. laed Wl
- 120 W |y

NN
\

Restorlng Parlty at High Energles

Brehmer, Hewett, Kopp, Rizzo, Tattersall 1507.00013
Blas, Hewett, Reuter, Rizzo 1603.ASAP

J. Hewett, Moriond 2016
I ‘ﬁ NATIONAL
Dhm AN SsorATORY




Les Houches Summary of 8 TeV Data
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Model independent fit: Boson final states  1asoaX

o(pp = X) x BR(X — WZ) [fb]

5 10
o(pp — X) x BR(X — WW) [fb]

Slight preference for a
charged resonance

p value

o(pp — X) x BR(X —= Z2) [fb]

o(pp — X) x BR(X — HZ) [fb]
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5 10
o(pp — X) x BR(X — WW) [fb]

5 10
o(pp — X) x BR(X — HW) [fb]

p value



Model independent fit: Fermion final states *v=u
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X — tb) [fb]
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o(pp = X) x BR(X = jj) [fb]

Fitted cross sections

« Some tension w/ tb —
alleviated w/ RH-CKM

« WZ/ZZ/Wh give similar
Cross sections

 Signal region overlap for
WZ/ZZ

« Motivation for charged
resonance

Process

Fitted cross Upper bound
section [fb] (90% CL)

pp — X — WZ?t

pp — X — ZZ1

pp — X — WH

pp—~> X — jj

pp — X — tb

pp — X — tb (without ATLAS bblv [13])
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Left-Right Symmetric Model Basics
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Gey = SU(2), x SU(2)s x U(1) 3 SU(2), x U(1),

= Right-handed neutrinos Vataatin, pati 75
= New gauge fields
» Wg & Zg with couplings k= gr/g,
= New Higgs fields with vev v,
» Doublet Higgs:
 Dirac neutrinos
 Strong constraints from Wy = Iv Run | searches (4.4 TeV for k=1)
» Triplet Higgs: (A *, Ag, )
» Majorana right-handed neutrinos w/ mass N, ~ mass Wx
* Wk =2 IN, avoided if mass N, > mass Wy
* U(1) can be identified as U(1)g,
» Bi-Doublet Higgs to generate fermion masses with vevs k; ,
= Right-handed CKM matrix
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Gey = SU(2), x SU(2)s x U(1) 3 SU(2), x U(1),

= Right-handed neutrinos Vataatin, pati 75
= New gauge fields
» Wg & Zg with couplings k= gr/g,
= New Higgs fields with vev v,
» Doublet Higgs:
* Dirac neutrinos
 Strong constraints from Wy = Iv Run | searches (4.4 TeV for k=1)
* » Triplet Higgs: (A *, Ag [**)
» Majorana right-handed neutrinos w/ mass N, ~ mass Wx
* Wk = IN, avoided if mass N, > mass Wg

« U(1) can be identified as U(1)g_
» Bi-Doublet Higgs to generate fermion masses with vevs k; ,
= Right-handed CKM matrix: assume 1Vij| = [Vl



Right-handed gauge sector

= W, —Wgmass matrix — , 2_ ( ™y Bumiy
meIz/V m%/VR
. . . —28umy
= Diagonalized by mixing tan 2¢,, = —5———5
My, — My
R
where with 1 bi-doublet m. = 1900 GeV
5 _ 10000
Bw = 2k tan B/(1+tan® B) s | 2
8000 heavy!

= Wy/Z, mass ratio set by theory _
6000

My, _ KL= zuor |

m%VR K2(1 — X)) — Top 4000~

Theory allowed

where K > 0.55 is physical region 2000 L+ . L

| 1 1
0.4 0.6 0.8
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LRM fit to Run | data
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0.002
m, = 1900 GeV 1.8 TeV Wk fit
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LRM fit to Run | data
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(See also Dobrescu, Liu 1506.06736; Allanach etal. 1507.01638; Abe etal. 1507.01681;
Plus many more)



13 TeV data — a quick comparison
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Additional implications of LRM
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Lepton flavor/number violation

= Perform a scan of parameter space, assuming fit to Run |
» Fix Wg mass =1.9TeV & k= 0.6 & VR = Vet
» Right-handed neutrinos: taking m; <m, < m;w/ signed m, ,
1 < m; = My, /My, < 10

» Right-hnanded PMNS matrix
» Charged scalars A%, Ag | * (0.2 < m/MWR < 10

= Subject parameter space to constraints

» Rare processes: 0vpp, u=ey, 7>ly, y>eee, TII', uy=>e conversion
» Muonium oscillations
» e*e = I*I from LEP2, cross sections and asymmetries

= 2.5M models remain for study
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Neutrinoless double-beta decay

= Current limits in Ge’® and Xe'3% (Gerda, EX0-200, Kamland-Zen)
= Probes effective Majorana neutrino mass

[Meel” = |Mee, |° + [Meeq|

= Tree-level LNV diagrams with N and Az** exchange
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Mu2e conversion (UN = eN)

= Current limits for Pb, Ti, Au (SINDRUM II)
= LRM contributions
» Tree-level neutral Higgs exchange (small)
» 1-loop Wg, A *, Ag  * exchange to anapole/dipole vertices
* Log enhanced
» 1-loop W exchange in peZ; vertices Large fraction of
models covered!

»

1-loop Wk box diagrams

Future Mu2e/
COMET sensitivity
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Rare Muon Decays

ol A

= Strong current bounds on y>ey & uy>eee (MEG, SINDRUM)
= LRM contributions to y>ey
» 1-loop Wg exchange
» 1-loop A *, Ag  ** exchange
= LRM contributions to uy>eee Mu3e would have
» Tree-level Ag  ** exchange good sensitivity

? 10—12

Future sensitivity
Mu3e, MEG
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Rare tau decays

= Current limits from BaBar/Belle
= LRM contributions to y>ey
» 1-loop Wg exchange
» 1-loop A *, Ag  ** exchange
= LRM contributions to uy>eee

» Tree-level Ag  ** exchange

107"
Future sensitivity A

for Belle-ll, LHCDb

Not much sensitivity
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LFV reach comparison
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Scan with high mass W,

= Repeat scan for Wy mass =5, 10 TeV &k = 1
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Right-handed currents in B decays?

g“f"i”*% Cornell University

arXiv.org > hep-ph > arXiv:1603.04355

High Energy Physics - Phenomenology

Signal of right-handed currents using B - K*#1t¢~ observables at the kinematic
endpoint

Anirban Karan, Rusa Mandal, Abinash Kumar Nayak, Rahul Sinha, Thomas E. Browder

(Submitted on 14 Mar 2016)

The decay mode B — K*#* ¢~ is one of the most promising modes to probe physics beyond the standard model (SM), since the angular
distribution of the decay products enable measurement of several constraining observables. LHCb has recently measured these observables
using 3fb‘1 of data as a binned function of q2, the dilepton invariant mass squared. We show that LHCb data implies a 5S¢ overall signal
for new physics and provides unambiguous evidence for right-handed currents, which are absent in the SM. These conclusions are derived
in the maximum q2 limit and are free from hadronic corrections. Our approach differs from other approaches that probe new physics at low
q2 as it does not require estimates of hadronic parameters but relies instead on heavy quark symmetries that are reliable at the maximum

g* kinematic endpoint.

Comments: 5 pages with 3 figures. One supplementary file included
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Summary

o1 AL

Dl AN

= LRM provides an excellent fit to the 8 TeV diboson
‘anomalies’

= This is a highly predictive scenario that impacts the other
frontiers

= The 8 TeV diboson ‘anomalies’ have refocused our
attention on the LRM scenario

= Strong influence in LFV/LNV processes
= MuZ2e has significant reach in this parameter space

We await further 13 TeV datalll!
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