Tree and one-loop tests

of the minimal LR-symmetric model

Basic issue of the talk, also important for fitting New Physics Models in high energies (e.g. using TESLA)

• Tree level processes: restoration of the results of the

Standard Model for Mheavy,NS → ∞

• One-loop (and beyond) processes: is the same true there?

Muon decay, SM:

G_F √ 2 = πα 2s^2_W M^2_W

(1 + Δr_{SM} ).

Muon decay, LR:

G_F √ 2 = πα 2s^2_W M^2_W

(1 + Δr_{LR}),

Δr_{LR}^?= Δr_{SM} +^{′′}subleading effects from h.o.c.^{′′}

1. Short introduction to the MLRM 2. Muon decay at tree level 3. Muon decay at one loop level 4. Conclusions and Outlook: how to fit [some] beyond SM

Muon decay, MLRM:

M. Czakon, J. Gluza, M. Zrałek, Nucl. Phys. B573, 57 (2000), M. Czakon, J. Gluza, J. Hejczyk, Nucl. Phys. B642, 157 (2002).

“CONFRONTING ELECTROWEAK PRECISION MEASUREMENTS WITH NEW PHYSICS MODELS”, M. Czakon, J. Gluza, F. Jegerlehner, M. Zrałek, Eur. Phys. J. C13, 275 (2000).

Amsterdam, J. Gluza 1-Apr-2003

1. Introduction to the LRM

The model has been constructed in 1973-1974,

Pati, Salam, Senjanovic, Mohapatra

SU(2)_L ⊗ SU(2)_R ⊗ U(1)_{B−L} gauge group

(i) restore lepton-quark symmetry to the weak interactions:

ν^L e_L , ν^R e_R , u^L

d_L , u^R d_R

(ii) Interpretation of the hypercharge as the difference of the baryon and lepton numbers:

Q = T_{3L} + T_{3R} +

B − L 2 W^±_L , W^0_L W^±_R , W^0_R B^0

→[SSB?]

W^±_1 , W^±_2 Z_1, Z_2 γ

The minimal Higgs sector consists of two triplets and one bidoublet

Δ_{L,R} = δ^{+L,R}/ √ 2 δ^{++}_{L,R}

δ^0_{L,R} −δ^+_{L,R}/ √ 2 ,

Φ = ϕ^{01} ϕ + 1 ϕ^−_2 ϕ^0_2 .

with vacuum expectation values allowed for the neutral

particles

v_L √ 2 = ⟨δ^0_L⟩,

new HE scale :

v_R √ 2 = ⟨δ^0_R⟩,

SM VEV scale : √ κ^2_1 + κ^2

κ_1 √ 2 = ⟨ϕ^0_1⟩,

κ_2 √ 2 = ⟨ϕ^0_2⟩.

• The result is 20 real scalar fields, of which 14 are physical

(the rest are Goldstone bosons): – 4 neutral scalars: H00 , H01 , H02 , H04 ,

(the first can be considered to be the light Higgs of the SM at tree level), – 2 neutral pseudo-scalars: A01, A02, – 2 charged scalars: H±1 , H±2 , – 2 doubly-charged scalars: H±±1 , H±±2 .

• see-saw mechanism for the generation of light neutrino

masses, with specific SB sectors. The neutrino mass matrix M_ν =

M^L(v^L) M^D(κ^{1,2}) M^T_D M_R(v_R)

with ML ≪ MD ≪ MR.

m_N ∼ M_R m_{light} ∼ M^2_D/M_R M_D ∼ O(1) GeV → M_R ∼ 10^{15} GeV, if light

neutrino masses of the order of 0.1 eV.

Amsterdam, J. Gluza 1-Apr-2003

• The SSB leads to the following gauge-boson mass

matrices g^2 4 κ^{2+} −2κ^1κ^2 −2κ_1κ_2 κ^2_+ + 2v^2_R ,

1 2 1 2 g^2κ^2_+ −^1_2 g^2κ^2_+ 0 −^1_2 g^2κ^2_+^1_2 g^2(κ^2_+ + 4v^2_R) −2gg^′v^2_R 0 −2gg^′v^2_R 2g^{′2}v^2_R

• The diagonalization introduces various mixing angles. It is

possible to write the respective matrices as W ± L W ±R = cos ξ sin ξ −sin ξ cos ξ W ± 1 W ±2 ,

W 3L W 3R B = cW c cW s sW −sW sM c − cM s −sW sM s + cM c cW sM −sW cM c + sM s −sW cM s − sM c cW cM

Z1 Z2 A , where:

cW ≡ cos θW , sW ≡ sin θW , s ≡ sin ϕ, c ≡ cos ϕ

cM ≡ √ cos 2θW cos θW

. sM ≡ tan θW

Amsterdam, J. Gluza 1-Apr-2003

2. Tree level muon decay

Goal: getting contraints on heavy sector (masses of heavy neutrinos, masses of gauge boson masses their mixings). Tree level diagrams to the muon decay:

• exchanged W_1, • exchanged W_2, • exchanged charged Higgs particles.

We assume:

• no mixing in the charged gauge sector: κ_2 = 0, ξ = 0, • mixings among light and heavy neutrino states are

neglected Effects of heavy neutrinos remain:

• Z_1N_iN_i, Z_2N_iN_i (build up gauge-boson self energies); • ēN_1H^−_2 : m_{N4}^g_{2MW2}^{κ1}_{vR} P_L, • ēN_1H^−_1 : √ 2^{mN4}_{vR} P_R

Nice feature: constraints on the heavy (right) sector come directly from 1-loop level!

−L = c̄_{LL}ēγ_αP_Lν_eν̄_μγ^αP_Lμ + c̄_{RR}ēγ_αP_Rν_eν̄_μγ^αP_Rμ + c̄_{LR}ēγ_αP_Lν_eν̄_μγ^αP_Rμ + c̄_{RL}ēγ_αP_Rν_eν̄_μγ^αP_Lμ.

where:

c̄_{LL} = g^2 2M^2_{W1}

(cos^2 ξ + β sin^2 ξ),

c̄_{RR} = g^2 2M^2_{W1}

(sin^2 ξ + β cos^2 ξ),

c̄_{RL} = c̄_{LR} = g^2 2M^2_{W1}

(−1 + β) sin ξ cos ξ.

β =^M 2 W1 M 2W 2 , To have neutrino mixings properly included:

U = K^{TL} K^†_R = O(1) O(1/M^N ) O(1/M_N ) O(1) .

c_{LL} = c̄_{LL}(K^†_L)_{ea}(K_L)_{bμ}, c_{RR} = c̄_{RR}(K^†_R)_{ea}(K_R)_{bμ}, c_{LR} = c̄_{LR}(K^†_L)_{ea}(K_R)_{bμ}, c_{RL} = c̄_{RL}(K^†_R)_{ea}(K_L)_{bμ}.

Amsterdam, J. Gluza 1-Apr-2003

then: cLL ≫ cRR, cLR, cRL and

G_F √ 2 ≃ |c_{LL}| 4 (1) = πα 2s^2_W M^2_{W1} (1 − Δr)

(cos^2ξ + β sin^2 ξ) ≃ πα 2s^2_W M^2_{W1} (1 − Δr)

(1 + βξ^2).

Standard approach: to make the fitting procedure of the ξ and β parameters possible at all at the tree-level, we have to naively rely on SM corrections:

M_{W1} = 80.446 ± 0.040 GeV, Δr = 0.0355 ± 0.0021 and

s^2_W ≡ (s^2_W )_{SM} = 1 −

M^2_{W1} M^2_{Z1}

= 0.2228 ± 0.0004 .

Amsterdam, J. Gluza 1-Apr-2003

with the very worst bound ζ < .1, it gives β < 1 → MW_2 ≥ MW_1

without heavy neutrino mixing (means 6∑ i=1 m_{Ni} ≤ m_μ):

G_F √ 2 = |c_{LL}|^2 + |c_{LR}|^2 + |c_{RL}|^2 + |c_{RR}|^2 = πα 2s^2_W M^2_W , (1 − Δ_R)

(1 + β^2)

and M_{W2} ≥ 500 GeV(!)

Amsterdam, J. Gluza 1-Apr-2003

3. One loop level calculations

In MLRM s2W is expressable by MW_1 ,MZ_1 , and a heavy scale vR, SM: s^2_W = 1 −

M^2_{W1} M^2_{Z1}

We include the change of s2W from the SM to the LRM in Δr,

e^2 (8M^2_{W1} (s_W )^2_{SM} )

(1+Δr) = e^2 (8M^2_{W1} (s_W )^2_{LR})

(1+Δr_{LR})

then:

Δr =

(s^2_W )SM (s^2_W )LR

(Δr)LR +

(s^2_W )SM (s^2_W )LR

− 1,

(Δr)LR =

−Π^T_{W1} (0) − δM^2_{W1} M^2_{W1} + 2 δe e − (δs^2_W )LR (s^2_W )LR + δ

δ - complete vertex, box and external line corrections within

MLRM.

Amsterdam, J. Gluza 1-Apr-2003

All Higgs particle masses equal (apart from H00 ):

Sets with and without primes show results for three heavy neutrino masses with mN = 100 GeV and mN = 2 TeV respectively.

for M_H ≃ 2v_R (and large v_R), Δr can be accomodated,

remark: fine tuned masses

Amsterdam, J. Gluza 1-Apr-2003

Variaton of m(H00 ) is negligible:

Δr as function of the lightest Higgs scalar mass M_H0_0 . The gray area shows

the experimentally allowed values of Δr and the heavy particle spectrum is chosen to fit approximately to this region, namely, vR = 2390 GeV,

m_N = 2 TeV, m_H = 5 TeV.

Amsterdam, J. Gluza 1-Apr-2003 m_t is effectively light and is not predictable by Δr in LRM:

The contribution of the third quark family to Δr as function of vR for different top quark masses.

Leading terms:

(Δr)^{top}_{SM} ≃ m^2_t M^2_W (Δr)^{top}_{LRM} ≃ m^2_t M^2_{W2} − M^2_{W1}

4. Conclusions and Outlook: how to fit [some] beyond SM

LRM can be fitted to muon decay width, however:

• heavy neutrino masses and Higgs masses must be very

tuned to get proper Δr

• corrections coming from SM particles within LR model do

not constitute a structure equivalent to their SM structure, e.g. top quark and Δρ, the lightest Higgs;

Δr_{LR}≠Δr_{SM} +^{′′}subleading effects from h.o.c.^{′′}

Also dramatic consequences for [some] NPM at high energy processes:

Czakon, Gluza, Jegerlehner, Zrałek, EPJ, C13, 275 (2000), see also: Lynn & Nardi, NPB381, 1992, ...

Amsterdam, J. Gluza 1-Apr-2003

[some] non-standard models means “unconstrained” extended models:

ρ_{tree} ≡ M^2_W /(M^2_Z cos^2 Θ_W )≠1

e.g.: SU(2)L × U(1) × U(1)′,

SU(2)_L × SU(2)_R × U(1),...

LEP physics:

vf = √ ρ^f_{eff} (T^3_f − 2Qf sin^2 Θ^f_{eff} )(cos ϕ − sin ϕ √ cos 2ΘW ) a_f = √ ρ^f_{eff} T^3_f (cos ϕ + sin ϕ √ cos 2ΘW ) .

Relations for sin2 ΘW and sin2 Θfeff in the SM

[A_Z = f(α, G_F , M_Z )]:

sin^2 Θ_W = 1 2 [ 1 − √ 1 − 4A_Z ρM^2_Z

(1 + Δr_{rem}) ]

sin^2 Θ^f_{eff} = 1 2 [ 1 − √ 1 − 4A_Z ρ^f_{eff} M^2_Z ( 1 + Δr^frem ) ] ,

Δr = Δα − c^2_W /s^2_W Δρ + Δr_{rem}

ρ = ρ_{tree} (1 − Δρ) ρ^f_{eff} = ρ (1 + Δρ^f_{rem}) .

Δρ = Δρ^{top} + Δρ_{rem} , Δρ^{top} = 3 √ 2G_F 16π^2 m^2_t

The chain of relations leading to the succes of the SM in prediction for mt break down as in the MLRM:

Δρ^{top}_{LR} = √ 2G_F 8π^2 c^2_W ( c^2_W s^2_W − 1 ) M^2_{W1} M^2_{W2} − M^2_{W1}

3m^2_t

Can we make reasonable fits of the new parameters without any knowledge of the radiative corrections in the NPM? Solution: parameters depending strongly on mt must be free parameters: ρfeff , sin2 Θfeff (no SM corrections), Physical data (MZ , ΓZ , σ0h, Rℓ, A0,ℓF B, Aℓ, R0b , R0c , A0,bF B ,

A^{0,c}_{F B} , A_b, A_c, sin^2 Θ^ℓ_{eff} , sin^2 Θ^b_{eff} , sin^2 Θ_W , α_s, M_W ) as

a function of free parameters ρℓeff , ρbeff ,ϕ and sin2 Θℓeff . Result:

|ϕ| ≤ 0.003→ M_{Z2} ≥ 1420 GeV ρ^ℓ_{eff} = 1.005 ± 0.004 ρ^b_{eff} = 0.998 ± 0.009.

Constraint on mt comes from Zbb vertex, namely:

ρ^b_{eff} ρ^e_ff

= (1 − 2 √ 2G_F 16π^2 m^2_t )^2 ≥ 0.98→ m_t ≤ 225 GeV.