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= MASE BAZDARNIH BOZONA u SM-u
= MASE S DODATNIM HIGGSOM

s REALNI | KOMPLEKSNI TRIPLET

= 2 HIGGSOVA DUBLETA (2HDM)
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Three Generations
of Matter (Fermions) spin %2

mass —
charge -
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Quarks

0 0.511 MeV 105.7 MeV
S |1 -1 -1
e

o
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- electron muon

1.777 GeV

fau

Bosons (Forces) spin 1

spin 0
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Bozoni u SM prije i nakon EWSB

WU W2 HY H- s W, W
w3, B, Im(H") — v Z
g x 8
ReH"Y — H

= Kompleksni skalarni dublet

a2
- razvija se oko VEV  V(s'e) = —Hols + A(sT0)?

v=1/m%/(2\) = (VIGF)V/? x 246 GeV

= (5) = (ytrme - mr
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Mase bazdarnih bozona u SM
= Iz kovarijantnog kinetickog clana

/

£> (D) (Dro) D, =0, — -z'%BH — -zigmfgﬂ

sa skalarom u unitarnom bazdarenju:
Db — _§Q(” ! —ﬂfvg)(ﬁ+h,)
/ \/ﬁ C)Hh —+ 5 (g” _ g’BH)(v 4 h)

(D, ) (D) — ; (0,1)(D"h) +
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nweubtvolding <7 "

g*(v+h)* (W, —iW2) (WH i)

(v+ h)Q (—g’BH + glfl-’;ﬁ)g
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Iden’rifikacija nabijenih bozona

Wio' +Wio? 2(ul—m )(o +w)+2(ul+mﬂ)(g —io?)

T2 Wy +iW?
_ \f — Lok T
xﬁ V2

1 . 2y o+ 0 1 1 .2\ o — 0 0
(0" +i0") =20 2(0 0), (07 —ic”) =20 2(1 U)

= Iz ocuvanja elektricnog naboja pri
djelovanju na lijeve fermionske dublete

Wy —iWg - u W, —iW? W, —iW,; D
£ (u d) ~* Pr, = By Prd = ( P = ;
V2 d V2 V2
Wk iw?2 - Wi w2 W, +iW;
p T (ﬂ. d)a_'y”PL ( “ ) = ' R d~* Pru = p Tk
V2 d V2 V2




Masa W bozona @rg

a D

ggz(’u + h)g(u’ﬁ — '3'-1’{’?;:))(” W 2’“’ ) €2 wabi; -
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Vo

= Jednoznacno predvidene interakcije s higgsom
daju Feynmanova pravila:

L D

2 2
s g°v o M2
hW J_ W by - 'Z-TQ [y Lg ﬂfﬂ g,tw =2 lﬁ g,tw
2 A [2
MWW, o i X 2 g, =2 W,

4 ' e
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Masa Z bozona @; <g2+gfz>%

: 4
'prepoznavanJem (oW —d'B.) = \/W( WW;?— \hg)

Va2 +g? (ewW) = swB,)
Vot +d* 7,

p—

L D —(v+h)?(—¢'B,+gW?)’

— OO0

= (P +dHw+h)*z,2"

T2 2 2 2y, 2 1
(9° +9 ?)v (9" +9 )’chﬁZ,qu (9 ;9 )hhzﬂzn

oo

— 'z, 7m +
Beuy.y
= Feynmanova pravila interakcija s higgsom:

2 12 2
(g~ +g")v Mz
hZ,u,Zu : '3'( A ) X 2! g,tw — 3\/g + QIQA[ZQ,{W = 21—= g,tw
2 /2 AIQ
hhz,2, : ) 9"+ 9") X 21 x 2l g, = 21— " gw,,,
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Dodatni kompleksni
skalarni multiplet X

caunge-kinetic Lagrangian
L£> (Do) (D'd) + (D, X) (D'X)

1 .
Dy = O —ig' BuY —igWiT" = 0, —ig' B,Y —ig [2 (WS + WD) + Wy T

L

o Dopr'inosi masama W , Z the terms prop-ortional to "l.-*g{

7

0 Ij{'::.j_ W I (T + T + T—7T + ) 1 g2 I’{i:f 11_1[_,:"3 I (T 3 ) 2

(D, X)/(D'X) > X’f[

+¢”B,B"(Y)? +2 gg’B”W:g”(YTg)] X,

use@?\: 1% +Yksothat T2 =Q —-Y = -Y

for the neutral component of X where the vev lives
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Za skalar X ukupnog izospina T
TTT™ +T°TT = V2T +iT*V2AT' —iT?) + V2T —iT*V2(T +iT?)
— 4 (TI)Q—I—(TE)Q}
= 4|17 - ()]
= 4[T(T+1)—(T%)?].
= doprinosi masama - u konvenciji @:@
(D, X)N(D'X) > XU {@FWiW " [T(T+1)—=Y?] + ¢g@W, W ()’
+¢”B,B"(Y)? = 29¢'B,W™(Y)?} X.

& Doublet, Y =1/2  T(T+1)-Y2=4%  v2=1
Ay Triplet, Y = 0: T(T+1)—-Y?=2 = Y?=0.
A Triplet, Y = 1: T(T+1)-Y?=1, Y?=1.

A4
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1. Dublet SM-a @)( 0 )
T=1/2, Y=1/2(1) " \wwv

G e
(D) (DI0) 5 = W W 4 S LW

q’ 2-’1:3) qq’ -’ug)

B,B" —2 B, W3

= Doprinos kvadratima masa W i Z, u bazi
(> 0 0 0\ (WE W= W3, B):

v 0 ¢> 0 0
M3 =2
4 0 0 g° —gg’
\ 0 0 _ggf gr'z /

The lower 2 x 2 block is diagonalized by the weak mixing angle,

/

g

sin By =



" SN = -
2. Realni triplet =- ( 3 ) K (5“+vg)
T=1, Y=0s VEV: ‘' 5

0
(=) = ( Ve )
. 0

5 (D 1 E) T (DH E) D g2 _,Ug I{::— W —H

= Zbog Y=0 ne doprinosi masama neutralnih bozona

/g 0 0 0)
2 o 0 g2 00
ME=UE g 0 0 0
\ 0 0 0 0)
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3. Kompleksni triplet
T=1, Y=1(2) s VEV: x)=| o

T s Ux
X = YT — X"
XV vy + (hy +iay)/V2

(DHX ) T (D"X) >y i ﬂi IIVJ W= +4g : "l-’_‘i I’{"ﬁ a4 g 2 "t.-*)% B, B *—2qgqg !'t.?i B, W3k

= Doprinos kvadratima masa W i Z

[ g° 0 0 0
: 0 g2 0 0
22 g
VY= 0 00 22 —agg
\ 0 0 —2g9¢ 247 )

the lower 2 x 2 block of this matrix is still diagonalized by the same weak mixing angle Oy

does not generate the same masses for the W and Z in the limit ¢’ — 0
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4. Skrbnicka simetrija uz

oba tripleta, ¥=0 i Y=1(2)

M2 =T 40f + 403) _ My, vp T 4vg + 4oy
47 | P= "5 72 = 5 5
2 /2 9 CH-" ﬂ[Z v b + v
r2 g —I_g_‘( 2"‘8?_‘)) g- (?_‘)—I_SIQ) f X
Mz = v v2) = 2 (v v

= "rho parameter” blizu 1 za zasebno male ili

fino podesene VEV-ove tripleta ,,
g 0 0 0\
0 ¢2 0 0

0 0 g —gg
\ 0 0 —gg QQ / the rotation symmetry

The custodial SU(2) symmetry is restored: Wl o w2 o w?
—~—~—— > -

in the limit ¢ — 0, the W and Z masses again become equal

My iz = 203




Ognavljanje skrbnicke simetrije
po analogiji s bidubletom - dva
tripleta ¥Y=1 i ¥Y=0 u objektu dim. 3x3

to engineer the relationship ve = vy - Ux
0% i 4 (X) = 0 vy 0
N X g X 0 () vy
_ = 0 ~+ |
X=1 x & X
X~ & XU where y~ = —y ™ and £ = —¢*

transforms as a triplet under both the global SU(2);, and SU(2)p

by allowing an alignment among VEVs, we can keep pye. = 1

= Ako je to i simetrija skalarnog potencijala

the resulting model 1s called the Georgi-Machacek model

“Doubly Charged Higgs Bosons.”
Nucl. Phys. B 262, 463 (1985)
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Elektroslabi parametar blizak 1

miy

— — +0.0003

- 2 2 )OE:{]} o ]'0004—00004
m7Cos“ Oy

= U prosirenim Higgsovim sektorima
C2TT + 1) = Yio;
Ptree — 22},21}2

I~ 11

ne mijenja SM vrijednost ukoliko
T:(T; +1)=3Y?=0

Tri glavne moguc'nosfi : isospin singlets with ¥; = 0,

doublets with Y, = 1/2,
larger 1sospin representation fields and septets with ¥; =2
isospin 26-plet with Y; = 15/2

cause violation of perturbative unitarity



2 HIGGSOVA DUBLETA (2HDM)

el o,
! (h1 + v + -z'-a.l)/ﬂ ’ : (ho + v9 + 'i-a.g)/\@

= oba VEV u neutralnim komp. za
neslomljenu bazd. simetrija EM

= realnost oba VEV izjegava narusenje
CP u skalarnom sektoru



