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The Standard Model and beyond

All SM particles have been directly observed so far (apart from anti-v,)

Despite some anomalies, no compelling evidence of new physics found so far

Higgs mass points to a meta-stable universe
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« Limits to masses of new particles being pushed in the TeV scale by the LHC.
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The “hidden sector” approach to new physics

e Searches for new particles at the LHC so far unsuccessful, maybe new physics has a
very small coupling?

 |f an additional, weakly interacting, term to the Lagrangian could lead to particles very
difficult to observe, but contributing to dark matter.
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Particle content of SM made symmetric by adding 3 HNL: N,, N,, N,

:1e -1,1 -I.T

Frucn L1

With M(N,) ~ few KeV, it is a good DM candidate (or DM can be generated outside of this model through
decay of inflaton)

With M(N,, N,) ~ GeV, could explain Barion Asymmetry of Universe (via bariogenesis), and generate
neutrino masses through see-saw.



HNL production and decay modes

Interaction with Higgs vev leads to mixing
with active neutrinos, resulting in a
behaviour similar to oscillation to the HNL
and back into a virtual neutrino, that

produces a muon and a W (- hadrons, eg
pions)

Exact branching fractions depend n flavor
mixing

Due to small couplings, ms lifetimes, decay
paths O(km)
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How to explore these phenomena?
an experiment in practice

Use protons from CERN's SPS: 500 kW is 4x1E13 protons/7 s ->2E20 in 5y
Slow (ms — 1s) and uniform extraction to reduce detector occupancy and combinatorics

HS particles produced by mesons (mainly charm) decays; need to absorb all SM decay
products to minimise BG

— heavy material thick target, with wide beam to dilute energy deposition (different from neutrino facility)

Muons cannot be absorbed by target
- active muon shield

Long vacuum (or helium) decay tunnel away from external walls to minimise rescattering of
muons and neutrinos close to detector

Hidden sector detector with good PID and resolutions
An additional emulsion detector for tau neutrino studies



The SHIP proposal

CERN-SPSC-2015.016 * Proposal for a new experiment at the CERN SPS
% 8 Apel 215 accelerator:

» hidden sector detector

SHiP » Emulsion spectrometer for DM searches and v,
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MM.J-MJ...-MMH.»A*.&
wms we) @ gy by o puelias) up a srals gk, appuacsd o b basn, canne wihy
- v benl, o pace of e, 8 gk doged, pron b, i) 4 o). Thg wrns
of by Nl v wbbops aps of Lo, s 0 bl buades) il soss asiae.
Tross npen maswped dogin, el dhgny Al pras hpachl Sl
hes g 4l sk, sy sncun. lnmpune.

ke ol b 43 b by b sk, g
e

i

235 experimentalists from 45 institutes and 15
countries + CERN

» Technical Proposal submitted in April last year
(arXiv:1504.04956)

» Physics Proposal signed by 80 theorists
(arXiv:1504.04855)

« SPSC has given the green light to the next stage,
a Comprehensive Design study, to be submitted
in about 3 years

» ShiP recommended by the CERN research board




The SHIP detector

Example of creation of long-
lived neutral particles (N, ;): Hidden Sector

decay volume
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A zero-background experiment

Target v interactions in the
& material upstream
filter of the HS detector

* Redundant VETO system

* Combinatorial rejected by timing detector
* Impact parameter to the target

« 75% selection efficiency for signal
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¢ Redundant VETO system

* Combinatorial rejected by timing detector
* Impact parameter to the target

«  75% selection efficiency for signal

After selections:

<0.1bkg/5y

HS decay volume

* Redundant VETO system

* Combinatorial rejected by timing detector
* Impact parameter to the target

* 75% selection efficiency for signal

After selections:

<0.1bkg/5y

Background source Stat. weight Expected background (UL 90% CL)
r-induced

20 <p <40 GeV/e 1.4 1.6

4.0 < p < 100 GeV/e 2.5 0.9

p > 10 GeV/e 3.0 0.8
r-induced

2.0<p<40GeV/e 2.4 1.0

4.0 < p < 10.0 GeV/e 2.8 0.8

p > 10 GeV/e 6.8 0.3
Muon inelastic 0.5 1.6
Muon combinatorial <0.1
Cosmics

p < 100 GeV/e 2.0 1.2

p > 100 GeV /e 1600 0.002




HNL cougling b SM U

Sensitivity to HNL

U2, U2, U2,~52:1:1 U2, U2, U?,~1:16:3.8

Inverted hierarchy Normal hierarchy
NuTeV ~—-

CH o

HNL cougling b SM LF

BAU / Seasaw
Ll I

HNL mass (GeV)

Just an example; many
more recent papers and
accessible regions of
phase-space:

Drewes et al. (2016)
Hernandez et al. (2016)
Hernandez (2015)
Etc...

New development: b
B-L gauge symmetry model ©
(enhanced HNL production)

(Batell et al. 1604.06099)
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Sensitivity to dark photons

* Decays of m%- Vy, n=2>Vy, o> Vo

* Proton bremsstrahlung and parton
bremsstrahlung above A(QCD)

e Decay into pair of SM particles
« SHIP will have a unique sensitivity

for low couplings
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Hidden scalars

» Can mix with the SM Higgs, with angle 6
* Mainly produce in penguin B and K decays

» Displaced vertex for decays into pairs of SM
particles (ete-, uu, -, KK, ....)

o10° E [} e B (visible]
= B linvisible)

r}E‘IUJ Eeees o s CHARM
w = LHCb

o : \ —_—-—A-—’_J

100 |3

10 | ‘\'

107 f - *x - -

109 |

1U“ ;

1|:"II.I f

1072 -

1{.—1-:1 [

K M. (GeV/c)



Neutrlno phyS|cs

From CERN H4 beam lifne

u flux :
10° u/mm?
in 6 months

RPC and drift tubes

Identify u coming
from t decays; u

. momentum
Wi ofes - easurement

« An OPERA-like tau neutrino emulsion detector

e Current status of tau neutrino measurements:

— DONUT observed 9 events (from charm), OPERA 5 events (from oscillations)

e Ship can increase by 200 the current tau neutrino sample, discover tau anti-
neutrinos, measure structure functions and constrain strange PDFs (with v )
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Light dark matter

Theoretically, DM could be as light as 10-22 eV, but
most of the searches focus on WIMPs with masses
above 10 GeV. little sensitivity below

10—42 |

However, sub-GeV DM predicted
by SUSY, hidden sector, extra
dimension models...
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Direct detection of DM in SHIP

 Light dark matter can be produced in a beam dump,
as a decay product eg. of a dark photon
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SHIP at CERN and timeline

Main changes compared with last-year MTP

From Fabiola’s June Funding for neutrino activities, through CERN Neutrino Platform, now covers commitments to
presentation to the US LBNF project described in the previous MTP (~ 20 MCHF were missing).

Mo new commitments made.
CERN staff:

Beam dump facility at the North Area: small funding included in the accelerator R&D budget

to complete key technical feasibility studies in time for the ESPP.
SHIP experiment recommended by the Research Board to prepare comprehensive design study as
input to the ESPP

 future opportunities of diversity proaramme {new): “Phvsics Bevond Colliders” Studv Group
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Figure 4.3: Overall cost profile for the construction of the facility in MCHEF in the new baseline
schedule with WP1 in 1S3, as shown in Fieure 4.2,


https://indico.cern.ch/event/523655/contributions/2223396/

Conclusions

 Light hidden-sector particles can solve many problems
of the SM, and SHIP Is the only dedicated detector to
discover them

 Two complementary detectors:
- Long decay volume with spectrometer for long-lived particles
- Emulsion spectrometer for neutrinos and direct DM

* Despite its uniqueness and innovative potential, it relies
on existing technologies

* Unique discovery potential due to design and SPS
characteristics; complementary to high-energy LHC
searches
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