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Higgs-boson discovery (2012): a scientific breakthrough
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Higgs-boson discovery (2012): a scientific breakthrough
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ementary particles physics “complete”:

Higgs mechanism gives masses to
1. WIZ bosons,

2. charged leptons & quarks

via spontaneous symmetry breaking
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Leptons

SM does not explain (tiny) neutrino masses
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SM does not explain (tiny) neutrino masses

> Only left-handed fermions
couple weakly to W bosons
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Nobel Prize 2015:
“Neutrinos have mass”

de se he
u-e ce te How is (tiny) neutrino mass
generated:
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Baryon-Antibaryon Asymmetry of the Universe (BAU)

Up to now: got off lightly in
all “encounters” with other celestial bodies




Baryon-Antibaryon Asymmetry of the Universe (BAU)

Up to now: no Anti-He in cosmic rays discovered
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Baryon-Antibaryon Asymmetry of the Universe (BAU)

Up to now: no Anti-He in cosmic rays discovered
Up to now: got off lightly in N ' T o R R
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Up to now: no annihilation radiation from
galaxy cluster borders (< 600 mio. light yrs) detected




Sakharov (1967): Dynamical generation possible for processes that:

1) violate Baryon Number

2) violate C and CP symmetry

3) are out of thermal equilibrium



Baryon-Antibaryon Asymmetry of the Universe (BAU)

Sakharov (1967): Dynamical generation possible for processes that:

1) violate Baryon Number

2) violate C and CP symmetry

3) are out of thermal equilibrium

Standard Model fulfills in principle all conditions, but fails quantitatively:
2) CP violation many orders of magnitude too small

3) fulfilled for M gs < 70 GeV



Rotationsgeschwindigheit
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SM fails in explaining Dark Matter (DM) (& Dark Energy)

Rotational velocity of stars in galaxies Cosmic Microwave Background

beabachtet
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Light DM: Difficult to detect in nuclear-recoil experiments

" hetp://dmtools brown edu
Gantskell Mandie Filipping
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Theoretical shortcomings of the Standard Model

* Higgs mechanism w/o dynamical explanation (“deus ex macchina”)
(Analogy: Superconductivity w/o Cooper pairs & solid state body)

*Why m, =126 GeV and not 10" GeV (Hierarchy problem!?) ?

If a problem: New Physics likely to be found @ TeV scale

* Origin of Flavour: Why 3 generations?
Masses & mixing patterns of quarks & leptons

* Strong CP problem
* Quantization of electric charge
* Different sizes of interaction couplings

* What is the quantum field theory of gravity?

*



On the other hand:
Standard Model could be a self-consistent theory
up to the Planck scale
Shaposhnikov, Wetterich (Phys. Lett. B683: 196-200, 2010): MHiggs=126 GeV
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- Scale of New Physics ?

- Couplings of New Physics to SM particles?



Where to look for New Physics (very simplified) ?
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Examples of light Hidden-Sector particles

Loy = L sy + L ytegiaror + Lips (e-g- DM X)

Renormalizable

Higher-dimension
operators

Light mediator

Right-handed Neutrinos

(WS+AS)H H

Neutrino portal
Higgs/Scalar portal

Vector portal
(“dark” photons)

Axion Portal

Dark Matter

RPV SUSY -, Light, weakly interacting particles (e.g. Neutralino)



Experimental features for Hidden Sector (HS) searches @ proton beamdump

* Production through meson decays (w, K, D, B); proton bremsstrahlung, QCD ...

* - Production branching ratios O(107°)
- Long-lived particles
- Travel quasi unperturbed through ordinary matter

Models Final states

Neutrino portal, SUSY neutralino oa® EEKCF gt gt = wns
Vector, scalar, axion portals, SUSY sgoldstino ¢7¢~

Vector, scalar, axion portals, SUSY sgoldstino 777, K™K~

Neutrino portal ,SUSY neutralino, axino A,
Axion portal, SUSY sgoldstino 0|
SUSY sgoldstino 7Y

* Full reconstruction and particle identification to distinguish btw models

* Goal: BG <0(0.1)



G« The Fixed-target facility at the SPS: Prevessin North Area site
i Proposed implementation is based on minimal modification to the SPS complex
High-intensity proton beam: 4x10" p/spill, 4x10' pot/yr, 5 years run - 2x10* pot

% Targets T2, T4. TG ] :
Area y
TT40 CNGS) -' J‘

T Jarget 40 f /
o f rr.r'
LHC N

The SHiIP facility would
share the TT20 transfer
line and slow extraction
mode with the fixed-target
programmes




General experimental requirements

"""+ Hs particles produced in c/b-quark decays

—. CERN SPS well suited:
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_ General experimental requirements

SHiP T
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* HS particles produced in c/b-quark decays [ (400 GeV)+p:
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_ General experimental requirements
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* HS particles produced in c/b-quark decays - 0(400 GeV)+p:
Vs=27.5 GeV :

100

. CERN SPS well suited:
High-intensity 400 GeV proton beam
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* Detector must be close to the target to maximize geometrical acceptance

i Effective (and “short”) muon shield is essential to reduce p-induced backgrounds



X0 SHiP beamline

SHiP

Initial reduction of beam induced backgrounds

* Heavy target — large c/b-quark production & reduces neutrinos from ©/K - uv
* Hadron absorber

* Effective muon shield (w/o shield: p rate ~10'° per spill of 4x10" pot)

* Slow (and uniform) beam extraction (~1s) to reduce occupancy in the detector
and power deposit in the target (2-3 MW)

Not to scale!

(0]
p(400 GeV) 5
e
E
H_0-cooled =3
2 (]
Mo/W Target neutrino
~1m
Fe ~5m

Decay volume in vacuum

Active muon shield (magnetic deflection) O(50)m

v_ detector Length ~50m
~10m



SHIP experiment (as implemented in GEANTA4)

Target & Active Emulsion Hidden Sector Spectrometer
Hadron Muon Spectrometer Decay Volume Particle ID
(v, LDM) (vacuum)

Absorber Shield

Protons '_
(400 Ge
SPS)

Surrounding Background Tagger
(Berlin, Mainz: Liquid-Scintillator based)
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Surrounding Background Tagger

Liquid Scintillator (400 t): Linear Alkylbenzene (LAB) + 1.5 g/l Diphenyloxazole (PPO)

Increase effective photodetector area using Wavelength-shifting Opical Modules (WOM)

WOM
principle
Offew cm)
| _Wavelength
. shifter
| |
g L
o | <‘/
(g
N |
° |
TS SIPM
A4 iodule
PMT

Test detector @ CERN SPS testbeam
(September 2017)

adiabatic
light guide




% Neutrino Physics with the emulsion spectrometer

SHiP

Up to now only a handful of v_interactions detected (DONUT, OPERA)
« 6700 v_+ 3400 VT (for the 1° time) CC interactions in 5 years of running
- Deep-Inelastic Scattering: nucleon structure functions F,_ accessible for the 1% time

« Limits on v_magnetic moment
Huge flux of vplv}1 and v _Iv_from n/K decays

Coils ) o — 1.1x10° events with charm-quark hadrons:

Magnetic
Specrometer

s+s, s-s; charmed pentaquarks

2!
2 om “ H
(REC) — s

Goliath Magnet

Neutrino Target

Limit improvement wrt CHORUS: 10?3

— Check NuTeV anomaly with more precision

Drift TubeTrackers

Drift Tube Trackers

U Hamburg

Lower Return yoke



Example of Dark matter search with the emulsion spectrometer
SHiP

Dark matter (x) might couple to SM particles by “dark” photons A’ (as mediator)

A' production in proton beamdump e.g. from n%n" - A’y, ® - A'n’
or proton bremsstrahlung and QCD

For mA,>2mX: A'"— %% and detection in emulsion detector by y +e—x +e

x+e—y+e m,=200 MeV o,=0.1 2-:10” pot

\
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v 1073

Relic density determined by annihilation XS:
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m _ |
> m, /S £ 30 Even
<O-V>oap e o —) o 20 Eent
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Physics reach with HS detector: selected examples

Pseudo-scalar ALP - yy/VV

Y=sinv.
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The vMSM model

2.4 MeV 1.27 Gev 171.2 GeV
2/3 u 2/3 C 2/3 t
up charm top
4.8 MeV 104 MeV 4.2 Gev
< ¥4 d Y3 S -1 b
' down strange bottom

/ ]
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0 % N]_
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Lelft chirali

VMSM: T. Asaka, M. Shaposhnikov PL B620 (2005) 17
M. Shaposhnikov Nucl. Phys. B763 (2007) 49

v
T

t\
Add 3 right-handed Majorana neutrinos

(Particle = Anti-Particle)

Right chirality

seesaw mechanism - tiny v-masses:
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The vMSM model

ey B B VMSM: T. Asaka, M. Shaposhnikov PL B620 (2005) 17
u C t M. Shaposhnikov Nucl. Phys. B763 (2007) 49
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Masses and couplings of HNLs

Example:
N, , production in charm

Typical lifetimes > 10 ps for M(N, ) ~ 1 GeV
Decay distance O(km)

Typical BRs (depending on flavour mixing):

Vi T
0 N2,3
opX|U[

Br(N- plexw ) ~ 0.1 -50%
Br(N —ule p) ~0.5-20%

Br(N -vpe) ~1

- 10%

and subsequent
decays

2 2 2 2
|U| :|U2,ve| +|U2,vu| +|U2,VT|




G Sensitivity to HNLs for representative scenarios

SHip (approaching ultimate see-saw limit)
U U? ) VP ~52:1:1 U U U7 ~1:16:3.8 U U U ~0.061:1:4.3
Inverted hierarchy . Normal hierarchy ) Normal hierarchy
wn® _E Lo _1‘ TH - -’J 48] :E - NoTeV == 1 10 ;— - NuTey —=F
- \\ PS191 | BAU B :
0’ % ; N W E “ i0”
- = = e
L] -: e o B
w E-Rl 21
£ 4
e E w0 E- E i E
o' %m"n - E. 40 E
BAUI/ Seosaw E o
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o L L G I L o 1 G qott L i IR B S T S | A 1l

‘q‘__

HML mass [G]e'l."] 0 HML mass I:GE‘:"J'} Hrl“-.IL mass {GJE‘u":I
UZe: Uzﬂ: U27~48:1:1 UZG: UZN: U27~1:11:11
Inverted hierarchy Normal hierarchy
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=
o . 5
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Model parameters g
for which BAU works gk
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Evolution of the Project
10/2013: Eol (16 physicists: Cagliari, CERN, Leiden, ICL, Moscow, EPFL, Ziirich)

12/2014: Foundation of the SHIP Collaboration

(Bulgaria, Chile, Denmark, France, Germany, Italy, Japan,
Russia, Sweden, CERN, Switzerland, Turkey, UK, Ukraine, US)

04/2015: s _@_ et
X'arXiv:1504.04956v1. arXiv:1504.04855v1.

SHIP 540 }Ehysicists SHib 85 theorists
Search for Hidden Particles ¥ Search for Hidden Particles &

Swaerad cai—vmlncr, s owmired 8 bheniay s vhem, dvay had v ik, brfrs i e

dbple wmpipe S parcleles wnd - mwﬁwhmﬂ&m{%ﬁqu

o el gy g e gt up sk i g e b o e s
of e, .iu-duk o, ) 2 e Th. vt

Sdnsvnd vadhitlyiand; ) ansmathinid) a bynssr s Lo bhpg bl vad kb bafoos o by
sdrole. apa. Sai paleles st a govin, wrd waae vl sicsal. Tow erns o sbaa Foina v
....-." ﬁﬁa‘w-k-.-w ﬂ-&.&.ﬁnbs—.-—du&

Germany: Germany:
Hamburg, HU Berlin DESY Zeuthen & Hamburg, Hamburg, Bonn,
(+ Mainz, Bonn) TU Munich, Heidelberg, Dortmund, Tubingen

02/2016: SPSC recommendation - Comprehensive Desigh Report



G Summary

SHiP

SHIP is proposed to search for New Physics in the largely unexplored domain
of new, very weakly interacting particles with masses 0(0.1-10) GeV

Also unique opportunity for v_physics

SHIP will greatly complement NP searches at the energy frontier at CERN
Interesting sensitivity (~10*°) for - ppp at a future extension of the SHiP facility
Technical feasibility of the SHiP facility demonstrated by a CERN task force

SHiIP officially recognised as a CERN experiment under study
(included in midterm planning; dedicated budget; Greybook)

Decision on approval: Update of European Strategy
Goal: start of data taking in 2026

Great opportunity for interested parties to “board” SHiP now
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