gan day (ca vé két qua giai tich 13n két qua tinh s6) vé qua trinh tai chudn hoa
d6i v6i cac mo hinh ddi ximg thé hé [17].

5 KET LUAN

Chuing t6i nghién cru md hinh Sy, trong d6 dang tri-bimaximal cia ma tran tron
khu vuc lepton thu dugc mot cach ty nhién. Trong mé hinh nay, tich sb vy, von
xuét hién trong qua trinh leptogenesis, 14 thuc va cic Majorana neutrino ning phan
cuc phai la hoan toan suy bién, do d6 leptogenesis khong thuc hién duoc trong mo
hinh. Dé c6 leptogenesis, do d6 cho phép giai thich dugc BAU, chiing toi xem xét
qué trinh tai chuan hoa 1én ma tran twong tic Yukawa ciia neutrino Dirac Y, va
tich s6 v, ¥!, cling nhu 1én ma tran khéi lugng ciia Majorana neutrino phan cuc
phai. Két qua thu nhan duogc 1a qua trinh leptogenesis (ca flavored va unflavored)
¢6 thé thyc hién duoc. Trong khudn khé bai bao nay, ching t6i chi xem xét qué
trinh flavored leptogenesis. Do khdi lwong ciia cac RHN gan suy bién nén ta co
qua trinh leptogenesis cong hudng, do d6 thang khdi lugng cuia RHN ha xudng dén
mirc TeV. Cing véi tham s6 siéu d6i xing duoc chon 1a tan f=1(tanf=0,/v,)",
chung t61 da thanh cong trong viéc giai thich BAU.

Chung t6i ciing nghién ctru cac hiéu ing vat 1y ¢ ning luong thap, dic biét 1a khoi
luong hiéu dung |<mee> clia cac thi nghiém0v44. Chiing t6i tim thdy mdi quan hé

truc tiép gitta 7,, la dai luong vat ly & thang nang lugng cao, va |<m(,e> , la dai

lwong vat 1y & thang ning luong thip, thong qua goc ¢, do d6 cho phép tién doan
pha CP Majorana 4. Tir két qua tinh s6 ciing cho thiy cac goc tron khu vuc lepton
khong bi tac dong cua qua trinh tai chuén hoa, va didu nay 1a phu hop véi cac cong
bo gan day [18].
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