TAP CHi KHOA HOC ]
Khoa hoc Ty nhién va Céng nghé, SO 8(3/2017) tr. 42 - 52

HIGGS TRONG MO HINH THONG NHAT TUONG TAC MO RONG
3-4-1 TOI THIEU VOI NEUTRINO PHAN CUC PHAI

Dwong Van Lgi
Truwong Pai hoc Tay Bic

Tém tit: Trong bai bdo nay, ching t6i tdp trung tinh todn phan thé Higgs trong mé hinh théng nhit
twong tdc mé réng 3-4-1 t6i thiéu véi neutrino phdn cwe phai. Pdy la mét phién ban thii vi xudt phdt tir cdc mé
hinh 3-4-1 goc [1, 2]. S khdc biét so véi cong bo gan day ciia ching t6i [3] chi la trong bai bdo nay, ciing véi
cac bién lugn ré rang, chat ché, thi cac tinh toan sé dwoc thuc hién mét cach chi tiét hon, va tat nhién cac két
quad phdai phu hop voi [3].

Tir khéa: M6 hinh, twong tac, Higgs, 3-4-1, t6i thiéu.

1. Giéi thi¢u

Hién tuong du thira diphoton 750 GeV quan sat thay gan day [4] c6 thé dugc giai thich
nhu 12 mot sy ton tai cia mot vo hudng trung hoa méi lién két véi cac quark ning méi dua
vao, hodc trong mot vai truong hop lién két voi cac boson va cac lepton méi. Theo hudng
nay, cac md hinh 3-3-1 [1, 5, 6] duong nhu 13 nhitng tGng cir vién t6t do chung chira dung tat
ca cac thanh phan nhu 14 cac quark méi va cac truong vo huéng méi. Tuy nhién, van dé 1a dé
thoa man sy du thira diphoton & LHC thi doi hoi rang thang 3-3-1 & mtc thap @~ 400 GeV,
trong khi dong trung hoa thay d6i s6 vi yéu cau mot thang 16n @ ~2 TeV. Dé giai quyét van
dé nan giai nay cho mé hinh 3-3-1 véi neutrino phan cyc phai, mot tam tuyén vo hudng tro da
dugc dua thém vao [7], hay mé rong nhém chuan [8], hodc gidi thiu cac vo hudng tich dién
moi [9].... Tinh trang trén ciing xay ra voi cac hudng mo rong khac cia M6 hinh chuan (SM),
do @6 viéc tim cac mo hinh dé thoa man cac dir liéu thuc nghiém hién nay 1a rat can thiét.

Nhu da biét, SU(4), 1a nhom ddi xtig cao nhit trong phan dién yéu [10]. Pa c6 mot
s6 mo hinh xdy dung dua trén co s& nhém SU (3). ® SU (4), ®U (1), (3-4-1) [1, 2, 11], trong
d6 SU(3). 1a nhom dbi xtmg mau cua twong tac manh tac dong 1én cac quark va cac gauge
boson truyén tuong tac manh, SU (4), 1a nhom dbi xtmg cua tuong tac yéu tic dong 1én cac
fermion phén cyc trai, U (1), 1a nhém d6i xtng lién quan dén mot sb luong tir méi X - tich, 1a
khai niém m& rong ctia siéu tich Y trong SM; tuy vay, phan Higgs vat 1y 1a phan quan trong
nhat thi lai chua duoc cha ¥ dén nhiéu. Trong mot s phién ban, mau thuin nay di khong
dugc nghién ctru dﬁy du va chi tiét. Trong giai doan phat trién manh mé& cua vat 1y hat hién
nay, phan Higgs nén dugc xem xét mot cach chi tiét nhat c6 thé, nhat 1a phan vo hudng trung
hoa la noi chtra dung Higgs boson cua SM. Vi vay trong bai bdo nay, chung toi s€ tip trung
vao phan Higgs.
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Bai bao cua ching t6i dugc sip xép nhu sau. Phan 2 s& trinh bay su sip xép cac hat
trong md hinh, cac truong vo hudéng véi cac trung binh chan khong tuwong tng. Phan 3 13 danh
cho biéu thirc thé vo hudng trong mé hinh ¢ gi6i han bao toan s lepton. Céc diéu kién cuc
tiéu thé duoc chi ra. Céc tinh toan xac dinh Higgs ctia SM va cac Higgs mang dién, trung hoa
s& duoc thao luan chi tiét. Cubi ciing, chiing t6i trinh bay két luan trong Phan 4.

2. M6 hinh
V61 md hinh 3-4-1 n6i chung, toan tir dién tich c6 dang
Q= al,+ [T +yT+ X, @
voi @, B,y la cac hé s6; T;(i=12,3,..,15) va X lan luot la cac vi tir tmg v6i nhom

SU (4), va tich ctia nhom U (1), . Trong mé hinh 3-4-1 tdi thiéu véi neutrino phan cuc phai,

céc lepton duoc xép vao tir tuyén nhu sau
faL:(va,Ia,Ig,v;)[~(l,4,0), a=e 7 (2

day 1a Iy do mé hinh dang xét dugc goi 1a mé hinh 3-4-1 tdi thiéu véi neutrino phan cyc phai.
Céc s6 trong ngodc don 14 s6 lwong tir twong ing cac nhém SU(3)., SU(4), va U(Y), . Véi

cach sép Xép nay, toan tr dién tich dugc xac dinh
Q=T,—3T, +X )

H¢ so 1 trude T3 nhu 1a mdt sy ddm bao rang md hinh dang xem xét la sy mé rong
cua SM.

Vi cac quark, mot thé hé quark dugc xép vao tur tuyén

Q. =(up 0, T,T), ~(3,4,§j

2 1 5 : 2
U3R -~ (3,1, g), d3R -~ (3,1,—5), TR -~ (3,1, gj, TR =~ (3,1, Ej (4)
Hai thé hé quark con lai duoc xép vao cac phan ti tuyén

Q. = (d,,-v,.D,,D, )I~(3,4*,—%j, a=12,

2 1 4 . 1
Ugr ~ (3,1,5), daR ~ (3,1,—5), DaR "‘(3,1,—5}, DaR “‘(3,1,—5) (5)

Dé thyc hién qué trinh phéa v ddi xing tu phat, cin bon tir tuyén Higgs 1a

T

1= 2 0.2) ~(140), ¢=(4.¢ ¢ ¢ ) ~(14-1),

+ ++ S\ - + T
p=(p.0"p" 0y ) ~(L42), n=(nm.m5.m7) ~(L4,0) (6)
Néu phan Higgs c6 cac trj trung binh chan khong (VEV) nhu sau:
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vy 0] !
(;()-(O,O,O,EJ , (¢>—(0,0,$,Oj

\' ! u !
(p)—(O,ﬁ,0,0j , <n>—(ﬁ,0,0,0j (7)

thi cac lepton van chua nhan du khéi luong, do vy ching t6i gi6i thiéu thém thap tuyén ddi
xtng (10s)

V2H?  H;] Hy  H!
1| H 2H  H?  H;
H=" ®
J2| Hp HY J2HP H;
H;  Hy  H]  \2H]
Nhu théng thuong, gia st cac truong Higgs trung hoa duoc khai trién
|_|O:RHlO—iIH10 Ho=g+RHg_“Hg H°=V +RH3_”Hg |_|0=RH‘?—iIH2 ©
1 \/E 1 2 \/E ’ 3 \/E ’ 4 \/E )
thi
0 0 0 €
110 0 v O
H)=— 10
() 20 v 0 O 10)
e 0 0O

lic nay céc lepton mang dién s& nhan thém khdi lwong qua (HJ), con cac neutrino nhan khéi
lwong Dirac qua (HJ) va khoi lwong Majorana tir (H?) va (HY).

Dé phu hop vé6i qua trinh pha v& ddi xing tu phat dong thoi sinh khdi lwong cho cac
hat, cac gia tri trung binh chan khong phai thoa man mdi lién hé V > w>>u,v [1] va c6 thé

xac dinh u® + V2 +V'? +€* = 246°GeV?[3].

3. Thé Higgs
Trong gidi han bao toan sd lepton, biéu thirc thé ciia mé hinh c6 thé viét dudi dang:
V(¢ 2,H) =V (1, 0.4, 2) +V (H),
trong do

V.06, 2) = iin n+ 150" p+ 18" d+ 1, ' x + 24 ('n)* + 4, (0" p)’ + 4,8 9) + A, (1 1)’
+ "M (0" p) + 25 (8'8) + 2, (X" )1+ (0" )[4 (6 8) + 26 (1 )]

+43(8' D) 1)+ Ao (0" )" ) + A (P B)(@ P) + 2, (P 1) (1" P)
+A (81 B) + 20 )7 20) + s (' DB 1) + (™' i 20 +HC)
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V(H) = £2Tr(HH)+[f, 2 Hy' +Hel+ A Tr(H H) T+ A, [Tr(H H)T
+Tr(H'H) A (7'17) + A (0" 9) + Ao (87 8) + Ay (1 201+ 25, ( TH)(H T )
+ s ("HY(H ') + 2, (0" H)(H p) + 4,5 (6'H) (H 9) 11

v6i i (Mm=12,3,4,5) 1a cac tham sb co thir nguyén khdi lugng; f va A (n=1,2,3,..,,25) la

cac tham sb khong tht nguyén.

3.1. Diéu kién cwc tiéu ciia thé Higgs

Khai trién cac truong trung hoa trong céc tir tuyén Higgs 7,4, p,n tuong tu nhu (9). Dé
tim diéu kién cuc tiéu cua thé v6 hudng ciing nhu 13 phd khdi lugng phan vo hudng, ta s& khai
trién cac sb hang trong biéu thirc thé vo hudng dén bac hai cia cac truong. Bat bién chuan doi
hoi tong cac hé sé gan voi bac mot theo cac trudong phai bi triét tiéu. Piéu kién cyc tiéu thé
dan t6i sau phuong trinh nhu sau

1 = _%[2@652(\/2 —82) = AN+ g2 + Ay + 2V v
u

_%[zlgv”z +2U% + AV + A 0° +/17V2],

1 =—% 22,VF + A% + Ag0” + AN + feu +219v”2+%ﬂ74v’2},
L v

7 :_% 24,0 + AU + AV° + A V2 +—fuvv+ﬂzov”2 +%125v’2]
L w

= —%[Z/LNZ +AU% + AV + A0 +121v”2]

- le [2 TV UV + 2366" (V* = €%) = AU + 2y €'V + Ays*00” } ,
2 1 2 "2 2 1 2 2 2 1 2
Hs = D) AV + 22,V + AU + (A + EA‘ZA W+ Ayy@” + AV ° + > Ap®” |,

€ !
fo = o[22V =€) = AV * = Ao 4 2o 4 A’ |, 12)
& day v'? =v?+ g

3.2. Cdc Higgs tich dién doi

Dé tim khéi luong cia cac Higgs boson, chiing ta sé& tap trung dén cac hé sé gin véi bac
hai cua cac truong. Trudce tién, chiing t61 xét cac Higgs boson tich dién d6i (DCH). Trong co

so (H,™, H,™, p™, ¢™)", biéu thitc ma tran khoi luong ctia chung nhu sau:
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24V + AoV = A0 2,0 V22, V2507
20V = AoV + @ 22,0 V2507
1
2 _
Moo =7 24— 2 ?V“ 22,0v—2tu | @3)
24,V - 2 fVwu
w

Vi det MEZ,CH =0 nén ton tai mot cap Goldstone boson tich dién doi

_ J2v H™ —J2v H —Vvp +w¢ . (1)

N? +V +4v"?

Ngodi ra, con c6 ba cip DCH. Trong giéi han Vv'> =0, cac tri riéng khéi luong cia

++
GU

chung la

me. = % (~ps0” + 2V =~ M2, = A (zn L J (15)
& day h*,i=12,31a cac trang thai riéng twong ung. Nhu vy trong gi¢i han v'=0, s& ludn
ton tai mot gia tri am —| % (—As@° + A,,V?) |, nghia la mot biéu thirc khdi luong 4m & bac cay.
Mit khic khi V'#0, ma trin MZ,, sinh khéi lugng & biac ciy c6 mbi lién hé¢ Tr

3
('A/IEZ)CH) = Z méﬁ hay
=

2 2
2 2 2, 2 @OV fVu
M + M + ML, = AV + > (ﬂn —Ej. (16)

Ching ta c6 A, >0 va tong cia hai biéu thirc khéi lugng DCH trong (16) la c&
O(%4eV"?). Béi vi khéi lugng cic DCH 1a 101 gidi cita phuong trinh det (Mg, —1,xm?.. ) =0,
chung t6i co lién hé khac:

s o 1 ) sy @ +VE+AV? fVu
M e M MY :—E(—ﬂzsw +A,,V%) X All_E : @7)

V& phai cua (17) 1a khong duong boi vi hé sb (/ln —ﬂj c¢6 dau duong gidng nhu
v

trong biéu thirc khéi lwong ctia DCH ning hi*. Do d6 luén c6 mét biéu thirc khdi lugng am
ciia DCH ¢ béc cay. Dé thoat khoi van dé nay, lugng | A — A,V | nén rat nho dé cac bd
dinh vong co thé dong gdp vao khéi lugng ciia DCH va khi 4y n6 c6 gia tri duong.
Tom lai, tham s | A, | nén rat nho. Pong thoi nhu trinh bay & trén, md hinh du doan
tdn tai cac hat DCH nhe.
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3.3. Cac Higgs tich dién don

Chuing ta thiy rang c6 12 cip Higgs tich dién don (SCH) hop thanh co s& ban dau.
Trong gi6i han e =0, biéu thirc ma tran khdi lwong trong co s ban dau tach thanh bon ma

tran  doc  1ap  3x3: M M M M., twong  Ung  v6i  cac  co sor
(Hid )iz Heo02)s (2 He )i o1 Hy ). Curthe

Apgl” = Ay @” Aps V' AV’
Mo =5 22t - 2 G-ty | )
2A 0+ AN 2TV aov
PRI YR AL VY. 2(AW - fou)
1 :
'A/l’zzsch = Z AV ‘- 124\/2 o , 19)
2AN? = A7 2fVaou
v
24,7 — f 7 2 2(4V - fvu) AgV'®
@
1 » 2favu ,
M = 1 2,50" + AoV — Vv AWV , (20)
o * = Jps0”
va
A\ + 22V — 2N e 2(Apuv— Vo) AU
u
1 » 2fVu ,
M =5 N e T A R Y
223u2 - /124\/2

M&i ma tran nay chi c6 mt tri riéng bang khong, nghia 1a trang thai khong khdi luong,
va hai gia tri khdi luong khac. Cac trang thai khong khdi luong 1a

1 = ’ 2 ’
N +u? +v'? WZ SRVENRVE

ot (a)¢2i —V;(§+V'H3i) ot (—Un2i+fo+v'H2i). 22)

3 1 4
\/62+a}2+v’2 Ju? +v2 v

) (_VyHli_a)¢1i +u773i) - _(—V;(2i+V'Hf+Vp2i)
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Vi V' £0, cac tri riéng khoi lugng khéc ciing nhu 1a cac trang thai riéng tuong tng co
chut phtrc tap. Cac tinh toan & ddy xem xét trong giéi han V',e — 0. Tri riéng khéi luong cua

tam cap SCH khac la

1 1 u? +v? faV
My = (ol = ), ML =2 (Al = Agv®), i ==— [ﬂm— - ]

u’ + @ fw VZ+ o’ fvu VZ+v2 f ou
mr?: //113_ ) ri: ﬂ'_|_5__ y é: /112—— s
4 2 wu 2 Vo 2 W
m? =1(22v2—z2 o), m’ =1(/12v2—,12 V) (23)

h?i 4 2 5 ! hgi 4 2 4 ’
v6i cac trang théi tuong Uing 1a
gt Rkt gt J_r_V772i+u,01i i_u¢1¢+a)773¢
R e N T
he _ V¢, oy,  he =V7(2_+VP2_, h:=HZ, hf = HZ.
NI 24V
Nhur vay m6 hinh dy doén hai hat SCH kha nhe 1a h™ va h;, boi vi 4; ¢& OQ); | 40|

1a khong qua 16m; u,v' va v 1a ¢ thang dién yéu.

3.4. Cac Higgs trung hoa lé CP

Trong co s& ban ddu gdm mudi thanh phan Higgs trung hoa 1¢ CP. Ma tran 10x10 nay
lién quan t&i nam trang thai khong khéi luong, mot trong sé chiing chinh xéc 1a ImM[H?] ngay
cakhi € #0. Hon nira, phén con lai tach thanh hai ma tran doc 1ap 1a 4x4 va 5x5, tuong Gng voi
cic co so (IM[z°, Im[R], IM[HZL, Im[HIDT va (Im{og], 1m{gl], Im[ 221, Im[z%], Im[HZ])"

Trong gidi han € =0, ching dugc xac dinh nhu sau:

u(4,vu— fav) fov-1,Vu 0 0
AY 2
V(ﬂMV; — fav) 0 0
2 u
M = 27V * = Dps@” =224V = A,V 0
4
21?3u2 - lzsa)z — 2/716\/’2 - /124\/2

4
(24)
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_fa)Vu fVu _fcou _fa)V

- 0
2v 2 2 2
W fw 0
20 2 2
f ouv fov
o = - - 0 . (25
My s (25)
_faow 0
2u
AoV %+ Apgli® = Ay V* = Ap0” =224V
4
Ba Higgs va cac khi luong twong Gmg dé dang nhan duoc 1a
1 :
IM[HJT = H,, M}, =2 (2207 =24V = 2oV = 2050,
1 :
IMEHT = H My, =2 (220° =24V = 25V° = 250°),
IM[H] =H,, m =%(%2V2 ot Jgl? =24V = Ao VP = s ). (26)

Phan con lai 13 hai ma trin 2x2 va 4x4, lién quan téi bdn Goldstone boson bao gém

Gy, va G, (i=1,2,3), va hai Higgs trung hoa I¢ CP ¢6 dang nhu sau:

V u
Gy, Im[ %]
N ~ \/\/2+U2 \/\/2+U2 1 (27)
u \Y o
HAa _\/\/2+U2 \/\/2+U2 Im[774]
va
Vv Vv
GZ1 —W 0 0 m Im[pg]
vu? vi+udv uv?
G, | [-——__ o M ST
_ A(v°+u?) JA \/A(V +U°) (28)
G, _Viulv Ao WA VAU Im[°]
JAB JB AB JAB
H Vaou Vvu wvu V wv Im[°]
* JB JB JB JB .

& day A=VA?+u’(V?+Vv?), B=V¥WV* (&’ +U*)+w’u’(V?+Vv?). Ching t6i luu ¥ 1a ba
Goldstone boson bi an béi cic gauge boson Hermitian, Z,(i =1,2,3), 1a to hop tuyén tinh cia
cac trang thai khong khéi luong & trén, G, . Nhung G, dong gop chu yéu vao Goldstone
boson cua boson Z trong SM.
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Khéi lugng cua H, la

(V2 +u?) f v 2 f | Vv W uV?+v?)
m2 = - , M= | | —— 7 29
A 2 he Vu 2l w u W (29)
C6 thé thay diéu kién duong cia khdi lugng Higgs trung hoa 1é CP H a chung to
f <0. Ngoai ra mé hinh ciing ton tai mot Higgs boson trung hoa 1¢ CP nhe 1a H A

3.5. Cdc Higgs trung hoa chan CP

Ciing nhu trén, trong co s ban dau c6 tat ca mudi thanh phan Higgs trung hoa chén CP.
Biéu thirc ma tran khdi luong cta chung tach thanh hai ma trdn nho, cu thé 1a ma trin 4x4 va
6x6: M, va M. ,, tuong img v4i hai co s6 nho 1a (Re[H,], Re[H,], Re[ ], Re[#]])" va

(Re[H;1, Re[ 7.1, Re[¢], Re[p}1], Relr], Re[H;])'" .

Ma tran khoi lugng thir nhat /\/lleo trong gidi han € - 0 dugc xac dinh nhu sau

?-ﬂ'zsuz _124\/2 _41“25502 - 2]16v’2 0 0 0
2/122\/2 _/124\/2 _/125‘02 - Zﬂiev’z 0 0
4
M12H° =
u(Auv —faov) AUV —fov
2V 2
V(4,uV - fov)

2u

(30)

Ma tran nay cho mt tri riéng bang khong tmg v6i Goldstone boson ciia boson N va
ba gia tri khoi luong khac 1a

, 1 ) ) 2 2 2 VE+U? fav
Mo :Z(Zﬂzsu — AV =24,V — A0 )1mhg: 5 214_W ,

2

M = (2 = AV~ 200"~ 2 3

Céc trang thai riéng tuong ung théa man:

Vv u
G ) |- Re[7,]
N 2 2 2 2 1
+Uu +Uu
O=ReHl], =R | |- VO W .
hg 'YEE YEE Re[ﬂf]
+Uu +Uu

C6 thé thiy rang trong khi hai trang thai cudi 14 rit ning c& thang pha v& ctia SU (3),
va SU(4),, thi Higgs boson dau tién c6 thé nhe nhat boi vi | Lw® | khong qua 16n nhu da

50



thao luan ¢ trén. Do vy nd c6 thé 1a Higgs boson ctia SM hoidc Higgs boson trong van dé du
thtra diphoton 750 GeV.

Véi ma tran khoi luong thtr hai MZZHO, trong truong hop tong quat d& dang kiém tra
rang det ./\/l,jHO #0, nhung néu £=V' =0 thi /\/l?_zH0 c6 mot tri riéng khong khédi luong. Hon
nita, néu €=V =v=u=0 thi ma tran c6 hai tri riéng khong khéi lugng, c6 nghia la co thé c6
hai Higgs boson trung hoa chin CP nhe. Do d6 mdt trong s6 ching c6 thé dong nhat voéi
Higgs SM, tic 14 phan Higgs ciia md hinh dang xem xét 1a dang tin cdy. Trong gidi han
g=V'=v=u=0, M, dugc xac dinh

0 0 0 0 0 0
2AN? LN 0 0 0
22,0 0 0 0
fawV fawV
My = 2 2 ° (32)
AV ‘- }“256‘72
4

Pong gop chil yéu vao bon Higgs boson ning la

mi =—faV, mj :%(%ZVZ ~ s

g

M, = 40" + AV A+ AN )+ A2V, (33)

4. Két luin

Trong phan Higgs ciia mo hinh dang xem xét, chung t6i thu duoc hai két luan quan
trong: Thur nhat, nghién ciru & trén c6 thé ap dung cho cac mé hinh ma & d6 thap tuyén 10, H
chua dugc dua vao. Tht hai, md hinh dy doan nhiéu Higgs boson vdi khdi lugng cd TeV ma

ngdy nay cac may tham do cé thé tim ra.
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THE HIGGS OF MINIMAL 3-4-1 MODEL
WITH RIGHT-HANDED NEUTRINQOS

Duong Van Loi
Tay Bac University

Abstract: In this article, we focus on the Higgs sector of minimal 3-4-1 model with right-handed

neutrinos. This is an interesting version of the model coming from the original 3-4-1 model [1, 2]. This is
different from previous our works [3]. In this paper, along with clear and persuasive arguments, then the
calculation will be done in greater details, and of course, the result must match [3].
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