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Nuclear Emulsion ¥{A3 A%

Emulsion Plate Vertical beam

Old type of detector

but still very effective tool

with Counter hybrid method

& Fast auto-scanning system

& New off-line analysis (Net-Scan)

F

v Advantages

Best spatial resolution (sub-pm)

3D visual detector (Int. & decay vertices)
Targets (C, N, O, Ag, Br)

Tracker (ECC) in Neutrino exp

Particle ID (electron, hadrons ...)

Calorimeter (Momentum measurement)

ECC (Emulsion Cloud Chamber)
emulsion films + lead plates



Various applications of Emulsion

Gamma-ray telescope Muon radiography S=-2 hypernuclei
(GRAINE)

Dark matter and Neutrino exp ...



Neutrino Experiments using Nuclear Emulsion

K T Direct Observation of Nu Tau

CHORUS

CERN Hybrid Oscillation Research
apparatUs

OPERA

Oscillation Project with Emulsion-tRacking
Apparatus




Korean Emulsion Group

1960°’s C.O.Kim (Korea Univ) e
Horizontal type ool
“The first HEP group in Korea”

Cosmic ray exp

FNAL E531 (charm using Neutrino beam,
by-product Neutrino osc limit

- CHORUYS) M oa
FIG. 2. AM? vs sin*(2¢) plane. The curves show the 90%-
FNAL E653 (charm & beauty C.L.limitsfor v,/ — v, caclstcns.
by p & = beam) ... ‘

1980°s J.S.Song, C.S.Yoon (GNU)
Vertical type & Auto scanning

KEK E176, E373
CHORUS, DONuT, OPERA ...




v,) DONUT (Direct Observation of Nu Tau)

Proton beam dump exp at Fermilab - same as SHiP

Tungsten target Nuclear emulsion
r/’f/Y ---------------------------- - Ve
> __|-_ ------------------------------------ -——> V’C
800GeV Ds
proton

_)\ ____________________________________ -\ Ve

D= v,)
e (u)
D: Ny V. v_CCevents: 9

v, CCevents : 225
T DV, X v, CC events : 82 (mainly our contrib)



First ECC Target installation
April 1997, Fermilab

DONuT Emulsion Plate
50 x 50 cm?

M. Nakamura (Nagoya)
S. H. Chung (GNU)

O. Sato (Nagoya)



A VEW SERRCH FBR 2/~ 2, OSCILLATIONS
CERN WAQL (CHORUS)

V}l Tracking Scintillation
Emulsion fargef , emulsion fiber
' plate tracking array

CHORUS |

v. interaction f A

v, beam —_, E aoees
e S sl : 208

Short-baseline e

kink decay SSane

Appearance . Hai

method ‘ :

v. interaction in emulsion
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: CHORUS
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}The CHORUS Detectorl

Calorimeter
E, .4 Onad Magnet Spectrometer
AE/E ~ 0.35 /{E Qhads Phad

Ap/p ~ 0.25 @ 5 GeV/e

Muon Spectrometer !
Emulsion Target
pll’ql-l

Ap/p ~ 10 - 20 7 and
(for p <100 GeV) Target Tracker




CHORUS Collaboration meeting at Korea
Jinju, 24-25 Oct. 1996



OPERA experiment

Long-baseline Neutrino Oscillation Experiment — Appearance mode

Gran Sasso
Cosmic-ray flux was reduced

by factor of one million.

~17 Gev A\ .,-"ﬁ*-\-\.
Vel GeV e F

Yy

o
,-."" Moty R Y R =1 e S TR

730km

V. Appearance

CNGS beam

LNGS



The OPERA detector
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Total ECC bricks ~150,000 The biggest Emulsion exp
~1.25 kton Underground @Gran Sasso ~1400m



The OPERA detector

Total ECC bricks ~150,000
25k ien
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Muon Spectrometer

Magnet region Precision Tracker:
Iron & RPCs 6 planes of Drift tubes

Muon Spectrometer

will be reused at SHiP



Identification of all neutrino flavors

ECC RPC

Vu CC interaction

V., CC interaction

Emulsion film as high precision
tracker

K Identlflcatlon Of. Ve ! VM I, VT \\ HH\EH e|ectromag netic shower
is possible by distinguishing N
e,u,t leptons



CC events

4.1 GeV electron
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Track reconstruction in ECC brick

Scan 10 films around vertex plate Reject passing-through tracks
and reconstruct tracks & low energy tracks

Tcm

1st Tau neutrino event (OPERA)

’J ’ /
rr ~
Lol

Neutrino interaction vertex

daughter

1000 um



t
1sty, event ( May 2010 ) ik angle (mrad)
t — 1h (hadronic kink event) « fight length (um)
(tT™— pVv,, p= n'n~, n%—> 2y) ® (degrees)
.'JJ | ’ ‘IJ’“—‘

daughter

1000 urm




Tau neutrino events in OPERA

2nd vt

1000 U




Scientific Background on the Nobel Prize in Physics 2015

NEUTRINO OSCILLATIONS

compiled by the Class for Physics of the Royal Swedish Academy of Sciences

Super-Kamiokande’s oscillation results were later confirmed by the detectors MACRO |55]
and Soudan [56], the long-baseline accelerator experiments K2K [57], MINOS [58] and T2K
[59] and more recently also by the large neutrino telescopes ANTARES [60] and IceCube
[61]. Appearance of tau-neutrinos in a muon-neutrino beam has been demonstrated on an
event-by-event basis by the OPERA experiment in Gran Sasso, with a neutrino beam from

CERN([62]. e
Tau neutrino appearance discovery paper: PRL 115 (2015) 121802

OPERA final results

10 v_ events (2.0 + 0.4 expected bg)

Discovery of v_appearance 6.1 ¢

| AmZ .. | =(2.7*97 ) x 103 eV2 in appearance mode
(assuming sin0,;=1)

17.97 x 10° pot

PRL 120 (2018) 211801



Scientific Background on the Nobel Prize in Physics 2015

NEUTRINO OSCILLATIONS

compiled by the Class for Physics of the Royal Swedish Academy of Sciences

Super-Kamiokande’s oscillation results were later confirmed by the detectors MACRO |55]
and Soudan [56], the long-baseline accelerator experiments K2K [57], MINOS [58] and T2K

[59] and more recently also by the large neutr Am2
[61]. Appearance of tau-neutrinos in a muon-i 2
event-by-event basis by the OPERA experime OPERA (r appearance)
CERN(|62]. sin? 26,,=1
\ 23
. OPERA (1 appearance)
Tau neutrino appearance ¢ PRL 115 (2015) 121802
OPERA final results T
10 v_events (2.0 = 0.4 expected b; T2K 2017 |
Discovery of v_ appearance 6.1 ¢
| Am223 eas | = (2.7 *_'8% ) X 103 eV?2 MINOS 2016 ——
(assuming sin%0,;=1)
17.97 x 10% pot PDG 2016 [
PRVENE S I N N N T T T T NN AN AN A B A B A A A A A AN B AN B AR
PRL 120 (2018) 211801 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

AmZ, (10%eV?) (68% C.L.)



The muon charge of the 3" event was determined to be
Negative from track curvature in the spectrometer (RPC hits)

| Event plot | x% I ndf 2.614/4
_ po 189.5 + 0.5518
£ = p1 -0.3453 + 0.005458
L 240
< - p2 -0.003892 + 0.0006894

230
- TT hits
220
210:—
: B
200
190 RPC hits
180
170
:Ill\\‘II\‘\\\‘\\\‘II\‘\IIlI\IlIII‘\II|\\\‘\

-420 -400 -380 -360 -340 -320 -300 -280 -260 -240 -220
Z (cm)

v. -7 — u O
X Anti-tau neutrino

5 + +
v, = T — U not observed so far



Our contributions to OPERA
- Scanning, Event analysis, ECC alignment, Brick handling

C.S.Yoon



170 pm

250 pm

Neutrino interaction

bottom layer



ei‘i SHIP experiment

SHiP - Search for Hidden Particles -

Search for Hidden Partcles

A new experiment proposed at CERN

in order to search for Hidden particles
which is feebly interacting long-lived particles

(LLPs) including Light dark matter (LDM)
and to study Neutrino physics.

Using High-intensity
400 GeV proton beam
2 x 10%° pot, 5 years run



Where is new physics?

Why couldn't we detect them?
- Too heavy or too weakly interacting

A
AN :
sl @ b, o Energy frontier
By STVeEY High mass scale, strong coupling
g PS . (LHC, HL-LHC, FCC, ILC etc.)
2] =V, L .
- et =
.9 o
8| Ov Tee ;
o : .
g . 7 R L]
Known physics & . & SR O Unknown physics’

f Neutrino physlc.
.4, Flavour physic
] | M 4 -

Intensity frontier
Low mass scale, very weak coupling A .
Long lifetime ( fixed target, beam dump ...) \& g o

é\% . Mass scale
The intensity frontier aimed at exploring the Hidden sector

region : Main target of PBC (Physics Beyond Colliders) activity
at CERN = SHiP (Search for Hidden Particles)




Extensions of SM

Hidden TGS SN Hidden

Sector

h)‘ On

> @/ Sector
/\ov : Hidden

Hidden o
\
Sector 9:°<‘° Sector

ﬁworld = Lgm + Eportal + Lus

Many hidden sector models often include new light

particles around GeV scale ( LDM candidates ).




Neutrino portal

2.4 MeV 1.27 Gev 171.2 GeV
vMSM B (FEC |
up charm top

Extends SM by RH partners of neutrinos — e mev R,
T.Asaka, M.Shaposhnikov Y d Y, Y Left chirality
PLB 620 (2005) 17 o s“ange bonom l

<0.0001a7 ~keV 1ev // ~Gev ~oo4ev “~Gev] T
0 /
N; (~10 keV) V‘j; Nl m [ , Right chirality
_ o ,ﬁaeu'a?n@'““ io :*:J:',.en m
Dark matter candidate ey
= e

N,; (100 MeV~GeV) A A

Matter-Antimatter asymmetry
Neutrino mass (oscillation)

Leptons

N = Heavy Neutral Lepton (HNL)
Heavy RH neutrinos



Experimental and Cosmological constraints on HNL

Inverted hierarchy, Ui dominating

The cosmologically interesting
region is at low couplings

—_

* Myy < My

SHiP will have much better
sensitivity than LHCb or Belle2

M, < MyyL < My

FCC-ee, improvements expected

from CMS/ATLAS 0100

« Myy, > My 0.001
targeted by CMS/ATLAS 100
at HL-LHC Ve |
1077

At m,,, =1GeVand U2=10"%

(50 x lower than present limit), 0%

SHiP will see more than 1,000
fully reconstructed events.

0-11

01

—_

w
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T 1T IIIIT[

BAU / Seesaw

CHARM

BAU
NuTeV

SHiP

HNL mass (GeV)

B o 5 10 50

HNL mass [Ge V]



SHiP-like LLP projects at LHC

P MilliQan, MATHUSLA, FASER, CODEX-b @ LHC IPs 2

Colljders

[
. MATHUSLA: 1606.06298
FASER @ ATLAS IP

& TASER: 1708.09389

<=
AL3X @ALICE: 1810.03636
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CERN Buildi
866 - Restaurant 3WVE:

The SPS provides a unique high-
intensity beam of 400 GeV protons:
ideal setting for a CERN-based
Beam Dump Facility (BDF).

The SHIP facility is located
on the North Area (Prévessin site),
and shares the TT20 transfer line.

North Area

D . .t
beam lines Beam Dump Facility

and SHiP experiment



< Hidden Sector proposals in CERN North Area

olljders

-.

NA62** , KLEVER @ ' 3‘* #'“" E“\$\ Gatf ...f—'; M2
400 GeV p beam Yy 7 —e ﬂt". a0 ’yﬁé 13
P X A s 60 ‘muons, up to 10" u/year

ﬂ;-_\, Ny )
B i O NP,
-

up to 3x10'8 pot/year (now)
up to 10P pot/year (upgrade)

NA64* (e) @ H4
(100 GeV e- beam

up to 5x10™ eot/ year) RS Ny A
~ A CERN can provide the
> ~ N highest energy proton,
SHiP, TauFV @ BDF | electron and muon beams
400 GeV p _ for fixed target experiments
up to 4x10% pot/year in the world.

The “Hidden Sector Campus” (HSC)



i

Experimental Area

‘l " Lausanne
Jura Saléve
Target Complex P - ”
- Access Building
Auxiliary Building l
Extraction Tunnel t |
i

Junction Cavern

18

Surface Hall
(BA91)

Service Building
(BAE91)

Experimental Hall (ECN4)



‘5“ . . . .
VAY Main objectives of SHiP
SHiP ¥ Hidden particles

Search for Hidden Parricles
Heavy Neutral Leptons (HNL)
Dark photons
Hidden Scalar
Axion Like Particles (ALP)
Low enerqgy SUSY particles etc.

v Tau neutrino physics

Expect ~10,000 vr and Anti-vr interactions
in ~10 tons Emulsion target
(Cross-section ...)

& LDM ...



AVa -
VA The SHIP detector

SHIP | A discovery machine for feebly coupled LLPs, with a
complementary detector for Neutrino physics and LDM scattering

v HS Decay Spectrometor <«

ECAL, Muon detector
Straw ftrackers
Timing detector
Surround bg tagger

—> Large geometrical acceptance :
long decay volume close to dump

¥ Scattering and Neutrino Detector (SND)

Emulsion target (ECC+CES) - [ high spatial resolution tracker (sub-pm)
Target Tracker (TT) charge & momentum measure with magnet

Muon filter (RPC) - muon identification



The SHiP detector

HS decay spectrometer
SILP

ECAL, Muon detector
PID, Energy & Timing

Active muon shield

deflect u from 2ry meson decay
~ 35m long, 1.7 T magnet

"~ Particle ID
Decay spectrometer

Scatteringand
neutrino detector

Muon shield
Target and Vacuum vessel
hadron absorber .
Scattering and ~50 m long evacuated
Neutrino Detector decay vessel (10-3 bar)
Hadron absorber LDM & Tau neutrino surrounded by liquid
eliminate 2ry mesons ECC + CES scintillator veto system

(t, K) ~ 5m Fe (Nuclear emulsion)

TT,RPC



. . 1400 tons magnet
Active muon shield u rate reduced to ~ 25 kHz Top view

Prompt dose rate muons x [-60:54]

Active muon shielq

| Decay vessel

1
0.01

A - : 0.0001
4000 6000 8000 10000 12000 14000

z{cm)
JINST 12 (2017) no.5, P0O5011

Target

Blocks of TZM (Titanium-Zirconium)
doped Molibdenum alloy (10.22 g/cm?3)
followed by blocks of pure Tungsten

Outer tank Zm ' \

Inner tank W blocks

SHIP replica target used for beam test
at SPS H4 beamline in July 2018




HS decay spectrometer

ECAL (SplitCAL):
reconstruction of
trajectories of photons
> 9.5m h from ALP—yy
Magnet: j
0.5Tm \

VEE VIR DI VEE VB VR VI VIR

Muon system:
PID of u from
HS decays or
Straw trackers: Timing which passed
reconstruction of Detector: the filter
charged particle tags particles
tracks belonging to a

single event



Decay of Hidden Particles

pmt
ll\r”[odels tested l Final states
Neutrino portal, SUSY neutralino (=T TWEKT, (£pF

Vector, scalar, axion portals, SUSY sgoldstino eTe ™, u™pu~
Vector, scalar, axion portals, SUSY sgoldstino 777, K™K~

Neutrino portal ,SUSY neutralino, axino AN/,
Axion portal, SUSY sgoldstino vy
SUSY sgoldstino o

Many Vee decay modes

= Particle ID and Full reconstruction are essential
to minimize model dependence.



HNL decay

HNL production

W
Dy
Ve N
W
D T
Yoo Npa

‘ Particle ID
Decay spectrometer

-
e
-
"
i
E——
s
-
——
g
-
-
g
) =
-
e
-
-

neutrino detector
Muon shield
Target and

hadron absorber

108 charm mesons
10* beauty mesons

10'* T leptons
for 2 x 1020 pot (in 5 yrs)




A

Neutrino Physics with SHiP

« About 10,000 Tau neutrino & Anti-tau neutrino
CC events can be observed in the ECC target.
- First observation of the Anti-tau neutrino

* Tau neutrino physics
- Cross section, Magnetic moment measurements
- First evaluation of F4 and F5 structure functions

- Study of Strange quark content of nucleon

e LDM search in Emulsion




DONUT v, event

Tau Neu-rrol nos so faru Flight Length: 280um
v T ,\.\.\\\
DONuT 9 events o f«s“}g\\" """""
First direct observation \ ‘-'-?i:;.'.‘;_'j.‘_-...__ -
Proton beam dump exp. il ' \\
=EImma N B

Cross section, mag mom

Emﬁﬂsi&m
a®™(y.) = (0.39 = 0.13 = 0.13) X 107 cm? GeV ™!
but could not distinguish v_ and v,

OPERA 10 events from oscillation
Long-baseline CNGS beam

Discovery of v_appearance
event by event basis (6.1c )
not statistical basis

Using Emulsion-Counter hybrid system
& High speed auto-scanning system

OPERA v, event

- Same technique will be used in the SHiP



Scattering and Neutrino Detector
RPC x 12

TT x 19
(ECC brick+CES)

x 19

CES % 3

w g

ECC (Emulsion Cloud Chamber) : High spatial resolution (~um) to observe the t decay

CES (Compact Emulsion Spectrometer) : measure muon charge & momentum

TT (Target tracker) : Electronic detector to predict v interaction contained in ECC brick
and provide the time stamp

Magnet : to measure the charge of t products (1.25T)

Muon filter (RPC) : Muon identification and tracking (area 2 x 5 m2 x 12 planes)



3.6 m

Scattering and Neutrino Detector




ECC brick

1 brick - 57 Emulsion film (40 x 40 cm?)
interleaved with 1 mm thick lead plates, ~100 kg

Total 19 walls

76 (=2x2x19) large bricks (~700 m?), ~10 tons

to be replaced 10 times (~7000 m? total)

Brick Walls Target Trackers

\s
19 walls
16 \arge pricks

CES

made of 3 emulsion films  operafim (before development)

interleaved by 2 layers

ECC

Compact Emulsion Spectrometer

1 wall

of low density materials
to be replaced every
~2 weeks

each CES ~ 10kg

&XB




Neutrino interactions
Expected yield of Neutrino CC DIS

@ qov interactions in the SND (5 yrs)
% Vv, : charm + K, p decay | —,,
QO ¢ Ve @ charm decay % ‘ | E [GeV] CCDIS int. ‘
a v,: Ds— 1 decay o v: o 50 11 % 106
10 — T v, | 42 2.7 x 10°
— ve | 52 3.2 x10%
107 T — 5
\ v Ve 46 2.6 % 10
0 : v, | 36 6.0 x 10°
TE G WM vr| 70 2.1 x 10*
TR b4 1 m;luml“:mﬁ‘ Aid
0 20 40 60 80 100 120 140 160 180 200
E(GeV/e) Expected Neutrino CC DIS interactions
with Charm production
~10,000 Tau & Anti-tau neutrino events <E> - CCDIS
will be observed in ECC (except T e channel) (GeV)  with charm prod
N, 55 1.3 x10°
N 4
decay channel | v, 7 *‘Qj’e 66 6.0 <10 )
T —p | 1200 | 1000 e RO
r—h | 4000 | 3000 T S
T — 3h 1000 | 700 o :
total 6200 | 4700 No charm candidates from electron

neutrino was ever reported so far.



Anti-tau neutrino identification by CES

Measurement of Sagitta S

ECC CES Compact Emulsion Spectrometer
Vi AT R I B e b
""""" TN / [s"
T ®B
) D | |
: ®B @ \Sx/
JILHU ‘ ‘ X -
| S L»z 15000 290 (um) Large gap
o 3 (I\élol\gs? ng 2 GeV/c
R o "
- 200 E-
+ + 100 E-
v, > 77— U o E_ . 15
-100 -50 0 50 100
e Electric charge can be determined with 123;_ %’% 10 GeV/c
better than 3o level up to 12 GeV/c o S T
« Momentum estimated from the sagitta WE
Ap/p < 20% up to 12 GeV/c b S




LNGS - mrﬁf’\ -'pr‘ J i s Nagoya I

European Scanning System

Super-Ultra Track Selector (Nagoya)



Emulsion Scanning Lab in Nagoya Univ.




Next generation
Scanning system S
(HTS) 1m2/hr - — |
(x100 faster than = - -§
OPERA system)




Mounting large optics




Scanning systems at GNU




LDM & e-recoil

Vector portal

Dark photon can decay into
pair of Light dark matter



Produchon of dark pho'ron A

L e e

Meson decay o (nn,n)> yA
Proton bremsstrahlung pp 2 pp A’
~ QCD production q+q—2> A, q+g2>q+A

Decay of dark phoTon ce-dominan
: N A e e S 08 helow 2 m, \
A>ee, - A
A' 2 hadrons " )
A‘ 9 x x (X . DClr'k mGTTer') OOOiO o 04 06 ——03 10
mar (GeV)

v scatter on e or n,p > DM search



LDM (%) can produce
via dark photon (A’) decay

pp 2 n’ X
"> A"y
A2y v: LDM

Scatter on e . o
' . " e .
x e 9 x e ‘oj v S ... - - ::.;ooﬁ.- — -
) . y . e-7+'*> o ,..
Electron recoil B e : iy M
high energy ~ GeV electron sample in emulsion

Neutral Current DM-electron scattering is highly peaked in the
forward direction. Cutting on very forward scattering can remove
most other projected background.



Number of background events in the LDM search
after the selection for 2 x 102° protons on target.

Signal/bg discrimination

Background Ve  Ue vy vy all currently being studied
Elastic Scatteringon e~ 81 45 56 35 217 using Machine Learning
Quasi-elastic Scattering 245 236 - - 481

Resonant Scattering 3 77 - - 85 —

Deep Inelastic Scattering - 14 - - 4

Total 334 372 56 35 797

45000 1

40000 1

BG rejection
1) Energy—angle correlation

35000 -

2) Presence of proton rejects 30000
Quasi-elastic scattering (QE) 10000 20000 30000 40000 50000 60000 70000
3) Presence of hadron jets rejects J. Ko, KSC 2019

Deep inelastic scattering (DIS)

v BACKGROUND

v DIS interaction




Electron energy in Nuclear emulsion (ECC)

AN LN
VN by \

| L1 *

$ . i i —>
10MeV [100MeV 1GeV 10GeV 100Ge V
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Electron tracks in Nuclear emulsion
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Range of electron in the nuclear emulsion
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LDM detection in Neutrino detector

A2y
Y e >y e

B Target Point
@ TT Point
— MCTrack

Electron recoil
Cascade shower in Emulsion

Top: LDM simulation process in FairShip.
Bottom : Event display of a LDM scattering process simulated inside the Scattering Spectrometer.




LDM detection in Neutrino detector

Nuclear recoil

using NIT (Nano Imaging Tracker)

- NEWSdm

(Nuclear Emulsion WIMP Search - directional measurement)
A2 yvy

v N 2> v N
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Sensitivities of the SHiP to HS particles

HNL Dark photon

Electron coupling dominance: U U UL = 120:0
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Heavy Neutral Lepton

MATHUSLA is not designed as a discovery experiment.

They could indeed provide sensitive constraints in case of seeing zero events.
However, in case of non-zero “signal” they cannot measure the mass of

the signal particle since they have no magnetic spectrometer.



Why is the SHiP physics pr

New physics

Hidden Sector -

). Intensity?rontier’ K
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SHiP is anew experiment at the intensity frontier aimed at exploring the hidden sector.

SHIP sets a new course in
Intensity-frontier exploration

A Golutvin, Imperial College London/CERN, and R Jacobsson, CERN, on
behalf of SHIP.

SHiPis an experiment aimed at exploring the domain of very weakly
Interacting particles and studying the properties of tau neutrinos. It
1s designed to be installed downstream of a new beam-dump facil-
ity at the Super Proton Synchrotron (SPS). The CERN SPS and PS
experiments Committee (SPSC) has recently completed a review of
the SHiP Technical and Physics Proposal, and it recommended that
the SHiP collaboration proceed towards preparing a Comprehensive
Design Report, which will provide input into the next update of the
Emopean StrategV for Particle Physics, in 2018/2019.

'1 SICS programme s Hil]lcf.

ve? We

why the S ul—
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have now observed all the particles of the Standard Model, however
1t 1s clear that it is not the ultimate theory. Some yet unknown par-
ticles or interactions are required to explain a number of observed
phenomena in particle pbvsxcs astroph\ sics and cosmology. the
so-called hevand #he o1

- sman ucoc pucnomena are well-established observationally,
they give no indication about the energy scale of the new physics.
The analysis of new LHC data collected at v'=13 TeV will soon
have directly probed the TeV scale for new particles with cou-
plings at O(%) level. The experimental effort in flavour physics, and
searches for charged lepton flavour violation and electric dipole
moments, will continue the quest for specific flavour symmetries
to complement direct exploration of the TeV scale.

However, it 15 possible that we have not observed some of the
particles responsible for the BSM problems due to their extremely
ns, rather than due to their heavy masses. Evenin
the scenarios in which BSM physics isrelated to high-mass scales,
many models contain degrees of freedom with suppressed cou-
plings that stay relevant at much lower energies.

Gl\'en the small couplings and mixings, and hence typically
imes, these hidden particles ha\'e notbeen significantly

feeble inter
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to new dimensions CERN demonstrates the value of

p17 basic knowledge p5

CERN launches Physics Beyond
Colliders study group

CERN invites abstract applications for the workshop, which will investigate how
CERN's accelerators can help solve questions of particle physics

24 MAY, 2016



CERN Council Open Symposium on the Update of
European Strategy for Particle Physics

T

European Strategy,

Update 13-16 May 2019 - Granada, Spain

Poster

The poster of the European Strategy for Particle Physics 2019 conference can be downloaded from here.

CERN Council Open
Symposium on the Update of

CERN Council Open Symposium on the Update of

for Perticle Physics s
European Strategy  woren sy
R

for Particle Physics

e I 13-16 May 2019 - Granada, Spain

European Strategy Tl
CERN Council Tl
Registration €3
Submitted input €}

Organization ofthe €

Symposium



Member countries of the SHIP
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HlP

or Hidden Particles

~290 scientific authors

18 member countries: Bulgaria, France, Germany;, , Korea, Netherlands‘,\oriar R%
Serbia, Sweden, Switzerland, Tur i of America + CERN, DUBNA:

54 member institutes: Sofia, Valpar hr Institute Copen say, LPNHE Paris, Berlin,
Humboldt University Hamburg, Main ologna, Cagliari, Ferr ; . Gran Sasso, Frascati,

Aichi, Kobe, Nagoya, Nihon, Toho, ng, 'Kodely Leiden, LIP ra, Dubna, ITEP Moscow, IN

P.N. Lebedev Physical Institute Mos urchatov Institute Moscow, National University of Science and Technolo
"MISIS* Moscow, IHEP Protvino, rsburg Nuclear Physics Institute St. Petersburg, Moscow Engineering Physics ™
Institute, Skobeltsyn Institute of Nual€ar Physics Moscow, Yandex School of Data Analysis, Belgrado, Stockholm,
Uppsala, 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

4 associated institutes: Sungkyunkwap,x'éwangju, Jejuy St. Petersburg Polytechnic Mdniversity

54 institutes from 18 countries
295 members







Korean SHiP group 5institutes, 11 members

Gyeongsang National University (GNU)
S. H. Kim, J.-W. Ko, K. Y. Lee, B. D. Park, J. Y. Sohn, C. S. Yoon (CR)
Korea University (KU) - KODEL
S. Park, K. S. Lee
Gwangju National University of Education (GNUE)
Y. G. Kim
Jeju National University (JNU)
J.-K. Woo
Sungkyunkwan University (SKKU)
K.-Y. Choi



KSHiP meeting

@ Ist Workshop, GNU, 4 Apr 2015

® nd Workshop, CAU, 23 May 2015

@ 3rd Group meeting, MU, 19 July 2015
® 4th Group meeting, KASI, 23 Jan 2016
@ 5th Group meeting, GNUE, 29 Feb 2016
@ Bth Group meeting, GNU, 20 May 2016
@ 7th Group meeting, Skype, 19 Sep 2016
@ 5th Group meeting, GNU, 13 Feb 2017
@ Sth Group meeting, KU, 1 Jun 2017

@ 10th Group meetfing, NU, 3 Aug 2017
@ 11th Group meeting, SKKU, 8 Dec 2017
@ 12th Group meeting, GNU, 27 Feb 2018

@ 13th Group meeting, NU, 21 Aug 2018

® ‘Workshop on Hidden Particles, Tongyeong, 14-15 Dec 2018

® 14th Group meeting, GNUE, 21-22 Jun 20139

http://www.ship-korea.com/



Beam test at SPS H4 beam line (July 2018)
for measurements of muon flux & charm cross section

400 GeV
proton

—




RPCs were fabricated at KODEL — strips & gaps




Installation in 6 July 2018
at SPS H4 beam line

SR e REE

Beam test using prototype RPC, DT,
Pixel detector and ECC.

All sub-detector’s phase 1 prototypes
were tested with nice results.
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RPC as MuUON TAGGER
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Beam test results : clear 5 hits

RPC plays a crucial role for muon flux
and charm cross-section measurements

5 RPC planes

TOF VIEW
E— RPCA RPCZ RPC3 RPC4 RPCS
5 e
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Infrastructure at CERN
Emulsion handling room

Laboratory used for past emulsion experiments
(CHORUS, OPERA preparatory phase)

Emulsion
development

Flash box used
in CHORUS

Dark room
Brick

Assembly CES
machine



Beam test for CES at T9 beam line at CERN PS
(2016. 8, 2017. 8)




Emulsion scanning
at CERN




3D view of Emulsion tracks
Beam test at SPS H4 beam line

Alignment and tracking Vertexing
* Alignment Vertices reconstructed
* Tracking using the first 10 films. with at least 5 tracks
* Track segments present in most plates with IP< 50 mm

The beam clearly seen

400 GeV proton beam Proton interactions



Our contribution plan

GNU

Emulsion scanning
Tau & Anti-tau neutrino physics
LDM search in Emulsion — ML

KU - KODEL
RPC — muon tagger

JNU
HS particle search in ECAL

SKKU

Axino search

GNUE

Dark Scalar search

(S-> ee, up, nw, KK)

IIIIIIIIIIIIIIIII




MUON

SHiP Detector & Institutions il

Germany, Italy
Timing Detector

Portugal, Switzerland

Spectrometer Straw tracker
Germany, Russia, Ukraine, JINR, CERN

-

Decay volum
Italy, Germany, Russia, CERN
Surround Background Tagger
Germany, Russia, Switzerland, Ukraine
Upstream Muon Detector—
Italy, Korea, Russia,
Emulsion Spectrometer Tracke
Italy, Japan, Russia, Switzerland

T "'|
e

P Nidden sector

Emulsion spectrometer p
ecay volume

Italy, Japan, Korea, Turkey, Russia
Muon shield
Russia, UK, CERN 7 : .

i V,/iSHIP detector Electronics
- o France, CERN
Active muon shield Online system

Denmark, Sweden, UK, CERN

Computing and Software
Russia, UK, CERN

Target/hadron absorber



i Project schedule
SIH;P J

R 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027

LHC
SPS

SHIP / BDF Comprehensive design & 1st prototy in% Design and prototyping Producton |/ Cor%! Installation
Milestones TP CDS|ESPF TDR7 PRR i

* Document submitted to ESPP on Dec. 2018
together with CERN Beam Dump Facility (BDF)
* CDR (Comprehensive Design Report) is in preparation
for submission to SPSC by the end of 2019 <=
e Continue phase 2 module-level prototyping for Test beams
—at DESY (2019-2010), at CERN (2021)
* Detector engineering design and preparation of TDR from 2021
e Construction, Detector production and Installation ~ 5 years

* Data taking expected from 2027.



Our 10-year budget for SHiP

(Long-term plan)

Emulsion (gel & development chemical)
Scanning system upgrade

- High speed digital camera, Large optics etc.
Infrastructure of Scanning Lab ()

- Temperature & Humidity chamber etc.
Cost of RPC fabrication (Bakelite etc.)
Personnel expenses (~5 persons)

Traveling expenses etc.

*

~52A2l/yr x 10 yrs = ~504 ¢

* Common fund is not included




@g .. NEWSdm

Nuclear Emulsion for WIMP Search
— directional measurement

Try to measure the “direction” of
WIMP-induced nuclear recoils

using Newly developed Nuclear emulsion
with Super-fine grain

- NIT (Nano Imaging Tracker)



NEWSdm Collaboration

NEWSd m 70 physicists, 14 institutes
Collaboration ITALY

INFN e Univ. Bari,

LNGS, INFN e Univ. Napoli,
INFN e Univ. Roma

GSSI Institute

JAPAN
Chiba, Nagoya

3,

RUSSIA

LPI RAS Moscow, JINR Dubna
SINP MSU Moscow, INR Moscow
Yandex School of Data Analysis

e =

LOI submitted to LNGS \t‘ KOREA
Scientific Committee % | Gyeongsang
TURKEY

https://arxiv.org/abs/1604.04199 METU Ankara



https://arxiv.org/abs/1604.04199
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Directionality as a strong signature of the galactic WIMP
=> keep target pointed to

DM wind (Cygnus) |, . =i /7, prc
by using the Equatorial | ...y <

telescope Crgnss |

nuclear emulsion film

To Celestial North Pole

Equatorial
Mount

Shield

Emulsion

The mount has to handle around 100 ton.




NIT (Nano Imaging Tracker)

. o B : . )
Stq‘,; i’.p”", AT O 4 - 2 Newly developed emulsion
' ‘g " with super-fine grain
L

:wb . [ ' : ‘ Av‘ . . ' .'
e a ‘ Intrinsic spatial
resolution ~ 10 nm

35 nm crystal " 70 ;n'q@
G, IFY

Kr 200keV

25

200nm I :

100 nm detectable
Corresponds to about 40 keV C (N,0)

15 -—
8 recoil tracks

Kr 400keV

0 100 200 300 400 500 600 700 800 900 1000
range[nm]

Range distribution [nm]




Expected recoil lengths in the Nuclear emulsion
for different WIMP masses

- WIMP mass
107 & — 100 GeV/c?
== — 50 GeV/c?
10° — 20 GeV/c?
- — 10 GeV/c?
10°
(%) =
s T Nuclear emulsion
> 10* & (
- = . cto
s F 3.2 g/cm3 colid dete
O
£10° C,N,O, Ag, Br
2 F
102 E-
= 10 GeV/c?
10 B 100 GeV/c?
E NIT
- l 20 GeV/c2l_ 50 GeV/c? H
1 §_I | | 1 | 1 | | | | n 1 1 | | 1 I_Ilm | | 1 | | | | |-|I_HI_‘I | | 1 1 n 1
0 100 200 300 400 500 600 700

Recoil track length [nm]

The ranges of the signal tracks can be ~several 100 nm
in the Nuclear emulsion.



Heavy
nuclei

Light
nuclei

NIT emulsion

Constituent

AgBr-1
Gelatin
PVA

Mass Fraction _
0.78 :%
0.17 /

0.05

{a) Constituents of nuclear emulsion

Element | Mass Fraction = Atomic Fraction

Ap 0.44 0.12
Br 0.32 0.12

I 0.019 0.003

C 0.101 0.172

O 0.074 0.129

N 0.027 0.0567

H 0.016 0.396

S 0.003 0.003

(b} Elemental composition

Target elements

density 3.3+0.1 g/cm3

Each nucleus gives different contribution
to the overall sensitivity

[ AgBr-l : sensitive elements
Organic gelatin: retaining structure
PVA: to stabilize the crystal growth

(@)
S

o
o

=2
o

// Br

=
=~

Ag

Track length (micron)

~ Recoil energy (I\/Ie\/)

=3

Light nuclei

= Longer range at same recoil energy
= Sensitive to low WIMP mass



100 keV
‘ Carbon




==\

NIT production
2019. 2 Gran Sasso




Scanning at Gran Sasso

- NIT quality check

( o particles)




10 kg Pilot Experiment

Target mass = 10 kg

Exposure time = 1 year

Minimum detectable track length from 200 nm to 50 nm

Zero background hypothesis
Directionality discrimination

of the signal not included.

WIPM-nucleus cross section (cm?)

107%

1073 woof =200 Nm
— 100 nm

33
10 = 50 Nm

1073

NEWS 10 kg - 1 year

DAMA/LIBRA

10°%
107%
107%
107
107
107
10%
107%
10%
1074
10%

10 10? 10°
WIPM mass (GeV/c?)

104



Towards Neutrino floor ...

® Discrimination based on
measurement of recoil direction

® Unique solid detector possible to
search for WIMP signal beyond
“Neutrino floor”

rNeutrino coherent scatterin?.r

indistinguishable from WIMP

interactions

PRD 89 (2014) no.2, 023524
Xe/Ge target

L(_/ get)

=

Requirements :
® Reduction of track threshold
Ultra-NIT (25nm) has 40nm resolution
® Larger mass scale detector
Further high speed scanning system
Extreme low BG detector

Far future ?
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107 .
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The neutrino bound is reached with:
10 ton x year exposure if 30 nm threshold
100 ton x year exposure if 50 nm threshold




Summary

* The SHiP aims to search for New Physics at the Intensity frontier

complementary to the Energy frontier such as LHC.

* It is a multi-purpose and very timely experiment for Hidden particles

which are Feebly interacting particles, Tau neutrino physics and

Light dark matter.

And also,

 The directionality of the WIMP recoil will be investigated
in NEWSdm.
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