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Introduction

Breaking pattern

Motivation: Understand why and how parity or
charge-conjugation are not good symmetries of the quantum world.
Stud|ed over the |aSt 40 yeaI’S [Pati, Salam, Mohapatra, Senjanovic '705].

° g, 8r &
SU2), @ SU2)r ® U(1)g_, ® rg > EWSB (~ many TeV)

Yer) o New Gauge Bosons: W'%, 7/
KR
SU2)L®UQ1)y o 1 =,/K3 4 K3 + K? sets EWSB
Mmwramr) @ Known Gauge Bosons:
14 :l: :l:
U(]-)EM W= ~ WL/SM and Z ~ ZSI\/I

@ Define esg = k/kR
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Introduction

Generalities

@ Quarks: @ r = <UL’R>, and leptons: L, p = <VL’R>

dir LR

e Yukawa interactions: Q; Y¢Qr + Q; \N/chR + h.c.,
J) = o0%09.
Bidoublet scalar field, ¢ — UL¢UT, related to the SM Higgs
VEVs: (¢) = diag(r1, K2)

@ Mass matrices: M, = k1 Y~+ /12\7 and My = /11\7 + kKoY.
General combination of Y, Y = FCNC

o Mixing matrices: V; ~ VKM and Ve

@ Special cases: Under P or C, constrained Vg

e Additional sources of CPV (Higgs potential and VEVs)
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Introduction

Higgs content: Bidoublet+triplets

Triplets: (Af) = (0, 0, xg) and (A]) = (0, 0, &)
@ 1 light Higgs + 5 H°, 2 H*, 1 H**

@ See-saw mechanism m,, « k*/m,,. However kg at TeV-ish and light
my, requires large fine-tuning or new symmetries [Gunion et al. '91]

@ p= M3 /(cos?(Ow) - M2) ~ 1=k, =0

@ FCNC: ~ 10 TeV, for gen. Vg, :—;, S = “2 [Blanke, Buras, Gemmler, Heidsieck '11]
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Introduction

Higgs content: Bidoublet+doublets

Doublets: (x%) = (0, k) and (x/) = (0, x.)
@ 1 light Higgs + 5 H°, 2 H*
@ p =1 at tree-level: The VEV £k, needs to be probed

@ No see-saw (neutrinos are Dirac particles in this minimal picture)

Coupling depends on x|
More Higgses participate

H? HY, A9, AY
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ElectroWeak Precision Tests

Observables: rsz, O had Rb,c. Rg, Ab7c7g, AFB(b,C,f),
Queak(Cs, TI), My, direct searches for My

@ Freitas '14 parameterizes under
S = {mz, Miop, Mh_iight, s, Aagep }, EW @ two-loops

e Zfitter, semi-analytical program, to parameterize under S

LRSM

; : 2
o Corrections at tree-level: O(egg)

2
o Parameters: S+ {c3=1— E—ngv(gL/gR)% €sB = K/ VR,
Ibidoublet = K2/K1, WLRD = KL/K1}
@ CKMfitter: Frequentist framework for stat. analyses
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Preliminary fit: EWPO and direct My,
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SM and LRSM similar results: Xfm-n’SM = 22.24, animLR =22.19

Ibidoublet, WLrD and cg are not much constrained by the fit

SM pull | LRSM pull
Ggad -1.49 -1.32
X -1.19 -1.24
R, 1.23 -1.30
Aes(b) | 2.77 2.81 p
Arg() | -1.42 -1.4l
ASLD -1.81 -1.76
Mw -0.77 -0.83
Qw/(Cs) 0.69 0.74
@ pull = (Oexp — Ofitlw /o input)/ Texp
°
°
°
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Under assumptions, My, = 2 TeV [CMS and ATLAS]
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Effect of w

Fixed My = 1.5 TeV

Wirp | €25 | cR & 8r  8x | Mx[TeV] | X2,
0 0.88 | 0.11 065 036 357 13.1 26.12
1 1.04 | 0.40 0.65 0.39 0.90 3.8 25.14
2 143 | 0.63 0.65 0.46 0.56 2.4 24.06

@ wirp # 0 preferred

@ But the chi-squared does not change a lot

@ Need to include other processes
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Flavour constraints

Meson oscillations, AF = 2

e SM: WW, WG, GG boxes (G=Goldstone)

@ LRSM: boxes WW', GW' + charged Higgs boxes + FCNC +
vertex and self-energy corrections (gauge invariance [pai et al. 's5))

@ wirp # 0: New charged Higgs boxes and other FCNC

d s d

t,c,u t,c,u t.c,u

Luiz Vale A Left-Right Symmetric Model (LRSM) with doublets



Flavour constraints

QCD corrections

Estimate 7, i.e. running and matching effects (n = 1 w/o QCD)

Ci(po) = mij(po, 1) Gi(1)

Matching at a scale pyyr, pw (small ay)

LAF=1, running
Matching at an intermediate scale

dAF—>, running
hadronization scale (2 GeV): Matching at Lattice

N¢ thresholds can be included

[Buras, Misiak, Urban '00], [Buras, Jager, Urban '01]
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Flavour constraints

AppI’OXI mate methOd [Vysotskii '80], [Ecker, Grimus '85]

Two-loop integral — dominant momenta of the one-loop process

e Fix k2, then put gluons in all possible ways: o (k?)
o If [d*k - f(k?) ~ (m?), certain c, then
[ k- £k (k) ~ (m2)<ad(m?)

o If [dk- f(k2)~|og(g§) then f’”ﬂ% as(k2)]

Net Tec Tt
dominant k> | m? m2 | m? - M%,V

reviews, LO | 0.612 | 1.12 0.35
approx., LO | 0.57 | 0.92 0.34

For the LRSM, some estimates already done
NLO: errors, from running (20%)
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Conclusions

Context

@ Model studied mainly in its triplet version, where it is strongly
constrained in its Higgs sector

@ A different Higgs content may imply less stringent constraints
Summary

o EWPO: fixes mainly esg and wygp # 0 is possible in principle

@ Estimate corrections to the LR operators

@ Include meson oscillations to constrain w;rp, Higgs masses,
VR, etc.

Future

@ Include other constraints: Lept., semi-lept. processes,
fermionic spectrum, etc.

@ Analyse P and C
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Thank you for the attention
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Preliminary fit: correlation w/o My, as input

-value
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Fermionic masses

Preliminary fit: correlation 0., — Quw/(Cs)

p-value
720 | : e e 1.0
722 [ - 0.9
L ] 0.8
724 7
[ ] 0.7
. 726 —
) i 1 Fos
O r ]
=~ 8| - 0.5
03 L ]
73.0 |- - 04
L ] 0.3
732 - -
r ] 0.2
734 [ WO - 0.1
F LRSM 2014 -
S S N B B 00

A Left-Right Symmetric Model (LRSM) with doublets



Fermionic masses

Yukawa Couplings [Soni 0205082]

@ The mass spectrum and the mixing matrices are inter-related
through the Yukawas
1. M, = I€1Y+I€2\~/ and My = I€2Y+Ii1§/
(10 d.o.f. from Y, Y)
2. Diagonalize them (U;_"d)TI\/deUE’d =myg
3. and define V; g = (UE’R)TUf’R

@ Same can be done for leptons. For neutrinos, set their masses
to zero
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Fermionic masses

Parameterization

First define: Ly = log (?’2},57”') Ay = (;{77730'32)2 -1

_ as(Mz) - _Mz
Ao, = Ti1ag — L Aa = 0059 —1, and Az = 571576 — L.

Then calculate the coefficients in O =
X0+C1'LH+C2'At+C3-Aas+C4'Ai+C5'AasAt+C6-Aa+C7'Az.

Luiz Vale A Left-Right Symmetric Model (LRSM) with doublets



Fermionic masses

Parameters

Doublets only
EWSB energy scale k1, k2, and k; # 0
High energy scale kg or esg = k1/kR

For simplicity, no additional CPV (Higgs potential and VEVs:
additional sources of CPV)

Coupling constants gr, g1, 85-1
Mixing matrices V, Vg under P: V; = S5,VRrSy
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