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The European Strategy Update
• Last Update: May 2013 
• Current Update planned for May 2020 
• Important bodies

- Physics Preparatory group (PPG): 17 people
§ Organizes Symposium(May2019) and prepares Briefing Book (Sept.2019) 

- European Strategy Group (ESG):
§ Drafts the strategy update (Jan.2020) 

- Strategy secretariat:
§ H.Abramowicz (chair), J.D’Hondt, K.Ellis, L.Rivkin
§ Coordinates the process

- CERN Council:
§ Approves the strategy

• CERN management is responsible for implementing strategy
• The Strategy also serves as important guideline for national Funding

Agencies
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Symposium @ Granada
• Symposium from 13 to 17 May, 2019
• Organised in Plenary and Parallel Sessions:

- Monday 13th – morning: Plenary afternoon: Parallel
- Tuesday 14th – full day Parallel
- Wednesday 15th – morning: Parellel afternoon: Plenary
- Thursday 16 – full day Plenary
- (Friday 17th – Closed Session)
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Halina Abramovicz

8 parallel sessions in Granada: B1-B8 
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c) Europe’s top priority should be the exploitation of the full potential of the LHC, 
including the high-luminosity upgrade of the machine and detectors with a view to 
collecting ten times more data than in the initial design, by around 2030. This upgrade 
programme will also provide further exciting opportunities for the study of flavour
physics and the quark-gluon plasma.

Run 2 completed successfully, with accelerators, experiments and computing performance 
exceeding expectation 
High-Luminosity LHC (HL-LHC) approved by CERN’s Council June 2016

High-priority large-scale scientific projects (1) 

29 fb-1 160 fb-1

pp, ATLAS and CMS

Run 1 + Run 2:  ATLAS, CMS: ~189 fb-1 (goal was 150); LHCb: ~10 fb-1   

Total integrated luminosity Run 2 √sNN ~ 5 TeV:
ALICE: ~ 1.3 nb-1   

ATLAS, CMS: ~ 2.4 nb-1

Goal for Run 2 was  ~1 nb-1

Reminder of the ESPP 2013 “recommendations”
Fabiola Gianotti

Introduction talk, Granada



High-Luminosity LHC
• The HL-LHC Yellow Report released end of 2018 / beginning of 2019 

served as foundation of the discussions made both in the inputs and 
during the Symposium

• è the starting point for all new proposed projects is the outcome 
expected from the completion of the HL-LHC physics programme
- This was exactly the mission of the HL/HE-LHC Yellow Report

• … and the question is:  what future projects would add to it
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High-Luminosity LHC
• The HL-LHC Yellow Report released end of 

2018 / beginning of 2019 served as foundation 
of the discussions made both in the inputs and 
during the Symposium

• è the starting point for all new proposed 
projects is the outcome expected from the 
completion of the HL-LHC physics 
programme
- This was exactly the mission of the HL/HE-LHC 

Yellow Report
• … and the question is:  what future projects 

would add to it
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Example: Higgs boson coupling prospects
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Inputs considered

Accelerators related inputs
About 60 different inputs + national inputs which include accelerators
• e+e- colliders
• hh colliders
• ep colliders
• FCC
• Gamma factories
• Plasma acceleration
• Muon colliders
• Beyond colliders
• Technological developments

Input to speakers: 
- Contributions of the community
- Coherent parameters (Integrated luminosity, duty cycle, readiness definition, …)
- What about costs and time schedule? 

Output from speakers
- comprehensive summary of 2-3 slides, including open questions, challenges, opportunities and objectives.

15 May, 2019 Accelerators summary - ESPP Update - Open Symposium May 13-16 2019 - Granada (Spain)

Caterina Biscari and Lenny Rivkin, Phil Burrows, Frank Zimmermann
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Granada Open Symposium

Big Questions

In particular for the Accelerator Science and Technology 

• What is the best implementation for a Higgs factory? 
Choice and challenges for accelerator technology: linear vs. circular?

• Path towards the highest energies: how to achieve the ultimate performance 
(including new acceleration techniques)?

• How to achieve proper complementarity for the high intensity frontier vs. 
the high-energy frontier?

• Energy management in the age of high-power accelerators?

15 May, 2019 Accelerators summary - ESPP Update - Open Symposium May 13-16 2019 - Granada (Spain)



Comparisons
Project Type Energy

[TeV]
Int. Lumi. 
[a-1]

Oper. Time 
[y]

Power
[MW]

Cost

ILC ee 0.25 2 11 129 (upgr. 
150-200)

4.8-5.3 GILCU + 
upgrade

0.5 4 10 163 (204) 7.98 GILCU

1.0 300 ?

CLIC ee 0.38 1 8 168 5.9 GCHF

1.5 2.5 7 (370) +5.1 GCHF

3 5 8 (590) +7.3 GCHF

CEPC ee 0.091+0.16 16+2.6 149 5 G$

0.24 5.6 7 266

FCC-ee ee 0.091+0.16 150+10 4+1 259 10.5 GCHF

0.24 5 3 282

0.365 (+0.35) 1.5 (+0.2) 4 (+1) 340 +1.1 GCHF

LHeC ep 60 / 7000 1 12 (+100) 1.75 GCHF

FCC-hh pp 100 30 25 580 (550) 17 GCHF (+7 GCHF)

HE-LHC pp 27 20 20 7.2 GCHF

D. Schulte 11Higgs Factories, Granada 2019

For comparison:
LHC: ~ 150 MW



Proposed Schedules and Evolution

D. Schulte 12Higgs Factories, Granada 2019

Project Start construction Start Physics (higgs)

CEPC 2022 2030

ILC 2024 2033

CLIC 2026 2035

FCC-ee 2029 2039 (2044)

LHeC 2023 2031

Proposed dates from projects

Would expect that technically required 
time to start construction is O(5-10 
years) for prototyping etc.



D. Schulte Higgs Factories, Granada 2019 13

Ours is a very dynamic field!
(Luminosity upgrades for ILC, CLIC)



Maturity
• CEPC and FCC-ee, LHeC

- Do not see a feasibility issue with technologies or overall design
- But more hardware development and studies essential to ensure that the performance goal can be fully 
met

§ E.g. high power klystrons, strong-strong beam-beam studies with lattice with field errors, …

• ILC and CLIC
- Do not see a feasibility issue with technology or overall design
- Cutting edge technologies developed for linear colliders

§ ILC technology already used at large scale
§ CLIC technology in the process of industrialisation

- More hardware development and studies required to ensure that the performance goal can be full met
§ e.g. undulator-based positron source, BDS tuning, …

• Do not anticipate obstacle to commit to either CEPC, FCC-ee, ILC or CLIC
- But a review is required of the chosen candidate(s)
- More effort required before any of the projects can start construction

• Guidance on project choice is necessary
- Physics potential
- Strategic considerationsD. Schulte 14Higgs Factories, Granada 2019



L.Rossi - LHC future @ Open symposium EUSPP-
Granada May 2019-SUMMARY 15

LHC1.5
12 T Nb3Sn dipoles
HiLumi technology in 
LHC: 21 TeV c.o.m.

7 T  Nb-Ti dipole (low cost
LHC, 4.2 K):
44 TeV c.o.m. (100 km)

Energy 
tripler 
100km

High field magnet development

2040

In LHC, 14 T dipoles give 23.5 TeV
But timeline is NOT the same

HTS



Personal (A. Yamamoto) View on Relative Timelines
Timeline ~ 5 ~ 10 ~ 15 ~ 20 ~ 25 ~ 30 ~ 35

Lepton Colliders

SRF-LC/CC
Proto/pre-

series Construction Operation Upgrade

NRF—LC Proto/pre-series Construction Operation Upgrade

Hadron Collider (CC)
8~(11)T 

NbTi /(Nb3Sn)
Proto/pre-

series Construction Operation Upgrade

12~14T
Nb3Sn Short-model R&D Proto/Pre-series Construction Operation

14~16T
Nb3Sn Short-model R&D Prototype/Pre-series Construction

16
A. Yamamoto, 190512b

Note: LHC experience:  NbTi (10 T) R&D started in 1980’s -->  (8.3 T) Production  started in  late 1990’s, in ~ 15 years 



Technical Challenges in Energy-Frontier Colliders proposed
Ref. E  

(CM)
[TeV]

Lumino
sity

[1E34]

AC-
Power
[MW]

Cost-estimate
Value*

[Billion]

B  
[T]

E: 
[MV/m]
(GHz)

Major Challenges in Technology

C
C
hh

FCC-
hh

CDR ~  100 < 30 580 24 or 
+17  (aft. ee)

[BCHF] 

~ 16 High-field SC magnet (SCM)
- Nb3Sn: Jc and Mechanical stress 
Energy management

SPPC (to be 
filled)

75 –
120 

TBD TBD TBD 12 -
24

High-field SCM
- IBS: Jcc and  mech. stress
Energy management

C
C
ee

FCC-
ee

CDR 0.18 -
0.37 

460 –
31

260 –
350 

10.5 +1.1

[BCHF]

10 – 20
(0.4 - 0.8) 

High-Q SRF cavity at < GHz, Nb Thin-film 
Coating
Synchrotron Radiation constraint
Energy efficiency (RF efficiency)

CEPC CDR 0.046 -
0.24 

(0.37)

32~
5

150 –
270

5

[B$]

20 – (40) 
(0.65)

High-Q SRF cavity at < GHz, LG Nb-bulk/Thin-
film
Synchrotron Radiation constraint
High-precision Low-field magnet

L
C
ee

ILC TDR 
update

0.25
( -1)

1.35 
(– 4.9)

129 
(– 300)

4.8- 5.3  
(for 0.25 TeV)

[BILCU]

31.5 – (45) 
(1.3)

High-G and high-Q SRF cavity at GHz, Nb-bulk
Higher-G for future upgrade
Nano-beam stability, e+ source, beam dump

CLIC CDR 0.38 
(- 3)

1.5 
(- 6)

160
(- 580)

5.9 
(for 0.38 TeV)

[BCHF] 

72 – 100 
(12)

Large-scale production of Acc. Structure
Two-beam acceleration in a prototype scale
Precise alignment and stabilization. timing

17A. Yamamoto, 190513b *Cost estimates are commonly for ”Value” (material) only. 



Electroweak Session
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Higgs precision measurements
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• The work on this topic has 
been fully developed in the 
framework of the 
Higgs@FutureCollider
(Higgs@FC) working group 
set up by the ESU PPG with 
ECFA

• A preliminary report has 
been submitted just before 
the Granada Symposium
- Higgs couplings

§ Kappa framework
§ EFT framework

- Rare decays and CP 
properties

- Mass and width
- Theory considerations



Kappa studies
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The impact of theoretical uncertainties for 
lepton colliders (intrinsic and parametric) is
studied independently: the baseline fits do 
not include intrinsic theoretical
uncertainties for future lepton colliders
(they do include parametric uncertainties) 
• HL/HE use S2 uncertainties (theory 1/2 

wrt today), including in combinations of 
HL with other colliders

• FCC-hh, for production x luminosity a 
1% is assumed in the original
documentation

• LHeC: 0.5% production uncertainty

For hadron colliders
|KV|≤1 has been imposed



Kappa studies
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• HL-LHC (absolute) couplings 
achieve precisions of O(1-3%)
- But model dependent

• HL-LHC coupling ratios are 
model independent

• Future ee colliders can 
“measure” 𝛤H from data

• Future colliders (ee,ep) improve 
by a factor ~2 to 10 assuming 
the full scientific programme

• Initial stages ee colliders have 
comparable sensitivities (within 
a factor of 2)

• ee and ep colliders can access kc
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EFT Fits
Input to the fit:

Single Higgs boson processes
Diboson production (aTGC)
EWPO: Z and W properties
Top production (if allowed)
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Beate Heineman talk
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method 1

method 2

method 3

method 4
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• DiHiggs: k𝜆
- HL-LHC: ~50% or better
- HE-LHC: ~15%
- ILC500 ~27%, CLIC1500 

~36%
- CLIC3000 ~9% and FCC-hh

~5%
• Single Higgs: k𝜆

- FCC-ee365 and ILC500 
~35%

- FCC-ee 21% with 4 detectors



Beyond the Standard Model (at colliders)
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Indirect constraints in Composite Higgs models 
• interpretation of EFT results in terms of a broad class of composite 

Higgs models
- dependence of the Wilson coefficients on new physics coupling, g⋆, and mass, 

m⋆

30

Allowed regions in the (g⋆,m⋆) plane from the fit presented 
in Figure 6,using the SILH power-counting (solid regions). 
Dashed lines indicate the regions constrained by the 
corresponding low-energy runs (or FCC-ee only for the case 
of the FCC project).
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See Alessandro Variola talk
at this retreat (May 16th) 



Conclusion and …
• Impressive amount of information presented and discussed at the 

Symposium
- Input from the HL-LHC Yellow Report was fundamental 

• Many open points discussed and to be addresses by the ESG
- Do we need a e+e- collider?
- Do we want a hadron collider at CERN?

§ Install NbTi dipoles in a 100 km tunnel and continue at the same time R&D for HTS dipoles?
- More involvement of CERN in astroparticle physics?
- Theory support for (more) precise calculations is key
- Tighten collaboration with industry for detector development

• ESG is working as planned, in parallel with the PPG
- contact your National Representative to propose suggestions

§ INFN: Fabio Zwirner* (+ LNF: Pierluigi Campana; LNGS: Stefano Ragazzi)
- Briefing Book expected sometime in September, ESG recommendation to CERN 

Council on January 2020.
§ CERN Council: Italy representative: Fernando Ferroni (+ H.E. Mr Gian Lorenzo Cornado) 36



… some (personal) comments
• It is mandatory to secure a frontier project for CERN to give future to 

CERN
• We have large collection of ideas & scenarios: we (we = hep 

community) should use this as richness 
• Higgs Sector Physics: the delta between different options is visible, 

but often it is not large/decisive. This delta is “smaller” or comparable 
to the delta from other aspects, that include project costs, upgrade, 
logistic, “sociology”, etc etc

• High-Energy frontier: needs multi-TeV colliders; e.g. hadron colliders
• Support to R&D for innovative new solutions is crucial:

- Muon Collider
- plasma wakefield accelerator

37
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The PPG
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European Strategy Group (ESG)

41



CERN Council
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“compressed” SUSY mass spectra: how-to
• SUSY models characterized by compressed mass spectra are among the work-horses of 

e+e- colliders: e.g. DM(stop, LSP)~ GeV, higgsino-like models 
• HL-LHC might be sensitive to those with two approaches

- monojet, targeting DM ~ 1 GeV (possibly up to 10 GeV) 
For stop: 

- ISR jet + soft leptons, targeting DM ~ 2-40 GeV

• For DM < 1 GeV, decays of EWK partners into LSP might be non-prompt:
- Disappearing tracks analyses   

Projections with ColliderReachTool: 
HL-LHC à 0.95 TeV;

[confirmed by theorists’ studies] 
HE-LHC à 2 TeV; 

For wino or higgsino models:

Fig. 3.1.5: Comparative reach of the HL-LHC, HE-LHC and FCC-hh/SppC options in the monojet channel for
wino-like (left) and Higgsino-like (right) DM search. The solid and dashed lines correspond to optimistic values
of the systematic uncertainties on the background estimate of 1% and 2% respectively, which might be achievable
using data-driven methods with the accumulation of large statistics.

95% C.L. Wino Higgsino
14 TeV 280 GeV 200 GeV
27 TeV 700 GeV 490 GeV
100 TeV 2 TeV 1.4 TeV

Table 3.1.2: Summary of DM mass reach at 95% C.L. for an EW triplet (wino-like) and a doublet (Higgsino-
like) representation, at the HL-LHC, HE-LHC and the FCC-hh/SppC colliders, in optimistic scenarios for the
background systematics.

colliders. Systematic uncertainties �B = 1�2% and �S = 10% are assumed. In Fig. 3.1.5 we compare
the reach of the HL-LHC, HE-LHC and FCC-hh/SppC options in the monojet channel for wino-like (left)
and Higgsino-like (right) DM search. The solid and dashed lines correspond to systematic uncertainties
on the background estimate of 1% and 2% respectively. Results are summarised in Table 3.1.2. In an
optimistic scenario, wino-like DM mass of up to 280, 700 and 2000 GeVis expected to be probed at
the 95% C.L., at the 14, 27 and 100 TeV colliders respectively. For the Higgsino-like scenario, these
numbers decrease to 200, 490 and 1370 GeV, primarily due to the reduced production cross-section.
Clearly, a 27 TeV collider can substantially improve the reach by a factor of two or more compared
to the HL-LHC, while improvement of another factor of three can be further achieved at the 100 TeV
collider.

3.2 Dark Matter and Heavy Flavour
When the mediator between the dark sector and the SM is a scalar or pseudoscalar one expects the
couplings to the SM to scale with the SM fermion mass. Thus, a natural place to look for DM production
is in association with pairs of top or bottom quarks, see Section 3.2.1 and Section 3.2.2. Alternatively, a
neutral vector mediator with flavour-changing interactions can produce DM in association with a single
top, see Section 3.2.3. Finally, scalar mediators may be searched for directly in four top final states, as
shown in Section 3.2.4.

3.2.1 Associated production of dark matter and heavy flavour quarks at HL-LHC
Contributors: M. Rimoldi, E. McDonald, F. Meloni, P. Pani, F. Ungaro, ATLAS

The prospects of a search for dark matter produced in association with heavy flavour (bottom
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(from HL/HE YR, 
section 3.1.3)
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Fig. 2.2.9: Upper limit on the production cross-section of pair produced e�±
2 e�0

4 decaying into a final state with two
same charge W boson with a BR of 25% for two assumptions on the e�0

1 mass.
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Fig. 2.2.10: Example Feynman diagrams for e�±
1 e�0

2 (left) and e�0

2e�0

1 (right) s-channel pair production, followed by
the leptonic decay of the e�0

2.

mass eigenstates, which is determined by the specific values of M1 and M2. Investigating either of these
scenarios, with very small mass splitting between the lightest electroweakinos, is particularly challenging
at hadron colliders, both due to the small cross-sections and the small transverse momenta of the final
state particles. As of writing the ATLAS and CMS collaborations have searched for higgsinos in up to
36 fb�1 of proton-proton collision data [96, 98] and just started probing the parameter space beyond the
LEP experiments’ limits [99,100]. By providing 3 ab�1of proton-proton collision data at a c.o.m. energy
of 14 TeV, the HL-LHC has the potential to significantly extend the sensitivity to higgsinos and thus to
natural SUSY. This is depicted also in Section 2.4.2 of this report.

The model used for the development of the searches for higgsino-like e�±
i and e�0

j by ATLAS and
CMS is a SUSY simplified model where the higgsino-like e�±

1 and e�0
2 are assumed to be quasi mass-

degenerate and produced in pairs. The model contains both the e�±
1 e�0

2 and the e�0
2e�0

1 production, where
e�±

1 decays into W⇤e�0
1 and e�0

2 into Z⇤e�0
1, respectively, with a branching fraction of 100% (Fig. 2.2.10).

Both ATLAS and CMS analyses presented in the following exploit the presence of charged leptons
with low transverse momenta arising from the off-shell W and Z bosons in the �̃±

1 ! W ⇤�̃0
1 and

�̃0
2 ! Z⇤�̃0

1 decays, and large missing transverse momentum due to the presence of an ISR jet.

2.2.5.1 Higgsino search prospects at HL- and HE-LHC at CMS

Contributors: A. Canepa, J. Hogan, S. Kulkarni, B. Schneider, CMS

The results presented here are from Ref. [101] from the CMS Collaboration. If the e�±
1 , e�0

2, and
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Fig. 2.2.13: 5� discovery contours and expected 95% C.L. exclusion contours for the combined e�±
1 e�0

2 and e�0

2 e�0

1

production (left). Projection of the HL-LHC 5� discovery contours and expected 95% C.L. exclusion contours for
the combined e�±

1 e�0

2 and e�0

2 e�0

1 production for a centre-of-mass energy of 27 TeV and an integrated luminosity
of 15 ab�1 (HE-LHC). Except for the cross sections and the integrated luminosity, the HL-LHC analysis was not
modified (right). Results are presented for �M(e�0

2, e�0

1) > 7.5 GeV.

uncertainty of 10% in the signal acceptance, similar to the value from Ref. [96], is included to account
for the modelling of the ISR jet.

The upper limit on the cross sections is computed at 95% C.L. and shown in Fig. 2.2.13. Higgsino-
like mass-degenerate e�±

1 and e�0
2 are excluded for masses up to 360 GeV if the mass difference with

respect to the lightest neutralino e�0
1 is 15 GeV, extending the sensitivity achieved in Ref. [96] by

⇡210 GeV. Figure 2.2.13 also shows the 5� discovery contour, computed using all signal regions with-
out taking the look-elsewhere-effect into account. Under this assumption e�±

1 and e�0
2 can be discovered

for masses as large as 250 GeV. These results demonstrate that the HL-LHC can significantly improve
the sensitivity to natural SUSY.

Figure 2.2.13 also shows the 5� discovery contours and expected 95% C.L. exclusion contours for
the combined e�±

1 e�0
2 and e�0

2 e�0
1 production for the HE-LHC. The main gain in sensitivity comes from the

increased luminosity, since the cross section increase for signal is the same order as that for background.
Except for the cross sections and the integrated luminosity, the HL-LHC analysis was not modified for
this HE-LHC projection.

2.2.5.2 Higgsino search prospects at HL-LHC at ATLAS

Contributors: S. Amoroso, J. K. Anders, F. Meloni, C. Merlassino, B. Petersen, J. A. Sabater Iglesias, M. Saito, R.
Sawada, P. Tornambe, M. Weber, ATLAS

The presented dilepton search [102] investigates final states containing two soft muons and a large
transverse momentum imbalance, which arise in scenarios where �̃0

2 and �̃±
1 are produced and decay via

an off-shell Z and W boson, as depicted in Fig. 2.2.10. Considering the Z ! ee decay is beyond the
scope of this prospect study, but could further improve the sensitivity to these scenarios. Due to the very
small mass splitting of the electroweakinos in this scenario, a jet arising from initial-state radiation (ISR)
is required, to boost the sparticle system. First constraints surpassing the LEP limits have recently been
set by the ATLAS experiment [98], excluding mass splittings down to 2.5 GeV for m(�̃0

1) = 100 GeV.
The search targets scenarios that contain low pT muons selected with pT > 3 GeV and |⌘| < 2.5.

Muons that originate from pile up interactions or from heavy flavour decays, referred as fake or non-
prompt muons, are rejected by applying an isolation to the muon candidates. The main source of
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they forbid any R-parity violating operators thanks to the gauged B �L symmetry. To naturally describe
the small magnitude of the neutrino masses and preserve R-parity, the model superfield content includes
both SU(2)L and SU(2)R triplets of Higgs supermultiplets. The neutral component of the SU(2)R
Higgs scalar field then acquires a large vacuum expectation value vR, which breaks the LR symmetry and
makes the SU(2)R gauge sector heavy. In order to prevent the tree-level vacuum from being a charge-
breaking one, we can either rely on spontaneous R-parity violation [105], one-loop corrections [106],
higher-dimensional operators [107] or additional B �L = 0 triplets [108]. Whereas the first two options
restrict vR to be of at most about 10 TeV, the latter ones enforce vR to lie above 1010 GeV. In this work,
we rely on radiative corrections to stabilise the vacuum, so that the lightest supersymmetric particle
(LSP) is stable and can act as a dark matter candidate.

Two viable LSP options emerge from LRSUSY, neutralinos and right sneutrinos. Out of the 12
neutralinos, gauginos and LR bidoublet, higgsinos can generally be lighter than 1 TeV. The correct relic
density can be accommodated with dominantly-bino LSPs with a mass close to mh/2 [109], whilst in
the bidoublet higgsinos case (featuring four neutralinos and two charginos that are nearly-degenerate),
co-annihilations play a crucial role and impose higgsino masses close to 700 GeV. In this setup, the rest
of the spectrum is always heavier, so that SUSY could be challenging to discover. Right sneutrino LSP
annihilate via the exchange of an s-channel Higgs boson through gauge interactions stemming from the
D-terms [109]. Without options for co-annihilating, the LSP sneutrino mass must lie between 250 and
300 GeV. However, potential co-annihilations with neutralinos enhance the effective annihilation cross
section so that the relic density constraints can be satisfied with heavier sneutrinos. The fully degenerate
sneutrinos and higgsinos case impose an upper limit on the sneutrino mass of 700 GeV. Additionally,
right neutrinos can also be part of the dark sector, together with the LSP [110].

Direct detection constraints imposed by the XENON1T [111] and PANDA [112] collaborations
put light DM scenarios under severe scrutiny. Hence, in LRSUSY, in order to account for the relic
density and direct detection constraints simultaneously, we need to focus on various co-annihilation
options. In this work, we consider one right sneutrino and one higgsino LSP scenario and highlight
the corresponding implications for WR searches at the LHC. A robust signal of left-right symmetry
consists in the discovery of a right gauge boson WR, possibly together with a right neutrino NR. Both
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