No.06_September 201716 06 - Thang 9 nim 20171p.40-43

TAP CHI KHOA HOC PAI HOC TAN TRAO
ISSN: 2354 - 1431

http://tckh.daihoctantrao.edu.vn/

Twong tac ciia cic boson chuin trong mé hinh Zee

Ha Thanh Hing “~
* Truong Pai hoc Su pham Ha Noi 2

Article info Abstract

By adding scalars, the Zee model, as standard model byond, has generated masses for the
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neutrinos. Due to the addition of new scalars, the mass spectrum and physical states of the
particles are different from ones of the standard model. Using general Lagrangian, the
interactions of gauge bosons with fermions and Higgs bosons are given. These vertices are the
basis for the study of decay processes such as: lepton flavor violating Higgs decays, Higgs

1. Giéi thiéu

Sy hoat dong cla cdc mdy gia toc hat voi nang luong
ngay cang cao da cung cép nhiéu s liu thuc nghiém cho
nganh Vit 1y nang lugng cao [3,4]. Mot trong nhirng két
qua thanh cong rit ra tir cic sb lidu thyc nghiém d6 1a
khing dinh sy ton tai chic chin cua Higgs boson. Py
ciing 1 phan tién dodn cudi cing ctia md hinh chuan can
duoc kiém chimng. Su thanh céng ctia md hinh chuan da
duoc kiém ching qua cdc sb liéu thuc nghiém, tuy nhién
ciing con nhiéu han ché chua gidi quyét duoc. Mot trong
céc han ché 16n nhat ciia md hinh chuan la giai quyét khoi
Iuong va sy dao dong cuia neutrino. Mo hinh Zee dugc dé
xuét nhu mot hudng mé rong cua md hinh chuén cho viéc
sinh khéi lugng neutrino & céc bd dinh bac cao [2]. Cdc
mo hinh m¢ rong md hinh chuén cling dem lai nhiéu hiéu
qua Vit Iy méi can nghién ciru, cdc VAt Iy méi nay duoc
dua ra tir ciac kénh ra vi pham $6 lepton thé hé [5,9], tr
cidc kénh rd cua cidc boson trung hoa ra cic photon
...[6,8]. Pay Ia cdc kénh rad hiém va hién nay dang rit
dugc quan tdm nghién ciu, doéng gbép cua cic boson
chudn trong cdc kénh rd nay 1a phin quan trong khong thé
thiéu, nhit 12 & bac mot vong.

Bai bdo nay nghién clru tuong tdc cua cic boson
chuin trong mé hinh Zee xudt phét tir Lagrangian toan
phan. Céc dinh twong tic ctia cic boson chuin véi cdc

fermion va cac Higgs boson dugc dua ra. Pay 1a co s¢ dé
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nghién ctu cic kénh rd Higgs va tim ra cdc Vat Iy méi

trong mo hinh Zee.
2. Ngi dung

2.1 Céc boson chuén trong mé hinh Zee

M0 hinh Zee dugc dua ra nhu la mdt huéng mo rong
ctia mo hinh chuan dé giai quyét khdi lugng ctia neutrino.
Trong mé hinh nay, khéi lvgng céc neutrino duge sinh ra
& cdc bo dinh bac cao do sy déng gop clia cic truong vo
huéng méi thém vao so véi md hinh chuan. Céc hat méi
thém vao bao gdm mot ludng tuyén Higgs gidng nhu md
hinh chuin va mét Higgs mang dién thudc biéu dién don
tuyén ciia nhém SU (2), - Céc hat trong md hinh duge sdp
xép nhu sau [2]:

Lepton: Cac hat phan cuc trai dwoc xép vao ludng
tuyén, con cdc hat phan cuc phai xép vao don tuyén cia

nhém SU(Z)L

Vi =(e, ) (1271 ey - (112) (D

Quark: Cac hat phin cuc trdi dugc xép vao ludng
tuyén, con cdc hat phan cuc phai xép vao don tuyén cia
nhém SU(2) .
Q,=,.d,) ~(3,21/3)u, ~(3,1,4/3)3d, ~3.1,4/3) (2)
Véi a = 1,2,3 twong ung 1a chi sb thé hé, con bd ba sb
trong ngodc don tuong tng 1a sb lugng tir ciia cdc nhém
SUB)..SUQ2),.U(D),
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Vo6 hwéng: Trong mé hinh Zee c6 hai ludng tuyén cta
nhém SU(2), va mot Higgs mang di¢n don. Cu thé 1a:
T T .
6=(00.00) ~ (1210 =(e5.00) ~(120). 7~ (12 3)
Thanh phén ludng tuyén dugc biéu dién theo gia tri
trung binh chan khong v1, v2 nhu sau:

¢ 2 )

T oh i) | 7|5

4= ﬁ(vz+¢2013+i¢201)

Tuwong ty nhu mo hinh chudn, cdc boson chuin dugc
xdc dinh tir dao ham hiép bién [1].

D,u¢: (a,u _EgA

Trong d6 Pf’”

,uao- _7g'Bﬂ)¢ (a —ZP¢)¢ (5)

duoc biéu thi theo cic truong vat ly

nhu sau:

(1-25* .
Z+x/—sA 1

oo 2| N2 ‘ ©)

"7 ) z,

“ _\/Ec

Tuong ung véi moi lién hé gitra cdc truong vat 1y va

cac tru(‘mg chuan la:

e (A" FiA*))Z,=c A’, =5 B,
\/5 2
_ 3
A,=s A, +c B, (N
V6i g =sing ,c =cos@ ,tan@ -
8
Trong bén truong chuan nay, ¢6 hai truong mang dién
a

* va hai trudong trung hoa Z,,’ A”, trudng A” ung

véi photon.

Khdi lugng ciia céc boson chuan trong md hinh Zee
duoc xdc dinh tir s6 hang dong ndng cua truong Higgs
twong tng v6i phan c6 trung binh chan khong.

= 3 (0,(5)) (9,(5) ®
Véi § =¢]’¢2,h+
Bing cdch dt vy =ysin f=vs,,v, =vcos S = Ve, t
(8) «ching ta thu khoi
gv m, =0 ©)

m .,
2\/_ 2c
2.2. Twong tic ciia cic boson chuin trong méd
hinh Zee
Do viéc thém vao cic v huéng moi, Lagrangian tong

dugc  cac luong:

quat trong md hinh Zee 1a [2]:
‘Cmt = ‘CSM + Llee
Trong do:

(10)

fu=SiropeS(ns) (051,00 L a,ae L gy (1D
7 S

la Lagragian ctia mo hinh chuan va f1a tap ciia tat ca cdc
da tuyén fermion, S 12 tip cia tat ca cic da tuyén vo
huéng c6 trong md hinh.

Céc tuong tac mdi do su xuét hién cta cdc hat méi
trong md hinh Zee dugc thé hién & s6 hang sau:

ee: Z f;:b :LC

ab=e,u,t

(io,))y, b +he  (12)

Thé Higgs tong quat duoc viét boi [5,9], cu thé:

V=i i+ 2 (000) + 2 (050)

b A ONG0)+ O 0G0+ 21 (070.) +hel

b 2 A, () 2 () (40)
+ A (HH)(650,)+ u(glio gk +he.)
(670, + 050 )~y + A6, + Ay ¢+ Aphh)

D¢ xédc dinh twong tac cua cic boson chuan véi cac

13)

fermion va céc Higgs boson, ching ta cdn xdc dinh trang
théi vat ly cta cac boson. Khac vdi mo hinh chuin, do su
xudt hién thém mot ludng tuyén va mét dién tich don nén
trong mo hinh Zee s€ ¢6 hai dién tich don (H",,H",): hai
Higgs trung hoa (H,h), trong d6 h tuong tng voi Higgs
trung hoa trong mé hinh chuén. Céc méi lién hé dic trung
cho mo6 hinh Zee dugc dua ra nhu sau:

Ki hiéu cac thanh phin cta Higgs bosson mang dién

trong hai ludng tuyén 1a

¢* =cos ¢ —sin Bo; (14)

Trong dé, ty=tanf= Y

Vs
i 7 7.
Cic Goldstone bosson @ va z twong tng véi gauge

+

bosson W~ va Z duoc cho bai [2]:

o _(cosp —sinf s .

) \sinf cospB Jlg:)

A) (cosfB —sinfB\(¢)

z) \sing cosp &,

Trang thdi vat 1y cuia Higgs bosson trung hoa va mang

dién dugc dua ra theo [5]

H) (cosa —sina\(gp )
h) \sina cose )\ g, )

5)

HS B cos@, —sin@, \(h* ) 16
H; " sin 6, cos6, )| ¢ ’ (16)
Trong d6 gin 29 = 2\2um véi M, tuong tng 1a
) g(le _Mzz)

khéi lugng ciia cic Higgs mang dién (H,)vam la

khéi lwgng cia W-boson.
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e Twong tac ciia cac boson chuin véi cac fermion:
Cic tuong tic duoc xdc dinh tir s6 hang Lagrangian
d6ng ning cua cic da tuyén fermions sau:

Ly, = Z viy“D,y
S

an

Cic dinh tuong tac dugc xdc dinh thong qua céc trang
théi vat ly. Ttc 1a, khi d6 chiing ta phai lam viéc trong céc
hé co s& m6i md ma tran khéi luong cta cac fermion c6
dang chéo. Ma tran chuyén co s cho cdc neutrino va cdc
quark trong trudng hop nay tuong tng la:

V'a =Uahvh’q‘a=vhqh (18)

a

Dic biét, viéc dua vao ma trdn v, con dam bao cho
dong trung hda khong bi thay ddi sb vi (tich cia nhém
SU(2),) phu hop véi cde dir ligu tir thyc nghiém.

Thay céc phuong trinh (1), (2) vao (17) Kkét hop voi

(18) ta c6 cac dinh twong tic cua cdc fermion véi cic
boson chuin nhu bang 1:

Bang 1: Cdc dinh twong tdc ciua cdc fermion voi cdc

boson chuan

Pinh H¢ sb

ve e, %U*ubV'PL

€a WV %Uﬂby"PL

d. u U, %V*ah;f"PL

vZ v 2’%;/#11

VAN 4’%7”[(—1+4s2 )+7% |
uZ u Lffy{(l—gs; )+7s}
dz ,d A:fy”[(—u‘”; )—4

e Twong tac ciia cic boson chuin véi cic Higgs
boson.

O dang day du, s6 hang dong ning cla cic truong
Higgs dugc thé hién:

mem _ Z(DpSY (D#S) (19)

s

= Z‘,[(%S)+ (3,8)+(P,5) (3,8)+(3,8) (P.S)+(P,S) (pps)}

Céc s6 hang thir 2 va thtr 3 cta (19) cho ta céc twong
tdc chira dao ham, va nhu vay cdc dinh tuwong tic ¢ chira
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xung luong. Quy wdc chiéu duong cua cic xung lugng 1a
chiéu di vao dinh tuong tc, cdc dinh tuong tic loai nay
bao gdm: twong téc ctia W-boson véi cac Higgs (ca trung
hoa va mang dién), twong tdc cla cdc Z-boson va cic
photon véi cac Higgs mang dién, tuong ting dugc dua ra
trong bang 2, bang 3, va bang 4.

Bang 2: Cdc dinh twong tdc cua W-boson voi cdc

Higgs trung hoa va mang dién

})inliglm'ng Hé s6

h ﬂiHi iég(Ph—PH,)ﬂSin(0!—ﬁ)sin¢9Z

h ﬂiHi2 i%g(ph—sz)ﬂsin(a—,[)’)cosez
L H iég(PH—PH, ), cos(a— B)sin 6,
ﬂin J—rlg(py_pyz)ﬂcos(()(—ﬂ)cosé[_

2

trong d6: p, , tuong Ung la xung luong cua cua cdc
Higgs trung hoa va Pu,, la xung lugng cua cidc Higgs
mang dién.

Bang 3: Cdc dinh twong tdc cua Z-boson voi cdc

Higgs mang dién
Dinh twong Ho <6
tac ¢
trrs (C 2_S2 ) )
ATH _g(pm_pp)#TsmzeZ
- (c *=s%)
M HY, | —gp,—p,), > cos” 6.
— (c I_g? ) .
;1H1‘2_H 21 g(Pm—pp)ﬂTstcosﬁz

Bdng 4: Cdc dinh twong tdc cua photon voi cdc Higgs

mang dién
Binht{:;r(mg He 56
AHIH? | -g(p,~p,),s sin’6,
AMHHY, -g(p,—p,),s cos’ 6,
AHHY,, | 8(P,—Pp,),s sinf cosb,

Trong bang 3 va bang 4 ki hi¢u p, = tuong ing la

xung lugng cta cua cidc Higgs mang dién &m va Higgs

mang dién duong.
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S6 hang cudi cing cua (19) cho twong tic cia hai
boson chuan véi cic Higgs trung hoa, hodc tuong tic clia

hai boson chudn véi hai Higgs.

Bang 5: Cdc dinh twong tdc cua Higgs trung hoa voi
cdc boson chudn

Pinh twong tac Hé sb
hoot T, igm cos(a — f)g""
PR igm sin(a - B)g""

2

v 4
hz ,zZ, 4gC2 cos(ax — B)g”
HZ,Z, -8V Gin(a - B g

4c”

Tir két qua nay cho thdy cac Higgs trung hoa khong
twong tdc truc tiép véi cac photon, do vy kénh rd cla
Higgs trung hoa ra hai photon chi ¢6 & bac bd dinh mot
vong trd 1én.

Bang 6: Cdc dinh twong tdc bdc bon ciia hai Higgs
Véi cdc hai boson chudn

Pinh twong tic | Hé sb

(AjZ)hHF *

w

1 g’s’ sin(a— f)sinf, g*” AL
2 : s C

v

P 1 2 . 11
(AsZ)HH® 7 — g%’ cos(a— fB)sin 6, g (—;—)
[ 2 s ¢

v

lgzs2 sin(a— B)cos 8. g"v(i;ll)
2 : s ¢

(AZhH* 7

v

(A:Z)HH, ~

v

igzs2 cos(a— f)cosf. g™ (i;_—l)
2 : s ¢

AAHHT g’s® sin®6.g"
AAHH", g’s® cos’0.g""
AAH,HT, g’s® sin6,_cos6 g"”

17T (C 2_52 ) : v
Z,Z,H'H", szmz 0.g"

trr7 (c’-s") v
ZﬂZ‘,H2 H+2 ngcoszerg‘

2 2
. c’-s . ,

Z,Z,H,"H", -g’ (72)005 6.sin6.g"

4c

Cic dinh tuong tdc cua cdc boson chuén cé céc dic
diém riéng biét nhu sau: i) cdc dinh tuong tic c6 fermion
Iudn di kém vo6i ma tran Dirac (}/ﬂ ), ii) cac dinh tuong
tdc c6 chira dao ham cua céac truong ludn kem theo xung
lugng, iii) cac dinh tuong tic c6 chira hai boson ludn gan

lién v6i tensor hang 2 (g i ).

3. Két luan.

Trong pham vi mo6 hinh Zee, bai bdo dat dugc cic Kkét
qua sau:

e X4c dinh trang théi vat 1y ctia cdc boson chuén, céc
Higgs boson trung hoa va mang dién. Pac biét, vdi cic
fermion can dwa vio cdc ma trdn chuyén co s& (Uﬂh’vﬂh)
dé lién h¢ giita co s¢ ban dau va co so khdi lugng (co s&
ung vai cac trang thai vat ly).

® Dua ra céc dinh tuong téc ciia cic boson chuén voi
céc fermion.

® Pua ra cdc dinh tuong tic bac ba va béc bén cua
cdc boson chuin va céc Higgs boson (ca trung hoa va
mang dién).

Céc dinh twong téc nay 1a co s dé xédc dinh cdc gian
d6 Feynman ciing nhu céc kénh rd khac nhau ciia cic qua
trinh rd ctia Higgs boson. Céc tin hiéu thu dugc tir cdc qud
trinh rad Higgs boson s& gép phan dua ra cdc hién tugng

Vat Iy méi.
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