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Energy Frontier vs. Intensity Frontier

Energy Frontier
SUSY, extra dim.

Composite Higgs
= LHC, FHC

ntensity Frontier
Hidden Sector

=>» Fixed target facility
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Energy Frontier
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High Energy <> Heavy Mass
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Time after Temperature
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IMB vs. Kamiokande
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This is how it works

Cerenkaov radiation from a proton decay P
event will create three back-to-back

cunes of light in lhe detector. The left

cone actually includes two cones result-

ing from decay of a pi meson. The

right cone results from the track of the
positron. The light cones will trigger
photomultiplier tubes on the faces of

the detector. No nther event will dis-

play this particular pattern of light.

CONE OF CERENKOV LIGHT PROTCN DECAY SITE

« The compuler graphic pattern resulting
from a proton decay in the detector
would look something like this. Each
rectangle represents one face of the
cube. If you cut it out and falded it,
you would have a mini-detector. The
dnts represent the photomultiplier
tubes which would be lit up in an ide-
alized proton decay. Fach dot on the
graph would provide energy intensity,
timing and location data to the re-
searchers.
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FACT: about 65 million neutrinos pass
through your thumbnail every second.



arom%%r
SH0IXIE HE
S o | A|.|:||.|__|.




- EfF S-dOKX} ~65008H/ X /cm?
e L MA S H0O|AL ~1020/2%

. 7k47| EA0R

proton-nucleon = 1T = g + v



Super-Kamiokande
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B factory

Belle at KEK
(Japan)

SLD at SLAC
(USA)



Belle Il Detector

" KL and muon detector:

Resistive Plate Counter (barrel)
“Séintillator + WLSF + MPPC (end-caps)
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EM Calorimeter:
Csl(Tl), waveform sampli
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SHIP — Search for Hidden Particles
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0] &83dt= 7k&7| © SPS

Super Proton Synchrotron (1976~ )

The second-largest
machine in CERN's
accelerator complex.

Nearly 7 kilometres in
circumference, operat
ed at up to 450 GeV.




CERN Accelerators

(not to scale)

0.999999c¢ by here

—— TR
nasuinings o Gran Sasss ()

0.87c by here

LHC: Large Hadron Collider

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator

ISOLDE: Isotope Separator OnLine DEvice
PSB: Proton Synchrotron Booster

PS5: Proton Synchrotron

LINAC: LiNear ACcelerator

LEIR: Low Encrgy lon Ring

CNGS: Cern Neutrinos (o Gran Sasso

0.3c by here

Rmadoll LEY, FS Deviaos, CLEN, 02 09 96
Revisel sl adugied ry Satwonclla Dl Rosss, ETT D,
i collaboveson with B Deatonges, 31 Div,, asd

0, Manglondol, P8 O CFRM, 210804

Start the protons out here



% The Fixed-target facility at the SPS: Prevessin North Area site

SHiP (see talk of Lau)

Proposed implementation is based on minimal modification to the SPS complex

Tagota 12, T4, T4

A\"y.e\}‘.l Ip[t’%"'“'j“R'.y. A1 B
CNGS)

The SHIP facility is located
on the North Area, and
shares the TT20 transfer
line and slow extraction
mode with the fixed target
programmes
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Search for Hidden Particles

~150m
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Extensions of SM

Dark Photon HNL & Dark Matter
Hidden by
D o O
Sector Op, OF Sector

Dark Matter Dark Matter

Hidden s@\f:a\ Hidden

Sector Q°

Many hidden sector models often include low mass particles

below the GeV scale (dark matter candidates).




Hidden Sector Models

Vector Portal B, F'"
Scalar Portal (1S + aS?)HTH

Neutrino Portal YHTNL

S

a y a
Others f—AGnvGM : f—AauJ“, etc



An Example : Neutrino Portal



Neutrino = neutral lepton
= electrically and strongly neutral fermion

Neutrino portal = gauge singlet fermion coupled

= Sterile Neutrino coupled

ENeutrino portal — For (L (I )A/I + h.c.

(i)rl — a)(I) p— L v
: Cab™®p b = 7 (O)



mass -
charge -

Leptons

vMSM

= SM + sterile neutrinos

. The economical extension of the SM

Three Generations

of Matter (Fermions) spin %

2.4 MeV 1.27 GeV 173.2 GeV
% l l % C L% t
up charm top
4.8 MeV 104 MeV
‘d S
down strange
avy;
muol
neutripo
0.511 MeV 105.7 MeV 1.777 GeV
e T
electron muon tau

Bosons (Forces) spin 1

126 GeV

0 H
0
Higgs
boson

spin 0

mass —
charge —

name —

Quarks

Leptons

Three Generations

of Matter (Fermions) spin %2

2.4 MeV 1.27 GeV 173.2 GeV
“u “c °t
up charm top
4.8 MeV 104 MeV 4.2 GeV
‘d s b
down strange bottom
10 ke' ~GeV ~GeV
Ve/N, |"Vi/N, "V
c T
tau
muol U
ﬁgﬁ( 3 neutrijio peutrin
0.511 MeV 105.7 MeV 1.777 GeV
e [ T
electron muon tau

Bosons (Forces) spin 1

126 GeV

'H

Higgs
boson

spin 0




Why sterile neutrinos in this model?

« Smallness of neutrino masses by see-saw
« Dark matter candidate
 New CP phases — Baryogenesis

Phenomenological prediction

Heavy Neutral Leptons (HNL)

=) SHiP



The Lagrangian

L:‘e;inglet — "".-'*"T\:TI O,Lx-ﬁ""'uj\rf — Y714 X}HL; — M A’T\_’TILE\’TI + h.c..

Independent parameters

3 Dirac masses,

3 Majorana masses,
6 mixing angles,

6 CP phases



Dark Matter Candidate

If N, mass < electron mass

— N, decays into only active neutrinos

Ml -5 @2 —1
— 5 x 10%°
=0 S(lke\/) (10—8)

|Ogr|? M \?
Q2vh?~0.1
N 2. 2 (10—8 )(lke\/)

[ a=e,u,1

Long lived N, — warm dark matter candidate

ZSM]SSKGV



« HNL mass > 10° GeV

GUT, LR model motivated
Baryogenesis OK, no Dark Matter
no Experimental signature, hierarchy problem

e HNL mass ~ TeV

No underlying model motivated
Baryogenesis OK, no Dark Matter
Experimental signature at the LHC, no hierarchy problem



« HNL mass ~ GeV # SHiP

No underlying model motivated
Baryogenesis OK, Dark Matter OK

Experimental signature at the SHIP, no hierarchy problem

e HNL mass ~ eV

No underlying model motivated

no Baryogenesis, no Dark Matter

Experimental signature at many neutrino experiments
no hierarchy problem



® Subsequent decay of IV to SM particles




Target Active Muon Shield Muon Magnetic Spectrometer Electromagnetic/Hadronic Calorimeter

Goliath Magnet

HS Vacuum Vessel Spectrometer Timing Detector

HS Spectrometer Magnet

Neutrino Emulsion Target and Target Tracker

Drift Tube Tracker

T
Upstream Veto Tagger StrawVeto TAgger

Surround Background Tagger 4

Spectrometer Straw Tracker

Muon Detector



Hidden particle detector

A
[ \

Calorimeter

Target
Hadronabsorber ~ Muon shield

~30m l

Vv detector Vicnitiivesd b Muon spectrometer

M el od ad ad e d 2227377,

8 4

Tau Neutrino

deTecTorn DONUT v, event
Flight Length:280um

Iron: | \
T1imm T /

Emulsion



£ SHIP beam-line

SHiP (incompatible with conventional neutrino facility)

/

p(400 GeV)

nitial reduction of beam induced backgrounds
Heavy target to maximize Heavy Flavour production (large A)
and minimize neutrinos from w/K = uvdecays (short A,
Hadron absorber
Effective muon shield (without shield: muon rate ~1070 per spill of 5x1073 pot)
Slow (and uniform) beam extraction ~1s to reduce occupancy in the detector

Not to scale!

Mo/W
Target~1m

e.u, hadrons

Fe ~“Sm

Decay volume in vacuum
Active muon shield (magnetic deflection) Of{50)m

Tau neutrino Length ~50m

Multidimensional optimization: beam energy, bpetector ~10m
beam intensity, background conditions and detector acceptance



y 30x30 cm?

Target/
hadron absorbe

Active muon shield

Hybrid target:

Blocks of Titanium Zirconium

doped Molybdenum (TZM)

followed by blocks of pure Tungsten

Hidden Sector
decay volume

Spectrometer
=, Particle ID

v, detector

Hadron Stopper: 5m of Fe

High A/Z target
— to maximize D, B production

—

and to stop p, K before decay



Prompt dose, y [-110:110], all particles

1000

Hadron stopper
-~ eliminate 2ry mesons S

X [cm]

Muon Shield
- deflect muons
from 2ry meson decay
like DONUT exp

[uSv/h]

-500

-1000

2000 4000 6000 8000 10000 12000 14000 16000

Hadron stopper Active shield (~50m) 2 o
\ (using magnet)

| —




Vacuum Vessel R

(HS decay volume)

10m| |

=

& {
::;,_7
VO

“\n‘“

\
| Lyl ok Spectrometer  Straw
| S magnet trackers
\)
y | LI
) Vacuum Vessel

5\ 10-° mbar vacuum needed suppress
m the neutrino interactions background.

Upstream Veto tagger
located just after v, detector

to tag neutral K produced by v and pu int
and p entering the vessel from the front
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Optimization of the HS decay volume

Geometrical acceptance as function of the decay volume length
for given cross section 5 x 10 m (Mys = 1 GeV)

HNL

.2

Acc[a.u.

n.e
0.6
N4
0.2

0o

1.4

*

L]

MR R L N O
st

poalv o lowolownlonslls

40 il il L))
L, m

AU,

10"‘

10k

Hidden scalar

T @= W‘H-iﬂ-—ﬁ

_"r =10, = llm
= 5% 1, 0= 24 m

e ll}"',,-lll:'l]'ﬂ m

[Sammamm

|
N
40 100 120

Dark photon

30

00§

L

ko]
[

] 4 0 ] 10 10

Acceptance saturates at
- 48 m for HNL
- 40 m for dark photon
~ 40 m is also ok for hidden scalars
with shorter life times

SHIP open symposium, 2nd Juby, 2015 15



% v, detector follows the concept of OPERA

Magnetic
Specrometer

Goliath Magnet

Emulsion Cloud Chamber
Is a key element of v_detection

e wrich Compact Englsion Speciromecer
fsmm 11 v -
Neutrino Target
.':-
) ‘:T .’."—A' 1l
| - ‘ o-{ 3 -
4 Drift TubeTrackers

e | ]f.\ﬂ :
e e I \n/ s Iw", Drift Tube Trackers

) wer rnvo

< ? .
i \/ @B | ‘\’
el ;-qx L'o:s.-»'l" ot | plex (S

SHiP open symposium, 2nd July, 2015



Vt detection by identification of Tau lepton

ECC (Emulsion Cloud Chamber) target

<
Pb N
N o
. anﬂ/ng
emulsion layers -
' ' Trackers
CT ~ 87um interface films
(CS) (TT)



Tau Neutrino detector

ECC (Emulsion Cloud Chamber)
TT & Muon Spectrometer

Nuclear emulsion ECC
. . . (Emulsion film + Pb)
Spatial resolution = sub micron

PID - electron, proton, pion ...

Momemtum measurement — using MCS

—> Application to various fields

Neutrino exp, DM search, S=-2 nuclei,

Gamma ray telescope, Muon radiography ...




% Neutrino detection at SHiP

siir

v Unique capability of detecting all three neutrino flavours

-v./ v. = vinteraction and t decay vertices in emulsion target

-V, - electrons producing em shower in emulsion target

-V - muons identified by TT, DTT and the muon
spectrometer of the tau neutrino detector

 Lew (%)

T2 uX
T2 hX
T > 3hX
T2 eX

60
b2
b3
56

v’ Separation between tau and anti tau-neutrinos by the charge measurement

- charge of hadrons is measured by CES

- charge of muons is measured by CES and maanetic sbectrometer
Different topologies of muons

DTT

e
1> hX |t 3nX countn "
Correct 70% 49% 94%, ;"/
charge ’_1_1#_;____‘___________'
Wrong 0.5% 1.0% 1 5%, TARGET x\\\

e o

SHIP open symposium, 2na Jury, LuLs

LS



L HS Signal yield

shir
The same procedure applied to all physics signals, outlined here for HNLs:
n(HNL) = N(p.o.t) x x(pp = HNL) x Pytx X Aot (HNL — visible)
v N(p.o.t.) = 2x1020
v X(pp — HNL) =2 x [x(pp — c¢) x BR(c — HNL)
+ x(pp — bb) x BR(b — HNL)| x U?

- x(pp 2 cc) = 1.7x103, »(pp = bb) = 1.6x107 are production fractions for
400 GeV proton colliding on a Mo target
- U? = UZ+U2 +U2 (ratio between different LF is model dependent)

v P - probability that HNL (of a given mass and couplings) decays in the
SHIP fiducial volume

v 4, (HNL 2>visible) — detector acceptance for all HNL final states,
HNL =2 3v, 1% a*l", g%, p*I", Fl"v

Awx(HNL — visible) = Y~ BR(HNL — i) x A(i)

i=visihle channel

SHiP open sympaosium, 2nd July, 2015 73



a%a

WAV, HNL prospects @ SHIP
SHiP i
SR BAU constraint is model-dependent (shown below for vMSM)
B A R e Uy U U7 ~1:16:38
od hi Normal hierarch .
' Inverted hierarchy . e \Lgy Eriher oo
Drewes et al. (2016)
“ Hernandez et al. (2016)
§ Hernandez (2015)
2 Drewes & Garbrecht (2012)
‘g’ Abada et al. (2015)

HNL mass (GeV)

'DELPHI

Enhanced HNL production
( B-L gauge symmetry )

My /My =3

g =10

|9,'4'f\ | s

Batell, Pospelov, Shuve 1604.06099

M."u’ (GeV)

SHIP sensitivity covers large area of parameter space below the B mass
Moving down towards the ultimate see-saw limit

Beyond Collider Physics, CERN



Comparison with previous bounds

0.1 05 1 5 10
HNL mass [GeV]

16 /23



And others...



Scalar portal models
Vector portal models

R-parity violating SUSY
Bulk singlet neutrinos in the extra dimension
models

Unparticles

And more...



% SHIP sensitivity to hidden-sector mediators

SHilP?
Necrvh foa ki M

v Dark photons -2 U(1) associated particle A’ (y’) in HS that can have non-zero mass
and mix with the SM photon with ¢
Produced in QCD processes orin decaysof i 2y v, n2v o2y aandn’ 2 v’y

v Hidden scalars, S, can mix with the SM Higgs with sin‘@
Mostly produced in penguin-type B and K decays

Search for the decay vertex into a pair of SM particles into e*e-, u*u". mx*. KK. nn. tr. DD, ...
Visibly Decaying A"

= o m— SHIP
104 f_,_,_-:j_’_ __;.:;f"' E B (visible)
(825> 30 e ? ----- B (invisible)
—6[ETpsir o = CHARM
10 ope - ___,r"-C‘MW“—'TMMIWJU\#nw».w."ﬂ'w_ E_ s LHC B
&P _— EMN BaBar, NA48/2, PHENIS 13
1078 El4L/ 3
) SHIP,
10~ 101 bremssirablung '
2 =
© 10712t , 107 &=
Charm, Nu—Cal ™ E
~1a 107 g
10 E137, LSND | E
16 h 107
10-16 . ; E
mesons 10
18 s/ 3
107 / 10" k
10720, . —camatlll . | 102 o
1 10 10 103 104 100 C
my (MeV)

SHIP probes unique range of couplings and masses

Beyond Collider Physics, CERN 9



% SHIP is a “background-free experiment”  SPSC-P350-ADD-2

SIiP - Accurate control of backgrounds is critical for SHiP physics performance
Bkg. estimation is based on FairSHIP - data samples comparable to the

expected ones simulated with Pythia, Genie and run through full GEANT4

A ) —~|
. Neutrino tomography
Neutrino I
induced "L e
> % 12E
Muon Origin of V, produced =" =
inelastic in muon inelastic int.
5 =
> § a
z C
Muon s 2_ Decay volume
Comb. o
distance to start of decay volume [ml
> Muon trajectories
Cosmics

No evidence for any irreducible background ! 11
Beyond Collider Physics, CERN



SHIP in the world

SHiP

Search for Hidden Particles

~250 scientific authors
16 member countries: Bulgaria, Chile,
Kingdom, Ukraine, United States of America
48 member institutes: Sofia, Valparaiso, Niels
Mainz, Bari, Bologna, Cagliari, Ferrara, Lab. N;
Coimbra, Dubna, ITEP Moscow, INR. Mosco . scow, Kurchatov Institute Protvino,
Petersburg Nuclear Physics Institute St. Peters Moscow Engineering Physics Institute, Skobeltsyn Institute of NucleanPhys‘l;:;uscnw,
Yandex School of Data Analysis, Stockholm, CERN, Geneva, EPFL Lausanne, Zurich, Middle East Technical University Ankara,
Ankara University, Imperial College London, Upiversity College London, Rutherford Appleton Laboratory, Bristol, Warwick, Taras
Shevchenko National University Kyiv, Florida

5 associated institutes: Jeju, Gwangju, Chunnam,;}j'ﬂiiunal University of Science and Technology "MISIS* Moscow, St. Petersburg Polytechnic
University

me, Aichi, Kobe, Nagoya, ngsang, LIP

52 institutes from 17 countries
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Spokesman




Korea SHIP Group

@AHMI=CHsrw 2018. 8. 21




History of Korean Group

2015 2
2015 B&Listn 78
2016 M= ¥==
2017 A 2{Cistn g4
2017 PS beam test 27t (284!, 0|4 X)
2018 Of|H| &= 0f| RPC H|&F K| &

2018 OfjH| & &7 (2 4A)
KPS meetingOl| M & 143 &
ICHEP 2018 ZAH ZH
SHiP collaboration meeting &7}
% 133 local meeting 7i X

]




%— Conclusions

SHiP

v' SHIP is an ideal experiment to search for new phenomena
in < O(10 GeV) range in “no background” environment
Complementarity between two detection techniques:

- Reconstruction of the decay vertices in the decay volume
- Interactions with atoms in the emulsion spectrometer

v' Physics case is very timely !
Many theoretical models offer a solution for the BSM experimental facts
with light very weakly-interacting Particles. Must be tested !

v SHIP is based on existing technologies and can be built in time
to start data-taking in 2026 (in line with the LHC schedule)
This requires approval in ~2020!

v" No existing, or near future facility could make the proposed
physics programme, which nicely complements searches for NP at the LHC
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Backup Slides



SHIP experiment Is

a fixed target experiment
complementary to the LHC
to search for new particles of
order GeV, very weakly
iInteracting and long-lived.




ECC (Emulsion Cloud Chamber)

Fw €S (Changeable sheet)

Emulsoin film (before development)

Lead plate

Sandwich structure
57 nuclear emulsion films
56 lead plates (1mm thick)
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v

(Golutvin’s) Summary

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

Also unique opportunity for v_physics

Sensitivity improves previous experiments by O(10000) for Hidden
Sector and by O(200) for v_physics

The technical feasibility of the SHIP facility has been demonstrated
by the CERN Task Force. Great thanks !

The impact of the discovery of a new light hidden particle is hard to
overestimate !

SHIP will greatly complement searches for New Physics
at energy frontier at CERN

SHiP open symposium, 2nd July, 2015 32



Active v Phenomenology



Mixings and Oscillations

Ve 71
v, | = Upnns (012,013, 023,60, a1, a2) | v
Vr V3
C12C13 51213 5136~ I 0 0
Upnvins = | —c23510 — $93¢12513¢"°  a3C12 — $23512513¢0  So3c13 X et 0

’iOﬁQ

5 is
$93512 — C23C12813€"°  —893C12 — €235125813€"° (C23C13 0 0 e
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SHiP

N2 3 production

Interaction with the Higgs v. .§.V. —>mixing
with active neutrinos with U

in the vVMSM strongzllmltatlons in the
parameter space (U ,m)

a lot of HNL searches in the past but, for
m>my, with a sensitivity not of cosmological
inferest (e.g. LHCb with B decays obtained
U =10 , arXiv:1401.5361)

this proposal: search in D meson decays
(produced with high statistics in fixed target
p collisions at 400 GeV )

Taking into account the existing beams and
those possibly existing in the near future,
this is the best experiment to problem the
cosmologically interesting region

Walter M. Bonivento - INFN Cagliari 7

inverted mass hyerarchy

HJ-()

S 108k

lo—lﬂ -

1012

1 L 1 1 L
0.2 0.5 1.0 2.0 5.0 10.(

Victoria Mini-Workshop - 11/09/2014




N2,3 decays

Very weak HNL-active v —>N, ; have very o1 s ~ '*\s{-(.. 1:
long life-time |, G 4

decay paths of O(km)!: for U2u=1 0,7
=1.8x10 s

Various decay modes : the BR’s depend on |
flavor mixing T ez es w0 2 so 1o

The probability that N, , decays within the Decay mode Branching ratio

fiducial volume of the experlment o U N, >l +r 0.1-50%

—> number of events « Uu N, ;> u /e + pt 0.5-20%
N, —»>v+u+e 1-10%

Walter M. Bonivento - INFN Cagliari ) Victoria Mini-Workshop - 11/09/2014
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Am2 (eV?) Am2,,,(eV?) | 012(°) | 6a3(°) | 013(°) | 4(°)

NH | 7.5(2) x10~° | 2.46(5) x10~2 [ 33.5(8) | 42373 . | 8.5(2) | 30630
IH idem 2.45(5) x1073 | idem | 49.5715 | idem | 254703
10'F P L = 7 ' —
» ( ; ( 95 % 99 % P =-09 eV? |

L B e 19 Am2 =05 eV?
34D | disapp ; -
< /Q

100 e

10~k

161
|Am 3, | [eV?]

all

90 %, 99 %

107!



See-saw
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m
See-saw masses m, ~ 1_:’;7

with mp ~ Yr,v

M~1GeV, m, ~0.05eV
— mp ~ 10 keV, Y ~ 107

mixings
T 1: .
U'"M"U = cll)iag = diag(my, ma, my)

ve = Ugivi + Oy N¢ where Oy = (MP)| M7 « 1



_ M
L= Lsy +iN@Ny — (FaILmVI(I) + TIN; N1+ h.c. )

B 0 ‘-m.p
Mon = (m% ‘ M ) ’

Cai{! (Mu)cxﬁ — = ;(?TID)QI ﬂ[I (HID),SI
2 F 2
U2, =" |.. ar” 4



Number of HNL parameters =7 x N — 3

) m 1 GeV
U? =5.0x 10711 ( My ) ( ¢ ) One HNL case

/ T?'l-(:] -
—. NH
2> moms 1 Matm Matm
y, ~
L= e + ms M; My 1 TH
\ 2’
72 > Zu My

— (M7 )max



Sterile neutrino = Heavy Neutral Lepton
= gauge singlet fermion

Direct search — mass & Yukawa
Indirect search — lepton flavour violation

If it carries lepton number, only Dirac
mass term exists



LRSM



See-saw Is naturally realized in the LRSM.

(Heavy) HNL phenomenology expected
at the LHC, e.qg.




LRSM with GeV HNL?

1GeV\® / m We \4
L =cyr, ~ 1274 ( IR)
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Left-Right Symmetric Model

o =0

N
N\

L )
SI—T@V/////”

5 10 15

20
my, (TeV)



U2, U2, U2~1:16:3.8

U2 U2, U2 ~52:1:1
Normal hierarchy

Inverted hierarchy

b0 3 KuTeV ~=
w0 L0E
= - C
[ax ] 4 < & C
) a0
= =] E
& = o
= R =1 B
E-u Em“'g
— — E
F £

_r:l-l: ":I-'I:lE_

BAULS Boagaw
- BAL f Scosaw
."-_.‘-" _":I-l ||I i i iiqoal

HNL mass (GeV) HNL mass (GeV)

U2, U2, U2 ~48:1:1
Inverted hierarchy

. . =]
Scenarios for which =
baryogenesis was E
7
=
xr

=

numerically proven

=

HNL mass (GeY)

P - " e - "N o . ™5™ -
ppen symposium, 2nd Juby, 2015

IITH | 1 1

HHL cougling to SM LF

-
L=

_.|||||rl'1 |||urrr| TT 1T

g

Sensitivity to HNLs for representative scenarios
(moving down to ultimate see-saw limit)

U?,: Uﬂ,: U2 ~0.061:1:4.3
Normal hierarchy
L. HuTeY ——

BALl f Seosaw
il

| H;dle;;m{G'ew
Ue U2 DR ~1:11011
Normal hierarchy

HML rmass (GEV)




% Sensitivity to dark photons
sHir
v Production:
- mainly decaysof i 2 y'v.n =2y v.w 2y’ a%and n’ =2 v’y
- a la proton bremsstrahlung (above Agqp one should consider parton bremsstrahlung,
currently is approximated by the form factor)

v' Decay
into a pair of SM particles by mixing again With new QCD calculations
with the SM photon (still in progress) actual sensitivity
extends to higher masses O(10 GeV)
SHIP sensitivity (only p-bremsstarhlung) I s i
']IITM _.-'_‘:_-f-::'-' :__-T-::
s e el
1% A"J__f?‘:;f__Tﬂ:H’r'nﬁwM"-..|___,~.....,r.w
T
]g* e Lo 0 Baliar, M8/ 2, FHENTX
10F Imc:h:x-h._ SHIF,
0P Ormy, U~ brmeirahlang
o ~1[ 3
-1z —
1.?_”* EI37, LEND
[ mesons — ¢ 'X 10::3 :
e
1o BBN excluded areas o218
12 10-¢
R T e o0 ! el - -
3107 107 22107 10" 2.10" 1 2 345 107 1w 10! i3 T
v' mass (GeV) "iMitev]

SHIP open symposium, 2nd July, 2015 26



% Sensitivity to hidden scalars
snir (mixing with the SM Higgs with sin®©)
v Production:

- mostly penguin-type decays of B and K decays
(D decays are strongly suppressed by CKM)

v' Decay
into e*e”, Wy, tat.KK. nn. . DD, ...

SHIP sensitivity

[r—r
- 102 A — B (visiblc)
o o B (invisibie)

tt.l[ra | sy g gy HiINEN [:H.ﬁ.ﬂ"

SHIP probes unique range of
couplings and masses, thus
complementing existing limits 107
from CHARM and B-factories 10

10#

-ID-ID
-“]-1 1
-ID-I.E

1D-13

SHiP open symposium, 2nd July, 2015 27
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2. JNU (Jeju National University)

LK. Wu (Professor)

J. Ko (Ph. D. student)
D. Liu (Ph. D. student)

3. GNUE (Gwangju National University of Education)
Y.G. Kim (Professor)

4. KAS| (Korea Astronomy and Space Science Institute)

K.Y. Choi (Senior researcher)
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National
University)
C.S. Yoon K.Y. Lee
Research professor Professor

Search for Singlet
Fermionic DM

: A‘é Jeju National University

(©) -
R (NU) SH. Kim 50, park
femtd
s”ll HZ=0ietw Senior researcher Researcher
K.Y. Choi

KAl ( Korea Astronomy and Space Science Institute )
One of the authors of the SHIP physics proposal

| am interested in the search for the dark photon model at the SHiP

J. Ko JK. Woo D. Liu
Ph. D. student ~ Professor  ph D student
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Cost and resources

Detector breakdown

Item Cost (MCHF) Overall cost of SHIP facility

Tan neutrino detector 11.6
Active nentrino tareset (= Ttem Clost {:‘LTCHF}
Fibre tracker 25 Facility 135.58
Muon magnetic spectrometer 2.4 Civil engineering 574

Hidden Sector detector 46.8 [nfrastructure and services 22.0
HS vacunm vessel 11.7 Extraction and beamline 21.0
surronnd background tagger 2.1 Target and target complex 24.0
U pstream veto tagger 0.1 Muon shield 11.4
Straw veto tageer .= Detector 5R.7
Spectrometer straw tracker .4 Tan neatrino detector 11.6
spectrometer magnet a3 Hidden Sector detector 6.8
spectrometer tnming detector (.5 Computing and online system (.2
Electromagnetic calorimeter 10,2 Grand total 194.5
Hadronic calorimeter }.H
Muon detector 2.0
Muon iron filter 2.3

Computing and online system .2

Total detectors OE.T

v CERN manpower for preparation of entire facility and installation: 103 FTEs
- Fellows (6.3 MCHF) included in cost

v' CERN resource requirements for TDR phase (3years) excluding integration
and CE - ~3.2 MCHF and 12.5 FTEs

v'  CE preparatory cost (integration, design, EIA, permit, tendering, 2.5 years)
=2 25 MCHF and 12.5 FTEs

SERB D peeswersisiy @I hiihdy 20055
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Andrey Golutvin
Imperial College London

SHIP conceptual design and performance

Abstract

A new general purpose fixed targed factlity is proposed at the CERN SPS accelerator wiisch is aimed
at exploring the domain of hidden particles and make measurements with tan nentninos. Hidden
particles are predicted hy s large number of models heyomd the Standard Model, The high intensity

CERN-SISC-2015-016 of the SPS 400 GeV besun allows probeng a wode varnely of models contamng hght long-hived «xotsxe
z’f;::'t particles with masses helow O 10) CeV/ o* inchuding very weakly interacting law-energy SUSY states.

The experimental programme of the propoaad facility is capable of being oxtended in the future, ag.
to include direct searches loc Dark Matter and Lepton Flavour Vielation.
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On behalf of the SHiP theory: The hidden sector Mikhail Shaposhnikov/EPFL
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A facility to Search for Hidden Particles at the CERN
SPS: the SHiP physics case

Sargey Alekhin,'-’ Walfgang Attmannshafer,” Takehlko Asala,! Brian Batell,”
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Abstract: Thix paper docribex the physscs cor for w mew fixed Langel vty of CERN SPS. The
SHiP (Ssorchk for Hadden Porticles) experiment i intended to bant for now physies i the Iargely
uncxplored dumain of viry weakly interseting particks with masses bedow the Formi seake, inaces-
sthie 1o the EEIC eopeniments, and o sty tan oeutnno physcs. The ssme proton besan stup can
be used later to Jook for desays of tas-leptons with lepton Bavour number non-comaervwtion, v —+ 34
nnd Lo seerch for weskly-interscting sab-GeV derk mistier caxdidates. We discuses the evidence bor
physics heyond the Standard Model nnd describe interactions hoetwoon new particles and four differ-
vt porialy — sealars, victors, formdons oo sodon-like prrticks. We discuss motivations S different
maodels, mantfosting themechves vin theee intoractyms, and bow they can be probed with the SHiP?
cxperinsent and proscut several csaso stodies. The prospocts 10 search for eddatively light SUSY and
composite pucrtichs at SHil® are abo docmesn]. We domonsteate that the SHiP experiment b x
unigue poterdasl Lo descover new physes aod can directly probe s pember of =olutsons of beyond the
Standard Modd puszles, such &s neutrino messcs, baryon asymmetry of tho Universo, dark matter,
wrnd bt scm.
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What we have done ...
CHORUS - Emulsion scanning for Nu_tau search at GNU
- X-ray mark for connection predicted track in the emulsion
by using counter information
- Grid mark for alignment of emulsion plates
DONUT - Emulsion scanning for nu_tau search
- Grid mark for alignment of emulsion plates
- Nu_e search & momentum measurement in ECC
OPERA - Emulsion scanning for Nu_tau search at Nagoya
(CS scan, Scan-Back, Decay search)
- Brick X-ray mark for alignment of emulsion films

- Brick handling at Gran Sasso

What we will be able to contribute in the SHiP ...
Emulsion scanning for Nu_tau and anti Nu_tau (and also Nu_e) at Nagoya (GNU)
X-ray marking (GNU)
MC & Physics analysis etc. (JNU, GNUE, KAI, GNU)



Hidden particle detector
A

Target Active Muon Shield Muon Magnetic Spectrometer Electromagnetic/Hadronic Calorimeter

Goliath Magnet

HS Vacuum Vessel Spectrometer Timing Detector

HS Spectrometer Magnet

Neutrino Emulsion Target and Target Tracker

Tau Neutrino
deTeCTor‘ Drift Tube Tracker

Upstream Veto Tagger

Straw Veto Tagger

Surround Background Tagger 4

DONUT v, event

Flight Length:280um

Spectrometer Straw Tracker

Muon Detector

Iron:




OPERA scanning shift at F-lab in Nagoya Univ.

C.S.Yoon | B.D.Park



Automatic scanning systems in GNU

ot
.

AdLas L

DOMS interface & TS (for CHORUS, DONuT) Semi-auto system (KEK E373)
T N S=-2 nuclei search

Full-auto system
(J-PARC EO07)
S=-2 nuclei search
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Long term schedule |

Accelerator schedule 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027
LHC
SPS
Detector R&D, design and CDR PRR Production Installation |
Milestones TP C-DR| CwB_|Data taking
Facility Integration CwB
Civil engineering |Pre-construction | Target - Detector hall - Beamline - Junction (WP1) CwB:
Infrastructure I Installation I I Installationl Inst.] Commissioning
Beamline R&D, design and CDR | <« Production — I Installation with beam
Target complex R&D, design and C.DR | < Production — | Installation |
Target R&D, design and CDR + prototyping I Production I Ilnstallation I

2016-2019: CDR (Comprehensive Design Report) phase
Approval is made after CDR
From 2021: Civil engineering for 5 years after Approval
In parallel, Detector construction for 3 years,
Detector installation and commissioning for 2 years

From 2026 : Beam exposure (data taking) after LS3 for LHC for 5 years



Alternatively,

HNL Majorana mass term = M N f Ny + h.c.

A£'osc — Cap




NA~101> GeV

# of HNL > 2

Z ‘FQI‘Q 111111 Z my, . 55 y 10—16

Z my A"{min
0.1eV | |1GeV
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