SHiP: a new facility with a dedicated detector to
search for new long-lived neutral particles




Physics motivation

* We know that the Standard Model is incomplete...

e ...but we do not know yet the scale of New Physics.

e Dark matter might be light

 We may have a whole Hidden Sector (HS) of weakly interacting particles.

known physics

Interaction strength ——————————»

Energy

Long lived neutral (hidden) particles
predicted in many BSM models. They can be
searched for at:

/\

ENERGY

energy frontier: intensity frontier:
vk phyeics heavy particles, light particles,
high energy events very rare events

e Several portals to the HS: scalar portal, neutrino portal, vector portal, SUSY...
* All of these can be probed at the intensity frontier with SHiP!
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AVa

VAV Neutrino portal

l/f"f

Complete the SM by adding Heavy Neutral Leptons:
e could explain v oscillations and
* the smallness of v masses (seesaw) -

* could explain baryon asymmetry e
e could explain dark matter
Production and decay through HNL - v mixing gt
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eo“; tb/ SHiP experiment

. R ,Sc.zo'\s-mbT
gpsC-P-350

* Proposal for a new facility at the
CERN SPS accelerator:
e general purpose HS detector
* v_facility
e 235 experimentalists from 45
institutes and 15 countries + CERN

* Technical Proposal submitted in April
(arXiv:1504.04956)

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

* Presently under scrutiny by the SPSC

ena Graverini, on behalf of the SHiP collaboration 4


http://arxiv.org/abs/1504.04956
http://arxiv.org/abs/1504.04855

AVa The SHiP facility at the SPS

Proposed implementation at the CERN
North Area, based on minimal
modification to the SPS complex.

Share transfer line and slow extraction
mode with existing facilities.

Targets T2, T4, T6

AWAKE (previously
CNGS)

TT41 Ialgel T40

Lss4
FAST extraction

Lss2

SLOW extraction S P S

LHC

Lss1
injection

Lssé
FAST extraction
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e% SHIP requirements

* High intensity beam dump experiment = K, D, B mesons
* Long-lived, weakly interacting particles require:

* large decay volume

e shielded from SM particles
* Spectrometer, Calorimeter, PID

Signal signature:

e charged tracks forming an
isolated vertex inside the
fiducial volume

e candidate momentum pointing
back to the target

* “silent” VETO detectors
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e% The SHIP experiment

e 2x10% protons on targetin5y

* Mo (4A,,)/W(6A,,)target

* peak power 2.5 MW, water cooled
e challenging radiation issues

Hidden Sector decay volume

Spectrometer

Particle ID

Target / Hadron absorber

\ v, detector _ ~ /\\a\\

\ Muon sweep agnets _ -~ ,\‘(30((\

-~
-~
~

v, detector and physics case:
L sweeping magnets see talk by G. De Lellis

>

V'
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https://indico.cern.ch/event/356420/session/10/contribution/91

\/ \V/ The Hidden Sector detector
| 7 — |

Electromagnetic/ Hadronic Calorimeter

. 5m><10m><50m elliptical vessel

Spectrometer Timing Detector o'p
° Vacuum: 10-3 mbar HSSpectrometerMagnet ~ ? ~ 0.5% & 0.02% x p
| ’ _
\ E
\ HSVacuumVessel \/E
‘Ll Goliath Magnet ~ 100 pS
\ Muon Magnetic Spectrometer
\
\
‘L
\ 5 horizontal straw>

« Straw Veto Tagger

Upstream Veto Tagger

| T e

\ Drift Tube Tracker
\ Neutrino Emulsion Target and TargetTracker
)
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e% Background rejection

Target v interactions in the HS decay volume
& material upstream

filter of the HS detector

— S
« Redundant VETO system vacuum
 Combinatorial rejected by timing detector
* Impact parameter to the target After selections:
. o . . :
75% selection efficiency for signal <0.1 bkg / 5 y
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e% Background rejection

wall

u backscattered to
the vessel
Target

&
filter

dﬁ ——————————————— -f - - - - —

K sweeping field

\\\ HS decay volume

* Redundant VETO system

 Combinatorial rejected by timing detector
* Impact parameter to the target After selections:

* 75% selection efficiency for signal <0.1 bkg / 5 Y
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e% Background rejection

[ Cosmic rays ]\
Target LI\HSdecay volume
&

filter o

:{E__ ___________________ ||

* Redundant VETO system
 Combinatorial rejected by timing detector
* Impact parameter to the target After selections:

* 75% selection efficiency for signal <0.1 bkg / 5 Y
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eak; Sensitivity to HNLs

Theory bibliography:
* Gorbunov, Shaposhnikov hep-ph/0705.1729

24/07/2015 EPS-HEP Elena Graverini, on behalf of the SHiP collaboration

SHIP sensitivity to HNLs
10°
- * Critically improving present limits in U?
o 107 E * Access masses up to mg
= r * Probe region of special interest:
g}me; * left open by cosmological
N observations (BBN)
10" e * explains v masses (seesaw)
;' mf e explains matter-antimatter
YE T asymmetry (BAU)
m.n:.| o > * Sensitivity inall U,, U, U, channels
o HNL mass (GeV)
VMSM model: UZ: UZ: U7 = 52:1:1, inverted hierarchy * but also much more...

12




60 B0 100

Noveats BY BIn
o

20

‘{)

A wide physics case...
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e Theories including HNLs are not the only ones

probed by SHiP!

Physics Paper...

vy,
Mo target, geomelry resiriction
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e% Conclusions

SHiP: a 400 GeV proton beam dumped with maximum intensity and followed by
the closest, longest and widest possible decay tunnel!

* unprecedented sensitivity to many BSM models

e under review of the CERN SPSC committee, decision expected in < 1 year

e only 10 years to data taking!

Come on board!
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Thanks!
Questions?




e% Time Schedule

eceleralor scheduls 2015 | 2016 | 2017 2018 | 29 | 2020 | 2021 | nx | pairx] | 200 Flirt] | 2028 | 2007
LHC Run 2 Fun 3 Fun 4
SPS
Detecior | R&D, design and TDR Production I Inst. Instalation
Milesiones | TP TOR Cwh CwB Data taki
Facility ntegration | [Cwh |
Zivil engineering Pre-construction Junction - Beamling - Target - Dedecior hall
Infrasnicture mf jm D
Beamling |_R&[I design and TOR | Production Inst. Ingdallation Insiallation
Target complex R&D, desion and TDR Production Installation
Target RA&D, design and TOR + profotyping | Producicn | Installadion

10 years from TP to data taking
v Schedule optimized for almost no interference with operation of North Area
= Preparation of facility in four clear and separate work packages {junction cavern,
beam line, target complex, and detector hall)
= Maximum use of LS2 for junction cavern and first short section of SHIP beam line
All TDRs by end of 2018
Commissioning run at the end of 2023 for beam line, target, muon shield and background
Four years for detector construction, plus two years for installation
Updated schedule with new accelerator schedule (Run 2 up to end 2018, 2 years LS2)
relaxes current schedule
= Data faking 2026

24/07/2015 EPS-HEP Elena Graverini, on behalf of the SHiP collaboration 16
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v NA work packages

&) o od - . © 1

1ASOT

(*)] - o

3

@ Preparation of facility in four well-defined quasi-independent work packages
+ WP1: Junction cavern + 70m beam line for clearance during operation (21 months)
+ WP2 : Rest of beam line (12 months)
+ WRP3 : Target complex (12 months)
+ WP4 : Experiment facility (18 months)
< Only WP1 has to be done during a stop of the North Area only
= WP1 associated with cool down, removal and re-installation of services and beam line (24-27 months)
=» Construction of facility has no interference with operation of SPS and LHC at any time

24/07/2015 EPS-HEP Elena Graverini, on behalf of the SHiP collaboration 17



Q Updated time schedule

With new LHC schedule (run 2 up to 2018):

205 | 201 | 2017 | 208 | 200 | 2020 | 202 | 202 | 2023 | 202 | 2025 | 2026 | 2027

|
| RE&D, design and TDR. Production | [ Inst. Installation

IDete ctor
I Milestones | P TDR CwB CwB| Data taking
Facility | Integration CwB

Chivil engineering | Pre-construction Junction - Beamline - Ta[?gt - Detector hall | )
Infrastructure | Inst. Installation

SPS

Beamline R&D, design and TDR | Production Inst.| Prod.— Installation
Target complex R&D, design and TDR | | Production Installation CwB: Commissioning with Beam
Target R&D, design and TDR + prototypin Production | Installation Updated TP schedule

With WP1 during LS3 (also reduces costs during the TDR phase):

ccelerator schedule 0 016 0 018 0

LHC Run 2 Run 3 Run 4
SPS

Detector ‘ Ré&D, design and TDR Production | | Installation |

Data

Milestones | LTP TDR CwB | taking

Facilit | Integration CwB
Civil engineering | Pre-construction Target - Detector hall - Beamline - Junction (WP1)
Infrastructure | Installation | |Insta||atinn| Inst.
Beamline | R&D, design and TDR ] <« Production — | | Prod. Installation
Target complex | R&D, design and TDR < Production —» Installation CwB: Commissioning with Beam
Target R&D, design and TDR + prototyping | F-‘roducﬁonl |Insta||aﬁun| Reversed TP schedule
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e% The Hidden Sector

Lyoria = LSM + b diation T LHS

* Neutrino portal: new Heavy Neutral Leptons coupling with Yukawa coupling,
Lyp = FaI(LaCD)NI

* Vector portal: massive dark photon coupling through loops of particles
charged both under U(1) and U’(1): Lyp = €F,,F*

* Scalar portal: light scalar mixing with the Higgs L¢p = (/ll-Sl-Z + giSi)(TDCD

: o : A
 Axion portal: axion-like particles, Lyp = FE“MPFWFAP
A

e SUSY: neutralino, sgoldstino, gaugino...

Models Final states

Neutrino portal, SUSY neutralino C=x¥ (K¥ (xp¥F, p* — n=n°
Vector, scalar, axion portals, SUSY sgoldstino ¢/

Vector, scalar, axion portals, SUSY sgoldstino #%7n~, KTK-

Neutrino portal ,SUSY neutralino, axino (v
Axion portal, SUSY sgoldstino 2@
SUSY sgoldstino !

24/07/2015 EPS-HEP Elena Graverini, on behalf of the SHiP collaboration 19



AVa

VaV Sterile Neutrinos

Fermions get mass via the Yukawa couplings:

—Lvuiawa = Y5iQri¢Drj + YiiQridUg; + Yi; L1i¢Erj + h.c.

If we want the same coupling for neutrinos, we need right-handed

(sterile) neutrinos... the most generic Lagrangian is o~ Mp, _ Y
1 7 ML T M
R =T . v T - | |
EN — ‘LN:ja”’}/”N;@ — §MEJNCENJ — EJLLiquj <®> <®>
Kineticterm  Majorana mass term  Yukawa coupling \Sieee e e oy
: V; N Vj
Seesaw mechanism:
_ _ , 1 : .
V_ (VL?,}NJ) _’EMV — _VMVV—l—hC |fMN > MD‘
0 M i A~ Mb
MVZ(MT MD) \ My +/ME +4M} T My
D N = 2 Ay ~ My
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v Sterile neutrino masses

2
Seesaw formula mp ~ Y7o < ¢ > and m, = E—D

W = - = = : e Assuming m, = 0.1eV
strong coupling

p—
)
S
(=]
gl

o if Y ~ 1 implies M ~ 10'*GeV

(=]
o
-

neutrino masses
are too large

o if My ~ 1GeV implies Y, ~ 10~ 7
remember Y, ~ 1. and Y, ~ 106

If we want to explain the smallness of
neutrino masses (in a natural way) the

—17 L J J 1 . ) . .
e 67 51 e o o mass of sterile neutrinos should be at
least at the GeV scale
LSND v MSM ’ [LHC GUT

Majorana Mass (GeV)

neutrino masses are too small-

Yukawa Coupling
% T

see—Saw

24/07/2015 EPS-HEP Elena Graverini, on behalf of the SHiP collaboration 21



e% Neutrino portal: the vMSM

« Complete the SM by adding RH neutrinos vty
e with 3 new right handed neutrinos:
* 2 heavy quasi-degenerate HNLs explain -

BAU and tri e
e 1 lighter HNL |d be Dark Matt
Ignter cou e var atier
* Producti dd th h HNL - v mixi
roduction and decay throug vV mixing
q,¢, v
Three Generations Three Generations
of Matter (Fermions) spin % of Matter (Fermions) spin %
| Il I} | Il I}
mass — 24 Mev 1.27 GeV 173.2 GeV 0 mass — 24 Mev 1.27 GeV 173.2 GeV 0
=®u *c |[°t g =y e Pt g
me — up charm top gluon name — up charm top gluon
» 4.8 MeV 104 MeV 4.2 GeV 0 » 4.8 MeV 104 MeV 4.2 GeV 0
td °s D Y ct'd s °Db Y
© ©
o o
~ down strange bottom photon ~ down strange bottom photon
— —
~ |e1.2 Ge\!o 126 GeV 10 ke ~Gel ~GeY ~ |e1.2 Ge\!o 126 GeV
OV ov Zlo Z 0 H ov OV ov Zlo Z 0
. & @ 0 < . [ @ g
. au i) i muoi au @ i
neutrifio eutrin = %??: Eégs%f‘ ﬁleelﬁrg neutrifo eutrin < ‘f"l‘j‘?_?g Eclags%f\
- -
o 0511 MeV 105.7 MeV 1.777 GeV ~— | 80.4 GeV spin 0 o 0511 MeV 105.7 MeV 1.777 GeV ~— | 80.4 GeV spin 0
= q " W L + = q q 72} 8 +
g |1 — — & g |1 — — &
if e LL T | W if e L T | W
@« = ] =
- electron muon tau @ \]::]er?: - electron muon tau @ \]::]er?:
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o Constraints on N,, N,

/\Seesaw
12 N NN Y ) ) Y : e, ] 12 : N ) ; ; BN

If U? is too large, N, 5 are in At My = My, the rate is enhanced
thermal equilibrium during the by N - W1 leading to stronger
expansion of the Universe constraints on U?

L IIIIII| IIIIII| | IIIII | IIIII LOLIIE L npime e
2
+U
A
o
IIIII| IIIIII| T T T IIII] T IIII‘ TTTIIE T T1T

IIIII| IIIIII| IIIII!|| T IIII‘ T IIII‘ TTTTIIE

10 10 1 10
L mass (GeV) HNL mass (GeV)

The seesaw limit defines the region

where N, 3 can explain the If T(N,, N;) < 0.1 s, they cannot
observed active neutrino Am? affect the Big Bang nucleosynthesis
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Gorbunov, Shaposhnikov

Canetti, Shaposhnikov

12

hep-ph/0705.1729

hep-ph/1006.0133

Sensitivity to HNLs

UZ: Uﬁ: U?=52:1:1
inverted hierarchy

SHiP sensitivity to HNLs

o o =)

HNL coupling to SM U

=)

BAU / Seesaw

o o =)

HNL coupling to SM U

=)

S

=)
S |-
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HNL mass (Gwe\f\

S

o
&

©

HNL coupling to SM U?

=)
8

NuTevV ~—=

BAU / Seesaw

Ug:U7:Uf = 1:16:3.8
normal hierarchy

SHiP sensitivity to HNLs

SIr

Ug:U7:Uf = 0.061:1:4.3
normal hierarchy

SHiP sensitivity to HNLs
NuTeV ~=

=}

=)
&

®

HNL coupling to SM U?

s

S,

s
BAU / Seesaw

UZ: Uﬁ: U? =48:1:1
inverted hierarchy

SHiP sensitivity to HNLs

BAU / Seesaw Sl

HNL mass (GeV)

HNL mass (GWBV)

=)

=
®

®

HNL coupling to SM U2

2

S,

10" |\_‘ L M|
! HNL mass (GhV)

UZ: Uﬁ: Uz =1:11:11
normal hierarchy

SHiP sensitivity to HNLs

BAU / Seesaw sttir

HNL mass (GeV)
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HNLs at future colliders

24/07/2015 EPS-HEP

Inverted hierarchy

\ NUTeV

Seesaw

] L L e, L

1 10
HNL mass (GeV)

http://arxiv.org/abs/1411.5230
http://arxiv.org/abs/1503.08624

Elena Graverini, on behalf of the SHiP collaboration
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Sensitivity with background

e U? scales with

* Need more than 100
background events to
lose half an order of
magnitude in U?!

24/07/2015 EPS-HEP

Contours for 90% CL

e
T

2 i —— 0.1 bg events
» — — 10 bg events
NS 2w s .
> 0 | 10 bg with 30% syst
£
3 10t
[
—
Z
I

e
o

10" \

1,.:'_-11 I

HNL mass (GeV)
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AVa

VAV Constraints on N,

The decay mode N — vvv is always present

T = (UEGQFM) AN This gives an upper
s6m? | bound for the mass of the
mass of the sterile
neutrino Dark Matter

o My ~1KeV = 7y ~ 10*sec

. Age of the Universe -~ 10—6
TN
S I R

—
Q
)
w)

—
=

ko

S

—

—

001
Mass[GeV |
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Constraints on N,

T T T T T T T T T T ]
— Too much Dark Matter
~ -7
< 10 — —
N _"f°_n-r3s0n Excluded by non-observation
o, _8 it 2 of dark matter decay line
| [ = o - =
o 10 c-t-.lf_”
= —~ - Lyman-0 bound
el :|_(j-5 — 3‘ c’“‘\‘g for NRP sterile neutrino —|
E E ) «? T -
1o Bl Y ~—
ii} oA ~
A
PPREE! 9
g 10 — UM ]
g L
+ - X - ) \
g 10 12 | a] 8 = “N—Ei_n_!it 6§ =129 - : —
H o T~
: L : 2107 = & o .
Discussion in the community . HOE SESSp PRSI sACESE S
! 10—14 L1 11 | 1 1 1 | T | 0 1 1
1 5 10 50

not yet clear if this is a “good”
signal, needs confirmation

DM mass [keV]

Bulbul et al. 2014 (arXiv:1402.2301)
Boyarsky et al. 2014 (arXiv:1402.4119)
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AVa
\/ \/

Cosmology

Unidentified spectral line at E ~ 3.5 keV

Perseus cluster
Virgo cluster

Boyarsky et al. 2014 [1402.4119]
M31 galaxy XMM-Newton, center & outskirts
Perseus cluster XMM-Newton, outskirts only
Blank sky XMM-Newton
[1402.2301]
Bulbul et al. 2014
73 clusters XMM-Newton, central regions

of clusters only. Up to z = 0.35,
including Coma, Perseus
Chandra, center only

Chandra, center only

Position: 3.5 keV. Statistical error for line position ~ 30 eV.
Systematics (~ 50 eV — between cameras, determination of known

instrumental lines)

Lifetime: ~ 102 sec (uncertainty ©(10))

24/07/2015 EPS-HEP

Elena Graverini, on behalf of the SHiP collaboration
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Cosmology

Andromeda galaxy (zoom 3-4 keV)

Data - model

Normalized count rate

[cts/sec/keV]

.36
.34
.32
.30
.28

[cts/sec/keV]

o o o ©o o o o

.26
.24
0.22
11072
81072
6107°
41073
21073
0-10°
21073
-4107°

M31 ON-center ——@&—

No line at 3.5 keV

1 I 1

[ L LT
|
e
.
——
et
@t
L—‘—-—H
|
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1
|
L
|
|
8
|
i
o
|
-
B
|
el
|
el |

No line at 3.5 keV —@— |
Line at 3.5 keVv + @ —_|

Energy [keV]
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[1402.4119]

Full stacked spectra

3.57 £ 0.02 (0.03)

4

XMM-MOS
Full Sample
6Ms

XMM-PN

3.51 £0.03 (0.05) Full Sample
§ & 2Ms

Residuals

2
)

r/_x;m-mos

Rest of the
Sample
(69 Clusters)
49Ms

Eff. Area (cm

34 36
Energy (keV)

Elena Graverini, on behalf of the SHiP collaboration

_Residuals gy (ents s ' kev'!)

Eft. Area (cm’)

w‘4 36 s 4
Energy (keV)

e All spectra blue-shifted in the
reference frame of clusters

e Instrumental background
processed similarly and
subtracted

Bulbul et al.
[1402.2301]
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AVa
\/ \/

Sensitivity to other portals

Dark photon

e sources: p bremsstrahlung,
light meson decays

« decaystol*l™, qq

Dark scalar
 sources: B mesons
« decaystol*l™, qq

102 : : e — P
o previous experimental limits 102 s e B (isible)
1 O (\E ; sy B {invisible)
10+ =107 _ CHARM
w 10+ i
E 105 . T
%) " 107 &
o 10 105 |
7
=3 ma 2% 107 |
=10 , _
3 g6 S p - pry 10°
o 7777 mesons — y'X 10°
-?"‘1 D-m 10-10
10" BBN excluded areas “He (o
10-12 M 7y 1012
AL, BH L e e T
3x10” 102 2x10? 107 2x10" 1 2 345 10" = T —
¥ mass (GeV) 1 mg (GeV/c?)
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AVa
\/ \/

Dark photon

Updated computations
show that direct QCD
production is dominant
at large masses.

SHiP’s sensitivity
reachesm, ~ 8 GeV
(work in progress).

24/07/2015 EPS-HEP
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> |
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E137,LSND |
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A

'iv V. phySiCS

» Charged current neutrino nucleon scattering

neutrino d*o _ (r'%-.\[_\' E, .\[12‘- ) (24 4 mlfy \ (1 Myry B m?
scattering % m LV B DY O VA » YT OE, TR
. . - 2 2,9 2 2
antl—neuprmo | + cu(l — H) 3 ’f’!-‘f ’”I"i’)f +') (07 £y 1m, P
scattering 2 VE, My LE2 My E, M

Structure functions

> F1 More precise estimation » First evaluation of F4 and Fs not
» Fp > from other experiments accessible with lighter neutrinos

» F3 ——> g)rllo&aosite sign for v

» Evaluation of F3

anti-v
» F
4 3 Dependent on the lepton mass.
» Fs | Suppressed in case of v,

interactions, becomes relevant
for v. interactions
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The SHIP facility at CERN

== Underground Structures (Tunnel/Cavem/Hall)
y Underground Structures

surface or partall
uilding)

(Target Hall/58/Access B

Shafts+ Tunnel access

““\ Access Area ¢ Car Park

TARGET HALL
~ 20m wide

Access Bld.
=15m wide

“Aux. Power Supply”
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(%} | SHIP detector: ECAL/HCAL

HEAL  MUON
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SHiP detector: MUON

Possible Muon system:

a
a

a

24/07/2015 EPS-HEP

Four active stations (1 cm scintillators)
interleaved with 60 cm (3.6 lambda) iron filter
Strips: 5cm x 2cm x 270 cm

MUON strip

Elena Graverini, on behalf of the SHiP collaboration
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SHiP detector: TRACKER

NAG62-like straw tubes with:
* 120 um resolution

e 0.5%X,/X

* 5 mlength

e vacuum 102 mbar

025

24/07/2015 EPS-HEP

Toto!, 0.5 Tm
0=0.12 mm, 2.5 m spocing
X/X0=05%

...................

&0 80
momentum (G:.-%

Elena Graverini, on behalf of the SHiP collaboration
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e% Tracker magnet

V) .

o Dipole magnet similar to LHCb
magnet, but with 40% less iron and
three times less power

o  LHCb: 4Tm and aperture of 16m?

o  This design:
o aperture 20 m?
o Peak B-field 0.2T
o Field integral 0.5Tm over 5m
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v Neutrino detector

Coils

Upper Return voke

Magnetic
Specrometer
5 |

Goliath Magnet

Neutrino Target

A 7~ Bl

Drift TubeTrackers

Drift Tube Trackers

Lower Return voke
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>
e% Target

0 ‘ ”“q ooling slits
Design consideration q [ m@/)ﬁ \
v High temperature 5§§§ Wl . ‘ ”"“w uf\ i N‘”‘“ ™
Compressive stresses ‘“3/ ‘ “ e
Erosion/corrosion

v

v

v Material properties as a function of irradiation
v Remote handling

| Longitudinal cross-cut

Layers of Titanium / g R —
Zirconium / Molibdenum im—l— %\ :
for 4Aint followed by layers EEE % \
of pure W - D ﬁ
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Muon background

number of muons above threshold

107k
:  Non-prompt muons
6h [0 pfromm
o | A ufromK
10 Sl ... Prompt muons:._._.

@  wnot from D
¢ wfromD

All muons

i

muons survive

24/07/2015 EPS-HEP

200

250 300 350 400

threshold momentum p (GeV)

Heavy target stops hadrons before they decay. After the target and the hadron absorber only

Muons come mainly from », " and w
Without muon filter rate would be 5 x 10°muons/spill (1 spill is 5 x 103 POT)

Under study solution with passive and active filter. Active filter preferred.
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e% Active U shield

. EZ’ 350 GeV
Muon flux is dangerous: X L
- - =10 mrad

e background for HS physics
* ageing of v; emulsions

Active muon shield based on sweeping magnets - - -
with a vertical magnetic field of 86.4 Tm

—30 70 20 30 40 50
Prompt dose, y [-110:110], all particles z (m)

[
1000 {8 - :
00 3 3 . 30 GeV
i . — =38. mrad
+28. mrad

500

x [cm]
[uSv/h]

-500

-1000

0 2000 4000 6000 8000 10000 12000 14000 16000

z [cm] z (m)
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e% Vacuum vessel

LS cell with WOMs

v Estimated need for vacuum:
~ 10 mbar

v Vacuum vessel
~10mx5mx60m

- Walls thickness: 8 mm (Al) / 30 mm (SS)

- Wallis separation: 300 mm;

- Liguid scintilfator {LS) volume (~360 m)
readout by WLS optical modules (WOM)
and PMTs

- Vessel weight ~ 480 t

A

v'Magnet designed with an
emphasis on low power

- Power consumption < 1 MW

- Field integral: 0.65Tm over 5m
- Weight ~800 t

- Aperture ~50 m?

24/07/2015 EPS-HEP Elena Graverini, on behalf of the SHiP collaboration
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24/07/2015 EPS-HEP

Timing detector

rlap) = 12 m

x 11 cm (1 cmove

120 bars

Challenges:
* |arge area
* required resolution < 100 ps

NA61/SHINE ToF:

100 ps resolution

* size of scint. counter 120 x 10 x 2.5 cm3
* total active area 1.2 x 7.2 m?

Energy loss in plastic: dE/dx min = 2 MeV/cm,
light yield: 10000 photons/MeV =
for 2.5 cm bar: Ny=2.5x2 x 10k =50 k

For long bars, mainly photons with total
internal reflection (6 >39°) are detected
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VaVY Timing detector: MRPC option

cathode pickup electrode strip
High voltage surface (-ve) \
Vetronite (1.5 mm)
Ext. glass (1.9 mm) |
L
Int. glass (1.1 mm) |\ f

_!"
/

-

v -

I

r

I'

AR S SRS gas gaps
J g 7 300 micron

High voltage surface (+ve)

anode pickup electrode strip

61 chambers x 120 cm strips, 3 cm pitch
Based on the EEE project
50 ps resolution achievable

24/07/2015 EPS-HEP Elena Graverini, on behalf of the SHiP collaboration 45



