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MO PAU
1. Ly do chon dé tai

M6 hinh Chuén (SM) d3 md ta rat thanh cong tuong tac manh, twong
tac yéu va tuong tac dién tir véi cac tién doan phu hop véi thuc nghiém. C6
ba xu huéng chinh ma rong SM dé théng nhat cac tuong tac:

> Mo réng nhém doi xiing gauge SU (3)_ x SU (2), xU (1), -

> Mo réng khong-thoi gian 3+1 chiéu véi cac chiéu ngogi phu.
> Mo réng ly thuyét hdp dan hiéu dung.

Cartan da phat trién mot hinh thie luan dua trén hinh hoc Riemann
thay thé cho phuong trinh Einstein béi hai phuong trinh Cartan.

Hinh hoc khéng giao hoan (NCG) dugc Connes-Lott dua ra la mé
rong cua hinh hoc Riemann. SM trong khéng-thai gian nay ty dong bao gom
truong v hudng Higgs voi thé ning bac 4, giy ra co ché vi pham tu phat
dbi ximg gauge. M6 hinh nay chira it tham s6 tu do hon SM thong thudng,
do d6 tién doan duoc goc Weinberg va khéi luong top quark.

Ly thuyét hap din mo rong trong khong-thoi gian Connes-Lott bao
gdm tuong tac hap din va dién tir, twong tw nhu ly thuyét Kaluza-Klein
truyén thong. Do do, Viet-Wali dé xuat mot ly thuyét goi 1a "Ly thuyeét
Kaluza-Klein véi chiéu phy gidn dogn™ (DKKT) [1]. N6 dua trén cau tric
cua NCG va ly thuyét Kaluza-Klein (KK) véi chiéu thir 5 chi gdm cac diém
gian doan dé xay dung ly thuyét hdp din bang hinh thirc luan Cartan. Nhu
vay, DKKT khic phuc duoc nhuoc diém cua ly thuyét KK 1a n6 chi chta
hitu han cac trudong ddi tac KK. Trong DKKT, tat ca cac tuong tac di biét
déu 1a thanh phan cua tuong tac hip dan trong khong-thoi gian ma rong véi
chiéu phu gian doan.

Mot phuong hudng khac can duoc wu tién phat trién la dua ra mot
Iy thuyét cho cac hat vat chat téi c6 thé dugc nghién ciu trén may gia toc
Pelletron cia Khoa Vit ly, truong Pai hoc Khoa hoc Tu nhién. Cac nha khoa
hoc tai trung tdm Vat ly hat nhan d4 tién hanh cac do dat kiém chung doc 1ap
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dua trén mot phat hién vé di thuong X17 tai ATOMKI nam 2019 va da thu
duoc céc két qua kha quan [2].

Vé6i mong mudn &p dung DKKT dé thong nhat cac tuong tac va giai
thich cac van dé thuc nghiém, tdi quyét dinh lua chon dé tai “Ly thuyét
Kaluza-Klein gian doan va cac kénh phan ra tdi ciia neutron” dé nghién
cliru.

2. Muc dich nghién céu

Ly thuyét DKKT d3 bao gdm ca twong tac hap dan va twong tac dién
ttr nhung chua bao gdm twong tac manh va tuong tac yéu. Do dé can phai
dua truong gauge phi Abel vao trong mo hinh. Luan an nay tap chung vao
viéc xem xét cac truong hop cac truong gauge phi Abel trén hai 4 tuong ing
voi hat tay phai va tay trai.

Muc tiéu tiép theo, ching tdi s& xem xét bai toan phan ra neutron
trong mé hinh hat so cp maéi. Tir d6, dong thoi giai thich dwgc cau d6 vé
thoi gian séng cua neutron va thiét 1ap diéu kién cho céac tham sé cua mo
hinh.

3. P6i twgng va pham vi nghién cieu

M¢ rong ly thuyét DKKT cho truedng hop bao gdm cac trudng gauge
phi Abel. Cac truong Yang-Mills phi Abel v4i muc tiéu mo ta tuong tac
manh va tuong tac dién-yéu xuét hién véi tu cach 1a thanh phan cia metric
trong khong-thoi gian mé rong do.

Xay dung Iy thuyét cho vat chat t6i va vector boson X17 dugc phat
hién tai ATOMKI dé giai quyét bai toan phan ri neutron théng qua viéc xem
xét cac kénh ra tdi méi.

4. N¢i dung nghién ciru

Ching tdi xem xét dang tong quat ciia cac dai lwong hinh hoc 1 lién
thong, do xodn va do cong cua Iy thuyét hip dan mé rong trong biéu dién
Cartan. Ap dung Iy thuyét DKKT trong truong hop cac thanh phan ctia metric
la céac truong gauge phi Abel.
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Duya trén mo hinh hat so cép ma rong voi cac ban déng hanh Kaluza-
Klein trong ly thuyét DKKT, chiing t6i xem xét cac kénh phan ra khac voi
kénh rd £ cta neutron.

5. Phwong phap nghién ciru

Ly thuyét DKKT duya trén NCG va hinh thirc luan Cartan cia 1y
thuyét hap din tong quat.

Ly thuyét trudong luong tir va cac quy tic gian d6 Feymann dé tinh
toan bé rong phan ra ciia cac kénh rd neutron trong mé hinh.

Str dung cac cong cu toan hoc nhu phan mém Mathematica dé tinh
toan sd.

6. Bo cuc ciia ludn an

Ngoai ph?m mé dau, két luan va phu luc, ndi dung chinh cua Luén
an duoc trinh bay trong 4 chuong

Chuong 1. Téng quan nghién ciru: Gidi thiéu so luge vé co so khoa
hoc va thyc tién ciia dé tai. Gidi thiéu van tat hai nén tang cua ly thuyét
DKKT la hinh thirc luén Cartan va hinh hoc khong giao hoan.

Chuong 2. Ly thuyét Kaluza-Klein gian doan DKKT: Trinh bay khai
quat vé 1y thuyét DKKT va mé hinh hat so cip méi ctia no.

Chuong 3. Truong gauge phi Abel nhu thanh phan cta hap dan trong
1y thuyét DKKT: Céc trudng gauge phi Abel xuat hién nhu 1 thanh phan
trén hai 14 cua vierbien tong quat. Tuong tac manh va yéu c6 thé két hop véi
hap dan trong tac dung Hilbert-Einstein.

Chuong 4. B rong phan ra cua Neutron trong cac kénh rd mdi cua
1y thuyét DKKT: Giai thich bai todn cdu d6 vé thoi gian sdng ctia neutron.
So sanh dong gdp cua cac kénh ra mai.
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CHUONG 1. TONG QUAN NGHIEN CUU

1.1. Co sé khoa hoc va thue tién

1.1.1. Nén tang caa vt Iy hién dai va Ly thuyét trwong théng nhat

Vit 1y hién dai dya trén hai try cot la Thuyét tuong dbi va Thuyét
luong tir. Viéc théng nhit Co hoc luong tir véi Thuyét twong d6i hep thanh
Co hoc twong dbi tinh va Ly thuyét truong lwong tir di dién ra twong dbi
thuan loi.

Viéc mé rong Ly thuyét truong lugng tir & phu hop véi GR da vap
phai hai kho khin chua thé vuot qua bao gdm: lwgng tir hoa dugc truong hap
dan va xdy dung mot ciu tric toan hoc chung cho SM va GR.

1.1.2. M6 hinh Chudn

SM [3, 4, 5] do Salam, Weinberg va Glashow xay dung cho 3 thé hé
quark lepton, mai thé hé gom quark-lepton (g, Uge, dres L, €R) 4, C4C Chi 86
thé hé A=1,2,3 va chi s mau ¢ = r, y, b. Cac ludng tuyén SU(2), quark
qua = (ug,d;), va lepton I, = (e, v, )4 €O x0an (helicity) tay trai. Viéc
sap xép cac quark va lepton tay trai va tay phai dua trén sy vi pham tinh chén
Ié caa twong tac yéu [6, 7].

Trong SM, tuong tac gitra cac hat quark va lepton dugc xay dung tu
cac truong gauge cua nhom ddi xing SU(3), x SU(2), x U(1)y. Ly thuyét
cho cac truong gauge nay la két hop cua hai ly thuyét gauge doc lap la: Iy
thuyét Yang-Mills théng nhat twong tac yéu va twong tac dién tir ; QCD md
ta twong tac manh gita cac quark.

1.1.3. Ly thuyét khdng gian nhiéu chiéu

Ly thuyét Kaluza-Klein 1 Iy thuyét twong déi rong mé rong trong
khong gian 4+1 chiéu. Két qua cua ly thuyét nay Ia tuong tac dién tir va twong
tac hap dan duoc thong nhat vao trong metric cia khong gian 5 chiéu [8] va
xuat hién vo han cac ban ddng hanh c6 khdi luong ctia cac hat da biét [9].
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1.1.4. V4t chat toi

Vit chét “sang” bao gom quark, lepton ciia SM chi chiém chua téi
5% vat chét cta vii try, trong khi d6 vat chat téi chiém 25%, con lai 1a ning
lwong ti [10]. Do do, ta cdn md rong cua SM dé co mot 1y thuyét bao gdbm
vat chat tdi. Cac ban dong hanh Kaluza-Klein cé thé dugc xem la mot ¢ng
Clr Vién tiém ning.
1.2. Co s6 toan hoc
1.2.1. Hinh hoc Riemann va hinh thirc lugn Cartan

Hinh hoc Rieman dya trén cac da tap va hinh thtrc luén Cartan dua
trén vierbein [11].

Dai s6 cac dang vi phan trén da tap Riemann 3+1 chiéu M* duoc
dinh nghia nhu sau:

e Cacdang 0 la cac ham v6 huéng kha vi vo han lan

f(x):M* >R, f(x)eC”(M*). (1.1)
e Pao ham ngoai d dugc dinh nghia trén cac dang 0 nhu sau
df =dx“d,,f (x), (1.2)
e Module cac dang 1 la mé rong cua df bao gdm cac dang
A=dx“A,(x). (1.3)
e Tich xién cua hai dang 1 duoc dinh nghia la dang 2 sau day
AAB=dx“ Adx” %(A,(x)B,(X)—A (X)B,(x)). (1.4)
dx” Adx” =—dx" A dx*. (1.5)

e Dic biét, ta c6 thé dinh nghia tac dong caa dao ham ngoai d trén cac
dang 1 nhu sau:

dA=dx* AdX'F,, (x), F, (x)=%(2,A (x)-8,A,(x)).  (1.6)

Diéu d6 c6 nghia la dao ham ngoai théa man diéu kién de Rham d® =0

e Vierbein la cac hé s6 bién doi trong phép quay Lorentz dia phuong
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bién di hé toa d6 cong X,.(#=0,1,2,3)thanh h¢ toa do phang dia

phuong xa,(a =0,1, 2,3)

X, =€ (X)X, X, =e5 (X)X, (1.7)
Vvéi e (x) la nghich dao cua el (%)
el (x)e; =6 (1.8)
e Metric thong thudng dugc biéu thi qua vierbein nhu sau
9, (X) =€ (X)7..€] (X), 1, =diag(-11,1,1). (1.9)
Nhu vay vierbein ¢ thé biéu thi dudi dang cac dang 1 nhu sau
e* =dx“e;, (x). (1.10)

Céc dai lwong hinh hoc la lién thong, 6 cong Ricci va do xoin duoc
xac dinh bai cac phuwong trinh sau day:
e Phuong trinh Cartan tha nhét
T*=de* —e’ A, (1.12)

véi cac dang 1 w,, =n,.0," =dx* a,,, (x) 1 cac lién thong thoa man diéu

kién
Wy =~ Wy (1.12)
e Phuong trinh Cartan thur hai
R, =do, + o, Aay, (1.13)

duoc str dung dé tinh cac thanh phan cia do cong Ricci dang 2theo cac thanh
phan cua lién théng.
e D0 cong v hudng Ricei dugc tinh boi

R=7"R,,, (X)ex (x)e; ()n™, (1.14)
e Tac dung bét bién twong dbi Einstein-Hilbert Ia
S= j dx*\/~detg R. (1.15)

1.2.2. Hinh hgc khong giao hodn

Alain Connes dé xuat mé rong hinh hoc Riemann va khai niém da tap
thanh hinh hoc khong giao hoan (NCG) bang cach thay thé dai s6 € (M)

Pham Tién Dur 2025
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bang mot dai s6 bét ky [12, 13]. Nhu vay, cac thanh phan co ban dé xay dung
NCG theo Connes la b ba (H, D, A), véi H la khong gian Hilbert cac ham
song, D la toan tir Dirac thoa mén diéu kién de Rham D? = 0 , tac dong trén
cac ham song va A la mot dai sb bat ky c6 thé khéng giao hoan 1a mo rong
cua dai s6 C* (M) [14].
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CHUONG 2. LY THUYET KALUZA-KLEIN GIAN POAN DKKT
2.1. Ly thuyét DKKT véi chiéu phu gom hai diém.

2.1.1. Khong-thoi gian véi chiéu ngogi phu gidn doan

Nam 1995, Viet, Landi va Wali da xdy dung tac dung Hilbert-
Einstein md rong cho NCG di thu dugc mét Iy thuyét bao gom cac truong
gidng nhu ly thuyét Kaluza-Klein c6 dién bao gdm hap dan, truong dién tir
va mot truong vo hudng Brans-Dicke [15].
2.1.2. Pai sé6 ham kha vi va dao ham tong qudt trong DKKT

Trong DKKT, dai s6 thong thuong ciia cac ham kha vi C* (M) dwoc
tong quat thanh A=C*(M)@®C*(M) va mot ham tong quat F € A bat ky
nao, dang-0, dugc cho béi

FO) = f.(e+ f(X)r, (2.1)

voi ereZ, ={er| e’ =e,r’ =e,er =re =r}. Ching t6i dé xuit mot ma tran
2x 2 dai dién cho hai co so e, r la

10 1 0
(2 -2 9) .

Do d6, ham F(X) la m6t dang ma trdn 2x 2 va ¢6 ham nga hoan vi

lién hop voino F(x) la

c-tofd el S e 2 ) e

Tac dong ctia dao ham ngoai 1én mot yéu té dang-0 1a
Dy (F)=[Dy.F]. (2.4)

Pao ham ngoai phai thoa man quy tic Newton-Leibniz
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D\ (FG) = D, (F )G + F D, (G). (2.5)

2.1.3. Co sé trwe chudn va téng quat ciia dang-1

Bai b4o [1] da chon mét biéu dién chéo hda véi co sé cong tuyén
tinh (curvi-linear) DX* va DX°c" dé tong quat héa cho dang-1 va dang
cao hon, twong ty véi hinh hoc Riemann thong thuong. Tuy nhién, n6 thuan
tién hon dé tinh toan trong mot biéu dién ma & d6 vielbein E* duoc chéo
hoa, véi chi sb A=a,5=0,1,2,3,5 1a dé chi hé co so dia phuong. Tai hé toa

do dia phuong, E* duoc dwa ra nhu sau

E? =(ea OJ, = =£0 9), 2.6)
0 6 0

Dang co bén ctia tich ¢ hudng (tich xién) c6 thé duoc dinh nghia la
EAAE®P =—E®P AEA. 2.7

Ca hai hé co s déu co thé dung dé biéu dién khong gian ciia dang-
1 téng quat, do do, dang-1, U, bat ky trong NCG duoc cho boi
U=E"J,=DX"U,,, (2.8)
mdi lién hé qua lai giita chung nhu sau
E*=DXE,,
" Ny (2.9)
DX" =E"E,,

Khong mat tinh téng quat, ching ta c6 thé chon E;; nhu sau

Ea:(ew) OJ el

0 eg‘#(x)
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Ta thu dugc cac thanh phan ctia dao ham dang-1 tong quat la

(DU),, = % E/E! (aij —8VEj)Ua —%ngEgFchu5

m{("\,-é{—A\:.Eg)EjUa+(,ACUb_AhUC) (2.11)
U

bYu~c 2 !

1 )
+=(Efo,U, -E'0 U, )+— 5 o
2 ) +(A-E -AE)(A-A)ouU,

1. (0 ® m ~ -
DU),==E/| “-U.+0 U, |+—|®*(U, —E/E‘U
( ) 2 b ( o) 5 + u 5j+ 2|: ( b b C):| (212)

m = ~ ¥ 1 ~ 13
+E[E;‘ANU5 - A (1+ 00U, + AJUS].
2.1.4. Metric tong qudt hod

Céc thanh phan ciia tenxo metric G™ va G, s&la

w0 0
G#V:Gﬂvi[glo J, Gﬂvi[g]au/ j‘f’AﬂAy,

gé"/ gZyv
GHS — All =Gs,u' Glu5 =G — Aﬂ@, (2.13)
55 -2 2
G”=0"+ A", G, =D°.

S5u

o day g/ =e“n™e;,i=12 latensor metric trén hai tAm.

2.2. M0 hinh hat cia twong tac photon-fermion

Trong khong thoi gian nay, mdi fermion chi c6 mot ban déng hanh.
Do d6, dé thuan tién ta biéu dién truong fermion mé rong dé biéu dién hai
hat cap KK fermion nhu la mét spinor hai hang

‘P=[%], (2.14)
¥,

va toan tir Dirac Z dugc mé rong thanh ma tran
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B =r"p, {mfz _m;_} (2.15)

V6i thé nang 4 chiéu ctia photon A(x) =g 7" A, (x) dugc mo rong

thanh ma tran

7HgA,(X) J2gH (x) —mA™
= , . (2.16)
J2gH(x)-m2? 7% (A, ()Q-g'X, ()Qy )

¢ do A,(X) la vecto dién tir 4 chidu théng thuong, cip vector va vo hudng
Kaluza-Klein ctia photon 1a X (x) vaH(x), cudi cling Q va Q, tuong tmg
14 toan ttr dién tich cia electron va cua electron tdi.

Lagrange cho vecto truong mo rong cua photon la

12
Lg :_%F#VF/“’ _f_gzxwxw + 9'2/14X5(X)H Z(X)+ L, (217)

Trong mé hinh nay, ta ldy g=g’, photon t6i H c6 mét gia tri ky
vong chan khong v, =m/+/2g4? va khéi lvong m,, =+2mA? do thé nang
bac 4, tao ra khéi luong photon X 12 m, =m/+/2 . Do d6 dua vao thi nghiém

tai ATOMKI, ta dinh nghia khdi lugng ciia X 1a 17 MeV. Vay khéi luong
ctia X-photon va H-photon lién hé véi hang s6 khéi lugng bang biéu thirc

m, =m/+2 =17MeV, m,, =2m, / A*, m = 24MeV (2.18)

Ta c6 Lagrange tong cdng cua tat ca cac fermion tong quat tu

y(X)(iZ +m Ay (x) la
L =TI PO + M, + BO)F(X) | =L, +L, (2.19)

Céc ma tran khéi luong 14n luot 1a
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[m 0 B m, —m(1+i)A7?
MO_{O mj’ M _{—m(l—i)}tz m, } (2:20)

Ta c6 thé sir dung phép bién dbi unita dudi ddy dé chéo hoa ma tran
khoi lugng va thu duogc khoi luong riéng cta cap Kaluza-Klein ctia fermion

cosd,  —e“'sing,
U=l . . (2.21)
e 'sing, cos o,

Néu chon o, =7/4,taco

M, +(M; =M, )sin” 6, M, )sin 20, (1+i)

VI
2J§(M2

(M) =M, )sin20, (1-i) M, +(M; —M," )cos” 6,

M, = (2.22)

Lt

22

Dbi chiéu véi (2.20) ta thu duge cong thire dd chénh 1éch khéi lugng

gilta mgt hat fermion thong thuong w va hat cap Kaluza-Klein ctia chiing

v, theo goc tron la

2{2m _ 4m,

M/ -M=m -m, = = ,
2o T T T k6in20, 47 sin26, A%

(2.23)

Lagrange tuong tic vé mat khdi luong riéng cua cac fermion hay
tuong tac photon-fermion la

L a=9(ZO)AW(X) +7y () ANy (X)),
L« =9(sin*0,7 X (w + cos’0,7, X (X
+%Sin29fl/7x XXy + %Sin29fl/7)(/(x)l//x), (2.24)

Ly =05in 20, HO(-70 +70r,)
+9c0s’ 0 H(X)(—wwy +wyw).
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Nhu véy, ching ta d& dang thu duoc hing sb tuong tac giita photon
t6i H va photon tdi X véi cac fermion. Trong ludn 4n nay, t0i s& xem xét bai
toan phan ra neutron, do d6 t6i chi viét twong minh cac hang sé tuong tac
gitra photon X va H vdi neutrino, neutron va cac hat cap Kaluza-Klein ctia
chung nhu sau [16]

ann = gSinzgn’ anxnx = gCOSZ gni annx :1/295”']28"’
Oy, =0sin’6,, Ixvyr, =gcos’0,, Ox,, =1/2gsin26,,
Grm = anXn>< = gSinzen, annx = gCOS2 Hn,

) 2
gva :ngva zgSIn 0\/5 gH,,V>< =gCOS 0‘/,

(2.25)

véi 6., 6, tuong Ung 1a goc tron cua neutron va neutrino véi ban ddng hanh
Kaluza-Klein ctia chiing.

Dya vao m6 hinh hat so cép moi va viée loai trir kénh ra ra cap
electron va phan electron, phu hop vdi két qua thuc nghiém ctiia Tang va cong
su [17], ta dua ra gia dinh bo xung sau

m,—m, <1102MeV. (2.26)
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CHUONG 3. TRUONG GAUGE PHI ABEL NHU THANH PHAN
CUA HAP DAN TRONG LY THUYET DKKT

3.1. Lién théng, dd xoin va dd cong

3.1.1. Lién thdng Hermitian va metric twong thich dang-1

Lién thong Levi-Civita dang-1 Q,, thoa man

Q/:B = _QBA’ Q;B :QAB' (3.1)

3.1.2. Phwong trinh céu triic thir nhit va d xoin dang-2

Phuong trinh cAu tric Cartan thir nhit xac dinh d6 xodn dang-2 T*
cho bai bicu thirc

T,=DE,-E°AQ,,. (3.2)
O day, chung ta s& gia dinh

Toe = Te=Te =0, T,\p = LT (3.3)
Ta thu duoc cac thanh phan cua lién thong 1a

o :l_Eg‘Eg(aﬂEw—8VEa#)+EC"E;(6ﬂEbV—6vaﬂ)
* 2|-EE(0,E. -0,E,)

uocv vi—cu

+_

2| (A - AEES +2(Am - Alle)

m| (A-E -AE)E +(AE —AaECV)Ef}

o o (E“E,, —E/E,,
Q. :%(E;Egﬁqu E;EgFﬂp%%LéE(Eﬂz bEﬂé ) )]
a =by ~ b Sau
m

AR -AE)D-(AE -AE)](A-A)

Pham Tién Dur 2025



Ludn &n Tién si 15 Vit Iy ly thuyét

sab vF. vF, (@7 (4n,, -3€LE,, - ELE,,)

Q. :——(E”E F,®+E/EF,®)+
4

& (E/E,, ~E/E,)-[ (AE -AE

m< -b|3

Jo-(AE -AE)®|(A-A)]

~ 1 ~,0,® 0
Qb5:(DE5)b5_(DEs)bS:E{Eé &) b j)J

+%[Egt (A, - A D) +E/ (A, - A0 D)]

(=}

Q. =Q...=0. (3.4)

55a 555

3.1.3. Phwong trinh ciu triic thir hai va tensor dp cong Ricci

Phuong trinh cAu tric Cartan thir hai xéc dinh d6 cong dang-2 nhu
Sau

R =DQ, +Q,. AQC,. (3.5)
Ta co biéu thirc cta tensor dd cong Ricci trong truong hop dic biét

Abel la

2
R=R4+m—(—152+16Ea"Ea +64E¥E,, -G, G" -G, G" ~8(E™E, )2)
16 H 4 H H ' (36)

2
m = au = bv aupE bv = au
+E[—7Ea‘,E’EbﬂE +E*E,E"E,, —2E¥E/E,E} .

bv —u

3.2. Truomg gauge phi Abel nhr thanh phin cia hip din
Dé don gian nhat khi xem xét truong hop phi Abel, ti chon
e (x 0
Ea:["( ) }:ea(x)e, E2 =0,

“ 0 el(x)) *

u

s_(9 0)_ s__[quf 0 )
ES—(O (]J_q), E#_—( . aﬂR¢J_—A”CD.

Ta thu duoc cong thirc cubi ciing cta tenxo do cong Ricci la

(3.7)
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0 0,0
" ZE(G ]_ g% ~ V¢ g eaﬂaaeau ‘ ¢
2{0 r, ¢ ¢ (3.8)

—%¢29ngﬂ ( f+ Zm[a_#,a_vj)( fup + Zm[a_a,a_ﬁ}).

S6 hang thir 3 trong biéu thirc khong cho dong gop vao Lagrange
nén ta bo qua. Tenxo do cong c6 thé bo qua mot hé sd nén ta thu duoc dang
rat gon sau

2;¢ iqﬁ g“g”f, f, (3.9)

Trong d6 s6 hang dau tién 14 do cong 4-chiéu nhur da biét, va s hang
cudi cung chira thanh phan phi Abel.

R=R, -

fo (X)=1f,,, +2mlaa, ]
=0,a,(x)-0,a,,(x)+2m[a_,(x).a, (x)].

YRy vt u

(3.10)

Viét du6i dang thanh phan trai phai trén hai 14 1a

fﬂv(x)zé{gwgrgwR r;([a#L,a J+[aran ])} (3.11)

Véi cuong do truong hiép bién dwoc dinh nghia la

gva,R yavLR v yLR +m|:a‘,uL,R’avL,Ri|' (312)

D6 cong vo hudng Ricci trong (3.9) 1a bét bién gauge chi khi cac
thanh phan khong hiép bién trong phuong trinh (3.11) tiéu bién hodc dong
gop Vao trong cuong do truong hiép bién. Vay nén ta chi c6 hai truong hop
kha di dudi day:

a) Truong hop 1: Mot truong gauge phai la Abel.

Khong mit tinh tong quat, ta dua vao cic truong vecto Abel vt 1y
B, (x) va ca truong phi Abel W, (x) nhu sau
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g' g’ g
AR :HB;!(X)YR’ A :HB//(X)YL m ﬂ(X). (3.13)

O day B, (x)la mt truong gauge Abel va W, (x)=W!(x)T' Ia truong
gauge phi Abel, m la tham sé khoi lwong, Y, Y, 1a tong ciia cac phan tir

sinh cia nhom gauge Abel tay trai va phai. Suy ra

g’ g
v :%(YL-’-YR)B‘MV-’-%W‘MV’ (314)

Ta c6 tac dung Hilbert-Einstein la

1 1
= dx*./—det X)—Tr(R). 3.15
WGNI J-detlglg(x) < Tr(R) (315)

Véi G 1a héng $b Newton, thay cac cong thirc trén vao (3.15) ta co
1 3 HP N VT £ £
S, ST G, J‘dx“\/—detggﬁ g9 Tr(fwfpr)
2

j x* J—det gg’ ?nZZY +Ye) "”Byv+g—2TrW"V\NW

64N G, 64N 7G,m

(3.16)

Dé giit lai cac sb hang dong luc chinh xac cho trudng gauge B . Va
W, , ta phai c6 mdi quan hé phu thudc giita cac tham sb g’, g, m va G, .
Trong SM, ta c6 N =8, nhém gauge Abel U(1) va phi Abel la
SU (2) xU (1) . Mi lién hé giita cac tham s6 1a

g=16m27G,, g3 (Y, +Ys) =16m/zG,. (3.17)

Trong bat ky truong hop nao, tac dung Hilbert-Einstein ciing duoc
rit thanh mot 1y thuyét vat 1y bat bién gauge néu cac truong gauge trén mot
tam khong-thoi gian 1a Abel.

b) Truong hop 2: Hai truong gauge phi Abel phdi c6 dang giong
nhau

Pham Tién Dur 2025



Ludn &n Tién si 18 Vit Iy ly thuyét
Ta gidi thi¢u mot truong gauge phi Abel C,(x)=C, (x)A' dac

trung cho nhom mau. Ta ¢6 cac thanh phin

~(a+1)Ec, (3.18)

ag g
A = SC#’ Z_SCH’ a, 2m “

a = “R = tu
Cudng d6 trudng bay gio co dang hiép bién
fw :(05+1)§—;CW, (3.19)
c,.=0,C,-0,C,+gs[C,.C,]|.
Néu a =3, s6 hang dong hoc cua trudng vecto C . S€ co thura sb
dung néu ta chon
gs = 2\/7Gm. (3.20)

Do d6, tac dung Hilbert-Einstein & bit bién gauge

1 w
S, :—Ejdxﬂ/—detgqf*’o C,. (3.21)

Néu ta chon nhom mau SU (3) 1a mot nhom gauge phi Abel, thi tac
dung (3.21) tré thanh tac dung ciia QCD két hop voi hip dan.

Pham Tién Dur 2025



Ludn &n Tién si 19 Vit Iy ly thuyét

CHUONG 4. PO RONG PHAN RA CUA NEUTRON TRONG
LY THUYET DKKT

4.1. Cau d6 vé thoi gian sdng va cac kénh phén ra tdi ciia neutron
trong DKKT

Theo SM, thoi gian séng cia neutron véi kénh rdi B A
Ty, =878,7+0,6 [18]. Gia tri nay 14 rét phu hop véi thuc nghiém khi do
bang phuong phép “bottle”, 7, =879,4+0,6 [19]. Tuy nhién, khi do bang

phuong phap “beam” thi thoi gian séng ctia neutron tang lén 8 gidy, ¢ 1%
Vi 7., =888+0,2[20].

Trong Iy thuyét DKKT voéi mé hinh hat mé rong, chdng t6i gia dinh
ring co tat ca 6 kénh rd kha di ctia neutron bao gom

i) n—Y>p+e +v,, V) n>n +V+i,

i) n>n, +H, V) n—o>n, +v, +V,

i) n—2Tsn, +v+i, Vi) n—o>n+v, +yg.
4.2. Kénh ra ciia neutron sinh ra hat photon tbi vé huéng

Ta c6 gian d6 Feynman sau

nx(p1)

. ‘/

g1 7 -
H (p2)

Hinh 1. Gidn dé phén rd neutron ra neutron toi va vé huéng H.

Do rong phén ra cta neutron véi kénh ra tao ra hat vo hudng H la
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_ 2g*cos*O,m, 4 u _29”m, cos’ 6,
" 72 sin” 26, mAtsing,

r (4.1)

4.3. C4c kénh ra ciia neutron qua X17 ra neutron tdi.

Ta thiy tat ca cac kénh ri ctia neutron qua hat truyén twong tac
X17 (iii, iv, v va vi) déu dugc mo ta bang gian do sau.

nx(ps)

n(p1) ¥ (p2)

01 4}%\' 17
Mﬂ,;,y,, ‘\/

Vi,
92 \,\

¥ (pa)

Hinh 2. Gian dé phdn rd neutron qua X17 ra cdp lepton.

Ap dung céc quy tic tinh toan gian d6 Feynmann trong 1y thuyét
truong, ta thu duoc biéu thire cia vi phan d6 rong phén ra theo ning lugng
cua cac hat neutrino bay ra la

(MF')
dI'=————dE,dE,. (4.2)
(47[) hm,

Pé tinh duoc do rong phan ra, ta dat thém cac tham sé khong co thi
nguyén la cac vo cung bé cung bac sau day

g:mn_mnx, 5=ﬂ=ﬂ’
m, m . m,
L W 772—52=m, (4.3)
ml mn mn
m. 2
7/:&:;1 E:E:E,szS_ MX
m_m, m m, m; m,
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Véi cha y diéu kién vé can cua E la

2 2 2
E.~e-n+l 2275 +i “ane-nxg(e-n) -y (44)
Diéu kién cta E, 1a A'>0 twong tmg véi diéu kién cta 7 1a
o<n<e—y. (4.5)

Ta da thu dugc biéu thirc tong quat ctia vi phan bién d¢ tan xa theo
nang lugng cua hat thir 4 la

-1
dr( gzgZm ) 2
| 21d2 n | __4» —n)Y -
dn[4ﬂ3hxz ? [(8 1) -7 ] (4.6)
—¢\(e=n) = 7" (8n° —8ne - 25° - 2y -12)5).

Ta s€ tinh tich phan nay trong timg trudng hop phan ra qua X17.

4.3.1. Qua trinh ra neutron thanh cdp neutrino va phdn neutrino

9,9;M, s__ 9:9; 5
= = m, —m . 4.7
*T307°X2 © T 302°hM ;( v, ) 4.7

4.3.2. Qua trinh ra neutron thanh cdp neutrino toi va phdn neutrino

—1+10a® —20a°® +15a* —4a° —%a“ Ina

r,= 9.9, (m -m )5
30°ME V) | g2
7 M + 12a (4—13a2—6a4)+%a4ln(1+\/1—a2)
_99; 5
_W(mn—mnx) J,(a). (4.8)
m
Trong d6 azéz m___

g m —m m —m

n Ny n ny
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St dung phan mém Mathematica véi diéu kién 0<a <1 tacé gia
tri cyc dai cua J, la Xéip xi 1,009 tai a~0,11186243786270342.

4.3.3. Qua trinh ra neutron thanh cip neutrino va phén neutrino toi

r,=T,. (4.9)

4.3.4. Qua trinh ra neutron thanh cdp neutrino toi va phdn neutrino t6i
Tom lai ta thu dugce biéu thirc cubi cing cua do rong phan ra caa
kénh (vi) la:

‘92 1+ 21,435a% — 65,94a°
F, =1, ()~ =99 (n—mnx)5(+ ,435a” - 65,94a

~_1Y2 (4.10)
307°nM — 74,94a* + 209, 235a° J

Gia tri cyc dai cua Jg 1a xép xi 1,28 khi a~0,198477 .

4.4. So sanh cac kénh phan ra méi cia neutron
Ta 6, 6 rong phan ra tong cong ciia cac kénh rd qua X17 la

16g*m,
157°2"sin® @, cos® 6, -

Iy =T+, +T,+I'y<128 (4.11)
Ti 1€ ctia 4 rong phan ra gitra hai truong hop phén rd ra hat vo hudng
H va phan réd théng qua X17 la

I, 256g9° 2560’

<
I, 15z%sin*20.4® 15z° 61,7°

<1,2107 g% <<1. 4.12)

Nhu véy, chung ta thiy ring néu kénh rd v6 hudng (ii) ton tai, nghia
1a diéu kién khdi lugng m, <1,102MeV thoa mén, thi kénh ra (ii) dong vai
tro chinh trong céc kénh ra t6i khac kénh ra g va ta c6 thé bo qua céc kénh ra
qua X17.
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4.5. Van dé phan ra neutron va 1di giai trong 1y thuyét DKKT

Nhu vay, trong mé hinh hat méi cia DKKT, neutron c6 thém céac
kénh rd méi, dé don gian ta bo qua cic kénh rd qua X17, va chi xét kénh ra
S vakénh ri ra H. Thoi gian sdng hay chu ky ban ri do duoc trong thi nghiém
bottle chinh 1a chu ky ban ra toan phan cua neutron, con thoi glan song trong
thi nghiém beam chinh 1a thoi glan dé s6 hat proton sinh ra bang mot nira s6
hat neutron ban dau. Nén ta c6 mbi lién h¢ giita chu ky ban ra cuia kénh (i)
va (ii) la

_n 2 Fbeam.
Al 1_e " Thottle | — 1 . (413)

At 2

Nhu vay ta thu dugc ty 16 hing sé phan ri hay d6 rong phan ra theo hai kénh
la

_In 2 Fbeam 1 Tbeam
F_H:&:ﬁ:]__ze Tootte =1 D Tootte _ @ 756.1073 - (414)
r, T, 4

w I

Ta thu dugc phuong trinh 1ién hé giita tham sb cua Iy thuyét DKKT dura trén
hai thi nghiém beam va bottle 1a

cos’g, 1_{% 4,752¢°m;  ¢’mi10° | (4.15)
A%sing, 647°’m,m; sin*@4, 2z°m,m, sin‘ 4,

Nhu vay, bai toan vé su chénh 1éch thoi gian sdng cua neutron khi do bang
hai phuong phap beam va bottle da c6 101 giai trong DKKT.

Pham Tién Dur 2025



Ludn &n Tién si 24 Vit Iy ly thuyét

KET LUAN

Chung t6i da két hop thanh cong cac truong gauge phi Abel vao
veilbien, chiing d4 xuat hién nhu thanh phan cta truong hap dan
khi ton tai trong tenxo do cong Ricci. Pay 14 co sé toan hoc dé 1y
thuyét DKKT c6 thé thong nhit cac tuong tac trong mot 1y thuyét
hinh hoc.

Két qua thu dugc tinh chit rAt manh d6 13 tac dung Hilbert-
Einstein chi bat bién chuan khi truong gauge trén hai 14 cua hat
tay trai- hat tay phai phai thoa man mot trong hai truong hop:

= Truong gauge phai 1a Abel trén mot 14, diéu nay phu hop
v6i tinh chit ciia twong tac yéu.

= Truong gauge phi Abel thi phai c6 dang giéng nhau trén
cd hai 14, phu hop véi twong tac manh.

Chung t6i da d& xuit cac kénh phan rd méi cia neutron duwa trén
cac ban dong hanh Kaluza-Klein cta cac hat so cap trong DKKT
va cac bang chimg thuc nghiém.

Xay dung quy trinh va k¥ thuat tinh toan do rong phan ra cia cac
kénh ra méi cua neutron.

Do rong phan ra cua céac kénh rd qua X17 rat nho so véi kénh ra
ra vo huong H, nén chiing ta c6 thé bo qua néu kénh ra ra H ton
tai.

Giai quyet hoan toan bai toan thoi gian song clia neutron trong

DKKT bang cach st dung s liéu trong hai thi nghiém “beam” va
“bottle” dé thu duge mdi lién hé gitra cac tham s6 ctia mo hinh.
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