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ü  CERN Medium-Term Plan for the period 2016-2020 
ü  Addendum to the SHiP Technical Proposal 
ü  Review by the SPSC referees: further steps 
ü  Overview of the meeting agenda 



2 Medium-Term Plan for the period 2016-2020 

Observations of the Director-General 
Introduction 

After the excellent first LHC run period (Run I), CERN moved into a phase of 
extensive maintenance and consolidation work for the machine, detectors and 
infrastructure in 2013. This long shutdown for the LHC and its injector chain, 
which has been completed successfully in March 2015, has prepared CERN to 
enter the next exciting LHC run period (Run II) at higher energy and increasing 
luminosity, in line with the highest priority of the European Strategy for 
Particle Physics. 

Moreover, also in line with the European Strategy for Particle Physics, CERN 
continues to enhance its efforts on focused R&D and design studies at the high-
energy frontier. These initiatives include the Future Circular Collider (FCC) 
study, comprising the option for a Higher-Energy LHC (HE-LHC), the 
Compact Linear Collider (CLIC) and participation in the International Linear 
Collider (ILC). The aim is for CERN to be in a position, at the time of the next 
update of the European Strategy for Particle Physics, to take on major roles in 
new and scientifically compelling global projects beyond 2035, i.e. beyond the 
lifetime of the LHC and its luminosity upgrade. 

During the upcoming period covered by this MTP, CERN will also be pursuing 
the high-priority recommendations of the European Strategy for Particle 
Physics through the scientific diversification activities of a world-class fixed-
target programme. 

For this MTP period, the scientific programme will comprise the on-going 
projects described in detail in the previous MTP, the Annual Progress Report 
and the fact sheets, fully in line with the updated European Strategy for Particle 
Physics. The presentation of the scientific programme reflects the priorities set 
out in the European Strategy for Particle Physics and has the support of the 
incoming Management: 

1. Exploit the full potential of the LHC and the high-luminosity upgrade 
project of the accelerator and experiments. This includes the R&D, 
construction and commissioning of the HL-LHC and CERN’s share 
as the host Laboratory towards the Phase-2 upgrade of the detectors 
until LS3 and operation of HL-LHC thereafter. 
Following the extensive Cost and Schedule Review of the High 
Luminosity LHC (HL-LHC) and LHC Injector Upgrade (LIU) 
projects in March 2015, this year’s MTP includes a more quantitative 
long-term outlook for the accelerators until Long Shutdown 3 (LS3) 
by incorporating further details for the construction and 

commissioning of the HL-LHC and LIU. Furthermore, the Resources 
Review Boards (RRBs) are reviewing the Phase-2 LHC detector 
upgrade costs until LS3, and will complete their deliberations by the 
end of 2015. As a result of this process, the allocation of resources for 
the experiments might change. 

2. Position and maintain CERN as the Laboratory at the energy frontier 
through accelerator design studies and a vigorous accelerator R&D 
programme. This includes reviving or fostering the efforts for core 
technologies such as superconducting magnets and superconducting 
RF cavities as well as developing alternative acceleration concepts. 
These initiatives will prepare CERN to bid for a future large project 
in particle physics. In line with these objectives, the international FCC 
study, as well as the CLIC collaboration and participation in the ILC 
study, are included in this MTP.  

3. Moreover, a neutrino programme to support a substantial European 
role at future long-baseline experiments is presented. It includes the 
establishment of a “neutrino platform” at CERN by enhancing the 
North Area to allow for R&D for neutrino physics detectors (notably 
based on liquid argon technology) and tests with charged particle 
beams. This programme is now well underway and active, and a 
collaboration has been formed with FNAL for a long-term neutrino 
programme supported by in-kind contributions to this neutrino 
facility. 

4. Consolidate the vibrant and world-leading fixed-target programme. 
The Management is committed to completing the initial phases (1 and 
2) of the HIE-ISOLDE construction at the unique ISOLDE 
radioactive ion beam facility; the ELENA and consolidation projects 
at the AD facility, the only antimatter facility in the world; the 
execution of the NA62 experiment for the study of rare kaon decays 
to test predictions of the Standard Model; the exploitation of the new 
n_TOF-EAR2 experimental area; and to complete the AWAKE 
proof-of-principle demonstration experiment to verify the novel 
technique of plasma wake-field acceleration. 

Although remaining broad, the scientific programme of CERN for the period 
covered by this MTP is nonetheless curtailed, resulting in missed potential 
physics opportunities for the Laboratory in the short term, in order for the MTP 
to meet the Council directive for CERN’s cumulative budget deficit for this 
period to be reduced as much as possible. As presented in sections 1 to 6 below, 
effects and cutbacks for both the scientific and non-scientific categories are 
included in this MTP: 
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Effects on scientific programme: re-schedule of LHC running and long 
shutdown periods; adjustments in budget for FCC study; at this stage no new 
projects at CERN unless funded fully from external sources; abandon the 
possibility of the TSR (Test Storage Ring) installation at HIE-ISOLDE and 
make no provisions for the SHiP experiment at the SPS (presently under 
consideration in the SPSC); reduced CLIC activities; and a later re-start of the 
fixed-target physics programme due to the prolonged LS2, in line with the new 
start-up schedule for LHC Run III. 
Effects on non-scientific activities: reduce general consolidation budget; and 
reduce the number of Fellows from the central CERN budget. 

1) The Plan for the LHC 

The research programme until 2035 is primarily driven by the full exploitation 
of the LHC’s physics potential, the highest priority in the road-map of Europe, 
as well as the strategy plans of other regions, such as Japan and the U.S. The 
overall LHC schedule was revised as shown in the following timeline to meet 
the constraints of the cumulative budget deficit. 

x The LHC long shutdown in 2013-2015 (LS1) has been completed 
successfully and included the repair and consolidation of the inter-magnet 
copper stabilisers, the installation of the pressure rupture disks (DN200), 
an exchange of a few dipole magnets to ensure operation at high energy, 
and the overall consolidation of the LHC injectors, its technical 
infrastructure, the machine and detectors. This is as described in fact 
sheets 1 to 7. 

x Physics operation resumes in 2015 for LHC Run II following an initial 
period of commissioning. The LHC will be operated starting with an initial 
energy of 6.5 TeV/beam to deliver physics data quickly, limiting the 
number of retraining quenches. The possibility of increasing the energy to 
7 TeV/beam will be reviewed after one year of operation. Short technical 
stops are scheduled for the end of each year. Run II is proposed to be 
extended to the end of 2018 given both the slightly later LHC start-up in 
2015 and the expected improved LHC operation efficiency in 2018. 

x During the next long shutdown period, LS2, now starting at the end of 
2018, it is planned to connect LINAC4, complete the PS Booster energy 
upgrade and reconfigure extensively RF systems in the SPS (LHC 
injectors upgrade, LIU), and carry out engineering works for the 
excavation of new caverns for support equipment needed for HL-LHC. 
Upgrades and improvements to the LHC detectors are also planned for 
LS2. The necessity to extend LS2 to the end of 2020 is partly due to the 
requirement to carry out the above-mentioned civil engineering works for 
HL-LHC that need to be done during a long shutdown. 

x LS2 will be followed by the LHC Run III to start in early 2021. 
x Maintenance and improvements will need to be carried out after Run III, 

including modifications to components in the insertion regions of the 
machine, whose performance will have deteriorated due to radiation 
effects, such as the inner triplet quadrupole magnets. For this reason, this 
MTP includes the construction of the HL-LHC and CERN’s share towards 
the mandatory Phase-2 LHC detector upgrades during LS3. Among the 
many improvements brought by the HL-LHC upgrade, superconducting 
magnet studies and developments are in progress to provide magnetic 
fields of about 11 T in dipoles (for new collimation in the Dispersion 
Suppressor (DS) region) and 13 T equivalent (140 T.m nominal gradient) 
in quadrupoles of large aperture (150 mm). Improvements to the 
cryogenics, collimation and RF systems for integrated luminosity 
maximisation are also planned. 

x The HL-LHC upgrade is expected to be partly funded by important 
external contributions in the framework of an international collaboration, 
including contributions from Non-Member States, in particular the U.S. 
and Japan. It should be noted that the availability of personnel to ensure 
simultaneously the operation of the machine run, the maintenance of the 
LHC and its infrastructure and the construction of items for the luminosity 
upgrade will be particularly challenging. 

x This high-luminosity upgrade HL-LHC will allow the LHC to reach a peak 
luminosity of 5×1034 cm-2s-1 (ultimate 7×1034 cm-2s-1) and an integrated 
luminosity of 250 fb-1 per year (ultimate 300 fb-1 per year), more than five 
times the annual integrated luminosity that will be achieved before LS3. 
This performance will make it possible to accumulate a total integrated 
luminosity of some 3000 fb-1 (on tape) by about 2035, in line with the 
highest-priority item of the European Strategy for Particle Physics. 

2) High-Energy Frontier 

The two most promising lines of accelerator development are proton-proton 
and electron-positron colliders. In line with the European Strategy’s second 
highest priority, CERN has launched the FCC study in addition to its leading 
role in the CLIC collaboration and participation in the ILC studies. 
The main emphasis of the FCC conceptual design study will be the long-term 
goal of a hadron collider with a centre-of-mass energy of the order of 100 TeV 
(FCC-hh) in a new tunnel of 80-100 km circumference for the purpose of 
studying physics at the high-energy frontier. The corresponding hadron 
injector chain will be included in the study, taking into account the existing 
CERN accelerator infrastructure and long-term accelerator operation plans. 

Extracts from the CERN Medium-Term Plan for 2016-2020 
Observations of the Director-General (very pragmatical approach driven 
by the current CERN budget)  



Addendum to the Technical Proposal 

Contains 4 sections: 
 
ü  Updated background estimates (see talk by Nico) 
      New estimate, based on the increased MC data samples, firmly confirms 
      the TP estimate of zero background. 
 
ü  Updated signal sensitivities (see talk by Nico) 
      The signal yield now includes the production of charm and beauty in 
      cascade processes; the yield is increased by 40-50%. 
      All sensitivity plots will be updated. 
 
ü  Comparison of the SHiP sensitivities with CERN, FNAL and JPARC beams 
      (see next 3 slides) 
 
ü  Project planning and cost (see talk by Richard) 
      New schedule and funding profile reflects the recently modified accelerator 
      schedule. It allows a significant shift in the project funding, and at the same  
      time keeps the planned start of data taking unchanged. 
      This section also contains a list of most critical milestones to be 
      addressed in the TDRs.   



Comparison of the SHiP sensitivities with CERN (400 GeV), 
FNAL(120 GeV) and JPARC(50 GeV) beams 

ü  SHiP @ 120 GeV FNAL beam assuming slow extraction (1s spill duration) 
    and fully dedicated beam à 5.9×1020 p.o.t. per year (high power target concept 
    has to be demonstrated) 
 
    To be compared with 8.5×1019 p.o.t. per year for SHiP at SPS with 80% 
    beam availability 
 
    For the 120 GeV beam the distance between target and spectrometer 
    can be reduced to 31 m à the acceptance ratio FNAL / CERN = 0.6 for  
    1 GeV mass HNL 
 
    σ(cc)FNAL(120 GeV) / CERN(400 GeV) = 0.16 
 
                           Overall HNL yield FNAL(120 GeV) / CERN(400 GeV) = 0.7  
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its operation appears unsafe due to the modification of the mechanical properties, especially
the tensile strength, as a result of the radiation damage. The scenario at FNAL with 1.5·1014

protons on target every 2.4 s at 120 GeV and the scenario at JPARC with 5·1014 protons on
target every 2 s at 30 GeV is excluded due to the excessive temperature reached by the target
plates. A completely new concept for a high power target, most likely requiring a lower Z
material, would be needed to cope with those beam parameters.

Comparison CERN-FNAL: HNL yield
The optimal length of the decay volume at FNAL is 40 m for 1 GeV/c2 HNL particles produced
in semi-leptonic charm decays. Hence, at FNAL the spectrometer can be positioned 31 m closer
to the target compared to SHiP. Assuming a SHiP-like spectrometer with the same 5 · 10 m2

elliptical transverse shape, the toy MC shows that per produced HNL the acceptance ratio
FNAL/CERN=0.6 due to the lower longitudinal momentum of the produced particles.

The ratio of charm cross-sections was calculated with the program MCFM [8] at parton level,
including NLO QCD. This yields a ratio of �(cc̄) FNAL(120 GeV)/CERN(400 GeV)=0.16. The
total cross-section ratio for pp collisions is 0.95. Hence, six times more HNLs are produced at
CERN per proton on target. Putting all factors together shows that the yield at FNAL would
be ⇠ 70 % of that at CERN.

Comparison CERN-FNAL: dark photon yield
The most sensitivity reach for dark photons comes from their production in QCD reactions as
shown in Figure 2.5 The comparison between SHiP, and possible experiments at FNAL and
JPARC is shown in Figure 3.1. SHiP has slightly better mass reach due to the higher energy
of the proton beam at the CERN SPS.
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Figure 3.1: Sensitvity to Dark Photons from QCD production: SHIP@CERN , @FNAL;
@JPARC

Dark photon yield 
 
The most sensitivity reach comes from the dark 
photon production in QCD reactions 
 
SHiP at CERN has slightly better mass reach 
due to the higher energy proton beam at CERN  

Dark scalar yield 
 
The acceptance ratio FNAL / CERN = 0.25 for 1 GeV mass dark scalar 
 σ(bb) FNAL(120 GeV) / CERN(400 GeV) = 0.0016 
                              Overall HNL yield FNAL(120 GeV) / CERN(400 GeV) = 1 / 400 

Tau neutrino yield 
 
The yield of ντ  CC interactions at CERN SPS is 7 times higher than at FNAL 

At JPARC the number of p.o.t. is ~60 times higher than at the CERN SPS, but 
σ(cc) at 30 GeV is 200 times lower, and no beauty is produced  



Comparison with other competing experimental programmes  
   HNL     

MHNL,  GeV    

Dark photon: HPS     
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Figure 3.3: Contours of constant Nsig on the m
X

vs. ✏ plane for Ebeam = 250 (red), 500 (blue),
and 1500 GeV (green), taking N

e

= 4 · 1021, Ldump = 11 m, Lsh = 50 m, and Ldec = 50 m. The
dotted, solid, short-dashed, and long-dashed lines correspond to Nsig = 10�2, 1, 102, and 104,
respectively. The gray-shaded regions are already excluded by past beam dump experiments [9]
(light-gray) or supernova bounds [10] (dark-gray), while SHiP will cover the yellow-shaded area.
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Figure 3.4: Sensitivity of experiments competing with SHIP on the search for dark photons
decaying to visible products.

ü  FCC-ee or ILC based experiments will 
    extend the SHiP sensitivity to higher HNL 
    and dark photon masses  

Dark photon: ILC     

     Dark photons can be produced at ILC 
     in bremsstrahlung reactions 
 
ü   HPS will soon provide data sensitive 
      ε  ~ 10-4 – 10-5 in the mass range 
      20 – 120 MeV 



Interactions with the SPSC referees 
(the review process is ongoing) 

ü  The responses to the 1st set of questions has been sent to the referees 
     The addendum and responses will be discussed with them  
      on Friday this week. 
 
ü Meanwhile the referees have prepared the 2nd set of questions, 
    mainly addressing the Physics paper. We are going to agree on  
    the final schedule of the SHiP review this week.  We plan to complete 
    the review process by the end of this year. 
 
ü We are looking forward for very positive feedback  
     and approved plan of milestones. 



Overview of the 6th SHiP meeting 

Today: News from sub-detectors and CRB Wednesday 07 October 2015

Detector - Room Georges Charpak (Room F) (13:30-19:50)
time [id] title presenter

 13:45 [0] Welcome and news GOLUTVIN, Andrei

 14:00 [1] News on physics and sensitivity studies SERRA, Nicola

 14:30 [2] Progress with tau neutrino detector DE LELLIS, Giovanni

 14:35 [35] Tau neutrino detector: SciFi for the Target Tracker MALININ, Alexander

 14:45 [36] Tau neutrino detector: Report on emulsion test beam DI CRESCENZO, Antonia

15:00 coffee

 15:30 [3] Upstream tagger and Timing detector KORZENEV, Alexander

 15:40 [26] Surround background tagger LACKER, Heiko Markus

 15:50 [28] HS tracker FERRO-LUZZI, Massimiliano

 16:00 [29] Calorimeter test beam results KOROLKO, Ivan

 16:20 [30] Muon detector BALDINI, Wander

 16:30 [31] Trigger & DAQ DIJKSTRA, Hans

 16:40 [4] Plans towards TDR JACOBSSON, Richard

 18:00 [5] CRB meeting

 6th SHiP Collaboration Meeting / Programme
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Tomorrow: FairSHip tutorial, OPEN SHiP session on the exploration of the 
                   Hidden Sector by various experiments and the SHiP Driiiiiiink Thursday 08 October 2015

FairSHiP Tutorial: FairSHiP tutorial - 4-S-030 (08:30-11:00)
- Conveners: Graverini, Elena; Ruf, Thomas

Exploration of Hidden Sector (open session) - Filtration Plant (11:30-12:30)
time [id] title presenter

 11:30 [24] Introduction GOLUTVIN, Andrei

 11:45 [25] HNLs and Dark Matter BOIARSKYI, Oleksii

Exploration of Hidden Sector (open session) - Filtration Plant (13:30-18:30)
time [id] title presenter

 13:30 [8] Hidden sector searches using displaced decays in ATLAS MERMOD, Philippe

 13:55 [9] Hidden Sector searches in the CMS experiment TITOV, Maksym

 14:20 [10] Searches for heavy neutrinos, long lived particles, etc, at LHCb DETTORI, Francesco

 14:45 [11] Constraining the Dark Sector at Belle (2) GOLOB, Bostjan

 15:10 [34] Search for Hidden Sector at BaBar CHAUVEAU, Jacques

15:35 Coffee

 16:00 [12] Results and prospects from NA48 and NA62 GOUDZOVSKI, Evgueni

 16:25 [13] The Heavy Photon Search experiment at Jefferson Lab GUIDAL, Michel

 16:50 [14] P348: search for new physics in missing energy events GNINENKO, Sergei

 17:15 [15] Search for dark photon in positron annihilations at Frascati: the PADME
proposal

KOZHUHAROV, Venelin

 17:40 [16] SHiP sensitivities for Hidden Sector GRAVERINI, Elena

 6th SHiP Collaboration Meeting / Programme
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Friday: New ideas on the optimization of the SHiP performance and physics  Friday 09 October 2015

FairSHiP Tutorial: FairSHiP Tutorial - (08:30-09:30)
- Conveners: Graverini, Elena; Ruf, Thomas

time [id] title presenter
 08:30 [32] Running computations on the SHiP production cluster BARANOV, Alexander

USTYUZHANIN, Andrey
 09:20 [33] Summary of the tutorial

Physics - Filtration Plant (09:30-12:25)
time [id] title presenter

 09:30 [18] Report from CRB chair

 09:45 [19] Optimisation of the SHiP geometry and muon shield DIJKSTRA, Hans

 10:15 [20] Neutrino scattering inside the vacuum vessel CHETELAT SOTO, Nathalie
Evelyne

10:45 Coffee break

 11:15 [21] Electron neutrino as a probe of charm production in the target BUONAURA, Annarita
BUONAURA, Annarita

 11:45 [22] Sensitivity of SHiP to violations of lepton universality in nu_tau scattering HOSSEINI, Behzad

 12:15 [23] Conclusion GOLUTVIN, Andrei

 6th SHiP Collaboration Meeting / Programme
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