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- Naturalness does not seem to be a guiding principle of Nature

Physics Case
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Search for Hidden Particles

- There are some anomalies in flavour physics which (if true) seem again to point
out that our theory prejudice was wrong
- We should therefore not forget that we have a 2D problem (Mass VS Coupling)
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L= LSM + Lmediator +LHS

= [+
£ 3,

Hidden Sector
Naturally accommodates Dark
Matter (may have rich structure)

Mediators or portals to the HS:
vector, scalar, axial, neutrino

v HS production and decay rates are strongly suppressed relative to SM
- Production branching ratios O(10-19)
- Long-lived objects
- Interact very weakly with matter

Final states

HNL, SUSY neutralino I+n-, I+K-, l+p- p+2> m+m0
Vector, scalar, axion portals, SUSY [+I-

sgoldstino I+1-v

HNL, SUSY neutralino, axino YY

Axion portal, SUSY sgoldstino o

SUSY sgoldstino

Full reconstruction and PID are essential to minimize model dependence

Experimental challenge is background suppression
Nico Serra - Epiphany 2018 4 12th Jan 2018
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target + shield decay volume

beam

detector

- High Intensity beam into an heavy target
- We want particles either coming from heavy meson decays or from pN
interactions
- We want to suppress pion and kaon decays which is source of bkg
- Minimize the flux of SM particles in the detector

- Define a (large) fiducial volume where the background level is approximately zero

Nico Serra - Epiphany 2018 5 12th Jan 2018



Search for Hidden Particles

©==The SHiP Experiment

CERN-SPSC-2015-017
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Search for Hidden Particles
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- The technical proposal (250 physicists, 46 institutes, 16 countries) submitted to CERN in
Apr 2015 (arXiv:1504.04956)

- Physics Paper (85 physicists, 65 institutes) accepted for publication in Review on
Progress in Physics (arxiv:1504.04855)

Nico Serra - Epiphany 2018 6 12th Jan 2018
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2= SHiP Collaboration

Search for Hidden Particles

Search for Hidden Particle

~250 scientific authors

16 member countries: Bulgaria, Chile,

Kingdom, Ukraine, United States of America o

48 member institutes: Sofia, Valparaiso, Niels f 1 ' iversity Hamburg,
Mainz, Bari, Bologna, Cagliari, Ferrara, Lab. N 1 ichi eongsang, LIP
Coimbra, Dubna, ITEP Moscow, INR Mosco - 1 1 1 4 Protvino,
Petersburg Nuclear Physics Institute St. Peters Moscow Engineering Physics Institute, Skobeltsyn Institute of NucleanPhys‘i;:;oscow,
Yandex School of Data Analysis, Stockholm, a, CERN, Geneva, EPFL Lausanne, Zurich, Middle East Technical University Ankara
Ankara University, Imperial College London, University College London, Rutherford Appleton Laboratory, Bristol, Warwick, Taras
Shevchenko National University Kyiv, Florida

5 associated institutes: Jeju, Gwangju, Chonnam,;{ational University of Science and Technology "MISIS*“ Moscow, St. Petersburg Polytechnic
University

?

Nico Serra - Epiphany 2018 12th Jan 2018
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CMS
— e High energy experiments
and test beams

2008 (27 km)

SPS
o

Former CNGS
extraction line

HiRadMat
EIn |

ISOLDE

Antimatter
. BOOSTER
Factory S :

v REX/HI -
: —
PS ,
: Ry e 2130

Low en'erg'y experiments
and test beams

- About 20% of the SPS running for LHC physics
- About 80% availability for fixed target programme

Nico Serra - Epiphany 2018 8 12th Jan 2018
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AWAKE (previously
CNGS)

CARCd NAG2 ~ o
¥ ‘ Neutrino platform,

- —
.

Fet - NAB1, NAB4, eto.

- Very intense proton beam at 400GeV

- Aim to deliver 4x1013 Protons / spill (at slow extraction)

- Proposed implementation based on minimal modification and
compatible with current and planned SPS experiments

Nico Serra - Epiphany 2018 9 12th Jan 2018
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Target/Absorber

Nico Serra - Epiphany 2018 11 12th Jan 2018
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Target

- Layers of Titanium/Zirconium/Molibdenum for 4\int in the core of the beam

- Followed by Layers of pure W
- Each layer is cooled by water

- Alternative cooling with He under study

SS316LN
H,0

1 Beam wmdowj

Target material (W/Mo)

Proton beam

Front view

wo 0S-0r

l He inert atmosphere

150 cm

355 kW average,

W -

...... -

2.56 MW during 1s spill
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Sweeping magnet

Nico Serra - Epiphany 2018 13 12th Jan 2018
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______________ - Distribute the bkg over a long spill: 4x1013 PoT/1.3
S NN NS N S B . seconds

- Sweeping magnet
- Decay volume to be far away from the walls

10

0 50 100 150 200 250 300

threshold momentum p (GeV)

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

e Muons come mainly from n, " and w

Nico Serra - Epiphany 2018 14 12th Jan 2018
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Muon Shield X

SHIP
- Global optimisation of the magnetic field (with Bl e e e ke
Machine Learning) still ongoing ] -
; 0 B \\
Challenging Aspects: = /\
- Narrow separation between field directions - o
. BT - . - —
- Aiming to 1.8T to minimize length (with grain § oo 5000 4000
oriented steel sheets) » ,
- Have reliable muon sample to optimise with =, P ' :*/
é -200 _ - T
A C ol RN AT ‘ P .z‘(c‘m,)_
3 3 The active muon shield in the SHIiP experiment
£ 350 GeV ) £ . 30 GeV
< — +10 mrad s = ~38. mrad JINST 12 P05011 2017
5L g%rc::‘jmd 2 [ ~ +28. mrad

Running the simulation with material

- - ~3x10° muons/spill with magnets off

Ll | T - With the magnet on 3x105 muons/spill
o ] - ~6.5x104 muons/spill with p>3GeV

—30 70 30 30 20 5% ) 0 10 20 30 40 50Z (m)

Nico Serra - Epiphany 2018 15
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- High spacial resolution to observe the T decay
g T — (~1Tmm flight length)
L - Electronic detector for tracking to give the time
. stamp of the event
' | @D |- Target to measure the T products
®5 T - Muon magnetic spectrometer for muon
UH IU identification

Lead plate Emulsion Film Rohacell plate Emulsion Film

Nico Serra - Epiphany 2018 16 12th Jan 2018
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First evaluation of F4 and Fs, not accessible with other neutrinos

d2ov ) G*ME, ) F o+ m2 M :1: P
p— 1 2
dedy (1 + Q2/MZ)? 2E M 4E2
2
+ |zy(l — —) ~ Y F3+
2° 4E,M 4E2M 2
F,=F-=0 CC interacting V-
! > N 5 L L S B S B R S B S B S B B R B S S B S T
s -
- 9 — o o, w/oFy Fs
o | v, \‘ ) Bi 4L r =
—  fw,. =14 Gev S ] ) 0 inthe SM
T = ? 1 .
~° A T TTTTTT T 3L
£ « :
8 =™ : -
Fo| ::'CT;,:';M"SM predlctlon n S -
P' iy F,“'C-o (dash) j i lo
° 60 loo 150 200 0: ...................................
E [GeV] 10 20 30 40 50 60 70 80
E( ) Vr ene(r;gy
_ _ V) < 38 GeV

. AtNLOF,~ 1% at 10 GeV

Nico Serra - Epiphany 2018 17 12th Jan 2018



L= Physics with nu-Tau

* Charmed hadron production in anti-neutrino
interactions selects anti-strange quark in the
nucleon

* Strangeness important for precision SM tests

Search for Hidden Particles

and for BSM searches ]
* W boson production at 14 TeV: /
80% via 7id and 20% via ¢s . //
)  Significant improvement (factor two) with SHIP data
a
f - _ - - size of uncertainty_Lon s+
15 + g o— .\]D I:TI OI’ > ITI IIIEZI:IIIM
PDF uncertainties NNPDF3.0 S B B
I, 10 | = ? z
; r
e H\ E
0.0001 0.001 0.01 0.1 1 B
Phys. Rev. D91 (2015) 113005 s
Fractional uncertainty of the individual parton o 18

densities f(x;m?,,) of NNPDF3.0

Added to NNPDF3.0 NNLO fit, Nucl. Phys.

Nico Serra - Epiphany 2018

sT = s(x) +35(x)

B849 (2011) 112—-143, at Q2 =2 GeV2

18
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Mass of Dark Matter particle
10-31 - 1020 GeV Courtesy of M. Pospelov

-39
10 T T rrrrreg T T rrrrirg T T T T T lllll“n'.:.“h'l‘..i‘-ll"lmhlnhli
Crstskell Mandic Flippi

DAMA

CDMS-Si

- 4
o1 key IMP Range

motivated -

what about here?

| (normalised to‘aucleon)

-

Cross-section |cm
fo—
<
&

-46 : - -
0 Most money spent
\ 10-47 g gl sl A L1l 1 lllllll. L1
107 10°2 107! 1 10' 10° 10’
WIMP Mass [GeVie™]
<0kev  ZWETIpM T =0 M WH\I’IPS | >100 TeV
DM too hot, spoils (\ | J p | | > DM overproduced
structure formation <o =
1 MeV-========-~ 1 GeV M, 10 TeV

Light mediators must be SM singlet, options limited by SM gauge invariance:
1) Vector Portal; 2) Scalar Portal; 3) Neutrino Portal

Nico Serra - Epiphany 2018 19 12th Jan 2018
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SN BN N NN BN W NN SN SN NN

- DM particles can scatter on the electrons or nuclei of
the dense material of the Emulsion Spectrometer in
the Upstream Detector

" - Difficult to beat the sensitivity of Missing Mass
Experiments for vVWINPs coming from Dark Photon, but
for other models (e.g. scalar, Zprime) SHiP might have a
unique sensitivity

Nico Serra - Epiphany 2018 20 12th Jan 2018
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Y produced by a dark photon decay

Xe__>X€_ N T YA I P %
107853 l r:l‘r : / k :
>1020 photons expected in SHiP i L
can be used as a LDM beam 1079 5
Detect LDM via its scattering on 5 _ |
) 3 1010 5( signal events
atoms of emulsion spectrometer , @ SHiP
>_
SHIP would probe even beyond relic 10-11
density in minimal hidden-photon model / i
—— LSND e Direct Detection ]
Ve 1_/6 VFL 17# a;].]. 10—12 L ‘_2 ‘ ‘ -‘- I‘Eﬂ‘a?‘ L \_1 ‘ e
Elastic scattering on e~ 16 2 20 18 56 10 10 1
Quasi - elastic scattering 105 73 178 my(GeV)
Resonant scattering 13 27 40 .
Deep inelastic scattering 3 7 10 Cou(;teeNsi)\//;):VI;Iaet rick
Total 137 109 20 18 284

SHIP Studies ongoing

Nico Serra - Epiphany 2018 21 12th Jan 2018
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- In order to have a background free experiment we need a fiducial volume with at least
10-3 mbar to have negligible bkg from neutrinos interacting in the air

- Veto system around the fiducial volume:
- Liquid or plastic scintillating in the vacuum vessel walls for vetoing
- Upstream veto before the entrance window
- Tracking veto after ~5m of the entrance window

Nico Serra - Epiphany 2018 22 12th Jan 2018
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- The fiducial volume cannot be filled with air at atmospheric pressure, we would expect
about 100K neutrino interaction in the experiment

- Of this about 300 would be survive a loose offline selection

- Piramidal frustrum shape to maximise the acceptance

Nico Serra - Epiphany 2018 23 12th Jan 2018
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Search for Hidden Particles

. Timing
Tracking magnet detector uon

system
L\ Sw

calorimeters

1) Fully reconstructed signal: at least two charged particles (+ 110, y) e.g. N—>p+11-
or N—>p+p-

2) Partially reconstructed signal (neutirnos in the final state) e.g. N—>p+tvv

4) Fully neutral channels e.g. A—>yy

Nico Serra - Epiphany 2018 24 12th Jan 2018
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Search for Hidden Particles

Main difference with Na62:

- material budget per station 0.5% X, 5m length, vacuum 10-2mbarr,

- position resolution 120 um per straw,
8 hits per station on average Magnet with yacuum vessel

5
(%) ~ [049%° + [0.022%/(GeV/c)? - p?
Momentum resolution is dominated by
multiple scattering below 22 GeV/c
(For HNL -2 mu, 75% of both decay
products have P < 20 GeV/c)

fiiimmm s

3 HNL-2>ntu - e
- —_——
> 0.25 Prob 0.06682 @ oo
= 0.003}- Constant 0.003186 = 0.000114 % l
@ 02 Mean 3.1950-06:22080-04 | B
“c: chma 0.00793 = 0.00017 8 0008~
@ 0.15 0.002 |- -
01
.
0.001 - 0.006:
0.05
0 ) ) PO s |
0 5 10 15 20 25 30 35 40 45 50 Q) 2 0.1 0 0.1 02 0 10 20 30 40 50
p (GeV/c)
P -P P
( MCthuth RECO) MCtruth num . [GeV]
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Timing Detector
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Physics Case

5-columns setup
without lightguide

Challenges:
- Large area
- Required time resolution <100ps

NAG61/SHINE, bars with PMTs

UniGe 2006

NA61/SHINE ToF

- 100ps resolution in NA61/

Shine ToF

- Size of scintillator counter
120x10x2.5 cm3

- Total active area 1.2x7.2 m2
Multi-gap resistive plate chambers (MRPC)

 ALICE ToF and EEE project
* 61 chambersx 120 cm strips, 3 cm pitch
* 50 ps resolution achievable

MMNOCOe DCRUP slectrooe air

4gN voltage surface (v

- Plastic scintillating bars read-out by SiPM S ,/ - /

Nico Serra - Epiphany 2018 27 12th Jan 2018
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ECAL

* Almost elliptical shape (5 m x 10 m)

» 2876 Shashlik modules

» 2x2 cells/modules, width=6 cm

» 11504 independent readout channels

Dimensions 60x60 mm?
Radiation length |7 mm
Moliere radius 36 mm

HCAL

» Matched with ECAL acceptance
» 2 stations

»5H5mx10m

» 1512 modules

» 24x24 cm? dimensions

» Stratigraphy: N x (1.5 cm steel+0.5 cm scint)
» 15612 independentreadout channels

Radiation thickness 25 X,
Scintillator thickness 1.5 mm
Lead thickness 0.8 mm

Energy resolution 1%

Nico Serra - Epiphany 2018 28
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Muon System

Nico Serra - Epiphany 2018 29 12th Jan 2018
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Based on scintillating bars, with WLS fibers and SiPM readout

Requirements:

1) High-efficiency identification of muons in
the final state

2) Separation between muons and hadrons/
electrons

3) Complement timing detector to reject
combinatorial muon background

Technical Proposal (preliminary design)
-4 active stations

- transverse dimensions: 1200x600 cm?2
- X,y view

- 3380 bars, 5x300x2 cm3/each

- 7760 FEE channels

- 1000 tons of iron filters

Nico Serra - Epiphany 2018 30 12th Jan 2018
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wall

HS decay volume HS decay volume

~ _—‘

"’E\\\ K sweeping field

vacuum

wall

\\ HS decay volume

HS decay volume

K sweeping field

Nico Serra - Epiphany 2018 31 12th Jan 2018
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Using the expected rate of muons (with sweeping magnets) the main background

consists of neutrino inelastic:
- Reduced rate of inelastic muons, efficiently killed by vets

- Cosmic muons killed by veto (+ bad pointing)
- Combinatorial muons killed by timing

-500

-1000

~1500 ’
150%m 1000 500 0 ~500 ~1000 “1500 200 1500 1000 500

- All studies compatible with zero expected background
Preparing large simulation to study properties of events with reconstructed vertexes

Nico Serra - Epiphany 2018 32 12th Jan 2018
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Physics signals

Signature Physics Backgrounds

7 T, K~ pT  HNLNEU RDM, K} = 1 p v,

Tt HNL(— p~ ™) K »rn ptv,(+7%), KL - T o’
m e, K eT HNL, NEU K‘I{ - 7T e Ve

mmlet HNL(— p~e™) K} >n e v, K > m ntrn’
p-et+p™=*  HNL,Higgs Portal (HP)(— 77) K} w7 putv,, Ki - 7 el ve
u—ut£p™  HNLHP(= 77) RDM, K9 — 1~ u*u,

u—pt DP,PNGB,HP RDM, K¢ — n~ptw,

po Ty Chern-Simons K} 57 7w’ KY = 7 p v (+7°)
e~et+p™**  HNL,HP KO s netu,

e"e™ DP,PNGB,HP K} - n ey,

x—xt DP.PNGB,HP Ky —n v, Kp = netue,

7!'—71'07!'071'0

DP,PNGB, HP(— 77),
HSU,HNL(— p"v)

DP,PNGB, HP

DP,PNGB,HP, HNL(7nv)
DP,PNGB,HP
PNGB(— mmn)
PNGB(— mmn)
DP,PNGB,HP

Hidden Susy (HSU)
Hidden Susy

Hidden Susy

Hidden Susy

K[é SR o ¢ R
0 +

K a7 putv,, K 57 et v, KY -7 7" n’,

K[é s ", Ke > 1T ,A—prm

K. —wrmptv,, Ki 51 e veK; 5w
Kz s Ke > 1T, A—prw

K} »n ntr?

K? =~ atn?(4+7°)

+7I'U,

K 5 a—ntal

Nico Serra - Epiphany 2018
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neutralino

Heavy Neutral Lepton, NEU=

HNL=

Pseudo-Nambu Goldston Boson

DP=Dark Photon, PNGB

Background: RDM=random di-muons from the target
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Search for Hidden Particles

12th Jan 2018



>

I Universitiit . . AVa
2= Slgnhal Signature

Search for Hidden Particles

Beam:
400 GeV/c prot
DUBRFLIEIIES - b, K, D, photons = &
2x1020 pot/5 years SR
_ oies: )
SHiP target, o (pp — ssbar X) /sigma (pp— X) ~ 0.15
W-Mo o (pp— ccbar X') /sigma (pp— X) ~2103
o (pp — b bbarX) /sigma (pp— X) ~1.6 107
W,
E T T T T T T T T T T T T T T T T T . . . . . - . . . . T . . . . I . . . .
E 120 = N Reconstructed
Z © 0.10[ — HNL >
100 - —— NeutrinoBG A
0.08H
80 £
0.06H
60 .
40 + + 0.04 I
20 m#ﬁ# t # + 0.02f-
BN Tt TR I e el L
distance of closest approach [cm] Impact parameter to target [cm]
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Dark Matter might interact via unknown forces
Consider an additional U(1)’ symmetry wrt which SM patrticles are

neutral
If we have some high mass fermions charged under U(1) and U(1)’ we

have an effective coupling

high energy loop diagram low energy effective mixing
X+
A A :
A A
O S
X_
QED-like
€
_ [mny 1,...2 7 \2
L = Ez/),A + Ex,A’ — 5 F,uz/F'u an §mA,(A#)
QED fields U(1) fields \ ass tarm

field strength tensors
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=» Production at SHiP:

- meson decays e.g. ™0 — YV (~ €?) arXiv:0906.5614

~ p bremsstrahlung on target nuclei pp — ppV arXiv:1311.3870

~ large my = direct QCD production through underlying ¢g — V,

qg — V (need some more theory work!) arXiv:1205.3499
=» Decay: [iot = L(£T47) + I'(hadrons) + I'(xx)
N E— /f
5 ont —k
E O":' —;a.:crons 2 e
Sos\_ % el ap = dark fine
08 XX @ap structure constant

",' mass [GaV|
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Dark Photon

Visibly Decaying A'

/

----/’_//
(g=2), > 5o - ==
(@2, +20 T W}
i e V/WM amaad e,
(g2 LT = BaBar, NA48/2, PHENIX
E141/~3
SHiP,
Orsay, U70 I)If?%llsstl‘alllllllg
Charm, Nu-Cal
/—’_J
E137, LSND &
SHiP,
mesons
) ‘
: 10 10~ 10° 104

my (MeV)

37
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At SHiP (according with estimates) we produce around xxx B-mesons, so
we can exploit the Higgs portal (search for light Dark Scalars mixing with
the Higgs)

L= Lsy+Lus+ (1S +aS*)H'H e e T o
h sinp cosp 5

Theory references:

) i ) (K = 7d) ~ (m?| Vi Vig|)? oc miN

Vi (D 70) ~ (M| Vi Vi) o miA°
b/5 > > s/d

N | [(B — Ko) ~ (mi|ViVip|)? oc mg)?

=» Decay: S — vyv,ee, pu, mm, KK
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—>[(B = K¢) ~ (m2| Vi Vip|)? oxx miA2

\

J

ete-, i, KTK-, uru-, ...

detected in the downstream spectrometer

Contours of constant DM
nucleon cross section, where
we assumed thatS acts as
the mediator between DM
and nucleons:

— current limits from LUX

experiment assuming
m, ~ 5-10 GeV and k=0.1

2
= 104002 () (22
g CIn 01

10t

ms [GeV]

The SHiP Physics case,
Rept.Prog.Phys. 79 (2016) no.12, 124201
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Pseudo-scalar can arise from spontaneously broken U(1) symmetry:
- An example is the axion, introduce to solve the strong CP problem (m~10-5 V)
- Axion-Like particles (ALPs) ca arise from other broken symmetries

ALPs can couple to: gauge bosons, fermions or gluons

Gauge Boson Fermions
4 1 " ) 4 )
LD = gayyPF""Fyy 2,0 -
4 o LD ; PyHy Sy
~ — a
LA N J

Coupling proportional to 1/fa (scale of the spontaneous broken symmetry)

Two signature in SHIP: A’— yy and A’'—s p+p-
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Production Decay /
Dg N —»—e K

LY
N — H%, with HY = 79, p% n, ¢/
D N — HE(F with H = . p
Vu ! A’; ” 3Z ¥
XIH N23 N — 6] v;
v ’ N — v 0507
\* %54 /

Production and decays are both suppressed by U? |, so the sensitivity is
proportional to U4

If the mass is small enough they can be produced in semileptonic meson decays

(pions, kaons, D-mesons, B-mesons), at higher masses they will be produced by W
and Z
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DELPHI

U2_ enhanced

Normal hierarchy of active neutrino masses
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-o-LHCb -m-BaBar -a—Belle
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- A number of deviations from SM expectations in B-
~ ki I ] I ) i I i . . . .
i Y .. P meson decays with significant around 3sigmas
= Belledata o CMS data i
(1 SM from DHMV ] - Much too early to conclude anything, but if confirmed
SM from ASZB - , , :
% i : point towards particular scenarios of NP
i I | ((IPEDE : . :
i D i - In any case show how little constraint is LFU (not in
05 gl 1T PN, gauge boson decays)
ISl = 3 | Bt | .
Il i - él T TIET ST TR - In general all these models predict LFV and in particular

7 [GeV¥ ] tau—>3u decays
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e BELLE reached O(10-8) sensitivity using ~107tt events
e BELLE Il plans to collect ~6x107%tt events
e Expected sensitivity for UL (t —3u) varies from 10°(BELLE Il TDR) to fewx10-70

Can a dedicated experiment at the BDF do better than this?
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Dipole Muon system
magnet
Target ” I |H
system
I“ i
- z, |H
Pixel
vertex ECAL
detector

® Thin (~1mm thick) W target(s), i.e. 1% of SHIiP beam

e ~ 5x10731 leptons produced in 5 years

e Backgrounds include
- Combinatorial bckg., mainly from muons produced in em decays of n, p, ®

- Bckg. from various semileptonic D decays, e.g. D*— nutv, n—utu
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o About 90% of t-decay vertex in the air

e [iming and vertex resolution allow to reject combinatorial background

e About 50% t-decay in acceptance

e 1-SHIP has the potential to extend the sensitivity region BR(t— ututu) <10-10
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- The SHIP experiment at the BDF facility allows to search a broad variety of signals
for very weakly interacting long lived particles and more

- Emulsion spectrometer can be used to search indirectly for HS particles via the
VWIMP scattering (iISHiP) or to do v physics (vSHIP)

- HS particle can be searched for in an inclusive way in the fiducial volume (dSHiP)

- The BDF can be used to search for LFV decays e.g. t— u*utu- and more (tSHiP)
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Competitors

Search for Hidden Particles

FASER at a few hundred meter downstream of :
ATLAS or CMS ¢ b for f doroduced Lieht vWIMP MATHUSLA intends to operate at surface,
or O scarcn 10r rorwardproduced 11 \" S
P & ~100 m above ATLAS or CMS
ya ”’_T\f/ Intersection ntersection Arc L leptonic decay hadronic decay
[ \ IP TAS D1 TAN D2 - : > |
‘\\A /,-“"l'—” e T rkcaiond Multi-layer \ f / 1/
7 o e ’ _____ ?éo T T e T T a0 oy tracker in roof \ 17 rz\)
Scintillator R PR 81 %‘
wmdp TASQ1 Q2 Q3 D1 TAN D2 Q4 surrounds e’ et Air 3
+15 Surface R PR
+5 g ¢ ¢ ‘ B - ” i
7 T neutral particles § S A v neutral
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| P
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Proliferation of proposals searching for hidden sector,
especially at LHC

CODEX-b at the LHCb hall

DELPHI CODEX-b box

Competitive with SHiP for some channels (assuming we
are all with zero bks), especially from HS from B-meson
decays, while we are normally much better for charm

B iy - This shows an increasingly interest in the Hidden Sector
it | L Physics
ol | - Advantage of a BDF facility is that more flexible to
N cwiedvto /. expand the physics case (e.g. tau—>3mu)
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2
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I
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80x80x240cm
iy
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- Measurement of the muon flux in 2018 to validate the simulation in dangerous corner
of the phase

- Replica of the SHIP target followed by a muon spectrometer, we expect about 1011
PoT
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TZM plates interleaved

with nuclear emulsions Instrumented Magnelized
Target Volume
Muon filter
P
I

not to scale /.c"ometer Muonh Tagger

Charge and momentum measurement
of charm decay products

- Due to the thickness of the target, cascade charm production has to be taken into
account

- Both the signal and the background depend on charm cascade production

Dedicated measurement of d?c/ (dE dQ) using 400 GeV protons
on a SHiP-like target at H4
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Muon filter I R R
Target ECC+TT Spectrometer OPER.A Ve =
candidate P e
ele:trogé// Zan
//é/

/ ///

parc

L 2y showers
2 mm B == ~N\\_,_:: ~*\—:‘EE
10 mm ECC

Single long magnet hosting the emulsion and muon spectrometer

Muon identification using a filter outside the magnet
Possible improvements:
Analog readout of TT to provide calorimetric information

Optimize the distance between consecutive TT planes (currently ~10X,)

Use a combination of TT and ECC to measure electromagnetic and hadronic showers in the
event
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The active muon shield in the SHiIP experiment
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Figure 1. Transverse momentum versus momentum distribution of muons, as generated by Pythia [5, 7]. = 400
7000 -6000 -5000 -4000
....................... [ .
Z (cm)
I I i I 1 Figure 4. Geometric view of the optimized muon shield, showing at the top, the z-y plane view, and at the
R U nnin g th e SI m U | at I O nw It h m aterl al bottom, the z-x plane view. SHiP defines the origin of the coordinate system to be in the center of the decay

vessel. Color shading is used to enhance the contrast between different magnetic field orientations.

- ~3x10° muons/spill with magnets off
- With the magnet on 3x10% muons/spill
- ~6.5x104 muons/spill with p>3GeV

Opimization of the muon shield includes
muon rate, weight (1.850 Tons) and length
(34 meters)
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A massive neutrino may interact e.m.

—> magnetic moment proportional to its mass ;\%

3eGrmy —19 ' s \/\/\/\/’
o 3.2x107) (°4) up
2 8772\/§ ( X ) leV K
. 11 O(Ve,ﬁe) o ﬂ-agm/'l‘?/ l . i
Gt J () poy < 29107 i il (o z)

(V) po <6.9-1070up

No interference as it involves a
spin flip of the neutrino

IN'SHIP et = 2 / B, 0" NyuuidE= 43 x 10522
K K
2
. (9; 'f\ii;s%?ﬁe é %ON BACKGROUND PROCESSES
Vo(Va) € = va(tz) +e7 NC 750 Assuming 5% systematics
0, <30mrad Ve+e —e +v. CC from DIS measurements
E,>1GeV

Ve+n—e +p QE =
vo+p—-n+et QE 11700 SHiP can explore a region down to

v (D e (e DIS - S —
((Ve) +N = e (e7) + X 1700 , = 1.3 x 10 ,ué
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