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 13 TeV data – 2.2 fb-1 in 2015, 36 fb-1 in 2016 and
data in 2017/2018

Heavy Neutrino, Z’ and W’

2016 maximum peak lumi was 
1.5x1034 cm-2 s-1 with <pileup> 
~50 with 2208 colliding bunches

Peak luminosity “soft” limit is 
~1.7x1034 from inner triplets
 "ultimate" filling scheme with 

25ns and 2556b
 40-50 fb-1/year in 2017/18 

so >100 fb-1 in Run 2
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 13 TeV data – 2.2 fb-1 in 2015, 36 fb-1 in 2016 and
data in 2017/2018

Heavy Neutrino, Z’ and W’

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G

links

 Selected topics - Search for heavy gauge bosons (W’
and Z’) and heavy neutrinos with tau leptons

 Tau leptons:



 All physics objects (charged hadrons, 

neutral hadrons, g, e, m, t  jets, MET) 

are reconstructed with the PF 

algorithm (with corresponding 

calibrations).

 The list of “particles” is given to the jet 

clustering and missing ET (MET) 

reconstruction algorithm
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Particle Flow (PF) Algorithm
 Improvements in all the 

reconstructed objects

 Jets and MET: resolution and 

energy scale improved w.r.t. 

calorimeter based 

reconstruction

 Lepton isolation: background 

rejection improved

 Excellent reconstruction and 

identification for th

Heavy Neutrino, Z’ and W’



Hadronically Decaying Tau
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Hadron-plus-Strips (HPS) Algorithm
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 Reconstruction of the 

decay modes:

 1 prong, 1 prong + p0’s, 

3 prongs

 Various working points for 

the isolation

 Veto for electrons and 

muons



Examples of Particle ID Performance
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Publications
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JHEP 02 (2017) 048

EXO-16-008 (2.2 fb-1)

JHEP 02 (2017) 077

EXO-16-016 (2.2 fb-1)
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Publications
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Acepted in JHEP, July 13, 2017

EXO-16-023 (12.9 fb-1)

EXO-17-??? (36 fb-1)

And 2017 data …
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Z’  t t
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 Additional gauge bosons emerge in varioys extended
gauge models.
 LR Model, extending the standard model gauge group with right-

handed charged boson as well as an additional neutral current

 Sequential standard model (SSM), having heavy gauge bosons with
the SM coupling strengths.

 Models with preferred couplings to 3rd generation fermions (e.g.,
Topcolor-assisted technicolor (TAT) model)
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JHEP 02 (2017) 048

EXO-16-008 (2.2 fb-1)

Z’  t t

QCD & DY are dominant.

thth – the best sensitivity
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JHEP 02 (2017) 048

EXO-16-008 (2.2 fb-1)

Z’  t t

QCD & DY are dominant.
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JHEP 02 (2017) 048

EXO-16-008 (2.2 fb-1)

Z’  t t

thth – the best limit



EXO-17-007 (36 fb-1) in progress

Challenge is to understand the uncertainty of scale factor 
of the tau ID in pT > 300 GeV

Adding …

2016 Data
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EXO-17-016 (36 fb-1)

in progress

What else?



Puzzle with Anomalies in B decays
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Z’ is suppressed by a 
facor of 1/M(Z’)2 in 
addition to the bottom 
PDF

The radiative suppression 
is solved with g  bb, but 
adding a gluon splitting 
fraction in addition to the 
bottom PDF

Gauge bosons couple to 3rd generation fermions

Bottom quark fusion via 
gluon splitting to bb -- Z’ 
production associated with 
b jets

CERN Seminar by Simone Bifani (LHCb),April 18, 2017



Bottom-quark Fusion Processes at the LHC Probing Z’ 
Models and B-meson Decay Anomalies
M. Dalchenko, B. Dutta, R. Eusebi, P. Huang, T. Kamon, and D. Rathjens

 We study a generic framework (dbs, gb, gm) of models of a heavy neutral 
gauge boson (Z’) to explain anomalies in B meson decays reported by 
the LHCb experiment: the Z’ boson couples mostly to third generation 
fermions.

 Bottom-quark fusion arising from gluon splitting is an essential 
production mechanism at the LHC for probing such a Z’ boson.

 Z’  mm decays with at least one bottom-tagged jet in its final state 
would allow for eploring a larger region of the parameter space of the 
models at the ongoing LHC run and HL-LHC.

In Progress at Mitchell Institute
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WR  th + N
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 Small but non-zero SM neutrinos from neutrino
oscillation experiments.

 Left-right symmetry extension
(LRSM) with SU(2)R, predicting
three additional gauge bosons,
WR and Z’, and naturally
connecting with neavy neutrino
states: Nl (l = e, m, t)

 “Seesaw” mechanism … VlN, mN

 LRSM in this talk



WR in th + th
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JHEP 02 (2017) 077

EXO-16-016 (2.2 fb-1)

QCD is dominant.



WR in th + th
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JHEP 02 (2017) 077

EXO-16-016 (2.2 fb-1)

QCD is dominant.



WR in th + th
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JHEP 02 (2017) 077

EXO-16-016 (2.2 fb-1)

m(WR) > 2.35 (1.63) TeV for m(Nt) = 0.8 (0.2) m(WR)

m(Nt) = 0.5 m(WR)



Teruki Kamon 20

Acepted in JHEP, July 13, 2017

EXO-16-023 (12.9 fb-1)

Heavy Neutrino, Z’ and W’

WR in lepton + th
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Acepted in JHEP, July 13, 2017

EXO-16-023 (12.9 fb-1)

Heavy Neutrino, Z’ and W’

WR in lepton + th

m(WR) > 2.9 TeV for m(Nt) = 0.5 m(WR)



Heavy neutrino/gauge bosons couple to third-generation 
fermions.

Selected topics from 13 TeV data: Z’ > 2.1 TeV (2.2 fb-1), 
WR > 2.9 TeV for Nt = 0.5 WR (12.9 fb-1)

Understanding tau ID scale in high pT

Finishing up with the entire 2016 data (36 fb-1) .. 
Targeting at WR > 3.** TeV

Z’ ( mm) + b jets ?

Preparing with 2017 data

Summary
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Backups
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Z’ in VBF
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 Fermiophobic gauge bosons?

CMS via VBF/ISR

?



SM Status
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Moriond/Aspen
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