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m The existence of massive neutrinos is a strong motivation for
SR physics beyond the Standard Model (SM)

Motivation

m Weinberg has talked about one dimension-five operator
relevant for neutrino masses in the context of the SM:
(k/A) 1l HH.

m At electroweak symmetry breaking, neutrinos acquire a
Majorana mass: m,, ~ kv /A < leV

m This dimension-five operater guides us to search for an

extension of the Standard Model at which a new physics
enters (HTM).
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The Lagrangian Density of the HTM

The doublet and the triplet

Corrections and

renormalization m HTM is one of the extensions of the Standard Model in

in the

Doublet Trilet which neutrinos acquire a Majorana mass.
1ggs Mode

i m The Higgs sector of the Lagrangian density of this model is
extended by adding an SU(2), Higgs triplet A in addition to
the Higgs doublet.

m The Higgs doublet has the form:

+
H:((Zo) )]

m While the Higgs triplet A is:

A ( §T/V2 T ) )

50 _5+/\/§
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The Lagrangian Density of the HTM

The Interacting terms of the Lagrange

Corrections and . . . .
SIS And the lagrangian density of this model is:

Doublet-Triplet
Higgs Model

Jamal Ramadan

Lumm = (D, H)(D'H) + Tr(D,A) (D'A) 4 Ly — V(H, A)

® D,H=0,H+ ing“WﬁH + i%zBuH
= DA = 9,A +ig [T*WS, A] + igy 5B, A
m T =0"/2
m ¢ is the Pauli matrix
m Ly = =Y, [l Cioy Al + h.c.
m Y, is a3 x 3 symmetric and complex matrix.
u llT = (UE’eZ)
m C is conjugate charge operator.
m 0> is the Pauli matrix.
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The Scalar Potential

Corrections and

renormalization

o m The scalar interactions can be found in the potential term:
plet

Higgs Model
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V(H,A) = —m3H'H + %(HTH)Z + MATr(ATA)
+ M (HTH)Tr(ATA) + M(TrATA)? + M Tr(ATA)?
+ MHTAATH + (uH ioy ATH + h.c.)

m Imposing conditions of global minimum, one finds:
A AL+ A
—m + ZU(Z) —V2pv, + %’Uf =0

+ VyUs + ———v 0
2 V2 2v2 v2 !
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The Scalar Potential

The seven eigenstates

SO Once the neutral component A gets the vev v, neutrinos acquire a

renormalization

in the 1
Doublet-Triplet a Ma‘]orana mass.

Higgs Model

Jamal Ramadan M’U fr \/§Y,th, thenY =

M,
\/EUI

At electroweak symmetry breaking, seven physical massive
bosons of Higgs show up in the spectrum

m 1% = cosa¢? + sinaA?

m H° = —sin a¢® + cos aA?

m A= —sinpBE 4 cos B’

m Hf = —sin ' ¢* + cos B0+
w HEE — st

m G = cos 3¢9 + sin 5n)°

m Gt =cos 8 ¢F +sin §/6+

3)
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The Scalar Potential

The mass of the gauge bosons

Corrections and
renormalization
in the
Doublet-Triplet
Higgs Model
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At electroweak symmetry breaking, the gauge bosons acquire a
mass:

a2, = B 200 s (g + )

4 4c2, @
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The Scalar Potential

The mass of ten degrees of freedom

Corrections and
renormalization

Do The ten degrees of freedom would have the following mass:
oublet-Triplet
Higgs Model

2 o \/iuvz—)\4v2v,—2)\3v3
Jamal Ramadan L MH:l::l: - . Z’L)? :
. M2 _ 'U%[Z\/E/J.—)q’vz]
41)[
5 p(vi+4v?)
m M =——

\/ivt
M =3(A+C—\/(A-C)?+4B%)
= M}, =3(A+C+\/(A-C)?>+4B?)

.MGO—O MG:l::O

Where A = 302, B = v;(—v2p + (A1 + M)vy) and
C— \fuv§+4(>\z+>\3)vt

2’()[
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The Scalar Potential

The mixing angles

Corrections and
renormalizati
in
Doublet-Triplet
Higgs Model

The mixing angles are:

Jamal Ramadan

/
.tanIB :m

U§—2vt

_ _4voyy

m tan2f = ey
® tan2a — 4o (—V2pu+ A +M)vr)

)\vgv,—(ﬁuvg+4()\2+)\3)v,3)

B’ and j3 are the mixing angles that generate the physical states of
H?* and A respectively.

« is the one that generates the physical state of 4% and H°
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The Scalar Potential

The parameters \;

tions and
renormalization

in the .
Doublet-Triplet The parameters A and A ¢y 5 3 43 could be determined from the masses of the ten degrees of freedom and from the

Higgs Model mixing angles as well:
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The Scalar Potential
The parameters
- ME’z]

sin 2cv 2
:l: + 2vgvr [Mﬁl

tions and
The parameters A and A ¢y 5 3 43 could be determined from the masses of the ten degrees of freedom and from the

renormalization
in the
Doublet-Triplet L
Higes Model mixing angles as well
> 2 2
Jamal Ramadan LN v(2)+4u2 A+m p
2
1 ] 2
3= — 7M
3T 2 ug+4v, M+ o2l Hii]
4 2
L IDN — A M
4 U(Z)+4u2 A v8+41112 HE

The parameters A
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The Scalar Potential

The parameters \;

tions and
renormalization

in the
Doublet-Triplet
Higgs Model

The parameters A and A ¢y 5 3 43 could be determined from the masses of the ten degrees of freedom and from the
mixing angles as well:

sin 2 2 2
P 2ugvr [Mﬁl _Mﬁz]

Jamal Ramadan A= 42+4U2M§ + 2+2v2 H

I 25 4 e
" >‘3_v,2 |:U%+4vt M+ 2+2 T My Mﬁii]

4 2
BN =AM A P
4T T A T D T HE
_ 22
= v% [sa h0+ca HU] for Mo > Mo

232 2
o MS 457 M-
1 a0 T a™ g0
Ay = 2 [7" o } for M0 > My

The parameters A
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The Scalar Potential

The parameters

The parameters A and A ¢y 5 3 43 could be determined from the masses of the ten degrees of freedom and from the

tions and
renormalization
in the
Doublet-Triplet L
Higes Model mixing angles as well
> 2 2 sin 2 2 2
Jamal Ramadan LN 1)(2)+4’U2 i+ m Hi + 2ugvr [MHI _MHZ]
2
1 ] 2
3= — 7M —
3T 2 ug+4v, M+ o2l Hii]

2
— A M
v8+41112 HE

[2 M2y + 22| for My < M,
2 42 2 42

sC M 4t M-
[M} for M, < M,

The parameters A
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Radiative
Corrections and
Renormaliza-
tion

Radiative Corrections and Renormalization

Basics

m Four free parameters in gauge-Higgs sector (g, g’, i1, A),
conventionally chosen:
m o= 1/137.0359895(61)
m Gr = 1.16637(1) x 107°GeV 2
m M; =91.1875 £ 0.0021GeV
| Mh

m Express everything else in terms of these parameters

Gr S — uye’s
V2 o sMy, 2(1—@)M§,
b

m => Predicts My
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Radiative Corrections and Renormalization

Inedequacy of Tree Level Calculations - SM case

Corrections and
renormalization
in the

s Model ® Mixing angle is predicted quantity

Jamal Ramadan m On-shell definition cos > = M%, /M%
m Predict My

-1
-M‘%V:m/iGlF(l— 1 4m>

CV26eM2
m Plug in numbers:

m Predicted My = 80.939 GeV
m Experimental My = 80.399 £ 0.023GeV

Inedequacy of Tree Level Calculations

Need to calculate beyond tree level
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Corrections and
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Modifications of tree level relations

Radiative Corrections and Renormalization

m The expression of the Fermi coupling constant at one loop

T 1
V2M2, sin Oy? 1 — Ar

Gr =

m Contributions to Ar as a physical quantity which
incorporates 1-loop corrections

SWW(0)—sM2 3s% $7Z(0
Ar= =0 4 T1(0) - 2 +22 200 4oy

m dyp = — 4:&29 {6 + 10_10S§’Z((1f£ C;ﬁ,’)) (1-25) lnR] summarizes the

vertex corrections
.y 2
= R=M3%/M3
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Radiative Corrections and Renormalization

Renormalization of the vector boson self-energy

15/30



Corrections and
renormalizati
in
Doublet-Triplet
Higgs Model

Jamal Ramadan

Radiative Corrections and Renormalization

Renormalization of the vector boson self-energy

m The Amplitudes calculated at one-loop level are
UV-Divergent.
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Radiative Corrections and Renormalization

Renormalization of the vector boson self-energy

m The Amplitudes calculated at one-loop level are
UV-Divergent.

m We need to perform renormalization in the on-shell scheme.

m It is convenient to treat the sg as an additional independent
input parameter and treat its counter term 5s§ by an
appropriate renormalization condition.
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Radiative Corrections and Renormalization

Renormalized self-energy of gauge bosons

in the

kel The renormalized self energies can be written as follows:

Higgs Model
+ WV\%/VMV
Jamal Ramadan

VY (K?) = =YY (k) + AN

N7 (k%) = =% (,2) + 874 (K2 — M%) — sM%
SYW (2 = =W (12) + 6zy (K — M%) — M3,
SVZ(K2) = SV (K2) + (627% — 62)%)M3 — §2)% 2

Renormalized

with cos
z 650 z
82} = 5—— (62f — 62)
‘% ~ %6
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Radiative Corrections and Renormalization

On-shell counter terms

terms as follows:

2

My =
2

My =
Y —

67y =

Y —
6z) =

A

§7f =

A

5z =

szl =

W

ozl =

The on-shell renormalization conditions determine the counter

Rex"V (M3)
SVZ (172))2
27,12 (X77(Mz))
Re | X7 (M7z) — R v
MZ + XY (MZ)
R () sy
—m (0) — -2 @ i Y (0) = ——(0)
cg M2 oK2
~17(0)
U B U R
sgco M% cé 329
5 029 - sé =7%(0) 029 — xé 5_%
—170) -2 2 2 2
sgco M <y 5
- 3—25% BY4(0)  55h
S - S =S
sgco M3 sy
cog TVE(0 555
-2 2200 2
s M3 b
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Radiative Corrections and Renormalization

On-shell counter terms

renor
in the
Double Tnp]Ll
Hig,

In the SM, 6M§ is given by JM% = Re [EZZ (M%)] instead of

EZ2))2 }
MZ+EYY (M)

Jamal Ramadan
2 ZZ (112
OM7 = Re | % (Mz) —
m  The angle counter term (Ssé is related to the fundamental renormalization constant by:
2
dsg

C
=2 = D 7% —282)%) . )
55 s

M
Note that cyy = W and cp =
\/gl+gz

m  For the SM case, we have:
2 2 2 2
dsg Ssyy M3z SMy,

cw
*=T=V—MT=7(3”§'Z—”Z?Z) ©)
z w w
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Radiative Corrections and Renormalization

Renormalization Condition

Corrections and
renormalization
in the
Doublet-Triplet
Higgs Model

Jamal Ramadan m Thus an extra renormalization condition is required to fix 5s§

m A natural condition would be to define the mixing angle for
the leptons in terms of the dressed coupling constants:

Renormalization Condition

m The couplings constants g{, and g4 at one loop appear
through the counter term of the weak vertex Zee
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Radiative Corrections and Renormalization

The renormalized expression of Zff

Corrections and

renormalization
The renormalized gauge boson fermion vertices I' would be

Doublet-Triplet
Higgs Model

Jamal Ramadan

= +
~zff Vs . 7 7
Iy = L + ’ﬁ T C\Z/ - 12s§c(9 Yus Cy
~ WF WF . 1%
Fuff = Fuff + ’—2\/%9 Yu(l =5) Cp "
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Radiative Corrections and Renormalization

The renormalized expression of Zff

c
cWir

and vy

V(627 — 6Z5) + 250co Qs (62)F — 62)7)
(v0Z}, + a2

ap (627 — 875 + (vi0Z, + apoZ})

6z) — o2y + oz,

L2550 . a =K

(N
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Radiative Corrections and Renormalization

Self-energy of fermions

renors
in the . . .
Doublet-Triplet The self-energy of fermions can be written in the form:

Higgs Model

(k) = ;) () + frs D (K + mpS (k)

Jamal Ramadan
= The doublet field renormalization constant has the form:

87, = =Sy (m}) — w’[S](m7) + Sp(mf) + 2 Sg(m))]

m  The vectorial axial renormalization constans have the form:

52y = =Sy(m) — 2} [}(m]) + S40m))]

67 Sa(mf) ®

Self-energy of fermions

with the scalar functions Xy 4 are related to 37, g via:

=3y —Xa, Zp=3y+3y4 C))
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Radiative Corrections and Renormalization

Effective couplings gv and ga

renors
in the
Doublet-Triplet

L5tz et m  The effective vector and axial vector couplings of the fermions to the Z Boson are determined at one loop:

Jamal Ramadan

d

1
1 — A7 2
= . AYZ (02
(P [ ﬁZ(M%)) [Vf + 259co O 1177 (M)

+

A o)

1
1-AF 2 s
(P TZ(M%)) : [Gf + AY (Mz)} (10)

A

m  where Aiﬁ v is the correction term of the renormalized vector or axial vector upon decomposing the vertex Zff
,

. e N R
Fiﬁ =i— I:'YM(Vf —apys) + 'y“A‘Z,jf + W“W5A§ﬂ] an
2sgco

Effective couplings g
and g,
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Radiative Corrections and Renormalization

Renormalization Condition

renorm: And the TT# (M%) is the correction to the Z propagator:
in the
Doublet-Triplet $Z 2
. . X~ (k
Higes Model o) = re 22 ) 12)
ok

22
Jamal Ramadan k==Mz

= and the vZ mixing:
27 (M3)

07 08) = — D
M2 + S (M2)

13)

= We can finally solve the to get:

172 (02 RZ (a2 AT (a2
Re{_m 03 (AV 03) A% (Mz))} e "

vr 2sgcp vr ag

m  This above equation can be solved yielding to the counter term:

Effective couplings g
and g,

2 2
35 =Re{ge {"f Gy + SO (Ai”’(M%) _ Ai’fw%))” s

2sgcoay M% 2sgcp vr a
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Feynman Diagrams

Radiative Corrections and Renormalization

Feynman diagrams of the self energy of W boson

F igure: The contributing particles in the self energy of theW boson
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Feynman Diagrams

Radiative Corrections and Renormalization

Feynman diagrams of the self energy of Z boson

F igure: The contributing particles in the self energy of the Z boson
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Feynman Diagrams

Radiative Corrections and Renormalization

Feynman diagrams of the self energy of v boson

F igure: The contributing particles in the self energy of the ~ boson
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Radiative Corrections and Renormalization

Feynman diagrams of the self energy of electrons

Corrections and
in the
Doublet-Triplet
Higgs Model
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E

Figure: The contributing particles in the self energy of the electrons, V # ~

Feynman Diagrams
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Radiative Corrections and Renormalization

Feynman diagrams of the Zee vertex

Corrections and

in the
Doublet-Triplet
Higgs Model
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. . .
F_ " e
s 2o F v
z | z - z
F F
B B B
. . .
s . - v - v o
o F % F F
= 7 s z
Vv s v
B B B

Figur €. The contributing particles in the Zee vertex, V #

Feynman Diagrams
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he p parameter

Corrections and
renormalization
in the
Doublet-Triplet
Higgs Model

. . . M
Jamal Ramadan The p parameter is the ratio between the charged current to the neutral current i.e. p = 27::2
CW VA

m  The p parameter in the SM at tree level equals to 1.

= it deviates from unity upon extending the Higgs sector by an additional scalar triplet with one extra vaccum
expectation value v; > 0

L V2422
B For the seesaw type 11 at tree level, it is given by p = g ’2 #1
V47
. - - o Lo 37w sWW(y
The p u At higher orders, the general expression of the deviation of p is givenby: 6p = =——=+ — =—>=~

%)
Miy

parameter

m Once we include the one loop corrections to rho, we hope to have the dependance of §, over other parameters
like charged Higgs masses and other higges.
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