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Cdc ham PV, khir phdn
ky, mo hinh Zee-Babu,
vi pham so lepton thé
hé, ra Higgs boson.

MO hinh Zee-Babu la su tiép ndi ctia md hinh Zee dugc mé rong tir mo hinh chuén
dé giai quyét khdi lugng va sy tron 14n neutrino. Khéc v6i md hinh Zee, phin vo
huéng ciia mé hinh Zee-Babu dwoc thém vao don gian hon, do d6 van dé neutrino
duogc giai quyét mot cdch ty nhién. Cac kénh ra cua Higgs boson d va dang duoc
thyc nghiém kiém chung. Céc tuong tic méi trong mé hinh Zee-Babu gép phin
lam ting tin hiéu ctia cdc kénh rd Higgs vi pham s lepton. Nghién ctru cdc kénh rd
nay gitp gidi han cdc ving khong gian tham s6 cia mé hinh. D6 ciing 1a co s¢ dé
dua ra cac hi€u Gng vat ly moi.

1.Giéi thi¢u

Ciéc kénh rd vi pham s lepton dang dugc nghién
clru sdu rong trong cdc md hinh mé rong md hinh
chuin dya vao sb liéu thyc nghiém lién tuc dugc cap
nhat. Nam 2016, giéi han thuc nghiém chinh xdc nhét
clia cdc kénh rd vi pham s6 lepton cta cdc lepton
mang dién di dugc dua ra tai phong thi nghiém
BABAR va BELLE [2], giéi han cua cic kénh ra
Higgs vi pham s lepton ciing dugc dua ra tai phong
thi nghiém CMS&ATLAS [1]. Viéc sit dung cdc ham
PV (Pasarino-Veltman) dé bidu dién cdc bién do tén
xa c6 thé thay thé cho phan mém Looptools va dp
dung dugc cho nhidu mé hinh [5,6]. M6 hinh Zee-
Babu khi thém vao céc hat méi da lam xudt hién cdc
twong tac vi pham s6 lepton [3,8,9]. Nghién ciru céc
kénh rd vi pham s lepton ciia lepton mang dién trong
mo hinh ndy gidp ta giai thich duoc su tron 1an cia
céc Meson (K°, B®) [8] cling nhu gidi han duoc cdc
viing khong gian tham s va dua ra khdi lugng ciia céc
Higgs mang dién [3,7]. Pac biét, vdi cdc kénh ra vi
pham s lepton cua cdc Higgs gitp ching ta gii thich
duoc khéi lugng va sy tron 14n cla neutrino, dua ra

gi6i han cia goc tron (6,5) [4].

Bai bdo nay nghién ctru kénh rd h— MT trong
mo hinh Zee-Babu. Tir céc dinh twong tdc vi pham sb
lepton do déng gép cua céc hat mai, tit ca cdc gian dd
Feynman cta kénh rd ndy dwoc dua ra. Viéc biéu dién
cidc bién do tian xa theo cdc ham PV (Pasarino-
Veltman) gitp chi ra phan phan ky trong bién do toan
phin cia qué trinh ra h— JT hoan toan bi triét tiéu.

2. N¢i dung

2.1. M6 hinh Zee-Babu

M5 hinh Zee-Babu c6 nhém déi ximg chuan gidng
nhu mé hinh chuin (nhém 3-2-1). Bé giai quyét vin
d& neutrino mé hinh nay dugc thém vao cic hat moi.
Céc hat méi thém vao so v6i mo hinh chuén 13 cdc hat
v6 hudng thude don tuyén ciia nhém SU (2),- Do do,
phin sip xép céc hat trong mé hinh dugc biéu thi nhuw
sau:

Lepton: Cac hat phan cuc trdi va phan cuc phai
lan lwot dwoc xép vao ludng tuyén va don tuyén cua
nhém SU(2),

a
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Quark: Cic hat phan cuc trai dugc xép vao ludng
tuyén, con cdc hat phan cyc phai xép vao don tuyén

cua nhém SU(2)L

u
0., :{daj ~(3,2,1/3); u, ~(3,1,4/3)
L

cd,~(3,1,-2/3) @)

Véi a = 1,2,3 tuong tmg 1a chi sd thé hé, con b ba
s0 trong ngodc don twong tng la sd lugng tir ciia céc
ahom SU(3),.,SU(2),,U(1),

V6 hwéng: Trong md hinh Zee-Babu cé ba da
tuyén vo6 huéng bao gom mot ludng tuyén ciia nhém
SU(2) ;, va hai don tuyén Higgs mot mang dién don

va mot mang dién doi.
T
p=(¢".9") ~(12.1),
H" ~(L12), K™ ~(1,1,4) 3)

Thanh phan ludng tuyén dugc biéu dién theo gid
tri trung binh chan khong v nhu sau:

+

®

7= %(vw%wf)

“)

Thé Higgs dic trung cho md hinh Zee-Babu la:
Vi =y H + K>+ A, H* + A, K* + A, HK®
+AH ¢ 9+ LK ¢ o+ (uH*K™" +h.c) (5)
Khéi lugng cic Higgs dugc xdc dinh tir didu kién
cuc tiéu thé Higgs.
m’, =m’, = A, + A m =47 + A (6)
Trong d6: & 1a Higgs trung hoa (dong nhat véi ¢)2

), H™ 1a Higgs mang dién don, K™ 1a Higgs mang
dién doi.

2.2. Cdc giin d6 Feyman ciia qud trinh rd h —

p Ttrong mo hinh Zee-Babu
Lagrangian toan phan ctia md hinh Zee-Babu 13: [3,7]
L, =Ly + Ly, 0

Trong d6, L, la phan Lagrangian gidng ciia mo
hinh chuan:

1
Ly, = 72 v

(D,0) (D,0) -y, P @+h.0)— 120 0+ A" p)

w1 v G - 8
“ —ZB,WB“ +i¥, 7D, +iex 7“Dﬂeuk( )
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L, la phin Lagrangian ddc trung cho mé hinh
Zee-Babu:
L,,=D,H D"H +D,K'D“K + f,,C(¥,, ) (ic,)¥,, H" (9)

+8,C(er)eK™ +he+Vy,

Méi lién hé gitta cdc neutrino ban ddu véi cdc
trangthdi vat 1y cta neutrino dugc lién hé thong qua

ma tran chuyén co s¢ U, . Tirc 1a:

Vi =U ViV =U vy 10)

Duya vio Lagrangian toan phan, ching ta dua ra
cic dinh tuong tic lién quan dén qud trinh rd
h%ﬂf nhu bang 1:

Bang 1: Cdc dinh twong tdc cua qud trinh rd

h—ur

Binh | 77 7e, HIVW,| Wy, | Fee, | hHH™ | K™K | H'7,e, K&,
Hésb &y ¥*P, igmpg™| i, | igm, | iAy iZy U, | ~iguPr
e > | 2my

Tir d6, ching ta c6 thé dua ra tit ca cdc gian dd
Feynman cho qué trinh rd h— MT trong m6é hinh
Zee-Babu.

Hinh 1: Cdc gidn as Feynman cho qud trinh rd
h— 1T trong mé hinh Zee-Babu

Trong do, bén gian ) Feynman & hang ddua, b, c,
d 1a déng gbép ciia W boson. Bén gian db ¢ hang thir 2
la d6ng gbp cua H™ vabén gian db & hang cudi ciing
la déng gép cua K.

2.3. Bién dp toan phén ciia qud trinh rd h —p T

Céac bién d6 tan xa duoc tinh theo cdc ham PV
(Pasarino-Veltman) 1an lugt cho cdc gian dd & hinh 1.
Péng gép cua W boson duoc biéu dién theo cdc ham
PV nhu sau:
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3
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64z mw Zj 29{( ny, h) v, S0

@ @) (2) 2n(2)
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Me=—
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12)

—[mev (mf —m,?) + mlzm,f]Cl +

[2my, 2my, +m; —mi +m3)+m; my]C, )}

{mC

2nv
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Ml =-S5 SUU,m
L 647[2m‘?‘,nz=1 1n

+[2mV2“ +4m;, —(m} +m2)]C,+B" + B{'”}

13)

M =— g3

B e4ntm
—[2m; +4mg, —(m{ +m;)]C,— B + B"”

ZUanZn v{ my, Cy (14)

3 2
etrd gm &g n 2p0) 2 p(2)
M; :764 2 UUsi— s[m B +m B +
omy, al s, —m
W 2 1

(2my, +m2 ) (B + BP) - 2m? (B® - B )]
s

1 2
P 3 U Uy — B + B

ctd
M =
647r My, =l m —m?

+ (2, +m ) (B + B®) - 2m? (B - B(‘,”)* 6
Trong d6, cac ham C,,i=0,1,2 1a hiru han,
phdn phén ky nim trong cic ham B{'”;BY;i=1,2
va Bi=1,2;j=1,2.
2.4.Khir phin ky trong bién dj toan phén ciia
qudtrinhra h —-uT
Déng gép cia W boson cho qué trinh i dugc thé

hién tAt ca trong bdn gian dd Feynman a, b, c, d.

4-
=Mfﬁ v6i D=4-2¢ (17)

B(l)
0 .
ir> " D,D,

Thuyc hién tham sé héa Feynman

2} dx _v6i
0

(k*-a))

A = pix* = (Mg + p]

D,D,

o

—~M>)x+M; —id (18)

Két qua nhan dugc sau khi tinh tich phén.

2mu) d’k
Co) g

B —
0 i 0 (k2 _Al)

1 ,.
_=A,—[InAdx Vi
0

A =Limami -y, (9
E

S6 hang A, —ookhi € =0, do d6 phan phan

ky cia B{"1a

Div(B’)=A, o)

£

Tuong ty, phin phan ky trong cdc ham Béz), Bl(l),

B!, B, B{'* dugc duara la:

Div(By")=Div(B{”)=A,:

1

Div(B")=Div(B") =2 A @)

Div(B™)=Div(B}"”) = —%AE

Khi xét dén tong déng gop cula cic gian dd c6 W
boson bao gém 4 gian dd a, b, ¢, d, cic phén trai va
phéi twong tng cua bién do tdn xa la:

M= ¥ MpM{= 3 M,

i=a,b,c,d i=a,b,c,d

(22)

St dung (21), ta c6 thé kiém tra s hang c6 chtra
phan ky ctia cdc phén trai va phai trong tng cua cic

bién d0 tdn xa nay la:

1
DivM )=~ £ Z”u SULULIA - m ym)]
. § gm, 3. 3, 1,
DIv(M}) =t ULVl A (5, +5 )
=
Div(M?) =~ 6f _gm ZUMUM( m; A,)(23)
Div(M" M Sty Gt a
lV( R)_ 647[27715‘, = la Za(zmv“ £)
DIV(M.:HI)_
2
gml 3 m, 1 2 2
A (m?—
64 mwazl la 2(l{m§_m12[2 é‘( 1 mZ)]}
DIV(M.:HI)_
2
gmz 3 m 1 2 2
— 1T A (P -
647[ Z la 2(l{m§_m12[2 g( 1 mz)]}

Phén trdi va phan phai ctia bién d6 nay, hoan toan
triét tiéu phan ky.
DiviM}y= Y Div(M})=

i=ab,c,d

(24)
3 3
S S g UIA ~2mE +im 2 —L—o
o4, o 2Ty Ty Ty
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DivMY)= ¥ Div(M})=

i=a,b,c.d

(25)
3 3
ef l zuf‘,uz‘,[Ag(—%mj +%mf+%mf —%m3>1=0
my, o ‘ .

Hoan toan tuong tu, khi xét dén déng gép cia H "
& bén gian dd Feynman e, f, g, h va déng gép cua
K++

c6 thé chi ra cdc thanh phdn trdi va cdc thanh phan

& bén gian dd Feynman i, j, k, 1, ching ta ciing

phai cua cdc bién d nay déu duwoc khir phan ky. Do
do, bién d6 toan phan 1a hitu han.

3. Két luan

Trong pham vi md hinh Zee-Babu, bai bdo dat
dugc céc két qua sau:

Xac dinh céc dinh tuong tic, tir d6 dua ra tAt ca
céc gian d6 Feynman cho qud trinh ra b —> UT .

Tinh bién d6 ciia cic gian d6 Feynman va biéu
dién theo cdc ham PV. Str dyng phuong phép tham sb
héa Feynman d& tich cdc ham PV thanh céc phan
phan ky va phan hitu han.

Chi ra rang tong tat ca cdc gian d6 c6 déng gop cia
W boson, cia H va K™ déu 1an luot bi khir phan
ky. Do d6 bién d6 toan phén 1a hiru han.

Bién do toan phan ciia qué trinh rd 12 hitu han. Day
13 co s¢ dé thuce hién tinh sb va so sénh véi cdc dit liéu
thuc nghiém, tir 6 dua ra gidi han cdc viung khong
gian tham sb ctia mo hinh va d& xuét cdc hién twong
Vit 1y méi.

Nghién ctru nay dugc tai trg tir ngudn kinh phi
Khoa hoc & Cong nghé cia Truong DHSP Ha Noi 2
cho d@ tai, ma s6: C.2018.08
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Divergent cancelling in Total scattering amplitude Of h —pT in decays Zee-Babu model

Tran Trung Hieu, Nguyen Thi Thu Van, Duong Thi Kieu Tu, Ha Thanh Hung, Trinh Phi Hiep

Article info Abstract

Recieved: The Zee-Babu model continuedof Zee model, is extended from the standard

26/03/2018 model to solve mass and mixing of neutrino. Scalars of Zee-Babu model is

?Zcf;/gtgig simpler than Zee model. So the neutrino problem is solved naturally. Higgs decay
channels have been tested from accelerators. New interactions of Zee-Babu

Keywords: model increase signal of the lepton flavor violating Higgs decay. Studying these

PV functions, divergent
cancelling, Zee-Babu
model, lepton flavor
violating, Higgs boson
decays, etc.

physics.

channels help us to constrain parameter space of this model and to give new

64





