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LJoi cam doan

To6i cam doan ban dé an nay 1a két qua nghién cttu clia rieng toi. Cac sd
lieu va tai lieu dugc trich dan trong dé an 1a trung thuc. Két qua nghién
cttu nay khong tring lap véi bat cit cic cong trinh nghién cttu ndo da duoc

cong bo trude dé. Toi chiu trach nhiem véi 161 cam doan ctia minh.

Dak Lk, ngay thdng nam 2024

Hoc vién

Tran Thi Huong Quynh



LJi cam on

Trai qua thaoi gian tron 2 nadm hoan thanh chuong trinh hoc tap va nghién
cttu thuc hien dé an: “Khoi luong va pha tron lepton dang gan co-bimazimal
trong mo hinh B-L vdi nhom S3 X Zy” tai Truong Dai hoc Tay Nguyén.
Trudc tién, toi xin gii 10i cAm on chan thanh va sau sic nhat dén PGS.TS
V6 Van Vién, nguoi da tan tinh huéng dan, gép ¥ va chi bdo t6i trong subt
qué trinh thic hien dé an. Sy nhiét tinh, kién thic sau rong va nhiing 16i
khuyen quy bau ciia thay da gitap toi hoan thanh tét dé an tot nghiép nay.

Toi cling xin gii 16i cAm on dén khoa KHTN va CN, Truong Dai hoc
Tay Nguyeén, diic bict 1a cac thay co trong t6 bo mon Vat 1y, da giang day,
cung cap nhitng kién thitc nén ting quy gia va tao diéu kién hoc tot nhat
cho to6i trong suét qua trinh hoc tap va nghién ctu tai truong.

Ngoai ra, toi xin giii 10i cAm on dén cac ban hoc trong 16p Vat ly Iy
thuyét va Vat 1y toan da gitp d6, hd trg toi trong viec thu thap tai lieu,
cung cap thong tin va dong vien toi nhitng lac khé khin trong qua trinh
hoan thién dé an nay.

Cubi cling, toi xin danh 16i cdm on dén gia dinh, nha truong noi toi dang
cong tac da luon 1a nguon dong vién tinh than to 16n, da tao moi diéu kién
thuan lgi dé t6i c6 thé tap trung hoan thanh chuong trinh hoc va hoan
thién tot dé an tot nghieép nay.

Toi xin chan thanh cidm on tat ca!

Dak Lak, ngay thdng nam 2024

Hoc vién

Tran Thi Huong Quynh
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1. Li do chon dé an

Mic du duge xem 13 mot trong nhitng 1y thuyét thanh cong nhat cia
vat 1y hat, nhung M6 hinh chuan (MHC) van boc 16 mot s ton tai nhat
dinh. Mot trong nhitng ton tai ndi bat ctia MHC d6 13 khong giai thich
dugc sy nhé bé clia khéi lugng neutrino, sy tron lepton va tron quark.

Ve mat thuc nghiém, sut khac biét vé binh phuong khéi lugng neutrino,
cac gbc tron neutrino va két qua phan tich thyc nghiém vé pha vi pham
CP van dang dugc cap nhat lién tuc. Dang pha tron lepton theo thuc
nghiém gan day c6 dang phtt hop véi dang co-bimaximal, theo d6 63
khac khong, 6,3=45° va §=270°.

Theo dit liéu thuc nghiem nam 2020, khéi luong va goc tron neutrino
duge xac dinh trong tai lieu tham khao [5], nhu duge cho trong Bang .

Bang 1: Khéi lugng va géc tron neutrino [5]

Best — fit (30, PBC) Best — fit (30, PBND)
AmZ; (meV?) 75.0 (69.4 — 81.4) 75.0 (69.4 — 81.4)
107%|Am3, | (meV?)|  2.55(2.47 — 2.63) 2.45 (2.37 — 2.53)
sinZ 615 0.318(0.271 — 0.369) | 0.318(0.271 — 0.369)
sin? a3 0.574(0.434 — 0.610) | 0.578(0.433 — 0.608)
102sin® 03 2.200 (2.00 — 2.405) 2.225 (2.018 — 2.424)
5o p 194 (128 — 359)7 284 (200 — 353)

Vé phuong dién 1y thuyét, ma tran tron lepton dugc xac dinh thong
qua ma tran tron lepton mang dién va ma tran tron neutrino. Hién nay,

c6 5 dang ma tran tron lepton duge dé xuat, bao gom:
(1) Dang Democratic [2],

1/vV2  1/V/2 0
Upc=| 1/v6 —1/v6 —/2/3 |. (1)
—1/V3 1/v/3 —1/V3



(2) Dang Bimaximal [§],

1/vV2 1/V/2 0
Upv=| 1/2 1/2 —-1/v2 |. (2)
/2 1/2 1/V2

(3) Dang Golden — ratio [9],

V2/V5 -5 V2/V/5+V5 0
Usr=| —1/V5+vV5 1/V/5+V5 V2/2 |. (3)
1/vV5+vV5 —1/v/5—+5 v2/2

(4) Dang Hexagonal [10],

V3/2  1/2 0
Un= | —v2/4 V6/4 1/v2 |. (4)
V2/4 —V6/4 1/V2

(5) Dang Tri-bimaximal [4],

2/V/6 1/4/3 0
Unps = | —1/vV6 1/v/3 1/vV/2 |. (5)
—1/vV6 1/V3 —1/v2

Cac két qua thiic nghiém veé netrino gan day cho thiay dang tron lepton
phit hop véi dang Tri-bimaximal nhu & biéu thite (4), trong do, cac goc
tron l1an 16n khac biét hoan toan véi cac goc tron quark.

Trong khoang hon hai thap nién trd lai gan tré lai day c6 mot huéng
kha quan dang dudc nghién citu rong, nhim giii thich sy tron lepton va
cac hiéu dng vat Iy quan trong khac, dé 1a dua cac doéi xing gian doan
vao MHC va cac mé hinh mé rong MHC.

Cac nhéom ddi xting gian doan da duge dua vao MHC, cac mo hinh
3-3-1,...Cac nhém gidn doan dugdc lua chon nhicu d6 1a Ss, Sy, As, Dy,

T%,.... Hién nay cac mo hinh vat ly loai nay dang dugc cac nha vat ly
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trén thé gi6i dac biet quan tam.

T quy luat bién doi ctia hée s6 Clebsch-Gordan 6 biéu thite (|1.44])-
, chiing t6i nhan thay nhom S c6 thé két hgp v6i mo hinh B-L dé
cho 10i giai thich thod dang vé tron lepton theo két qua thuc nghiém nhu

trong Bang[ll Vi vay trong khuon khé ctia dé an thac si, ching toi dé xuat
dé an: "Khéi lugng va pha tron lepton dang gan co-bimaximal

trong mo6 hinh B-L v6i nhém Sj x Z,".
2. Muc dich nghién ciu

- Trinh bay su sinh khéi lugng va tron lepton dang gan co-bimaximal
trong mo hinh chuan va moé hinh B-L.
- Xay dung mo hinh B-L v6i nhém dbi xing S3x Z, xac dinh khoi

luong va dang ma tran tron gan co-bimaximal.



Chuong 1. Tong quan tai liéu

1.1 Giéi thiéu vé moé hinh chuan va mé hinh B-L

1.1.1 Céc lepton trong mo hinh chuan

Mo hinh chuan citia vat 1y hat 1a mot 1y thuyét dua trén nhom déi

xiing chuan véi cau trac déi xting nhu sau:
SU(S)CXSU(2)L X U(l)y, (11)

trong d6, SU(3)¢ mo ta doi xiing clia lyc manh. Nhém d6i xiing nay lien
quan dén sy tuong tac gitta cac hat quark va gluon; SU(2);, mo ta doi
xiing ciia tuong tac yéu. Ky hieu L chi phan cyc trai (chi céc fermion
phan cyc trai thyc hién biéu dién 2 ctia nhém SU(2), céc fermion phan
citc phai thue hién biéu dién 1 ctia nhém SU(2)). U(1)y mo ta luc dién
tlr, thong qua dai lugng goi la siéu dién tich yéu (ky hieu 1a Y). Nhém
nay lién quan dén tuong tac dién ti duge thong nhat véi hue yéu trude
khi bi pha vd déi xiing, dan dén viéc tach roi photon va cac boson W, Z.

Trong MHC cua vat 1y hat, lepton la mot trong hai loai hat co ban
(hat con lai 1a quark). Lepton khong tham gia vao tuong tac manh (luc
hat nhan manh), ma chi tuong tac qua lyc yéu, luc dién tir (néu mang
dién) va lyc hap dan. C6 séu loai lepton, chia thanh 3 "thé he" va dugc
biéu dién tong quat trong Bang .

Bang 1.1: Cac thé hé lepton trong mo6 hinh chuan

Thé he 1 | Thé he 2 | Thé he 3 | Q
Lepton v, vy v, 0
e U T -1

Trong do6, Q la dién tich cua hat, va dé xac dinh dién tich ctua cac

hat lepton trong moé hinh déi xting chuan ching ta st dung coéng thiic



Bang 1.2 CAc toan t1t tuong tng clia Lepton trong M6 hinh chuan

Cacdatuyén | I | I3 | Y| Q
€R 0 0 2 -1
Vol /2 1/2 [-1] 0
L /2 <172 1|1

Gell-Mann-Nishjima nhu sau:

Q:&+§. (1.2)

Day la bicu thic lien hé gitta dién tich Q, thanh phan tht ba ciia spin
dong vi I3 (c6 gia tri £1/2 dbi véi cac hat lepton va quark) va siéu tich
dien yéu Y. Dugc bieu dién cu thé trong Bang .
Trong do6, ta c6 spin dong vi I va s6 hat trong da tuyén dudc lién he
v6i nhau theo biéu thic:
2[+1=n (1.3)

V6i don tuyén: n=1; ludng tuyén: n=2; da tuyén: n=3. Dya vao bicu
thic (1.2) va (1.3) trén ta tinh duge cac toan tit tuong tng ctia lepton
trong MHC nhu bang 1.2. Dong thoi cic ludng tuyén tuong tng véi 3
thé hé lepton phan cuc trai duge k¥ hiéu cu thé nhu sau:

Yer = <V€L> N(27_1)7 wuL: <VﬂL> N(27_1>7
er, 1295

VYrL = ( ot ) ~(2,-1). (1.4)
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Hoac

i = (””) ~(2,-1), thar = (””) ~(2,-1),
llL l2L

s = ( L ) ~(2,-1). (1.5)

3L

Céac don tuyén lepton phan cuc phai dude ky hiéu nhu sau:
ER ~~ (1,—2), MR ~ (1,—2), TR ™~ (1,—2) (16)
Hoac

lhir~(1,-2), lbp~(1,-2), l3g ~ (1,-2). (1.7)
1.1.2 Khéi lugng va pha tron lepton trong mé hinh chuan
Trong MHC, khéi lugng ciia cac lepton tich dién duge sinh ra qua qua
trinh tuong tac véi truong Higgs, cu thé 1a qua mot tuong tac goi la
tuong tac Yukawa gitta cic lepton va truong Higgs. Su khac biét vé khoi
lugng gitta cac lepton tich dién (electron e, muon p, tau 7) xuat phat
tit sy khac biet trong hang s6 Yukawa ciia chiing. Nhu vay cac Lepton
mang dién ¢6 khoi lugng va khéi lugng truong fermion c¢6 dang [1]:

ff=7rofr+ frft. (1.8)

Ky hiéu ctia cac ludng tuyén lepton trai va cac don tuyén lepton phéai c¢6

dang nhu sau:

laL

waL - ( Vol ) 3 laR ~ (17 _2) (a = 17273)7
llREe, lgRElu, lgRET. (19)

Trong phuong trinh Lagrangian ctia MHC, khoi lugng clia cic lepton
mang dién dudc sinh ra tit sy tuong tac véi truong Higgs. Cu thé, khi



Higgs c6 gié tri ky vong chan khong (VEV- vacuum expectation value),

no sé '

' pha vd doi xing dien yéu" va sinh ra khoi luong cho cac hat

fermion (bao gom ca céc hat lepton mang dién) thong qua cac hing sd

Yukawa.

Hang ti khoi luong trong Lagrangian cho cac lepton mang dieén 1

rieng biet dugde viét nhu sau:

—Lur = hut dlhig + hioth 1 dlog + histh  dlsp
ho1or @lir + haother dlap + hagthy; dlsr

+
+ ha1g0lig + haothsp dlor + hasts dlsr
+ H.c.

Trong chuan unita, luéng tuyén Higgs c6 dang:

mw(@>.

(1.10)

(1.11)

vi thanh phan H(z) trong biéu thiic (1.11) khong sinh khéi lugng nén ta,
¢6 thé b qua thanh phan nay. Biéu thic (1.11) duge viét lai nhu sau:

[ (@T) _ 1[0
¢”(<¢0>) ﬂ()

Thay (|1.9) va (|1.12) vao (|1.10) ta dugc:

Vg = = =
—L = —|hulihir + hializlog + haslirl
HL \/5[ 11Y1LYR 1201L02R 13Y1LL3R

4+ hotlarlip + haslaplog + haslarlsg

+ hailsplir + hsalsplor + haslszlsg] + H.c.

Lagragian trong (1.13)) c6 thé viét lai dusi dang ma tran:

UH

ﬁfLMlLR + H.c.

—Lur =

trong do,

(1.12)

(1.13)

(1.14)



Ly = (lip, Ior, I31), Lr = (lig, lag, lsr)"

Y

hir hia his
M= hai ha hes |- (1.15)
hs31 hzs D33

b
V2

Trong MHC, céc hat fermion (bao gom electron e, muon g, tau )

Ma

nhan khéi lugng qua co ché Higgs. Diéu nay xay ra khi cac fermion
tuong tac véi truong Higgs thong qua cac hing s6 Yukawa, lién két céc
trang thai phan cuc trai va phan cyc phai. Tuy nhién, vi neutrino trong
MHC chi c6 thanh phan phan cuc trai, nén ching khéng thé tuong tac
véi truong Higgs dé nhan khoi luong gidng nhu cac lepton mang dien.
Diéu nay khién neutrino, trong cau tric goc cia MHC, dugce gid dinh 1a
khong c6 khoi lugng.

Trong nhieu thi nghiém, dic biet 14 nhing thi nghiém vé dao dong
neutrino, ngudi ta da quan sat thay rang neutrino cé thé thay doi trang
thai tir dang nay sang dang khéc (vi du tit electron neutrino thanh muon
neutrino). Hién tugng nay chi c6 thé x4y ra néu cac trang thai khéi luong
ctia neutrino 13 khac nhau, do dé cho thay ring neutrino phai c6 khoi
luong. Dao dong neutrino mau thudn véi gid dinh ban dau ciia MHC,

doi héi phai mé rong ly thuyét nay dé giai thich.
1.1.3 Han ché ctia M6 hinh chuan

Mzc di MHC ctia vat 1y hat 14 mot trong nhitng 1y thuyét thanh cong
nhat trong viéc mo ta cac hat co ban va luc tuong tac cia chiing, né van
ton tai mot sé6 han ché khong thé giai thich duge moi khia canh cta vii
tru. Mot trong nhitng han ché ma dé an nay tap trung giai quyét do 1a
MHC khong giai thich duge sy xuat hién khéi lugng ciia neutrino (du

rat nho). Do d6, viéc md rong mo hinh nay 14 nhu cau thiét yéu nham



b6 sung nhing thiéu so6t cia MHC. Dé mé rong MHC, dé 4n dinh huéng
md rong MHC véi nhom doi xting gian doan nham gidi quyét hai van dé
thiét yéu la: Khoi lugng neutrino va pha tron lepton. Trong dé 4n nay

ching t6i md rong MHC v6i nhom doi xiitng Ss x Zo.

1.1.4 Cac lepton trong mé hinh B-L

Trong MHC md rong véi doi xing U(1)p_ trong d6 B 1a s6 baryon
va L 1a s6 lepton ciia cac hat (thudng goi 1a d6i xting B — L) phién ban
t6i thieu dua vao nhém déi xting Gp_ = SU(3)¢ x SU(2)r x U(1)y x
U(1)p_r. Dé dam bao rang déi xting U(1)p_1 dudce khit di thuong, can
thiét phai gidi thieu them ba don tuyén fermion. Cac don tuyén fermion
nay thuong duge goi 1a cac neutrino phan cuc phai, ky higu la vp, [6].

Trong mo6 hinh B — L, phan vo huéng chita thém mot don tuyén phiic
X clia nhém SU(2); dé pha vé dbi xting U(1)p_r vA mot ludng tuyén
¢ ctia nhém SU(2);, dé pha v& doi xing SU(2) x U(1)y vé ddi xing
U(L)em [6],

X~ (1,1,0,2), ¢~ (1,2,1,0). (1.16)

Gia tri trung binh chan khong khac khong ctia cac truong vo hudéng co
dang:

o = - <¢>1<0>, (1.17)

trong do,
v > 0. (1.18)

Trong mo hinh mdé rong B — L, véi dbi xting B — L bi pha vd 6 thang
nang luong thap, khéi lugng neutrino c6 thé duge sinh ra bang co ché

seesaw vdi bac ¢cd 1 TeV. S6 hang Lagrangian sinh khoi lugng neutrino



c6 dang:

. A
—L, = Mlovg + 2RVCRXVR—|—h.C. (1.19)

Sau khi déi xting U(1)g_1, bi pha vd, ching ta thu dugc cac s6 khdi lugng

neutrino Dirac va Majorana nhu sau:

AU Ay U
mp = 222 Mp = 2 1.20
p=" Mr=""5 (1.20)

Khi d6, ma tran khéi luong neutrino cé dang

0
M, = ( "o ) . (1.21)
mp MR

Vi Mg ~ v v mp ~ v, nghia la, Mg > mp nén viéc chéo héa ma tran

khéi luong neutrino M, thu duge khéi luong cho cac neutrino nhe va

nang nhu sau:

m,, = —mpMp'mp, (1.22)

my, = MR. (123)

Vi vay, déi xting chuan B — L c6 thé giai thich sit ¢6 mat ciia ba neutrino
phan cuc phai va cung cap mot khuon kho tu nhién cho co ché seesaw.
Tuy nhién, quy mo ctia bac pha vé doi xing B — L (nghia la v') va do d6
khoéi lugng My ciia vg van tiy ¥. N6 thuong ducde gid dinh 14 quy mo rat
16n dé pha v& déi xting B — L, nghia la, M ~ 10'° GeV dé giai thich dit
lieu neutrino khi quyén va neutrino mat troi. Diéu quan trong can luu ¥
14 quy mo 16n nhu vay cé thé 1a can thiét néu khoi luong neutrino Dirac
duge gia dinh 1a vao bac O(100) GeV. Tuy nhién, khong c¢6 bat ky bang
chitng nang luong thap nao chi ra rang khoi luong Dirac phai 1a vao bac
O(100) GeV. Ngugce lai, néu thiét 1lap mot déi xing vi (d6i xing gian
doan) gitta cac lepton tich dién va lepton trung hoa, chiing ta thay ring

khdi Iugng neutrino Dirac phai rat nho, vao bac O(107%) GeV. Diéu nay
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ngu v rang Mp c6 do 16n vao bac TeV 1a c6 thé chap nhan dugc[6)].
Trong co s6 ma ma tran khoéi luong lepton mang dién va ma tran
khéi luong neutrino Majorana My c6 dang chéo, Mp c6 thé duge tham

s0 hoa nhu sau [6]:

1 0 0
Mr=Mpg, | 0 o 0 [, (1.24)
0 0 1
trong do,
,U/
va
MR12 VR o
19 = ’ ’ 1.26
12 = g Mo, (1.26)

Biéu thtc (1.24) cho biét ring néu v’ duce cb6 dinh 6 bac TeV, do 16n

ctia Mp van duge tham sd hoa béi ba tham s6 Mg, r12. Mat khic, ma
tran khoi lugng Dirac chita 9 tham s6 (néu cac tham s6 la thuyc). Hon
nita, vi déi xiing U(1)p_r khong thé 4p dat thém bat ky rang budc nao
dé gidm s6 tham s6 nay, tong sé tham sb tu do tham gia vao ma tran
khoéi luong neutrino nhe 1a 12 tham sé.

Mot sut tham s6 héa cho ma tran khoi luong neutrino Dirac c6 dang

nhu sau:

mp = v/ MgR\/ m*™ U] s, (1.27)

trong do ml‘fmg 14 ma tran khdéi luong neutrino vat 1y va Upynyg 1a ma
tran tron lepton. Trong trucng hop mp thuc, R la moét ma tran truc
giao tity ¥ ¢6 thé dugc tham sé hoa theo ba goc 012,23.13. Trong biéu thiic

1.27)), sau tham s6 khong xac dinh dude cung cap dudi dang ba tham s

Mpg,, 712 va ba goc 01293 13. Trong khi do, thi nghiém dao dong neutrino

11



mit troi va neutrino khi quyén cung cap sau tham s6 thuc nghiém bao
gom hai sy khac biet binh phuong khdi lugng neutrino (Am3,, Am3,),
ba goc tron lepton 65" 353 va pha vi pham CP trong phan lepton dcp.
Dé x4c dinh cac goc 199313 va cdc tham sb Mg, r1 9, chling ta can mot

ddi xttng vi ngoai ddi xiing chuan ma sé dudce trinh bay trong chuong 3.

1.1.5 Han ché ctia mé hinh B-L

Mo hinh B — L 1a mot trong nhitng md rong don gidn nhat ciia MHC
giai thich duge van dé lien quan dén sir xuat hien khdi lugng clia neutrino,
dit rat nhoé. Tuy nhién, mo hinh nay ciing gap phai mot sd han ché trong
viéc giai thich sy tron khoi lugng ctia neutrino. Trong dé an nay, van dé
tron neutrino dude giai quyét chii yéu thong qua hai phuong phap chinh

la: sit dung co ché seesaw va thém nhom gidn doan vao moé hinh B-L.
1.2 Co ché seesaw giai thich khdi luong neutrino

Néu neutrino c¢6 khoi lugng theo co ché pha vo déi xting trong MHC
thi phai ¢6 khoi lugng ¢6 MeV (bac khoi lugng ciia electron-hat lepton
nhe nhat). Tuy nhién, thyc nghiem cho thay khéi lugng neutrino rat nho,
cd eV [3]. Vi vay, can ¢6 co ché giai thich cho tinh nhé bé ctia khdi lugng
neutrino. Trong muc nay ching toi trinh bay co ché noi tiéng nhat cho
su gidi thich nay, d6 1a co ché see-saw, c6 noi dung nhu sau:

Xét truong Majorana i,

trong d6, ¥¢ = (Uz)¢ nén xr théa man diéu kien x¢ = xz. S6 hang

khéi lugng bat bién Lorentz trai-trai c6 dang:

axrxXrp = a (@L\Ijg + \I/%’\IJL) , (129)

trong d6 ching ta da st dung ky hieu ¥¢ = (Ug)¢ véi U = Uy 13
k¢ hiéu lien hgp Dirac ctia ¥. Ching ta dé dang ching t6 dugce rang sb
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hang xrxz 6 (1.29) luon khac khong. That vay, ta co:

U 08 = [(PL0)™°] OF = [(PL0) "] PpyCo
= Ut P A" Ppy’CU* = Ut PO 4 0. (1.30)

Tuong ti, s6 hang khoi lugng bat bién Lorentz phai-phai ¢6 dang:

bXrxr = b (UpTU§ + UGUg), (1.31)

v6i xg = Up+ U, & = xg. Biéu thite (1.29) va (1.31)) goi 1a s6 hang

khoéi lugng Majorana,

mass

Majorana — aXrXr + bXrXRr- (132)
Mit khac, ta c6 sd6 hang khoi luong Dirac ciia y ¢6 dang:

mass

Dirac — Mp ()ZLXR + XRXL) . (133)

Két hop (1.32) va (1.33)) ta c6 biéu thiic Lagrange khéi lugng neutrino:

mass __ mass mass
’/:’V — Dirac + ‘CMajorana

= Mp (Xerxr + Xz Xr) + axXrXr + OXRrXER- (1.34)

Lagrangian khéi luong (1.34) c¢6 thé dugc viét lai trong dang ma tran:

»Cy mass — ()ZL XR) ( ]\ZD ]\ZD ) ( ;CII;L ) . (135)

Néu a~0va b= Mg > Mp, khi d6 (1.34]) tré thanh

‘Cl/ mass — MD ()ZRXL + XLXR) + MRXRXR- (136)

T (1.35) ta thu duge ma tran khéi lugng neutrino:

MV< ¢ MD). (1.37)
Mp b
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Chéo hoa ma tran khéi lugng M, & bieu thic ((1.37)), ta thu dudgc cac

khoéi Iuong:

1

Xét truong hop a =~ 0 va Mp < b, st dung khai trién gan dung
VT AMG ~ b (1 + 2%%), bidu thitc (1.38) trd thanh:

M2
My, =~ b= Mg (1.39)
Khoéi luong
My = —MpMp'Mp (Mp < Mp) (1.40)
ing v6i nghiém riéng
~ Mp (1.41)
X1~ XL MRXR .
chtt yéu chita yz. Khoi luong My ~ Mp ting v6i nghiém riéng
Mp
~ — 1.42
X2 & XR + M XL ( )

chtt yéu yg. Nhu vay, Lagrangian ((1.36) gom hai s6 hang khoi luong:

»CV mass — MleXl + MQXQXQ' (143)

Khi Mp ~ Maur ~ 10" GeV, ta c6 hai trudng hgp Majorana: Majorana
trai v6i khoi luong rat nhé va Majorana phai c6 khéi luong rat 16n. C6
thé coi cac truong Majorana trai va Majorana phai la hai trusng doc

lap. Trong trudng hop tong quat Mp, My, My c6 thé 1a mot ma tran.

Khi do6 viéc tong quét héa la (1.40) hoan toan tuong tu bang viéc thay

s6 béi ma tran.

Co ché see-saw c6 thé giai thich tinh nhé bé ctia khéi luong neutrino,

theo bicu thic (1.39), nhung khong thé giai thich dit licu chuyén héa

neutrino theo thyc nghiém.
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1.3 Tham sé hoa cho kich ban dao déng ba neutrino

Trong vat 1y hat, sy ton tai ctia khéi lugng nhé ctia neutrino va hién
tuong dao dong giita cac trang thai vi thé clia neutrino da md ra nhiing
van dé quan trong trong viéc kham pha cac co ché mdéi ngoai Mo hinh
chuan. Dao dong neutrino, dugc phat hién qua cac thi nghiém thuc
nghiém, cho thay réng cic trang thai vi thé neutrino (v, v,, v,;) khong
phéi 14 cac trang thai khoi luong riéng ré, ma la sy tron lan clia cac
trang thai khéi lugng (v1, v1,v1). Dé mo ta chinh xac qua trinh nay, kich
ban dao dong ba neutrino dugc xay dung thong qua mot ma tran tron,
goi 1a ma tran PMNS (Pontecorvo-Maki—Nakagawa—Sakata). Cac tham
s6 co ban trong kich ban nay bao gom ba géc tron, hai chénh léch khoi
luong binh phuong va mot pha Dirac, ciing v6i hai pha Majorana néu
neutrino la hat Majorana.

Ma tran tron PMNS va tham sé héa

Ma tran PMNS la mot ma tran don vi 3x3 mo ta sy tron gitta cac
trang thai vi thé v trang thai khdi lugng clia neutrino. Qua trinh nay
dugc tham s6 hoa bdi ba goc tron: 1o, 013, Oa3, tutong ting véi sy tron gita
cac trang thai khoi lugng khac nhau clia neutrino. Cac géc nay tuong
tu nhu cac tham sb tron trong ma tran CKM cla quark, nhung véi céc
gia tri va ¥ nghia khac nhau trong truong hgp ctia neutrino.

Khoi lugng chénh léch va phan cap khoi luong

Mot yéu t6 quan trong khac trong kich ban dao dong ba neutrino 1 sy
chénh lech khéi lugng gitta cac trang thai khoi lugng (v, vq, v1). Su khéac
biet vé binh phuong khoéi lugng clia cac trang thai nay quyét dinh tan
s6 dao dong clia neutrino khi ching di chuyén qua khong gian. Thong
thuong, hai tham s6 chénh léch khéi lugng chinh duge st dung dé mé ta
st dao dong nay: Am3, = m3 — m3 vi Am3; = m3 — m3.

Céu tric khéi lugng clia neutrino cé thé ton tai dudi hai dang: phan

cap khdi lugng binh thuong (normal hierarchy) hodc phan cap khoi lugng
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ngugc (inverted hierarchy). Trong phan cap binh thuong, ms 13 khoi
luong 16n nhat, trong khi phan cap ngude cho thay ms c6 khdi lugng
nhé nhat. Hiéu ré sy phan cap nay la mot trong nhitng thach thic 16n
trong nghién citu dao dong neutrino, vi né lién quan tryc tiép dén ban
chat khdi lugng ctia cac hat nay va sy vi pham ddi xting CP.

Pha Dirac va vi pham CP

Mot trong nhitng tham s6 quan trong trong ma tran tron PMNS Ia
pha Dirac dcp, tham s6 nay c6 kha ning gay ra sy vi pham déi xing
CP trong cic qua trinh lién quan dén neutrino. Vi pham déi xting CP
la mot trong nhitng van dé 16n trong vat 1y hat vi n6 co thé gitp giai
thich sy khong can bang gitta vat chat v phan vat chat trong vii tru.
Thuyc nghiem da va dang tiép tuc do dac pha Dirac nay, va cac két qua
ban dau goi ¥ rang vi pham CP c6 thé ton tai trong dao dong neutrino,

mic du gia tri chinh xac ctia d¢cp van chua duge xac dinh ro [3].

1 0 0 C13 0 Slgeiiécp c12 S12 O
UPMNS =10 C23  S923 0 1 0 —S12 C12 0
0 —S893 (923 —8136i5CP 0 C13 0 0 1

trong do, s;; = sinb;; va ¢;; = cost;; la cic ham lugng giadc clia céc
gbc tron 019, 013, Oo3.

Pha Majorana va ban chat cia neutrino

Néu neutrino 1a hat Majorana (tic 1a hat v phan hat ctia ching la
gibng nhau), ma tran PMNS sé ¢6 thém hai pha Majorana. Cac pha
nay khong anh huéng dén cac dao dong neutrino trong cac thi nghiem
hién tai, nhung chiing c6 thé xuat hién trong cac qua trinh vi pham s6
lepton, chang han nhu phan ra beta kép khong neutrino. Viéc xac dinh
lieu neutrino c6 phai la hat Majorana hay khong la mot trong nhing
cau hoi 16n nhat trong vat 1y neutrino hién dai.

Kich ban dao dong ba neutrino cung cap mot khung 1y thuyét manh
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mé dé mo ta su tron va dao dong clia cac trang thai vi thé va khéi luong
ctia neutrino. Cac tham s6 nhu gbc tron, chénh lech khéi luong, va pha
Dirac déng vai tro quan trong trong viéc giai thich cac hién tugng quan
sat dugce trong cac thi nghiém dao dong neutrino. Ngoai ra, kha nang vi
pham déi xitng CP va si ton tai cia cAc pha Majorana md ra nhiing co
hoi méi dé kham pha cac hién tuong vat 1y vugt ra ngoai M6 hinh chuan.
Thoéng qua cac thi nghiém trong tuong lai, viéc xac dinh chinh xac cac
tham s6 nay sé gitip ching ta hiéu rdé hon vé ban chat ctia neutrino ciing

nhu cac hién tugng co ban trong v tru.
1.4 Nhém déi xing Ss

Nhom S3 14 nhém hoan vi ctia ba phan tit, hay con goi 14 nhém déi
xting cap 3. Day 14 nhém nho6 nhat khong phai 1a nhém Abel, tic 1
khong giao hodn. Nhém S; bao gom tat ca cac phép hoan vi c6 thé cia
ba vat. Vé mat 1y hinh hoc, S3 14 nhém déi xting clia mot tam gidc, tic
13 nhom céac phép bién doi doéi xting (quay va phan xa) ctia tam giac [7].

Nhom déi xtng S5 1a nhém hoan vi ctia 3 vat, c¢6 3 bieu dién t6i gidn
khong tuong duong, bao gom 2 bicu dién t6i gian 1 chicu (ky hieu la 1 va
1') va mot bidu dién 2 chiéu (ky hieu la 2). Goi 2 (z1, 22)" va 2 (y1,v2)"
1a céc vector co s ting véi cac ludng tuyén ciia nhém S, 1(y) va 1'(v)
lan lugt 1a céc don tuyén ctia S3. Quy luat bién doi clia cac tich tensor

cua nhom S3 c6 dang nhu sau:

1(z) x 1(y) = L(zy), L(z) x 1'(y') = 1'(zy),
1'(z') x 1'(y) = 1(z"y/), (1.44)

ea(") (™)

Y2 TY2

1(x') x 2 ( v ) _ 2 ( _Lf/y“’ ) , (1.45)
Y2 Ty
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2 ( o ) X 2 ( v ) =1 (z1y1 + 2oy2) + 1" (x1y2 — T241)

Y2
) ( L2lY2 — T1Y1 > . (1.46)

T1Y2 + oY1
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Chuong 2. PDéi tuong, néi dung va phuong phap nghién ciu

2.1 Db6i tugng nghién citu

Déi tugng nghién citu clia dé an nay la:
- M6 hinh chuan, mo hinh B-L va ton tai ctia chiing ma deé tai tap
trung gidi quyét dé 1a khéi luong va tron lepton dang co-bimaximal.

- Khoéi lugng va tron lepton trong mo hinh B-L v6i nhém S3 x Zs.
2.2 Pham vi nghién cttu

C6 nhiéu phién ban ctia mo hinh B — L khac nhau va ¢6 nhiéu nhém
gian doan khac nhau nhung dé tai chi gi6i han xay dyng mo hinh B-L
dé xuat bdi S.Khalil va cong sy [6] nham giai thich khoi lugng va tron

gan co-bimaximal trong mo6 hinh B-L v6i nhom S x Zs.
2.3 NOoOi dung nghién ctu

Xay dung mo hinh 1y thuyét dya trén nhom gian doan S3 X Zs mé
rong moé hinh B-L dé giai thich két qua thuc nghiem vé khéi luong va

pha tron lepton dang gan co-bimazimal.
2.4 Phuong phap nghién ctu

Phuong phap nghién citu duge sit dung la phuong phap nghién ctu
ly thuyét. Ching toi trinh bay tém tat noi dung co ban ctia MHC va
mo6 hinh B-L bao gom su sap xép hat trong mo hinh, khéi luong va tron
lepton, nhitng thanh cong va han ché ctia mo hinh, va trinh bay cac dic
trung co ban ctia nhém Ss. Tu d6, két hgp nhém gian doan S v mo
hinh B-L dé xay dung biéu thtc giai tich vé khoi lugng va tron lepton.
Dong thoi, so sanh két qua thu duge tit mo hinh vé6i két qua thuc nghiem.
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Chuong 3. Két qua nghién citu va thao luan

3.1 Cau trac hat ciia mé hinh B - L v6i nhém dbi xiing
Sg X Z2

Cau trac hat ciia mo6 hinh chung t6i xem xét c6 cac dic diem sau:

e Phan vo huéng ctia mo hinh B — L dugc md rong thanh ba ludng
tuyén ctia nhom SU(2)p (Hy, He, H3) va cac don tuyén (¢1, ¢o, ¢3).

e D6i v6i lepton, su dinh huéng ciia 3 thé hé lepton dude thuyc hien
nhu sau:
- C4c lepton thé hé thit nhat thuc hién biéu dién 1 chiéu 1 ctia nhém
Ss.
- Céc lepton thé he thi hai va thé hée thi 3 thuc hien biéu dién 2

chicu 2 ctia nhém Ss.

e V¢ phan vo huéng, cac vo huéng thit nhat va thi hai (Hy, Ha, ¢1, ¢2)
ciing thyc hién biéu dién 2 ctia S3 v& cac vo hudng tht 3 (Hs, ¢3)

thuc hién biéu dién 1 chiéu 1 cta Ss.

e Ngoai ra, dé cam mot so6 cac s6 hang tuong tac Yukawa, doi xtng

Zy dugce gidi thieu thém so véi Ss.

Céc truong lepton va dac trung ciia ching duge tong két trong Bang
, va cac truong vo huéng va dic trung ctia ching dude tong két trong

Béng [3.2]

Béng 3.1: Céac lepton ctia mo hinh (J = 2, 3).

Ly | Ly= (L, L3) | lir | lyr = (I2r,l3R) | ViR | ViR = (2R, V3R)
SU@2). | 2 2 1 1 1 1
Uy | —3 -3 -1 -1 0 0
Ul)p-r | -1 —1 ~1 —1 -1 —1
S3 1 2 1 2 1 2
Zs -1 1 -1 1 -1 1
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Bang 3.2: Cac vo huéng ctia mé hinh (I = 1,2).

Hy = (Hy,Hy) | H3 | ¢1 = (¢1,02) | H3, P3
SU2). 2 2 1 1
ULy 3 2 0 0
UL)5-r 0 0 2 2
S3 2 1 2 1
Zs 1 1 ~1 1

Tuong tic Yukawa sinh khéi lugng lepton c6 dang:

—Ly = yiLiH3lip + ys5 [(LeHa + Ly Hy)log + (Lo Hy — L3Hy)lgg)]
+ v5 [E2H312R + I_/BHSZSR]

+yP Ly Hyvip + ys [(E2ﬁ2 + LsH))vor + (Lo Hy — Z315’2)1/31%]
N N

y 77 y —C —C —C

+ 71 \RO3VIR + % [Vm (P1v2r + Pov3R) + (Vo1 + Vspdo) VlR]
yd

Ty (VsRr@svor + Vspgsisr) + hec, (3.1)

trong d6, y¢,vs, vS5; ul, P, yP syl vl v yf 1a cdc hing s6 tuong tac
Yukawa.

Trung binh chan khong cua cac vo huéng duge chon nhu sau:

<H><O) <H>(O) <H><0> (3.2)

(f2) = (¢1) = V4., (D3) = Vg (3:3)

3.2 Khbi luong va pha trén lepton dang gan co-bimaximal

trong mo hinh B — L v6i nhém S3 x Zo.

Sau khi pha v doéi xiing, nghia 1a cac truong vo huéng nhan trung

binh chan khong ctia chiing nhu & cac biéu thic (3.2) va (3.3)), ching toi
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thu dugce biéu thic Lagrange khéi lugng nhu sau:

— Ly = yiushrlig + 5 [(valar + vilsr)leg + (vilar — ivalsr)lsR]
+ u5 (vslorlor + vslsrlsg)

+yPusii g + Yy [(—ivatiar, + Uspvr)vag + (Varvr + ivaiisr ) vsp]

N N
Yy _ Y _ _ _
+ =5 Ve Pipvin + 2 ve, (PR (var + vsr) + (P + PiR) viR]
yN
_ 3 1
=1l (Me)ij ljR + VL (MD>ij Vir + §I/Z-CR (MR>ij Vir + h.c. (34)

Dong nhéat cac s6 hang tuong tng trong bicu thite (3.4) ching toi thu

ducc cac ma tran khoéi luong lepton mang dién, ma tran khéi lugng

neutrino Dirac vd ma tran khéi lugng neutrino Majorana nhu sau:

Qe 0 0
M.=10 c.+ib, d, :
0 d, Ce — b,

ap 0 0 ar br br
Mp=1|0 cp—1ibp dp , Mp=|br cr 0|, (3'5)
0 dp cp + 1bp br 0 cp

trong do,

e (& (& e
Qe = Y13, Ce = Y303, be = Yo U2, de = Yo U1,
D D D D
ap =Yy v3, Cp=1y3v3, bp=1yyva, dp =1y vi,
_ N N N
AR = Yy Vs, bR =Yy Vp,y, CR = Y3 VUgps- (36)

Trudc tien, ching toi xét phan lepton mang dién. N6i chung, cidc hang

sO tuong tac Yukawa 1a sd phtic nén ma tran khoéi luong lepton mang
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dien M, 1a ma tran phitc. Chung toi viét lai M, dudi dang nhu sau:

a. 0 O
M.=10 A d. |, (37)
0 d. B,

trong do, A. = c. + b, and B, = ¢, — ib.. Chéo hoa ma tran M, bdi cac
thao téac U, = PO, va Uz = PIO, véi M, = Diag. (m,, m,, m;) =
UZLMeUeR. Chung ta hoan toan thu dugc:

1 0 0
O.=]|0 cosf. sinb. |, P.= Diag. (6“76, el emf) , (3.8)
0 —sinf, cosb,
arg(a, arg( A, arg (B,

Dong thoi chung ta rat ra dugc:

T Ae . Ae -
cos . = ”m—||7 sin 6, = H—m”, (3.10)

trong do6, m,, < |A¢| < m.
Tiép theo, ching to6i xét phan neutrino. Ma tran khoi luong neutrino

hiéu dung dugc xac dinh bang co ché seesaw loai 1,
M, = ~-MpM,'M7,. (3.11)

Tt biéu thiic cia Mp & 1) ta tinh dugc ma tran nghich dao ctia noé:

xX =y =y
My=|-y w 2z |, (3.12)
-y Z W
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trong do,

X C% y o bRCR

O Mg]T T M|
(anen — %)
Mg|

z- U

W= S
|ME|

(3.13)

véi [Mp| 1a dinh thitc clia ma tran Mpg. Tt d6, ma tran khoi lugng

neutrino hiéu dung, M,, c6 dang tuéng minh nhu sau:

A, B, B}
B, C: D, |. (3.14)

14

M, =
B; D, C,

trong do,

AV = XCLQD, B, = —Yap [CD +dp — ZbD] ,
C, =W [(CD +ibp)? + d%} +2Zdp [ep + ibp] |
D, = 2Wdpcp + Z [b], + ¢, + d7)] . (3.15)

Ma tran khoi luong M, & biéu thic (3.14) 14 ma tran duge chéo hoa béi

ma tran co-bimaximal néu cac hang sb6 tuong tac Yukawa Dirac va gia
tri trung binh chan khong ctia cdc vo huéng 1a nhitng s6 thuc.
Ching ta biét rang M, dudc chéo hoa duédi dang:

U, =U,0201302Ug, (3.16)
trong do,
M, = diag. (|m4], |mal, |ms|) = UI M, U?. (3.17)

Ma tran U, la ma tran chéo chita cac pha khong vat ly, U, = diag. (eml,
ez, em?’), c6 thé bi loai bd bdi cac truong lepton, trong khi d6, ma tran

Ujp la ma tran chéo, chita cac pha Majorana, Uz = diag. (1, e'Pr, e’ﬂ?).
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Mait khac, cac ma tran Oqq, Og3 va Oq3 ¢6 dang:

( cospiy 0 sinpge™
O3 = 0 1 0 :
\— sin pize®® 0 cos pis
(1 o 0 cospra sinpia 0
Oy =10 cospys sinps |, Orz= | —sinpps cospin 0], (3.18)
\0 — Sin pog  COS Pa3 0 0 1
vOi
s m
—Z 5=_1 3.19
P23 1 9’ ( )
a1 = 3 = 07 Qg = T, 51 = 0, ﬁg = g (320)

Tit céc biéu thitc (3.14)-(3.20) ching toi thu duge mbi lien hé gitta cac
phan t clia ma tran M, véi cac khoi luong neutrino mq, ma, ms va cac

gbc tron pis9, p13 va pog nhu sau:

A, = |ma|sin® p13 + cos® py3 [|m1\ cos® p1g + |mg| sin’ p12] ;
B, - COS P13 | — |m2|) CoS p12 sin pra
V2
+ isinplg(\m3| — |my| cos? pra — |mg| sin’ p12)]7
1 . : 2
Cv = 2 “m2|(cos P12 — 51N p13 Sin P12)
. . : 2
+ |ma| ( sin P12 + 72 COS P12 SIn p13) — |ms| cos’ PIS] 3
1 . :
Dy = 5 Um2| ( cos? P12 + sin? P13 sin? /012)

+ +|mq] ( sin? p1a + cos” pio sin® p13) + |ms| cos’ ,013} . (3.21)

Cudi cling, chting toi thu duge ma tran lam chéo héa ma tran neutrino,

COS P13 COS P12 cos pizsinpia  —sinpy
_ sin p1g—%1cos p128inpy13 _ cos piat+isinpiasinpis  -cospi3 29
U, 7 % =5 |- (3.22)
sin p1o+icos prasinpiz  €OS p1o—isin pio sin pi3 i COS P13
V2 V2 V2
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Nhu c6 thé nhan thay, néu p;3 = 0, diéu nay sé ngu ¥ su hién dién

ctia d6i xing g <> 7 trong ma tran doi xing M, hodc su hoan doéi vi tri

2 <+ 3, do ma tran khoi luong lepton tich dién khong phai 1a ma tran

chéo hoa.

Ma tran tron lepton duge dinh nghia theo biéu thiic

Khi dé, két hgp cac biéu thiic

U=UlU,.

3.9),

3.22

cac phan tit ciia ma tran U nhu sau:

Uy
Uy

voi 1, = 1 — 1,

3.23

(3.23)

ching t6i thu dugc

(U e

(Up)z e

(Up)z e

[c0s0.(U, )21 — sin (U, )3 e*”’”] e
[c0s0.(U, )22 — sin b, (U, )3 e—inu] e

[cos 0.(U, )23 — sinb.(U, )33 e—inu] e

[sin 0.(U, )21 + cos0.(U, )3 e—inu] e

[sin 6. (U, )22 4 cos 0, (U, )30 €] e~ 3.24)
6,V + cosBu(U g €] e (.25

Két qua la, cac biéu thiic cho cac goc tron dudge thu nhan bing cach

so sanh cong thitc Iy thuyét ciia ching t6i dua ra véi cac tham sd hoa

2 2 ~ ~
chuan cua ma tran tron lepton:

sin2 923

sin’ 013 = |(U)13]* = sin® pu3, (3.26)
[(U)s> 1 -
= W = 5 [1 4+ sin 296 COS 771/] , (327)
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Sin2 912 = = Sil’l2 P12- (328)

Ngoai ra, bat bién Jarlskog c6 thé dugc tinh toan mot cu thée va cé

N

theé dé& dang kiém chitng, bang cach st dung céc biéu thic (3.22) va
3.26))-(13.28)]), chung to6i thu dugce

Im [(U)23(U)15(U)12(U)3,]
sin 012 cos B2 sin fag cos O3 sin O13 cos 624

20,
S o . (3.29)
\/1 — sin® 26, cos? n,

sin dcp =

3.3 Két qua phan tich sé

T nhitng bieu thitc thu dudge nhu trén, ta cé thé thay rang, cac goc
phan tng bi anh hudng bdi neutrino. Cac neutrino nay lién quan triyc
tiép dén cac tham s6 lan lugt pi3 v p1o . Ngoai ra, géc khi quyen léch ra
khoéi gia tri w/4, la do sy &nh hudng ctia céc lepton mang dién, nhu da
du doan ban dau. Biét rang, do 16n clia ma tran tron PMNS phu thuoc
vao 4 tham sb tu do pr2, p13, 0 (hodic |A.]) va pha tuong déi n,. Tuy
nhién, p13 = 613 v& p1a = 612 nén chi con 2 tham s6 tu do 1a |A.| va n,.
Hai tham s6 tu do nay can duge lam kiem chiing thuc nghiém dé cho gia
tri cu the, tit d6 tim ra dude céc gia tri cia ma tran tron PMNS. Trudc
khi thiyc hien diéu nay, dang cha ¥y 1& cic gia tri cyc han clia cac tham
s6 da dé cap va nhiing hé qua clia ching déi véi goc khi quyén va pha

Dirac vi pham déi xting CP.

e Néu pha hi¢u dung 7, bang 0 (hodc 7) thi 63 sé ndm 6 goc phan tu
thit 2 (hodc thit 3) va dop = —73.
e Néu pha hiéu dung 7, bang § thi 63 bang chinh xac T va dcp sé

s

léch khoi gia tri cuic dai —3

e Néu tham s |A.| ~ my, thi 63 va dop s& nhan céc gia tri cuc dai,
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923 = Va 50]3 = —

N
2oy

o Néu |A.| = m, thi 3 sé bang T va dcp = 3.

e Néu |A.| = (m, +m;)/2 (0. = 7/4), thi Os3 sé ndm & goc phan tu
thit 1 (ho#c tha 4) dep = 7w hoiic 27.

Tém lai, gbc tron fo3 va pha Dirac lan lugt khac gia tri T va 37” Do
do, cac do thi sé duge thuc hién dé tim ra toan bo tap hop céac gia tri
cho phép clia cac tham s6 tir do (|A.| va n,) phit hop v6i khoang sai s6
30 clia cac tham s6 thuyc nghiém. Trong dé an nay, khoi luong clia lepton
mang dién, cac goc pha tron neutrino va pha Dirac duge xem xét.

O thang do dien yéu, khéi lugng cac lepton mang dien ¢6 gia tri [3]:

m, = 0.48307 £ 0.00045 MeV, m,, = 101.766 + 0.023 MeV,
m, = 1728.56 & 0.28 MeV. (3.30)

Mit khéc, khoi lugng neutrino thuc nghiém ducge do dén giéi han 3o
dugce cho trong Bang .

Tit cac phuong trinh (3.29) va (3.26)-(3.28)), chiing toi thay ddi tiy ¥
cac tham sb tu do trong pham vi cho phép ctia ching dé phu hop véi

cac gia tri quan sat duge trong khoang sai s6 3o.

1
sin® Oy = 5 (1 + sin 26, cosn,) . (3.31)

cos 20, )

dcp = arcsin ( —
V1 — sin® 26, cos? n,

(3.32)

Tit céc bicu thic (3.10), (3.31) va chiing t6i nhan thiy 6., goc

tron neutrino khi quyén sin® 693 va pha Dirac d¢p phu thude va hai tham

s6 | Ae| va n,. Hién nay, mac du thyc nghiem chua xac dinh dugc o3 16n
hon hay bé hon 7/4 nhung két qué xac dinh gia tri clia fy3 tuong doi
chinh xéac [5] (xem Bang . Mat khéc, thuc nghiém cting chua xac dinh
dugc mién gia tri tuong doéi chinh xac clia dcp nhung mién gia tri cia

n6 ctiing da duge xac dinh bdi phan tich toan cuc [5] nhu duge chi ra
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trong Bang . Vi két qua quan sat thiyc nghiém ctlia 653 chinh xac hon so
v6i dcp nén ching toi sé stt dung két qua phan tich toan cuc vé 63 1am
co sé thuc nghiem dé phan tich s6. Cac két qua vé dop ciing dude suy
ra tuong tng, tat nhién mién gia tri clia dcp cling can thiét phai nam
trong mién phan tich toan cuc [5]. Mt khéac, két qua phan tich toan cuc
ve fo3 trong tai lieu tham khao [5] nhu duge cho trong Béang [1| nhu sau:

by €

23

{ (41.20,51.55) (PBC), (3.33)

(41.16,51.25) (PBND).

Nghia la khong c6 su khac biet dang ké vé mién gia tri thuc nghiém cta
0,5 gitta phan bac chuan va phan bac nghich dao. Vi vay, trong phan tich
s6, chiing t6i chon mién gia tri ctia 3 cho ca phan bac chuan va phan

bac nghich dao nhu sau:
6% € (42.00,51.0) (PBC va BPND). (3.34)

Trén co sé phan tich nhu trén, ching toi tim dudc cidc mién gia tri clia

cac tham s6 |A.| va n,,

m(rad) € (1.35,1.70), (3.35)
|A.|(MeV) e (102, 750), (3.36)

sao cho cac fy3 nhan cac gia tri trong giéi han 30 ctia né [5] hoac trong

biéu thitc (3.34) nhu duge thé hieén trong cac hinh vé [3.1{va[3.2, T cac
hinh vé va [3.2] ching toi thu duge cac gia tri clia 6y3 nhu sau:

sin fp3 € (0.44, 0.60), (3.37)
6% € (42.0,51.00), (3.38)

thoa man giéi han thyc nghiém trong mién 3¢ nhu  biéu thitc (3.34).
Vi mién gid tri ctia 7, va |A.| & cac bicu thie (3.35) va (3.36), bidu
thic (3.32)) cho phép chung toi xac dinh mién gia tri kha thi ctia dcp
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Hinh 3.1: Sy phu thuoc ciia sin? g3 vao |A.| va i, véi |A.| € (102,750) MeV va 1, € (1.35,1.7) rad.

g1 50 ‘
700r | ;
! |
: s 51
600 “ < ‘ 50
» 48 “ ] ped
[ | 1 48
S 500 | | _a
: | " 46
= 400} | 45
= [ 4 / 44
: / ] 43
300¢ 47 1 —42
200/ /
r // 44 1 9(0)
[ 46 1 23

1001 . 45
1.35 140 1.45 1.50 1.55 1.60 1.65 1.70

ny

Hinh 3.2: Sy phu thuoc ciia 653 vio |Ae| va 1, voi [Ae| € (102,750) MeV va n, € (1.35,1.7) rad.

nhu duge thé hién 6 hinh vé , v6i mién gia tri thu duge clia dcp nhu

sau:

%), € (200.0, 260.0), (3.39)

théa man gidi han thiyc nghiém vé d¢p trong mién 3o, véi 58)])3 € (128, 359)
v6i PBC va 650, € (200,353) v6i PBND.

V6i mién gia tri ctia |A.| & biéu thiic (3.36) va cac khéi lugng lepton
mang dién nhan gia tri phtt hop nhét ctia ching & biéu thic (3.30), bicu
thite (3.10)) cho biét (3.10)) chi phu thudc vao 1 tham s6 |A.|, nhu duge
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Hinh 3.3: Su phu thudc cla 5831), vao |Ae| va n, Vol |Ae| € (102,750) MeV va 1, € (1.35,1.7) rad.

mo ta trén cac hinh vé 3.4 va . Tu cac hinh vé , ching toi thu duge

cac gia tri cua 6, nhu sau:

sin 0, € (0.012,0.631),
0°) € (0.688,39.10).

0.6

0.5

0.4

sind,

100 200 300 400 500 600 700
14l

Hinh 3.4: Sy phu thuoc clia sin 6, vao |A.| v6i |A.| € (102,750) MeV.

Céc mién tham s 1, va |A,| & cac biéu thiic (3.35

va

3.36

bi han

ché béi cac rang buoc thyc nghiém ciia 03 va pha Dirac d¢p (6 gi6i han

30). Cu thé, trong trudng hop 7, giam vé phia bén trai ctia 1.35 thi 03

sé tAng vugt ra ngoai gidi han tren ciia né (51.0°). Ngudc lai, néu 7, tang

ve phia bén phai ctia 1.70 thi 03 sé gidm vuot ra ngoai gidi han dudi
ciia n6 (41.0°). Khi |A.| gidm vé phia bén trai ctia 102 MeV thi khong
ton tai gia tri clia fa3 va dop. Ngugce lai, khi |A.| ting vé phia ben phai
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Hinh 3.5: Su phu thuoc ctia 0 vao |A.| voi |Ae| € (102, 750) MeV.

ctia 750 MeV thi d¢p sé gidm vugt ra ngoai giéi han dudi ctia n6 (200.0°)

(v6i phan bac chuan). Vi vay, mién gié tri ctia 77, va |A.| nhu & cac bieu

thie (3.35) va (3.36)) 1& phut hgp véi mo hinh ctia ching toi doi véi ca

phan bac chuan va phan bac nghich dao.
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Két luan

Dé tai “Khdi luong va pha tron lepton dang gan co-bimaximal trong
mo hinh B-L v6i nhém S; x Zy” thu dugce cac két qua chinh nhu sau:

- Trinh bay dugc su sinh khéi lugng va tron lepton trong mo hinh
chuan vd mo hinh chuan mé rong B-L.

- Xay duyng mo hinh chuan mé rong B — L v6i nhém doi xiing S5 X Zy
xac dinh khéi luong va dang ma tran tron lepton. Mo hinh dudc xay
dung c6 thé giai thich khéi lugng lepton, su tron lepton va pha vi pham
Dirac phu hgp véi thuc nghiém.
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