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BO PINH BAC MOT VONG CHO QUA TRINH RA h — Zy TRONG MO HINH ZEE

e Truong Tin Thanh®, Lam Thi Thanh Phuong",
Trinh Thi Hong®”, Huynh Lé Tuyét Mai"”
Tém tit

Nghién civu rd vi pham s6 lepton thé hé déng vai tré quan trong trong cdc nghién citu vé hat
Higgs boson. Do kénh rd h — Zy la kénh vin chwa dwoc thuc nghiém tim ra mdc di da c6 nhiing
bang chirng vé tin hiéu ciia kénh rd nay. Trong bdi bdo nay, cdc déng gop ciia cdc boson chudn, cdc
fermion va cac Higgs mang dién mai trong mé hinh Zee vao qua trinh ra dwoc dwa ra, h—Zy .
Pong thoi, sit dung két qua dé gidi sé cho gidi han cé TeV. Pdy la mét trong nhiing kénh ra dang

duoc thuc nghiém quan tam trong thoi diém hién nay va trong tuwong lai gan.
Tir khéa: M6 hinh chudn, mé hinh Zee, Higgs boson.

1. Pat van dé

Theo md hinh chuén thi neutrino khéng co
khdi luong, tuy nhién thyc nghiém lai cho théy
rang neutrino c¢6 khdi luong khac khong. Mo
hinh Zee xdy dung theo co ché sinh khdi luong
cho neutrino qua déng gop bac 1 vong nham giai
thich hgp ly gia tri cuc nhd cia neutrino nhung
khac khong ma khong can thém vao céc neutrino
phan cuc phai. Ngoai ra, van dé rd vi pham s
lepton thé hé, vat chat tdi cling 1a van dé tha vi
trong md hinh nay. Trong mé hinh Zee ¢6 nhitng
ngudn LFV tir nhiing tuong tic: Yukawa, dong
ning hiép bién, thé Higgs... Kénh rd h— yy la
mot trong nhitng kénh rd quan trong nhat dé tim
ra Higgs boson tai LHC [2]. Pay ciing la kénh ra
dung dé nghién ciru Higgs boson ning trong cac
mo hinh chuin m¢ rong. Kénh i h— Zydy
doan c6 cung bac voi kénh rd h — yy . Dua trén
mot sb tinh toan tong quat gan day [6], chung toi
thyc hién tinh h— Zy trong mé hinh Zee. St
dung ham PV va chuin unitary, ching t6i thuc
hién tinh todn Br (h — Zy) thong qua tinh dinh
tuong tac, tinh toan giai s6 dwa trén phin mém
Mathematica.

2. N§i dung

2.1. Giéi thiéu chung vé mé hinh Zee

Trong m6 hinh Zee, ngoai cic hat nhu trong
SM (Standard Model) da biét, mo hinh con bao
gom mot ludng tuyén Higgs mai va mot cap don
tuyén Higgs mang dién h* ~(L,£2). Vi vay,

) Truong Pai hoc An Giang.
9 Trudng Cao dang Y té Can Tho.

78

thay cho 1 ludng tuyén Higgs trong SM, trong
mo hinh Zee, ngudi ta ky hiéu hai ludng tuyén
méi co cung sd luong tir 13 ¢,¢, ~(2,1). Nhu
vay mo hinh cho hai tri trung binh chan khong
(VEVS) v, Va v, tuong mg véi hai thanh phin
trung hoa chura trong ¢ va ¢, . Cac ludng tuyén
Higgs noi trén c6 thé chuyén sang co s& moi
thuan tién hon, gdm 2 ludng tuyén Hi, duoc
dinh nghia nhu sau [5]:

H, B Cs Sp @
Hy,) (-5 ¢ )\
voi tﬁztanﬂzv—z,

Vi
hi¢u don gian la s, =sinx va c, =cosx. Cac

(1.1)

cac ham luong giac dugc ky

thanh phan ctia hai ludng tuyén Higgs Hi, duoc
khai trién & dang:

G* H*

Hi=l v+l +iG° | Ho=| o) +iA

2 J2

trong d6 @’ va ¢ la cac thanh phian Higgs
trung hoa CP (Charge Parity) chan, A 1 trang
thai Higgs trung hoa CP 1¢, H* la Higgs mang
dign. Cac thanh phan G° va G* la céc
Goldstone boson bi hap thu boi cac boson chuan

(1.2)

tuong ung Z va W* sau khi d6i xtng chuan bi
phéa va.

Dé tim trang thai riéng vat 1y cia cac Higgs,
ta di khao sat thé Higgs. The Higgs trong md

hinh Zee viét dugc & dang giéng [5]. Biéu thuc
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cho ma tran khdi luong Higgs boson mang dién
trong co s¢ (H*,h*) la:

VERd
MZ = v V2 (1.3)
7 M
trong do Mf|+ = 1 +%v223, M2 = 12 +V 2.

Chéo hoa ma trdn nay nguoi ta tim dugc khoi
lugng va trang thai riéng vat ly cua Higgs mang
dién. Ky hi¢u céc trang thdi nay 1a (hy,h; ), lién

h¢ gilra cac trang thai dau voi cac trang thai vat

ly la:
+ | + |"%20 T 2 2 *
h; ¢, —s,)\H ¢ m. —m.

Nhu véy trong mé hinh Zee c6 thém hai Higgs
vét Iy mang dién don ngoai céac hat da biét trong
mo6 hinh chuén. Cac Higgs nay sé cho dong gop
béc 1 vong vao bién d¢ ra riéng phan cia cac qua
trinh rd SM-like Higgs (Higgs giong nhu mo
hinh chuan) h — yy, Zy.

(1.4)

Xét tuong ty cho cac Higgs trung hoa chin
CP, ma tran binh phuong khoi lugng trong co s&

trang thai ban dau (¢, @) co dang:

2

v %
MZ = A , 226 , | (1.5)

AgvS My + Ay
Sau khi chéo hoa tim khdi luong va cac
trang thai riéng vat ly Higgs trung hoa CP chan
h, H ta tim dugc lién hé voi cac trang thai dau va
khoi lugng vat ly nhu sau:
25v

hY) _(Sp-a Cpa |[@ s _ 2_
H) (G —Spa ) 77 mi—m;

Ta c6 thé dong nhat h 1a Higgs trung hoa
dugc tim thay tai LHC, SM-like Higgs. Do
Higgs nay c6 dic diém tuong tac giong voi
Higgs trung hoa dy doan bdi SM.

2.2. Pinh twong tac cho qua trinh ra
h—Zy

2.2.1. Tuong tac cua SM-like Higgs voi fermion

a. Hé so dinh twong tdc véi lepton mang

dién he,e,

(1.6)

. Trong m6 hinh Zee phan lepton va quark
deu c6 the tuong tac vdi hai ludng tuyen Higgs.
Theo [5], tuong tac Yukawa cua lepton:

£, =L(Y4 +Y, 4, )eq + LILN +He
—| _s,m o,

M, Sap [(Y; )ab P + (Yz )ab PL:|
ce

+C
a p-a
wc, c,2

voi L=(v,.e)
SU(2), e la
SU(2),L=io,Ll”
f la ma trdn phan xtng; Y, va Y, la ma tran
khéi  luong
Dinh tuong tac trén

e,h,

12 ludng tuyén lepton nhom

don tuyén lepton nhom

= iO'ZC[T, o, la ma tran pauli,
Yukawa phitc, ma trén
(mg),, =M, 8y =M, 5.
dugc liét ké trong Bang 2.
b. H¢ so dinh twong tdac cua Higgs voi cac
quark huu,hdd
Tuong tu, cling theo [5] twong tac Yukawa
cua quark:
—Ly, =0, (Yu§¢luR ) + QLYdTl¢ldR +Hc
s (m, — m —
> __a[ “ hu,u, +—22 hddaj, (1.8)
Cp\ v v
trong d6 thay t;,=s,/c, va st dung hé thirc

luong giac phu hop. Két qua ciing dugc liét ké
trong Bang 2.
2.2.2. Twong tdc boson chudn Z véi fermion
Ta c6 Lagrangian chura dinh tuong tac cua Z
boson voi quark c6 dang:
Ly (QAB, ) CiugD, 7 ug +iq, D, 7" +iHRD 7"y
cgzﬂa;/{s”’eT?’c‘”PL—%PR}tuZ“ay { SNCWSCW P +3 } (1 9)

Tuong tu, Lagrangian mo ta tuong tac cia Z
boson vaéi lepton dugce viét ¢ dang:

L (e, A}, B, ) =iLD, "L +ie:D,y*e;

g - -1 2
- — P P, le. (1.10
e7y|:( > +S\N] L TSw R:|e ( )

Khi d6, ta c6 cac hé so dinh tuong tac ctia Z
boson vaéi cac fermion duogc liét ké 6 Bang 1.
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Béng 1. Tuong tic cia Z boson véi fermion

Dua trén tat cd cac két qua tinh toan trén,

m?:l“l:éc oy 9 9. 9r ching E()i 1icf?t lfé té‘i ca cac dinh twong tac lién
& quan dén qua trinh rd h — Zy trong Bang 2.
Z#ida 21 —13\%/ 1 21 _13\%/ —13&/ Bing 2. Bang cac hé s6 diflh twong tac dong gop vao
4 3 4 2 3 3 bién do ra h — Zy & gan dang bac 1 vong trong
— 1 2 1 2 2 A i H €=
Z40u, ___5\%/ _i ___5\%/ __5\%/ chuan Unitary, trong d(f €=gSy
4 3 41 2 3 3 Pinh Hé s6 dinh
— hw W, igMy Sp_o9
Zluvava i _l l 0 Hv rn‘/\/ ﬂ M
4 4 2 hW, iz 0
Zﬂgaa _% " S\il % _% N 3\/2\/ 5\/2\/ hhy hy” i €y 0( €2 + 20052 )+ 5, 0( A€ + 2uSE) 215,65, |
hr‘fhz_, hhl_hé' —i[cﬂ,usmcwv(im—/'!,,)-#Sﬁ,uswcwu(ﬁﬂ—k)—ysﬂ,u(ci—sf,)/ﬁJ
2.2.3. Tuong tac Higgs véi cac boson chudn hhy hy i (252 + A ) 45, (452 + ACE) + 2, ,,5, ]
Tuong tac ndy nim trong sd hang dong
Mt — —
ning hiép bién Higgs: Aty |e( Priu pl*/’)
T T -
EZ(DﬂHl) (D”H1)+(D#H2) (DﬂHz) Az by 'e(p2+#_p2w)
2 Z*hh™ ig(C2Chy —28288 )( P, — P )/ 20,
) ﬂsﬁ,agﬂth;W\; — gm»Nsﬁfagﬂth;WVi (111) h.l.+h.l._ . (zqf 2w 297 - )( L+p 14 )
. 2 . . Z/th h2 Ig<5(pCZW - ZS\NCgo)( p2+,u - pZ*ﬂ)/ZCW
voi m, =gv/2, ching t6i cling ching minh L )
XA 4 e 1k NPT Z"h'hy —IgS(pC(/,(plw B pZ*ﬂ)/ZCW
duogc h¢ so dinh hW 'h, bang 0. H¢ so dinh cua
PP A Hhthe —igs,C - /2
Z boson va photon vd&i Higgs mang dién z 22 h o ( Poess = Pros ) w
Zh'hy, A“h'hy (voii, j = 1,2): hdaQa 1S2Mq, /€5
f +\f + — [ 's,m, 5, YY) PRe+(Y,), R
=(0,4,) (7H,)+ (D) (o) s g, (o lluR
we, csN2
- c2c,, —2s2s2
- _ 79 ZHe 2W (4 25 A 7 AT o~ 7 . ”
Shh (P, — ) AT +25y Tuong tu chung t6i ciing tinh dugc cic dinh

+%S(pc(pzp |:hl+h£ (_ pz—ﬂ + p1+/1 ) + h{h; (_ pl—/“ + p2+,1 ):|

et (o, + pzﬂl)—;/[z SCMZS«N%”Aﬂ%} (1.12)
Cy

Tét ca cac dinh trén cling dugc li¢t ké trong
Bang 2.

2.2.4. Dinh ty twong tdc cua SM-like Higgs
voi Higgs mang dién

Céc dinh tuong tac cua Higgs mang dién
v6i Higgs trung hoa: hh'h, hhyhy, hh'hf nam
trong thé Higgs [5]:
V Shh by [cﬂwq}(@cﬁ + /11053,)+ s/,,,,v(/gcf, + ’1835)**/5/15/f—(x°¢5w:|
P G Si)}

+hh'hy {cﬂasq,cwv(ﬂ10 —25)+3;.,5,C,0( % — A5) - N

e ”sﬂw(
+hhyhy | e, ,8,6,0( A — 4 ) +5,.,5,,0( 4 —%)—T

ci—sé)}

+hhyhy [c/,_av(/@sf, + ch;)+ c/,_av(ﬂasf, + Zﬂci)Jr ﬁys/,_aswcw}. (1.13)
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tuong tic lién quan dén qua trinh 13 cia

H — Zy cho trong bang.

Biang 3. Bang cac hé s6 dinh twong tac dong gép vao
bién @9 rda H — Zy & gin ding bac 1 vong trong

chuin Unitary

Dinh H¢ s dinh

HW, W, igMy Cs_n 9,

HW; hi» 0
Hm‘*'m— [sﬁ o (ﬂ. €2 + AyoS )+c/j,av(ﬂacf, *ﬂasi)*ﬁﬂcﬂ,a%sw]

Hiihy , HOHS | sy sl —2n) 050 =) a0y o (61 -51) 12
Hh2+h£ —|[s/e (2055 + Aol )+ v AaSh + A€ ) + \E/‘%—u%ﬂ
Ha,0, Icamqa /(’UCﬂ)
H e_e _SaMe, b 4 (Y+)ab P +(Y2 )ab R
= Uy r Cﬂ'\/E

2.3.Khdo sat sé va biénlugn
Trong chuan Unitary, cac gidn d6 1 vong
dong gop vao rd h — Zy cho trong Hinh 1. Gian
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d6 moi theo mo hinh Zee 1a gian d6 2 chta hai
Higgs mang dién hfz Céc dong gop tur boson

chuan W* va fermion co thé suy ra tir cac tinh
toan trong SM. Trong phan niy ching toi chi
trinh by cach tinh dong gop cua gian d6 chira
cac Higgs mang dién. Biéu thirc bién do6 duoc
viét tong quat cho gian dd chtra cac Higgs boson
mang dién h, —h; —h; duéi dang sau:

F, = e/*l'z x4[C,+C,, +Cyp,], (L1.14)
(167°)
trong do thura s6 A“ = 2( I lhh e ) duoc tinh tur

céc hé sb dinh tuong tac liét ké trong Bang 2.

Biéu thirc dong gop cua Higgs boson mang
dién dugc tinh sO0 su dung goi phan mém
LoopTools [4] tich hop v&i phin mém
Mathematica 11. Tur cac tinh toan trén ching toi
viét duoc biéu thic bé rong rd riéng phan
h — Zy du doan tir mo6 hinh Zee nhu sau:

3
3 2
my 1_& ‘FZee 2
2 2 m2 21
4 h

[ +ZF§$+ZF§§ f=euzudcsbt (1.15)

i,j=1

I (h—2Zy)=

Hinh 1. Cac giin dd bic 1 vong cho déng gép vao
bién do ra h — Zy trong md hinh Zee, xét trong
chuén unitary

Cac ky hiéu f,(i,j=12,3) la cac fermion
bao gdm lepton va quark, h;(i,j=12) la cac
Higgs mang dién moi. Cac gian do (2), (3), 4
¢6 chidu xung luong quy udc nhu gian d6 (1).

Foe, Fir, Fzzle;’ lan luot 1a cac déng gop cua

boson chuan W, fermion va cac Higgs mang
dién. Bong gop cua cac lepton rat nho, tuong tu

nhu trong SM nén ta c¢6 thé bo qua. Biéu thirc cu
thé cho céc dong gop trén la:

zee _ XemdN; (5/; 20, ( 3(f) - ZQ!S\N) <m? O 4Gt 1.16
Fat = 4rm, kc ]{ G 7[4(012 Cp +C;) Co]x ( : )
Fie = M eA.) x4[C, +Cy, +Cyp]. (L17)

(167r )
Cic thita s A =2(g,, 4, | duge lid
i Mj i 1)

ké trong Bang 4, m, =m,, /¢, =gv/(2¢,).
Bang 4. Thira sb Ajj
2, (CZCay — 25780854 [COUB =) (ArC) + 1gS2) + (Aach + Aas2) = 1Sy, | (1[2)]

Ay
Az,
Az
Az

—M;3,5,_,[COUB —a0) (A + Ayg) + (= + Ag) —2p1C0t(209) / 0]

2, (52 — 2625815, [COUB — ) (Ao + AggS2) + (il + As2) + 153, | (w2)]

Néu bé rong rd toan phan cia SM-like
Higgs boson trong md hinh Zee a T'”* thi ti s6
rd nhanh la:

r*nh-2zy)
Brzee(h d Z]/) = Ty.

h
~ Chuing ta thdy c6 2 higgs boson lién quan
dén qua trinh rd ma ching t61 xét, tuy nhién tir
dinh tuong tac chung toi thay chi can quan tam
dén h— Zy. Céc gidi han can thiét cling duoc

(1.18)

chling t6i xét dén tir cac két qua da dugc cong bd
[5]. P& chon duoc vung tham s6 thoa man thyc
nghiém hién nay [3] cho SM-like Higgs boson h
dang xét, chung to6i phai xét dén gidi han thuc
nghiém hién nay cho rd h— yy. Thuc nghiém
cho thiy cac dinh hé sé dinh twong tac hW W~
va hff phai nguoc ddu nhau va c6 do 16n rat
gn voi két qua dy doan tir SM. Tir Béng 2 ta
thay sai 1é€ch cua 2 h¢ so dinh trén so voi gia tri
trong SM la gy =S, VA Ky =—S,/Cp
Pidu kién phu hop voi thuc nghiém la
Koy Ko = *1. Trong phan giai s6 chiing toi
chon diéu kién x,,, = & =—1, tuong duong
voi a=pf+nl2. Cic hé
Crn=0,8,,=-1s, ‘ :
dinh tuong tac tuong ting déu sai khac dau so voi
SM. Chon tham s0 tron cac Higgs mang dién ¢

qua tuong ung la
—C,. Lic nay tat ca cac

va khéi lugng cac Higgs mang dién 1a cac tham
s0 doc lap dung dé khao sat so, tham so u trong
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hé sb tu tuong tac hhh; dugc xac dinh theo h¢

2 2
(m, -} Jsa,
2u

phu thudc thém hai tham sb A3g» chung t61 chon

thoe: u= . Hé s6 dinh hhh; chi

Ay =—4; sao cho céac héng s twong tac cho déng
gop vao rd h— Zy 1a nho nhét (dam bao gidi
han thuc nghiém). Vi cac djéu kién néu trén,
cac tham s6 doc lap chua biét trong phan khao
sat nay la: Khéi lwong Higgs mang dién mF‘;z’
goc tron ¢, hé s6 tu tuong tac A3. Dya theo cac
két qua khao sat trong tai liéu [1], cac khoang
gi6i  han tham so0 duwgc chon la:
100GeV <m, <15x10°GeV, 0,5<s,<1, va
0< A, <4rx. Céc tham s6 da biét tir thuc nghiém
duogc ldy theo [3]. Cac hing s6 khac dugc tinh
nhu sau: e =,[/4za,,,g=2m, /v. Cac dong gop

_a-112 _
Sy=2 , nw_O.Smh;

10
N
\\
5 ~
.
- \“\
Tl “""-.-.
- 1 Tt T inmmeara
£
0,501
----- A3=-10 A3=0,5
........ Aa=—5 Aa=5
0,10 3 3
A3z=-0,5 A3=10
0,05
0,2 0,5 1 2
mhﬁ [Tevl

tir cac fermion nhe khong dang ké nén dugc bod
qua. Vi cac dir kién trén, sy sinh SM-like Higgs
trong cac may gia toc du doan tir SM va mo hinh
Zee hoan toan trung nhau. Ca hai mé hinh ciing
cho cung bé rong ra riéng phan cia SM-like
Higgs doi voi cac kénh ra chinh bac cay. Vi vay
bé rong rd toan phan co thé xét la T2 =TV,
Theo d6 dai luong thuc nghi€ém quan tam la
cuong d¢ tin hiéu z, [3] trong mé hinh Zee cd
v

dang sau:
Br(h—>2Zy) ™ (h—>2Zy) _ | Fae \2 (1.19)
Br(h—>2Zy) I™(ho2zy) [FM|°

Ta xét trudong hop dic biét dau tién véi
s, =1/+/2. Do thi trén Hinh 2 biéu dién 4,

Hz, =

theo ham cua khéi lugong Higgs mang dién m;z

v6i cac gia tri khac nhau cua 4.

10 X
+ Y
I .
5F '._- \.\\
s ~
. el
[ \"“""-_‘h*':"“--m.. .
= 1f=-* 1,
= 0,50r
————— Az=-10 A3=0,5
PO T S A A3=-5 A3=5
f — A3=-0,5 A3=10
0,05
0, 0,2 0,5 1 2
mhé [TEV]

Hinh 2. Cwong d tin hi¢u qua trinh ra SM-like Higgs boson 2 — Zy trong mo hinh Zee theo ham cua
khoi lwgng Higgs mang dién

2 2 \ A ’
Do s, —s, =C,, =0 thura s6 chta 4, trong
A, VA

, 2 2 2 A
chua Amh+ = mhz+ —mhf >0 trong A, déu

dong gop hé  sb thira s

bang 0. Trudng hop d6 thi phai twong tUng
Am? =0 cho A,,, =0. Ca hai truong hop déu
cho th?iy quc‘yng d6 tin hiéu déu rat lén trong
khoang khoi lugng nho cua cac Higgs mang dién
va d¢ lon cua A; nhan gid tri 1é6n. Trong khi do6
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thuc nghiém hién nay chi ra dugc ,uZE; <6,6 vobi
do tin cay 95% (95%CL) [1]. Vi vay trong thoi
gian to1, néu thyc nghiém xac dinh duoc gia tri
cu thé ,ug >1 moé hinh Zee c6 thé giai thich

Zee

duoc gia tri nay 4, = ,uZE;, thong qua dong gop
cua cac hat Higgs boson mang dién. Cuong do
tin hi¢u phy thudc vao s, dugc cho trén Hinh 3.
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M=y =120 GaV
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Hinh 3. Cudng d9 tin hi¢u qua trinh rd & — Zy trong md hinh Zee theo ham s,

3. Két luan

Chung t6i di tinh dugc bé rong ra riéng
phan va ti 1¢ rd nhanh trong qua trinh 1d h — Zy
trong mod hinh Zee. Dy doédn vé ti 1& ra nhanh
trong md hinh Zee 1a tinh hiéu dé phan biét SM
va mo hinh Zee khi thuc nghiém do duoc kénh ra
nay. Cuong d0 tin hi¢u nhdn gia tri 16n trong
vung thoa man dong thoi cac diéu kién sau: Khi
luong cac Higg mang dién nho; hang s6 tu trong
tac Higgs 4, phai 16n va duong; s, nhan gié tri

phu hop trong khoang 0,5 —1. Gia tri cac tham
s0 md hinh c6 thé lam tdng cuong hodc khir cac
dong gop tr SM lam cho gia tri cuong do tin
hi¢u c6 thé nho hon 1 rat nhieu. Cac gid tri
A, >0 déu cho cac dong gop nguoc dau voi
dong goép tir SM, dan dén hé qua M, <1. Thuc
4
nghiém trong thoi gian toi tiép tuc tién gan toi
gidtri ¢, >1. Vivay gid tri 4; >0 rat kho duoc
7

xéac nhén trong twong lai gan./.
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ONE LOOP CORRECTIONS TO h— Zy DECAY IN ZEE MODEL

Summary
The lepton flavor violating decay is important to research on Higgs boson. This is because the
h — Zydecay channel has yet to be tested despite some evidence of this canal signal. This paper

presents the contributions of gauge bosons, fermions, and new charged Higgs boson in the Zee model
on h — Zydecay. At the same time, it applies the results to solve problems of the TeV limit. This is

one of the decay channels widely concerned at the present time and in the near future.
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