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Spill = 4x1013 protons on target per cycle
of 7.2s with slow beam extraction (1s)
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reduces detector occupancy, reduces heat load of the target
hence combinatorial background 2X1020p over

* 4x10'° protons on target per year (~200 days of running) 5/10 years
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SH|P- Searching for Hidden Par‘ricles
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SH|P- Searching for Hidden Par‘ricles

beam dump experiment:
400 GeV CERN SPS protons on fixed target

[s~27 GeV 2x10°° protons over 10 years, i.e. £ =10*¢
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SH|P- Searching for Hidden Par‘ricles

beam dump experiment:
400 GeV CERN SPS protons on fixed target
[s~27 GeV 2x10%° protons over 10 years, i.e. £ =10 cm %5

8x10!” D mesons
10'* B mesons |

Hidden Sector

3X1015 T IZPTOHS decay volume

two characteristics

»|arge distance target-detector: |270m

]I b »|arge detector length: Al*50m
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beam dump experiment:
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Christophe Grojean S/ P Experiment

two characteristics

»|arge distance target-detector: |270m

»|arge detector length: Al*50m

» hadron absorber:
stop all ™ and K before decay
» magnetic shield:

sweep muon away from fiducial
decay volume

designed as a very low
background experiment
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SHlP- Searching for Hidden Par’ricles

beam dump experiment:
400 GeV CERN SPS protons on fixed target
[s~27 GeV 2x10%° protons over 10 years, i.e. £ =10 cm %5

8x10!” D mesons
10'* B mesons |

Hidden Sector

3X1015 T lepTons decay volume

two characteristics

»|arge distance target-detector: |270m

]B »|arge detector length: Al*50m

Spectrometer
Particle ID

» hadron absorber:

~1om stop all m and K before decay
» magnetic shield:

ctive muon shield

=10m sweep muon away from fiducial
e decay volume

Am

Search for rare events triggered
by light and weakly coupled new particles,
e.g. in decays of B and D mesons

Target/

v, detector
hadron absorbe

designed as a very low
background experiment
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SHIP & the rest of the world

Experiment PS191 NuTeV CHARM SHiP
Proton energy (GeV) 19.2 800 400 400
Protons on target (x10'?) 0.86 0.25 0.24 20
Decay volume (m?) 360 1100 315 1780
Decay volume pressure (bar) 1 (He) 1 (He) 1 (air) 107° (air)
Distance to target (m) 128 1400 480 80-90
Off beam axis (mrad) 40 0 10 0

sterile neutrinos

Higgs portal
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SHIP & the rest of the world

Experiment PS191 NuTeV CHARM SHiP
Proton energy (GeV) 19.2 800 400 400
Protons on target (x10'?) 0.86 0.25 0.24 20
Decay volume (m?) 360 1100 315 1780
Decay volume pressure (bar) 1 (He) 1 (He) 1 (air) 107° (air)
Distance to target (m) 128 1400 480 80-90
Off beam axis (mrad) 40 0 10 0
sterile neutrinos Higgs portal
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Figure 1.2: (Left) Sensitivity contours for the HNL coupling to active neutrino, U? = U? +
Uz + U? as function of the HNL mass assuming U7 : U7 : U? = 1: 16 : 3.8. (Right) Sensitivity
contours for a light hidden scalar particle of mass mg coupling to the Higgs with sin?6 mixing
parameter and decaying in eTe”, utp~, nTw~, KT K~ final states (solid blue line). Red dashed
area is the excluded region from B-factories in the visible modes, red dotted area is the excluded
region from B-factories in the invisible modes and green shaded area in the exclusion region
from the CHARM experiment.
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SHIP timeline

2014 2015 2016 2017 2012 2019 2020 2021 2022
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2023 |
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2024

2025 2026

LHC operation
SPS operation lo

Facility HW commissioning/dry runs on awvailability

SHIP facility commissioning with beam

Operation  |Accel.

SHIP detector commissioning

SHIP operation

ol

SHIP Technical Proposal _

SHIP Project approwal
Technical Design Reports and RE&D
TDR approwval

Detector

Detector production

Detector installation ¥

Integration studies (CE, CV, EL, RP, atc)

Pre-construction activities (ElA, design, permit, tendering)
WP1: TDC juntion cawvern/first section extraction tunnel
WP2: Second section extraction tunnel

WP3: Target area

Civil Engineering

WP4: Experimental area
Temporary removal in TDC2 (100m) -

Installation in TDC2 (100m)
Installation for new beam line to target

Installation in target area

Systems

Installation in experimental area

Infrastructure

Design studies, specs and tender docs _

Technical Design Report -

Manufacturing new components
Refurbishment existing components
TDC2 dismantling (100m) W W

TDC2 re-installation and tests (splitter and bends) H
Mew beam line to target installation and tests _

Beam Line

Muon shield installation (section 1 + section 2) _

Target complex design studies, specs and tender docs
Target complex services - design and manufacturing

Target studies and prototyping L

Target
Complex/
Target

Target production and installation _

A few milestones:

v Form SHIP collaboration . .
v' Technical proposal submitted to SPSC April 2015

We expect CERN to decide on the strategy for the SHIP beam
within a year after TP submission !
v Technical Design Report > 2018
v Construction and installation -> 2018 - 2022
v Data taking and analysis of 2x10°0 pot -2 2023 - 2027
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A few milestones:

v' Form SHIP collaboration

v' Technical proposal submitted to SPSC April 2015
We expect CERN to decide on the strategy for the SHIP beam

within a year after TP submission !

v Technical Design Report > 2018

v Construction and installation -> 2018 - 2022
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SHIP initial proposals

@‘ CERN-SPSC-2015-016 / SPSC-P-350
/X 08/04/2015

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

AV

\/

SHiP CERN-SPSC-2015-016
Search for Hidden Particles SPSC-P-350

8 April 2015

Technical Proposal

A Facility to Search for Hidden
Particles (SHiP) at the CERN SPS

The SHiP Collaboration!

Abstract

A new general purpose fixed target facility is proposed at the CERN SPS accelerator which is aimed
at exploring the domain of hidden particles and make measurements with tau neutrinos. Hidden
particles are predicted by a large number of models beyond the Standard Model. The high intensity
of the SPS 400 GeV beam allows probing a wide variety of models containing light long-lived exotic
particles with masses below O(10) GeV/c?, including very weakly interacting low-energy SUSY states.
The experimental programme of the proposed facility is capable of being extended in the future, e.g.
to include direct searches for Dark Matter and Lepton Flavour Violation.

! Authors are listed on the following pages.

arXiv:1504.04956

(@) CERN-SPSC-2015-017 / SPSC-P-350-ADD-1
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PREPARED FOR SUBMISSION TO JHEP

A facility to Search for Hidden Particles at the CERN
SPS: the SHiP physics case

Sergey Alekhin,"> Wolfgang Altmannshofer,® Takehiko Asaka,’ Brian Batell,

Fedor Bezrukov,®7 Kyrylo Bondarenko,® Alexey Boyarsky*,® Nathaniel Craig,®

Ki-Young Choi,'? Cristébal Corral,'! David Curtin,'?> Sacha Davidson,'?'* André de Gouvéa,'®
Stefano Dell’Oro,'¢ Patrick deNiverville,'” P. S. Bhupal Dev,'® Herbi Dreiner,'®

Marco Drewes,?° Shintaro Eijima,?! Rouven Essig,?? Anthony Fradette,!” Bjérn Garbrecht,?’
Belen Gavela,?® Gian F. Giudice,” Dmitry Gorbunov,?*?° Stefania Gori,>

Christophe Grojean$,2627 Mark D. Goodsell,2° Alberto Guffanti,>® Thomas Hambye,!
Steen H. Hansen,?? Juan Carlos Helo,'! Pilar Hernandez,?* Alejandro Ibarra,?’

Artem lvashko,®?* Eder lzaguirre,® Joerg Jaeckel$,?> Yu Seon Jeong, Felix Kahlhoefer,?”
Yonatan Kahn,?” Andrey Katz,%3%3° Choong Sun Kim,3¢ Sergey Kovalenko,!!

Gordan Krnjaic,® Valery E. Lyubovitskij,">41:42 Simone Marcocci,'® Matthew Mccullough,®
David McKeen,*® Guenakh Mitselmakher ,%** Sven-Olaf Moch,*> Rabindra N. Mohapatra,*¢
David E. Morrissey,’” Maksym Ovchynnikov,** Emmanuel Paschos,*® Apostolos Pilaftsis,'®
Maxim Pospelov§,3’17 Mary Hall Reno,*’ Andreas Ringwald,?” Adam Ritz,'”

Leszek Roszkowski,”® Valery Rubakov,?! Oleg Ruchayskiy*,?! Jessie Shelton,>'

Ingo Schienbein,’? Daniel Schmeier,'? Kai Schmidt-Hoberg,?” Pedro Schwaller,®

Goran Senjanovic,’35¢ Osamu Seto,’> Mikhail Shaposhnikov*> §,2! Brian Shuve,?

Robert Shrock,’ Lesya Shchutska$,%4 Michael Spannowsky,>” Andy Spray,’® Florian Staub,’
Daniel Stolarski,> Matt Strassler,>® Vladimir Tello,’> Francesco Tramontano$,5%:60

Anurag Tripathi,® Sean Tulin,%! Francesco Vissani,'®%2 Martin W. Winkler,®> Kathryn M.
Zurek54:6%

Abstract: This paper describes the physics case for a new fixed target facility at CERN SPS. The
SHiP (Search for Hidden Particles) experiment is intended to hunt for new physics in the largely
unexplored domain of very weakly interacting particles with masses below the Fermi scale, inacces-
sible to the LHC experiments, and to study tau neutrino physics. The same proton beam setup can
be used later to look for decays of tau-leptons with lepton flavour number non-conservation, 7 — 3u
and to search for weakly-interacting sub-GeV dark matter candidates. We discuss the evidence for
physics beyond the Standard Model and describe interactions between new particles and four differ-
ent portals — scalars, vectors, fermions or axion-like particles. We discuss motivations for different
models, manifesting themselves via these interactions, and how they can be probed with the SHiP
experiment and present several case studies. The prospects to search for relatively light SUSY and
composite particles at SHiP are also discussed. We demonstrate that the SHiP experiment has a
unique potential to discover new physics and can directly probe a number of solutions of beyond the
Standard Model puzzles, such as neutrino masses, baryon asymmetry of the Universe, dark matter,
and inflation.

*Editor of the paper
8Convener of the Chapter

arXiv:1504.04855
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SHiP: Physics Case

Concerns about our future:

1) to which extent the various concepts are competitive, complementary, realistic or
redundant, in terms of both physics and technology?

2) should the community continue with its current R&D efforts or consider adopting other
programmes?

3) what should be the priorities in view of what we know today and the physics cases?

Christophe Gr?/'ean S P fx/aer/‘menz‘ 7 Forum, April 20, 20l6



SHiP: Physics Case

Concerns about our future:

1) to which extent the various concepts are competitive, complementary, realistic or
redundant, in terms of both physics and technology?

2) should the community continue with its current R&D efforts or consider adopting other
programmes?

3) what should be the priorities in view of what we know today and the physics cases?

What SHiP is good for
1) heavy neutral lepton (HNL) aka Majorana/sterile neutrino
2) light scalars, light vectors (aka dark photons) with mass below O(10)GeV

3) T and v, physics (3 orders of magnitude more statistics than today)

4) SM measurements

Christophe Gr?/'ean S P fx/aer/‘menz‘ 7 Forum, April 20, 20l6



The Higgs boson and the gauge principle

Particle physics is not so much about particles but more about fundamental principles
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The Higgs boson and the gauge principle

Particle physics is not so much about particles but more about fundamental principles

One of the most puzzling questions raised by the Higgs discovery:

Y § Are gauge theories the right principle § T
- * ] to understand/describe fundamental interactions? |
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The Higgs boson and the gauge principle

Particle physics is not so much about particles but more about fundamental principles

One of the most puzzling questions raised by the Higgs discovery:

Y § Are gauge theories the right principle § T
- * ] to understand/describe fundamental interactions? |

Lhiiges = Vo — p*HTH + A (HTH)Q + (yi;¥Li¥r; H + h.c.)

R LN

vacuur» enerqgy hierarchy problem  trviality/stability  mass and PUXING Dvosr & CP

coémo/03/‘ca/ constan?d myg ~ 100 GeV < Mpy of” ELI vac et h/‘erarchy

Vo (2x1072 eV)* < Mp;.

Higgs interactions: many different couplings not set by any gauge symmetry
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The Higgs boson and the gauge principle

Particle physics is not so much about particles but more about fundamental principles

One of the most puzzling questions raised by the Higgs discovery:

Y § Are gauge theories the right principle § T
- * ] to understand/describe fundamental interactions? |

Lhiiges = Vo — p*HTH + A (HTH)Q + (yi;¥Li¥r; H + h.c.)

R LN

vacuur» enerqgy hierarchy problem  trviality/stability  mass and PUXING Dvosr & CP

coémo/03/‘ca/ constan?d myg ~ 100 GeV < Mpy of” ELI vac et h/‘erarchy

Vo (2x1072 eV)* < Mp;.

Higgs interactions: many different couplings not set by any gauge symmetry

; What are the interactions of the non-SM ma’r’rer?s

Christophe Gr?/'ean S P fx/aer/‘menz‘ S Forum, April 20, 20l6



The interactions of the non-SM matter
the jury is still out

Known physics Energy Frontier
SUSY, extra dim.
Composite Higgs
= LHC, FHC

Intensity Frontier
Hidden Sector

=>» Fixed target facility
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Unknown physics

Energy scale —>
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The interactions of the non-SM matter
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= LHC, FHC

Intensity Frontier
Hidden Sector

=>» Fixed target facility

L
e
O)
C
)
—
7p)
C
O
e
@)
©
e
()
e
£

We expected TeV scale new physics with sizable couplings to solve the hierarchy problem,
and, since it is easy to obtain DM out of it, there was no need for light/hidden sector

Christophe Grojean S P Experiment 9 Forum, April 20, 2016
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We expected TeV scale new physics with sizable couplings to solve the hierarchy problem,
and, since it is easy to obtain DM out of it, there was no need for light/hidden sector

Except for the QCD axion,
light weakly coupled new sector was not part of the theory Grand Picture

Christophe Grojean S P Experiment 9 Forum, April 20, 2016



The energy scale(s) of new physics

Theories of
Dark Matter

Little Higgs

QCD Axions

Axion-like Particles

T. Tait, DM@LHC '14

Christophe Grojean S P Experiment 10 Forum, April 20, 2016
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The energy scale(s) of new physics

Theories of
Dark Matter

Axion-like Particles

T. Tait, DM@LHC '14
The prediction about the mass scale of DM comes with large error bars:

10722 eV < mpys < 10%° GeV
(ALPs) (Wimpzillas, Q-balls)

Christophe Grojean S P Experiment 10 Forum, April 20, 2016
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An interesting experimental clue (?)

Distributions of DM are flatter than what ACDM predicts

S.H.Ohetal '15

T LI I 1 T T TT] T
10-2 || Flat core Sharp cusp |
[a=—020+0.07 ™ e I

—

)
",’"
] ‘.:’
T
‘o
o ¢|f i
D el
—— A N
i, W
o 0 KA
by v =
1] s ETigS e
———————————— Vil T[4 m l'
[ 0, I
v h.1
1 fith %
g Ny
X (7 e
s
A, |h

L]
2104 |- 4
2
w NFW (< 110 kms-1)
—————— ISO halos
o |IC 2574 H DDC 154
o NGC 2366 ¥ DDO 53 Self-interactions
v Ho | A MB1¢wB 7
10-5 | < Ho ll

o/m, ~1cm®/g ~ 2barns/GeV

S. Tullin, IFAE '15
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An interesting experimental clue (?)

Distributions of DM are flatter than what ACDM predicts
S.H.Ohetal '15

1] 1 1 1 1 III % | .|
10-2 || Flat core Sharp cusp |
[ lo=—0.20+0.07] ™ o ~—1.0 | ]

07 )
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« e S

Spiral galaxy | -Clus..ter"bfga,léxiés”

Medium energies (v/c ~ 107) High energies (v/c ~ 10%2)

Dwarf galaxy

Low energies (v/c ~ 104)

Like probing DM at different colliders w/. different beam energies
All consistent with the self-interacting DM picture

— = —

S. Tullin, IFAE '15
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Self-Interacting DM

S. Tullin, IFAE '15

~WIMP DM~ ~ Light mediator DM~
X - X X - X
\ Z O
| |
X ! X X ! X
self-interaction self-interaction
4 m2 4 2
owg 4er1()_36(:m2 awg TZX
mZ m¢
my ~ 100 GeV
U/mx ~ 1014 Cm2/g mg ~ 1 — 100 MeV

Dark photon? Dark Higgs?

Are DM self-interactions controlled by gauge symmetry? which one?
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Couplings Hidden Sectors to SM

matter that is neutral under SM gauge group
can still couple to SM matter via the following portal interactions

J=l/2 — 30 _J=1
JLEN  [HP(aps +38%)  GuGG iy B Vi
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Couplings Hidden Sectors to SM

matter that is neutral under SM gauge group
can still couple to SM matter via the following portal interactions

J=l/2 — 30 _J=1
JLEN  [HP(aps +38%)  GuGG iy B Vi

What are the constraints on these couplings
as a function of the mass of the hidden particles?

How to improve these constraints?

How to probe phenomenologically viable regions of the parameter space?
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Couplings Hidden Sectors to SM

matter that is neutral under SM gauge group
can still couple to SM matter via the following portal interactions

J=l/2 — 30 _J=1
JLEN  [HP(aps +38%)  GuGG iy B Vi

What are the constraints on these couplings
as a function of the mass of the hidden particles?

How to improve these constraints?

How to probe phenomenologically viable regions of the parameter space?

Who ordered that?

neutrino mass, DM, asymmetry matter-antimatter, inflation...
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HNL = Sterile Neutrinos
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Heavy Neutral Lepton

=2
£
& ® Origin of active neutrino masses via type | see-saw (requires at
3 least 2 HNL)
&
% ® Dark matter candidate (requires 1 HNL)
V)
Q ® Baryon asymmetry of the Universe (requires at least 2 HNL)
>
% ® Neutrino anomalies (LSND, MiniBOONge, reactor), requires HNL
"Cg with eV scale mass
s
V)]
=
LSND
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Heavy Neutral Lepton

<

€

& ® Origin of active neutrino masses via type | see-saw (requires at

3 least 2 HNL)

&

% ® Dark matter candidate (requires 1 HNL)

Vp)]

Q ® Baryon asymmetry of the Universe (requires at least 2 HNL)

>

% ® Neutrino anomalies (LSND, MiniBOONge, reactor), requires HNL

<

. with eV scale mass

s

V)]

2 10'
o strong coupling . .
£ 1000 Smallness of the neutrino mass hints
g* o1} [IALEIRL TN either on very large M
© 10} it or very small Yukawa couplings
=
%’ o Different experiments
1073 F neutrino masses are too small will probe different mass scales

o 101-13 | 18-7 01 | 12)5 16“ | 16”
o mee‘ﬂ@%ﬂ“Taples' v 1\»15‘\-1‘ TLHC GUT | see—saw

Ar TN1KEK
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Heavy Neutral Lepton @ SHiP

Production Decay
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Heavy Neutral Lepton @ SHiP

Production Decay
W
DS — N23 VH /u/
DXI 2,3 L
D J’L/ N3 . Vu /M/
Vu & >:<H \\’e\e
DXIH N,, V

L \\\ i i i

0 100

M I (GGV)
Christophe Grojean S P Experiment A Forum, April 20, 2016

mixing between v. and a single HNL
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Scalar Hidden Sector
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Scalar Portal

1
L= Lsu + 50,59"S + (1S + aS?)(HTH) + X25?% + \35% + \,8°

S mixes with the Higgs and inherits some couplings to SM matter

v gx M+ Sff COUP“HQS

gy =Sinf ~ 0 ~ — . —

Higgs
mixing i, v to SM matter
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Scalar Portal

1
L= Lsu + 50,59"S + (1S + aS?)(HTH) + X25?% + \35% + \,8°

S mixes with the Higgs and inherits some couplings to SM matter

v gx M+ Sff COUP“HQS

gy =Sinf ~ 0 ~ — . —

Higgs
mixing i, v to SM matter

Production: B—K+S

d, u d,u

g—k
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Scalar Portal

1
L= Lsm + 50,50"S + (1S + aS?)(HTH) + X25?% + \35% + \,8°

S mixes with the Higgs and inherits some couplings to SM matter

OANY

Higgs
mixing

5
my,

Production: B—K+S

d,u d,u
-
W
b\@/ S
t

g—k

Chrrst ophe 6/‘0(_/8&/7

gy =Sinf ~ 0 ~ — .

LT Couplings
v to SM matter

10t

10°

-

N T N N AN | N L 1 11 a3
1072 1071 10° 10t
ms[GeV]

Figure 3.9: Projected sensitivity of SHiP for a scalar S with Yukawa-like couplings to all SM
fermions, in comparison to the existing bounds. The decays S — ee, pu, 7m and K K are considered.
Both S production from B and K decays are considered with the assumption that all B mesons
but only 0.2% of the kaons decay before being stopped. Also shown are contours of constant DM
nucleon cross section, where we assumed that S acts as the mediator between DM and nucleons
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Scalar Portal

1
L= Low+ 50,595 + aS?(HTH) + X2S8? + \5%.

no mixing with Higgs: S is paired-produced

109' T T T T T LR | T I T
——— B-meson decay at SHiP

PI"OdUCTiOn: [ B-meson decay at HL-LHC|
B% K+ SS L B-meson decay at LHC |

——— pp->h"->XX at SHIP

bd

S
>
~

1050 3. = -==-- pp—~>h->XX at HL-LHC
b % S i ~.;::::: -------------- pp—~>h->XX at LHC
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0.100
PI"OdUCTiOn: my = 0.1 GeV (scalar)
pp—>h*—>SS 0.001+ IBr(h—>>I<X)= 10|% I
04 1 10 100 1000  10¢ 105
CTx(m)

SHIP has superior signal yield to the LHC
and has greater sensitivity to long-lived particles
than does the HL-LHC.

Christophe Grojean S P fx/aer//y/enz‘ 19 Forum, April 20, 20l6



Scalar Portal: which mass range?

S mixes with nggs L= Lsm — il Sff — 1/4 SXX
v 2
and couples to DM v - 88
0.12 ‘ ‘ ‘
DM-nUCleon XS Q.11 fmmmmmmmmmmm e e
a0 2 K \2 [ 9« \2 [ GeV ! K o
o107 (1) ()" (8Y)
0.09¢ | : | J
0.01 0.1 1 10
ms [GeV]

coupling x as a function of the the mediator mass mg
to correctly reproduce the cosmic DM relic abundance
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Scalar Portal: which mass range?

S mixes with Higgs L= Loy — ™ gFf — %/{S}ZX
and couples to DM 0 |

vy — S8
0.12 ‘ ‘ ‘
DM-nucleon xs
2 2 (GeV\" > me=9GeV
_ K 9% € K
o, ~ 10"*cm? (—) ( ) = 8 GeV
n 0.1) \0.01) Umg 0 e
m,=7GevV
0.09} J
0.01 0.1 1 10
ms [GeV]
' ] )
S dOZSH T le W|Th coupling x as a function of the the mediator mass mg

to correctly reproduce the cosmic DM relic abundance

Higgs and is DM itself

1,000 g— . . . .

207712 0500} - 2 N 0.18)2
LD aS*|H| P Qh?(30 GeV) ~ 0.11 (%=2)
0100~~~ BR) s 2197, v = 2
00501} 1 L . . .
e v invisible Higgs width constraint
0010 5T T BR s 0%\ ] &
0.005F ™o e - ,
T SuperCDMS & LUX direct DM searches
0,001 bt rule out this minimal DM portal

mg [GeV]
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Scalar Portal: light inflation

(0,5  myS*  pS* (

2 2 4

)2 - MP +¢82

5 R

HH - 292

Lssm = Lsm + X

ho-scale model

Inflaton mass depends on interaction strength: m, = my \/B/2«a
Higgs-inflaton mixing 62 = 2v2/m;
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2
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Scalar Portal: light inflation
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Vector Hidden Sector
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A few physically motivated examples

1 . . . . . . . 1 9 Ko w 19 o
—— Dark photons: kinetic mixing, minicharged particles = — Vi = 5 Vi " + [ Dol = V(9)

——|Gauges B-L, L,-L,

—— Baryonic vector, aka leptophobic dark vector

1 1 K , _ _
L= Ly— Vi +omiVi— SV F"™ + g5V T, Jh =520

0. Theoretical motivation to look for an extra U(1) gauge group.

(E.g. test SU(3)xSU(2)xU(1) structure wherever we can.)

1. Recent intriguing results in astrophysics. 511 keV line,
Why‘) PAMELA positron rise, ...

2. Self-interaction of WIMP dark matter
3. More than a decade old discrepancy of the muon g-2.

M. Pospelo @ Naples '15

4. Other motivations (E.g. providing a new mechanism for
populating the RH neutrino dark matter: Shuve, Yavin)
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Dark photons @ SHiP

A' = Standard Model

]0—2 — ———rry ——rrr
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The decays to leptons and new ”dark states” y are elementary to handle, 10-11L o 1 |
, . 10~ 102 107! 1
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3 v my,

Decay length can be microscopic if the mixing angle 1s very small.
For 200 MeV particle 10-6\2  ~
cTay ~ 40 m X ( ) —

X :
100

€
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Other BSM @ SHIP
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ALPs
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ALPs
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Light neutralino

Conventional bound Mg>46 GeV holds only in CMSSM
astro bound (heutrino + DM) assumes N stable
light neutralino possible if R-parity violatoin

~ +
c . A AN M ¢ ] < l
SN VAR VARV,

c [t

. - I
Production o : 5 > " %{1 )
—l I d ALY N, d N

Figure 6.1: Relevant Feynman Diagrams for DT — NO + ¢+.

ul

Decay - e
N // K"
VARV anvan vankeli o
e
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Light neutralino

Conventional bound Mg>46 GeV holds only in CMSSM

~ . S =)
Exp. detectable X} decays/year via D= — Xje*, X| = {Kg/ Ve, KFeT} .
—— =10
1300 - E |
ﬁ 1101 |,
1600 S -
o) 1109 ©
Pr 3 Wl
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- ! 10° §
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= 1 108 -
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SHiP /N N/ m in 1/GeV?
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Light sGoldstinos

long lived

AN S S S

long lived — _
YA ,7T+7T ,7TO7TO,

pp — S(gluon fusion), S
pp—+D+X S+X', S

—_— —
(@) oo
T ‘ T T T ‘ T T
| |

VF,[10° TeV]
=

Probed by SHiP
10 g

[
)
LN

04 06 08 10 12 14 16 18
ms [GeV]

Figure 6.3: SUSY breaking scale v F probed by SHiP as a function of the sgoldstino mass mg <
mp in the lepton flavour violating case, Eq. (6.3.8). The down-squark left-right mass matrix element
was chosen mp? = (100 GeV)? and the gaugino mass M3 = 3TeV. The result scales with mp"?

and M3 as shown in Eq. (6.3.13).
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Other scenarios considered in Physics Case

—— Dirac gauginos

—— Hidden photinos

%axinos, saxion
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SM physics @ SHiP
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MOTIVATION FOR v_STUDIES

* Less known particle in the Standard Model

* First observation by DONUT at Fermilab 1n 2001
with 4 detected candidates, Phys. Lett. B504 (2001) 218-224

* 9 events (with an estimated background of 1.5) were
reported 1n 2008 with looser cuts

oot (v.) = (0.3940.13%0.13)x107°% cm? Ge V!

* 5 v_candidates reported by OPERA for the discovery
(5.1c result) of v_appearance in the CNGS neutrino beam

De Lellis @ SHiP Open Symposium '15

 Tau anti-neutrino never observed
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De Lellis @ SHiP Open Symposium '15

TAU NEUTRINO MAGNETIC MOMENT
A massive neutrino may interact €.m.

—> magnetic moment proportional to its mass % 2
3eGrm,y ; \/\/\A p

Ky = ~ (3.2 x 10_19) KB| pu, contribution to ve elastic scattering xs
872 +/2 1 EV
Ovege)| _ Toonpy (1 1
Current | (Ve) v <2.9-10"Hpup dl lu,  m2 1 E,
limits | (v,) p, <6.9-107"up No interference as it involves a
. spin flip of the neutrino
02 < 2m,/E, IN SHiP
SIGNAL SELECTION 5
0, . < 30mrad Moyt = ”_;' f ®, 0*NyyadE=4.3 x 10151 ’u”
E,>1GeV B B
BACKGROUND PROCESSES Assuming 5% systematics
_ _ - from DIS measurements
v, + € — v, +e NC i
Ve(Te) + e~ — e +uwe(p.) CC 390 SHiP can explore a region down to
Ved+n — e +p QE
— 2440 _ —7
Uvo+p — et +n QE ,ul/_1°5>< 10 UB
Ve(ﬂe) + N — e (6+) + X DIS pe Lz&,(lleutrino Physics 19
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Strangeness of nucleon

anti-c production STr'Clnge quar'k PDF
by
W mass determination
: s o) LHC147ev: W produced 80% ud + 20% cs
— bl

EW precision tests

Diagram for anti-charm production in anti-neutrino charged current interactions. + Pr.o be B S M
u-initiated prod. is CKM suppressed

20

d
strangeness uncertainty ~3 times s
Ia‘rger then the Others : PDF uncertainties NNPDF3.0
S
current limits from NuTeV ;5 2l
SHiP will have more statistics (x2)
100'000 charm and 50'000 anti-charm T
0.0001 0.001 0.01 0.1 1
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Strangeness of nucleon

anti-c production - strange quark PDF
NNPD%#-U NNLO f 25 I—_—] NNPDF3 0 NNLO
| NNPDF3.0 NNLO + SHiP charm v |:] NNPDF3.0 NNLO + SHIP cham
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current limits from NuTeV
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Other SM topics at SHIP

——strong coupling constant measurement (via DIS v; on nucleons and Gross-Lewellin-

Smith sum rule)

—— measurement of F4 and F5 structure constants, check of the Albrect-Jarlskog
relation

—— production of exotic baryons (charmed pentaquark)

—— bound on Br( —3u) (~1071° vs current 108 BaBar/Belle, 10 BelleII)
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Conclysions

Cornell University > What are the weak pointy inv owwr curvent
understanding and practices?
arXiv.org > physics > arXiv:1503.07735
I Ice = oA piests > What are the growthvawreas inv technique
Physics in 100 Years and, WPW)’ 7
P ok > Where are the sweet spoty where those
(Submitted on 26 Mar 2015)
two- meet?
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Conclysions

> What are the weak pointy inv owwr curvent
understanding and practices?
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arXiv.org > physics > arXiv:1503.07735

Phvslce> Poular Phvsics > What awe the growtivareas inv technique
Physics in 100 Years and capability?
Frank Wilczek B Where owe the sweel 31)01:5/ wheve tr \O3$€
(Submitted on 26 Mar 2015)

two- meetl?

Let us explore the unknown and be surprised!
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Conclysions
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Let us explore the unknown and be surprised!

" Look /‘/’7\9 and not #i na//hﬁ /s different than not ook /773 “
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