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(NEW) PHYSICS LANDSCAPE

Energy frontier

High mass scale, strong coupling
(LHC, HL-LHC, FCC, ILC etc))

LH( ?
FCC

Interaction strength

¥ : .
UNKNown physics

% + Neutrino physics

Flavour PhysICse-
: e

=

Intensity frontier
Low mass scale, very weak coupling
Long lifetime ( fixed target, beam dump ...)

Mass scale
Two complementary approaches to search for New Physics

Several theoretical models postulate the existence of light particles withmasses
around the GeV scale, very feebly interacting with SM particles

New physics might be hidden at low masses — need to probe the intensity frontier
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Ay SHiP: Search for Hidden Particles

SHiP

Search for Hidden Particles

CERN S50 2005411
PP
£ Apeil 2005

SHiP

Proton-beam dump experiment proposed at CERN Search for Hidden Particles
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Fixed target facility (BDF) in the SPS North Area

Physics goals:

» search for hidden particles
(Heavy Neutral Leptons, Dark Photon, Axion-like particles)

= study v (v,) physics, search for light dark matter

SHIP Technical Proposal: arXiv 1504.04956
SHIP Physics Paper: arXiv 1504.04855

Comprehensive Design Study Report
submitted in Dec. 2019
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Well advanced design:

e Extractionand beam transfer
* Target and target complex
* Radiationprotection
Safety engineering
Integration
Civil engineering

Experimental Area o o
3 2ES .
/| Lausanne

Target Complex

Access Building =

CERN Yeliow Reparts: Morographs.

Auxiliary Building

ORGANIZATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE

CERN EUROPEAN ORGANIZATION FOR NUGLEAR RESEARCH

Extraction Tunnel

wi a0

s

Momemum [GeV/c]
Beam Intensity per cycle

\ Cycle length [s]

Spill duration [s]
- Expoctad rms spot size (HV) [mm)]

L1 l L Avg beam power on target (kW] 355
Avg. beam power on target during spill 2560
Protons on target (PoT)year

Junction Cavern

SPS Beam Dump Facility
Comprehensive Design Study




SHIP DETECTOR LAYOUT

Beam: 400 GeV/c protons
slow extraction (1s)
2x10%° p.o.t. in 5 years

Scatteringand Hidden
Neutrino Detector Decay Sector
Target vessel detector

= o s l I "

Hadron stopper Designed for large acceptance and zero background

J Expectedyieldsin5years:
_ > 1018 D mesons

Magnetized > 1014 B mesons

muon shield > 1016 7 neutrinos
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(s TARGET AND MUON SHIELD

SHiP

b = i
Search fir Hidelen Parsicles spectrometer +
calorimeter

veulrino

target +
hadron stopper

Magnetized muonshield:
passive absorber and active deflection

Target: titanium-zirconium-molybdenum (1.7T magnetic field)

(TZM) alloy + pure tungsten, water cooled;
total thickness ~12A¢ (~ 1.5 m);

optimised for heavy meson production 2000

while minimizing neutrinos from n/K decays 1500

oo

Prompt dose rate mucns = [-60:54]

~ 10 muonsin 1 spill reducedto < 10°

LxLpie

Lulof

Lul0S

LOo0o

Outer tank TZM blocks - A _-
// E o =
g / / ] © oo 100
g pea™ 7 -Logo 1
SP/' 1500 .01
Inner tank W blocks enne o N . - a J 0.0001
a 2000 4000 EDUg (cm?OOG 10000 12000 14000
K. Kershaw et al, JINST 13 (2018) P10011 JINST 12 (2017) POS011
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(F | SCATTERING AND NEUTRINO DETECTOR

SIIlP spectrometer +

Search fir Hideden Parsicles
calorimeter

neutrino
detector

target +
hadron stopper

Physics goals:
e Crosssection measurements ofallv flavors
* v, and of anti-v,physics with high statistics

* Firstdetection of anti-v,
* v. magnetic moment
e F4 and F5 structure functions

* v-induced charm productionstudies
e Light dark matter searches
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(F | SCATTERING AND NEUTRINO DETECTOR

o
SHiP
Search for Hidden Particles

. Magnetized vi+q-o1 +X
emulsion -tungstentarget

+ SciFi trackers

S ] Muon ID system:

RPCs + iron filters
—_/
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(%3 |SCATTERING AND NEUTRINO DETECTOR

Magnetized target

x19 Target Trackers x19 Brick walls x4 Downstream Trackers
B A P M
dld e v dbsld! s b
a

JINST 15 (2020) P01027
Muon ID System
Magnetized volume of ~10 m3 (B= 1.2 T);
stray field outside the magnet at % level;
internal volume temperature: 18°C;
opening / closing mechanism to allow for
emulsion film replacement during run

RPC tracking planes hanging from top; = 2
upper trails for insertion / extraction 4

Steel plates tied through brace systems |
transmitting seismic actions to the ground

EL
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(s DECAY VESSEL

SHiP

Search for Hidden Particles

pectrometer +
Cs imeter

Pyramidal frustum shape, length 50 m
1 mbar, volume 2040 m3

Double-layer steel structure
with strengthening ribs

target +
hadron stopper

Surrounding background tagger:
480 t of liquid scintillator

—

HS decay volume

& S Mo . —
5 nEey R ) S e W
- V. g h i p— *—H—hhqq____h  sweeping field
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(s HIDDEN SECTOR SPECTROMETER

SHiP

Search for Hidden Particles

spectrometer +
calorimeter

neutrino

detector
target +

hadron stopper

— ECAL (SplitCAL):

~2120 reconstruction of

rajectories of photons
from ALP—yy

« Straw tracker (o, < 120 um per straw)
0 . Magnet: g
inside the evacuated decay volume

 Timing detector (o; < 100 ps)
o plastic scintillators + SiPM or MRPCs

« ECAL (SpiltCal)
o sampling lead/scintillator + SiPM
o high-precision layers (MicroMegas)

* Muon system
o four active stations equipped with
scintillating tiles + SIPM +
iron or concrete

Muon system:

PID of y from
HS decays or
Straw trackers: Timing which passed
reconstruction of Detector: the filter
40th International Conferen charged particle tags particles
tracks belonging to a

ICHEP single event
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(o PROTOTYPING

SHiP .
Search for Hidden Parsicles I ntense p rototyp | ng activities

SND muon ID system

o Prototype of a scintillating fibre module -
Prototype of MRPC (HS timing detector) of the SND target tracker Prototype of the ECAL
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(o SHiP-CHARM

SHiP

Search for Hidden Particles

Measurement of the differential charm production cross section (incl. cascade production)

» Knowledge of the associated charm production yield in 400 GeV/c proton interactions
crucial for SHiP both for Hidden Sector searches and Neutrino Physics studies

Optimization run performed in July 2018 at SPS - H4

Beam Target

counter oo

Target I3s R2 R3 R4 RS

T4s

GOLIATH

. ~10 m

» Proton collisions in a lead target instrumented with nuclear emulsions
as tracking detector iy
« Charm daughters charge and momentum measured by a spectrometer [W
instrumented with silicon pixel detectors, SciFi and drift tubes \
* Muon identification performed by RPCs + iron absorbers

Final measurement foreseen after LS2
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(o SHiP-CHARM

Reconstructed tracks in 1x1 cm2, 29 emulsion films

. Total number of integrated p.o.t.: 1.5 x 108
. Density of track segments in a single emulsion film: up to 10%/cm?
. Number of reconstructed vertices in a brick: 5 x 10°

Capability of reconstructing vertices
in a high density and high background
environment demonstrated

film #29

vertex #2 Primary vertex multiplicity: 31

Decay vertex #1: VO-like topology
(FL 2.1 mm)

™ film #14

Decay vertex #2: kink-like topology
(FL 12.7 mm, kink angle 31mrad)

Decay
vertex #1 =
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NEUTRINO PHYSICS WITH THE SND

SHiP

Search for Hidden Parsicles

(E) CC DIS
[GeV] interactions So far, only 9 v, events (DONUT experiment),
Ny, 59 1.1 x m? no separation v, - anti v, ,
Nyo42 27100 + 10 events from v, oscillation
Ny, 52 32107 measured by the OPERA experiment
Ny, 46 2.6 x 10°
Ny 36 6.0 x 103 - : : . .
g imilar experimental techni in SHIP
No 70 51 % 100 Similar experimental technique in S
Expected CC DIS interactions Statistics x 103 w.r.t. previousexps
Decay channel 1, v
T — U 1200 1000
r—h 4000 3000 w BACKGROUND
T — 3h 1000 700 SIGNAL
Total 6200 4700 : i h
RV --I_ , D" u', b
Expected number of v, and 7; ! T v, “‘i"{:-___
for 2 x 102 protons on target. :
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O NEUTRINO PHYSICS WITH THE SND
WSHIP
Anti- v, DIS cross-section
Unique capability of measuring structure functions S| G 1 ; ; ]
F4 and F5, not accessible with v, /ve o [ W14 Gev F._F
33 a=15-0
") .E [ -.
d* v CEME, e o Mz | 5 8 o
drdy — m(1 +Q%/ Mg ) ([ o 2E, } B IE °t /
I E) B m2y " 2(m? + Q%) ) @ l
T AR | T N UEM ' 83| ::;:F(" I“:)"""" ;
soh 4
FMCFMC<0 (dash) ]
@ 50 100 150 200
E [GeV]
(E) CC DIS
[GeV] w. charm prod
Ny, 35 1.3 x lﬂ‘: Expected charm yield exceeds available statistics from
N,. 66 6.0 x10 previous exps by more than one order of magnitude
Np, 49 2.5 101
N 4 S . ..
;‘ E] al ; a :g; v-induced charm production sensitive to s-quark
0 o content of the nucleon =
o , significant reduction of the uncertainty on s-quark
Expected CC DIS neutrino interactions distribution with SHiP data in the range
with charm production 0.03 < x < 0.35 for s*(x) = s(X) +3 (X)
for 2 x 1020 protons on target.
16
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%:3 LIGHT DARK MATTER SEARCH WITH THE SND

LDM PRODUCTION
- Generated inthe beam-dump, e.g. via light y &
dark photon mediators (V) Df = 17w, ™ vt _
+ I — 7 —| Emulsion
proton p+pn) — - XX
/ s 1] ; X
- LDM elastic scattering on atomic electrons
of the brick target
X v, < QE|
First v,—v, candidate event observed by the OPERA experiment |
— SHIP
SHiP(0bkg)
Gl "/ Relic Density
[ e o Complex scalar
1,:,-1:-,__,;' .t — [ — Majorana
-,' ’ /,’ -=== Pseudo-Dirac
1 5 10 50 100 500
12
ECC brick as a sampling calorimeter (10 X,) My MeVic]
with sub-micrometric accuracy
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SHiP

Search for Hideden Particles

Leptons

SEARCH FOR HEAVY NEUTRAL LEPTONS

171.2 GeV

<nmm¢\r/ ~kev feDi01av | ~Gev ..mwz ~GeV
°Ve/ Nllv

AN ster 7
i R b

% % s t
u C
up charm top
4.8 MoV 104 May 4.2 Gay
1. S Bl
down strange bottom

0.511 MeV

4‘e

eleciron

105.7 Mev

SR

muon

T.Asaka, M.Shaposhnikov PLB 620 (2005) 17

v Minimal Standard Model (v MSM):
Extension of the SM by 3 right-handed
Heavy Neutral Leptons (HNLSs)

O LightN;:
Mass O(keV)
Dark Matter candidate

U Heavy N,,N3:
Mass O(GeV)
Could explain v masses (through see-saw)
and baryon asymmetry

production detection
vl
Dy — H_— probability o e
¢ — N3 € W
W ﬁH—Q = Requires high intensity
‘H  Nyj % n
v’ L
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SEARCH FOR HEAVY NEUTRAL LEPTONS

Search for Hidden Particles

171.2 GeV

Leptons

T.Asaka, M.Shaposhnikov PLB 620 (2005) 17

production
D, K-

5
— . —
j_L ]

H N,
f 3
v’

Muon coupling dominance: U%: U:UZ = 0:1:0

2
=1
“

N

U
3

NA62, preliminary

EWPD

SHiP,2x10% pot
- solid: without B,
- dotted: with B, (upper limit)

10°°

lo—lﬂ

10—I|

10712 E—

107! 1 10 10°
my[GeV/c?]
detection
“’ .
N,, € W T probability «<

ﬁ—a = Requires high intensity
kH n

LY

40th International Conference of High Energy Physics

ICHEP 2020

19



AV
Va\
SILP

Search for Hidden Parsicles

CONCLUSIONS

SHiP: Proton-beam dump experiment proposed at CERN
to probe the intensity frontier: search for new,
very fleebly interacting particles with masses O(GeV)

Rich physics program including Heavy Neutral Leptons,
Light Dark Matter and v, physics with unprecedented sensitivities

Beam Dump Facility and SHiP Comprehensive Design Studies
finalized in Dec. 2019, next steps towards TDR to be defined
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