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The high intensity frontier

New Particles are either heavy or very weakly coupled
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See Oleg’s presentation on Wednesday



Portals to new physics
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If new particles are light they must be singlet wrt SM, so they couple 
with SM particles via Portals (singlet composed operators)

• Neutrino portal: new heavy neutral lepton, coupling Y HTNL

• Vector portal: new massive vector meson, coupling ✏0Bµ⌫F
µ⌫

• Higgs portal: new massive scalar, coupling (µ�+ ��2)H†H

• Axion portal: massive axion like particle

and others… 
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Sterile Neutrinos
Fermions get mass via the Yukawa couplings

If we want the same coupling for neutrinos, we need right-handed 
(sterile) neutrinos… the most generic lagrangian is

LN = iN i@µ�
µNi �

1

2
MijN c

iNj � Y ⌫
ijLLi�̃Nj

Kinetic term Majorana mass term

Yukawa coupling
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See talk by B. Kayser yesterday



The nuMSM

• N1 with a mass in the KeV region plays the role of Dark Matter

• N2,3 have mass in the GeV region, are quasi degenerate, give mass to active

neutrinos and produce the baryon-antibaryon asymmetry in the Universe
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See Oleg’s presentation on Wednesday


See Dima’s presentation later



Present status
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Constraints from Canetti, Drewesb, Frossardd and Shaposhnikov


arXiv:1208.4607 and references therein
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See Dima’s presentation later



Production and decays
• Produced via the (small) mixing with active neutrinos (mainly coming

from D-meson decays)

• Typical lifetime of the order of 10µs, i.e. decay lenght O(Km)

• Number of events proportional to U4

Decays N2,3 !`�h+, `�`+⌫, h0⌫
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See Walter’s presentation



SHiP Experiment
Proposal for a fix target experiment at SPS (arXiv:1310.1762)

• Large number of protons on target 4 � 5 ⇥ 1013 per 6-7s at 400GeV !
2⇥ 1020 POT

• Slow beam extraction (1s) to minimize backgrund and occupancy

• Target consisting of heavy material to stop ⇡ and K before they decay in
active neutrinos

• Long muon shield to range out the flux of muons

• Evacuated decay volume
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Concept of the experiment
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Muon Shield
Muon rate 5⇥ 10

9
muons/spill

• Acceptable rate < 10

5
muons per spill

• Main source of muons from ⌘, ⌘0, !, etc...

• Studying solution with passive or active filter
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Decay Volume

Vacuum tank (similar to NA62) with 1e-2 mbar (instead of 1e-5 mbar)


NA62-like straw chambers, 120um resolution and 0.5% X0/X


LHCb-like magnet 0.5Tm over 5m


LHCb-like shashlik calorimeter


Veto chambers at the entrance of the vacuum tank to veto muons 
and strangeness from surroundings
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Background rejection
• 2 ⇥ 104 neutrino interactions per 2 ⇥ 1020POT in the decay volume at

atmospheric pressure, negligible at 10�2mbar

• KL production from ⌫ +A ! KL(! µ⌫⇡)X

• 10% ⌫ interactions produce ⇤ and K0 in acceptance

• Majority of the decays in the first 5m of the decay volume

• Muon filter to reduce background from muon DIS to a negligible level

Fighting hard to design 
a zero background 

experiment
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CERN accelerator 
complex
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Expected SHiP 
sensitivity to nuMSM

Scan most of the interesting region below the charm mass
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What about higher 
masses

• Studied the sensitivity for TLEP, running at the Z0 c.m.

• Assuming 1012�13 Z0 produced (see talk by Alain Blondel at ICHEP)

• Experimental signatures:

– 2 jets + lepton displaced from the PV

– 2 leptons + (neutrino) displaced from the PV

• Assumption we can fight the Z ! bb, Z(Z/�)⇤ and W ⇤W ⇤ backgrounds
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What about higher masses
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*In collaboration with


E. Graverini, M. Shaposhnikov and A. Blondel



HNL mass (GeV)
-1

10×2 1 2 3 4 5 6 7 8 910 20 30 40 50

2 τ
 +

 U
2 µ

 +
 U

2 e
U

-1210

-1110

-1010

-910

-810

-710

-610

Expected sensitivity to HNL (Normal Hierarchy)

SHiP
0

 Z
13

TLEP 10

BAU

Seesaw

BBN

mµ=100
min

r
=5m

max
r

HNL mass (GeV)
-1

10×2 1 2 3 4 5 6 7 8 910 20 30 40 50

2 τ
 +

 U
2 µ

 +
 U

2 e
U

-1210

-1110

-1010

-910

-810

-710

-610

Expected sensitivity to HNL (Inverted Hierarchy)

SHiP
0

 Z
13

TLEP 10

BAU

Seesaw

BBN
mµ=100

min
r

=5m
max

r

19

What about higher masses
*In collaboration with


E. Graverini, M. Shaposhnikov and A. Blondel



Tau neutrinos

Active/passive 


muon shield

neutrino tau


detector

5 m

• The same optimization for sterile neutrinos in the GeV region also max-

imises the flux of ⌫⌧

• Source of ⌫⌧ and ⌫⌧ is Ds ! ⌧⌫⌧

• Also high rate of ⌫e from charm
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Tau neutrinos physics
• So far 4 ⌫⌧ events observed by OPERA and 9 by DONUT

• We expect between 3000-4000 reconstructed ⌫⌧ per 2⇥ 1020 POT

• Physics goals:

– First observation of ⌫⌧ , which has never been observed

– ⌧⌫ and ⌫⌧ cross section measurements

– Charm physics with ⌧⌫ and ⌫⌧

– ⌫e cross section at high energy to measure charm hadron production
(possible normalization for HNLs)
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Tau neutrino detector
Muon spectrometer
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• ⌫⌧ target: Opera-like bricks, laminated lead and nuclear emulsions (for
micrometric resolution)

• 750 Opera-like bricks, to be replaced 10 times

• Muon spectrometer to measure charge and momentum and give time
stamp



Dark Photon
• Models with hidden sector o↵er a natural candidate for DM

• Many of these models predict the existence of a massive Dark Photon,

which can mix with the SM photon, with a strengh ✏

• Leff = LSM + Lhidden +

✏
2A

0
µ⌫F

µ⌫

• Production:

– p+A ! p0� +A

– Meson decays, e.g. ⇡0 ! ��
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Present status
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SHiP sensitivity to DP

SHiP can strongly improved bounds on Dark Photons
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Other searches
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Many other models can be tested

• Models with light scalars mixing with the Higgs boson, i.e. 2HDM + sin-
glet, light inflaton, ... see for instance J.Clarke arXiv:1310.8042, Bezrukov
and Gorbunov arXiv:1303.4395

• Models with light pseudoscalars, see for instance arXiv:1008.0636

• Models with light sgoldstino, see for instance arXiv:hep-ph/0007325

• In general models with long leaved very weakly interacting particles



Conclusions
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If you are interested get in touch!


www.cern.ch/ship

• Good physics case for a new beam dump experiment at SPS

– Search for sterile neutrinos in the GeV region, in particular ⌫MSM

– Search for long lived very weakly interacting particles

– ⌫⌧ physics

• The SHiP collaboration submitted a Expression of Interest at SPSC, and
aims to submit a Technical Proposal next year

• We had the first workshop and collaboration meeting in Zurich (cern.ch/ship/SHIP workshop.html)

• More than 20 institutes expressed interest in participating to the TP

http://www.cern.ch/ship


She is tossed by the waves but does not sink

Fluctuat nec mergitur
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Beam



Tracking





Geometry












