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Search for Hidden Particles

Neutrino Beams and Instrumentation

Search for Hidden Particles at
the SPS Beam Dump Facility
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CERNEBDF\WearkingGroup aiHiP Callaboration

Previous talks on BDF/SHiP at 10th NBI 2017, M. Calviani

References in the backup slides
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https://conference-indico.kek.jp/event/16/contributions/297/attachments/62/68/170918-07-Calviani-BDF-SHiP-intro.pdf
https://conference-indico.kek.jp/event/16/contributions/277/attachments/71/78/mc__NBI2017__BDF_design_challenges__Sept2017_v2.pdf

Motivation AVa

\/ \/

Motivated by the opportunities offered by the equivalence of mass scale and coupling scale!

A
fl fl —0u
¥

v» Exploration of Feebly Interacting Particles up to now mainly as by-product of experiments built
for other purposes i post-analyses, data mining, often limited to exclusion capability

% We have enough reasons to build a dedicated accelerator-based facility to explore FIPs,
optimized for discovery

A We are sharing the Universe already with feebly coupled and not-understood neighbours!
A Attractiveness of a light feebly coupled sector in providing solutions to well established problems!

A 7% of LHC+HL-LHC data recorded i lack of New Physics, even lack of hints to scale!
A One of the main objectives of HL-L HC  wi | | be exploring FI Pseé

A Essential complementarity with projects in launch/commissioning on the cosmofrontier

A Infrastructure and tools such as SPS exist and have huge potential to make exhaustive searches
in the MeV i GeV range (and in the worstcasebr i dge over to FCCeé¢)!
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&) Caught between a rock and a hard place

v Exhaustive search should aim at a model-independent detector setup

A Include basic options of heavy neutral leptons, dark photons, dark scalars, ALPs, LDM, FIPs
associated with high-energy scale models etc SM HS SM

N N
o - ——

v Acceptance and background are the biggest challenges t
A Dilemma: background/pile-up versus absorbers/sweepers

A New states in MeV i GeV range are typically long-lived, e.g. HNL 1 x oY

C (lifetime)$ 7 t1“ challenge
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Hidden Sector options - iz D decays //?/
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10 N\ N\
HNL mass (GeV)

v Beam dump setup suitable for a large part of the interesting parameter space

C High luminosity and geometric acceptance (boost), lower particle mass, long lifetimes
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@) Optimisation of a proton beam dump experimen e“’e

v Design for direct detection comes with no free lunches

A Production branching ratios * p1t A Largest possible number of protons

CAPrimaryodo SPS FT | umiemgadms++tMy,” fnaceonalensity) with 4x1L3r g e
p/spill and the 4x101° protons on target per year currently available in the SPS

c €

SPS™ .[«mF % pmi E " QlQa Bk " _=36x10%cm? (cascade notincl.
C HL-LHC . .[ mF #=p m 10% slcm? = 10%2 ¢cm?2
A Production of charm and beauty mesons A High energy (400 GeV)

A Production of light and heavy hadron decays, photons A Long and highest density, A and Z target

C Make all protons interact and additional production in cascade processes!
C Hadronic production cross-section® 6 7

C Electromagnetic process for photons @ &

A Large neutrino and muon background A Shortest | target + minimise inlined cooling

C Force interaction of pions and kaons before decay!

Target extremely optimized for physics and experimental setup
C Spectrum of background depends on target optimization
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\/) Optimisation of a proton beam dump experimen 3:'3

A Large muon flux A Slow beam extraction to control bkg

A Hidden particles travel unperturbed through ordinary matter A Filtering out beam induced background
A Production angles A Decay volume as close as possible

A Long-lived objects A Long decay volume

A Residual background suppression / signal characterisation A Full reconstruction and identification

of both fully and partially

reconstructible modes with neutrinos

C Many technological synergies with other fixed target facilities at the intensity frontier

v BDF/SHIP includes combination of two direct experimental techniques

Direct search: visible decay to SM particles Direct search: Scattering off atomic electrons and nuclei

(Absorber/sweeper) Decay volume Spectrométer 7 Heavy target + detector

Protons Protons il

~
~

B~._  (Neutrino)

¢ Scattering detection system suited for studying n interactions of all flavours, in particular n,
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&) BDF/SHiP experimental setup AVa

v Physics cased based on 2x102° protons on target (5 years of nominal operation)
C Signal yields from >10'8 D mesons, >1016 t, >102! photons (>100 MeV)

L.

HS decay spectromete
HS decay volume

Scattering and

neutrino detector
Muon shield
Target and

hadron absorber

SND: OPERA concept A SHIP A SND@LHC (M. Ca | v i takrthis@nsrning)

% Designedf or fzeroobaankgrcwmyd s e ar @smedl Final state
A Muon shield for muons HNL, SUSY neutralino EaF, (£KF, £pF(pF — 7710
A Vacuum for neutrinos DP, DS, ALP (fermion coupling), SUSY sgoldstino etem
HSDS DP, DS, ALP (gluon coupling), SUSY sgoldstino atr~, KTK~
A BaCkg round veto taggers HNL, SUSY neutralino, axino Y
A Momentum and decay vertex information ALP (photon coupling), SUSY sgoldstino Yy
A Invariant mass SUSY sgoldstino 7070
A Impact parameter at taraet LDM Electron, proton, hadronic shower
F.) . 0 . J SND Ve, Ur measurements %
A Coincidence timing Neutrino-induced charm production (v,, v, v¢) DE DF, DO DO, AT A,
A Particle identification
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gE?D/ SM Physics: Prospects for v, (v, Vu) e%

1. First observation of ’ interaction

2. Measurement of° and ’ [ cross-sections

d?cv ) G2ME, 9 miy m2 . Mz
dedy  7(1+ Q2/MZ)? ((” gt [ t=ag) ~ Ut ag, )] .
2 2 2
. y m:y m2(m? + Q?) me:
- {“"(—1 )" 45,,_.-11] Bt =i g mt )

C Allow extraction of F4 and F5 structure functions from charged current neutrino-nucleon DIS
C

Beyond SM \/

|
|
ALQ
|
|

3. magnetic moment

4. cross section at high energy

5. Testing strange quark content of nucleon “ “ /\

through charm production

5. LFV ” /
5. Normalization of hidden particle search }
/‘

7
//
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i i aVa
) BDF/SHiP development history a%a

% 2013 Oct: EOI with SHIP@SPS North Area as a new high intensity facility
...following brainstorming SHIP@IP8, SHIP@LBD, SHIP@CNGS, SHIP@WANF, SHIP@ECNS3

cEmvsmECT
S
TARIS

mmmmmmmmm

-----

R

v 2014 Jan: Encouraged to form collaboration and produce TP and | depa 3 |
task force setup to study feasibility of facility 595 Bar D ety

[N ——

v 2015 Apr: TP with ~700 pages by SHIP theorists, experimentalists, and
CERN accelerator, engineering, and safety departments

v 2016 Jan: Recommendation by SPSC to proceed to Comprehensive Design Study (CDS)

v, 2016 Apr: CERN management launch of Beyond Collider Physics study group
A SHIP experimental facility included under PBC as Beam Dump Facility

H
i

v» 2018 Dec: EPPSU contribution submitted by SHiP and BDF, and SHiP Progress Report to SPSC

v» 2019 Dec: CDS reports on BDF (Yellow Book) and SHiP submitted to SPSC

v» 2020 Sep: CERN launches continued BDF R&D with SHiP MoU ontop of existing collaboration agreement

v 2022 Jul: CERN launches dedicated studies of future programme in ECN3 beam facility & decision process
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@) Location and layout optimization study 3};‘

v. ESPP: strong support for physics case, suitability of CERN injector complex, and
community interest in medium term/size complementary scientific programme

~

C Main point: CERN budget overstrained with main ESPPU commitments
C 2020 September: CERN launch of study for more cost-effective implementation

CERN-ACC-NOTE-2022-0009

ECN3 ~ 7 @ CERN-PBC-Notes-2022-002
N\ 2 ) 1 March 2022

Study of alternative locations for the SPS Beam Dump
Facility

TT90-TCC9-ECNA
(EOI > €Ds study) - \

Oliver Aberle, Claudia Ahdida, Pablo Arrutia, Kincso Balazs,

Johannes Bernhard. Markus Brugger, Marco Calviani, Yann Dutheil,

Rui Franqueira Ximenes, Matthew Fraser, Frederic Galleazzi,

Simone Gilardoni, Jean-Louis Grenard, Tina Griesemer, Richard Jacobsson,
Verena Kain, Damien Lafarge, Simon Marsh, Jose Maria Martin Ruiz,
Ramiro Francisco Mena Andrade, Yvon Muttoni, Angel Navascues Cornago,
Pierre Ninin, John Osborne, Rebecca Ramjiawan, Pablo Santos Diaz,
Francisco Sanchez Galan, Heinz Vincke, Pavol Vojtyla

CERN, CH-1211 Geneva, Switzerland

Keywords:

Summary

As part of the main focus of the BDF Working Group in 2021, this document reports on the study of
alternative locations and possible optimisation that may accompany the reuse of existing facilities
with the aim of significantly reducing the costs of the facility. Building on the BDF /SHiP Compre-
h(‘nsl\t De:; ug) Smcl\ (( D‘:) the \xw-s.smont u-ﬂ on tllt generic res qmr('mt m: ‘mcl constraints that

year

2022009 / SPSC-SR-305

om-

Objectlve Preserve S Hi Prigmal phyS|cs reach and scope

CDS design and prototyping studies largely generic

Tlu docnmout rtmrlu(lo«, \\]lll a rlll‘\lll‘ltl\(‘ rmnp.\umu of the options., summarising the as-
sociated benefits and challenges of each option, such that a recommendation can be made about
which location is to be pursned. The most critical location-specific studies required to specify the
mlp]cm: nt'\non 'md cost fnr mr‘h c]'mml are |{ic'|1t1hui so that the detailed investigation of the

mp- CERN management/PBC encourages focus on ECN3 for BDF/SHlP
Decision process over 2022-23 for future physics programme in ECN3 defined (see slide in backup)
A Two principal @ doiiandBDE/SHR : HI KE (
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céun) Beam delivery aAVa

7/
v, BDF/SHiP assumes current SPS, slowly extracted 1s spills with 4x1013 p / 7.2s
A Proton sharing scenarios with all current facilities around the SPS and LHC(HL-LHC):

10 SPS availability: 80% SPS availahility: 80%
! 3.0 =
- " = haseline (4.95 FT) - = only proton run (9.7s FT) 1.8 g
I N @ s >
2] , A —— with fon run (4.9s FT) 9 —— with ion run (9.7s FT) 5
§ 5 e 0.8 525 08 _,r16%
3§ o b [ L
= £ b L T o~
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Pratons on target for BDF/SHIP [1e19/year] Protons on target for BDF/SHIP [1e19/year]

v Slow extraction of (4 + 1) x 101° p/year requires reduction of losses by factor 4
A Pioneering developments made in the field of slow extraction beam loss reduction (see references)
A First application of thin, bent Si crystal shadowing an electrostatic septum in operation in LSS2 of SPS:

—
[

Losses at ZS with octupoles

=
1.
g nominal with COSE and crystal shadowing 0
g — 4t —— =0.56 x 0.58 = 0.32 2 o
2 Lo [ ] 1"
= \octupules channelling TV. 0.6
-
L ] +
g 05 - : = 04
g L _______ OOl =
g SR 1 | 0.2
— 0.0 angular scan 1 angularscan 2 & 3
0.0
b"-\(’\ (0({)\ 6‘-";\ c‘o't;’\ \;5\ (\._Q« (\_,.\i\ «_{{)\ (\_‘?‘;\ 20 40 60 80
R N T AP S SO SR ¢ Crystal deflection / prad
November 1, 2018 ’ [
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D) Beam delivery - slow extraction AVa

v System in operation during 2021 and 2022
a
~ le-13
'3- 1.5 u !5 .
» r
@ . 'Y Py ::
5 10 g S S W | —
E | == mean 2018 | Mu__ ___M_r_
v mean 2021: reducced by 32% gi . —
TE“ 0.5 9 —— mean 2022: reducced by 27% .‘ ¢
6 T T T vl T T T T T T T T T T T T T T T T
2 10<° /Qb /Q/\ /0% lgq /’»0 /‘\"\’ /Qb /0,\ /0% ,Qq /'\'0 /N'» /0% /‘é) /’L"L /Qx IO% I'»QJ /’Lfb
0,\3) 0.39 0.\3) 0,\'% 0,»% 0.\33 0,\_‘27 O,L'\y 0,-],'\: 0.—1"\' D,L‘\v Qpl:y Q,L"\r IOV IQV rQP‘ ,0") /0"’) ,Q“) ,Q(’)
2 P Vg P Y v v v v v v z\?« zflr r]:l/ ,-Cl/ ,0« ,0/ ,]:lz
Q" QY O QY QY A0Y O
v v M P

v
v Active R&D on-going with a new, optimized crystal shadowing system installed in SPS LSS4
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(iERN - _ . . ‘5“
f)’ Beam delivery - spill quality VA"

v» Beam dynamics simulations of machine imperfections (power converter ripple etc.):

v Investigation of radiofrequency (RF) techniques to improve spill quality duty factor:

A Empty Bucket Channeling employed with 800 MHz cavities at low voltage to suppress low frequency
spill ripple carried out with NA62 collaboration:

10 . .
Spill ripple before
08
06
0.004
04
AP s
F & 2 ~ n
0002 4 o A i . o2
‘n.__.—*’ E 4 4 i, 7
1 ¢ ) ) 3 0o =
A [ 1 1l 1 . . .
— e i b \ 10° 100 107
[ 0.0of [} O 1 - - freq. [Hz]
b= bl 5 . . 10 . .
Spill ripple after
ooz . BTN A L - 08
. \'-.__'_-'": . by e " E -. ) o
0004} s e, n ST LT e
100 -075 050 -025 000 0325 050 075 100 02
l=—§
t [5] 0.0 L -
1 10 e
freq. [Hz]

C Possible technique to provide slow-extracted bunched beams for time-of-flight discrimination
against neutrino background in search for LDM at BDF/SHiP
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From SPS i - ‘d“
@\ Eeam delivery - transfer VA

Experimental halls

Underground beam
tunnels, caverns
Underground
Technical galleries

romSPS

T2 wobbling
Service buildings

v Intensity upgrade and consolidation of beam line from TDC2 to TCCS8
A Beam delivery scenarios and intensity targets

Optics Studies/Updates/Tests and corresponding integration/magnet verifications

Improved instrumentation and respective YETS implementation (BLMs, BSGs, related beamline/vacuum)

Loss studies and mitigation measures

Target/absorber designs (TCC2 + TCC8)

Equipment & infrastructure needs

To Io Do Do P>

C Under study by dedicated experiment-i ndependent AECN3 Beam Del

v Much of the consolidation/upgrade required coveredby CERNOGs Nort h Ar e:
programme Phase 1 (LS3) and Phase 2 (beyond) i some re-scoping necessary
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C\ERN : ‘d“
N BDF/SHiP Target complex &%

v Optimisation for implementation in target area TCC8 of ECN3
A Optimisation of walled confinement of complex with dedicated ventilation
A Nitrogen as alternative to helium for inert gas embedding as for LBNF target station
A Shielding optimization
A Revised handling scheme with no overhead access shaft

7 Above coil
Xt i shielding
Gﬂ e Mobile

Upstream ieldi

Beam shieldin

Target area window shielding -

Confinement walls - assembly et Magnetized
= shielding

Collimator and
shielding

------------------------------ Target Water cooled proximity
shielding

see talk by J.-L. Grenard on Wednesday

\/ 4
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) BDF/SHiP Target a¥a

v Challenges ‘
A High A/Z target with high beam power of up to 2.56 MW during the 1 s spill and 320 kW on average
C High-A/Z material resilience to high flow of cooling water
C Target block cladding behaviour under thermo-mechanical stress
C Integrated design of target assembly for fully remote handling

Uprens e

Beam

Anembly

v Prototyping and beam test
A Manufacturing validation of Ta-cladded W & TZM blocks

A Reproduce thermo-mechanical conditions of final target=. e T part: W core
A Cross-check FEM simulations - Protective cladding: Ta alloy N

. . . 18t part: TZM core - o
A Test target online instrumentation 3
A Perform detailed post-irradiation examination
A Beam tests in 2018 with a total of 2.4 x1016 protons on target -

. . . pro

A Good agreement with simulations 0ea™ T2\t 0.08% Ti 1 0.05% Zr i Mo alloy

Prototype instrumentation. Visual and optical microscopy inspections during the PIE.
R. Jacobsson 15

12t International Workshop on Neutrino Beams and Instrumentation, UK, 19 7 21 September 2022



CER/—Ny
\

Ongoing activities

Y

Y

Y

Y

Y

Y

PIE of the prototype target

Temperature T {*C)

A Understand survivability of target materials
& cladding-core bonding

BDF Cladding R&D with Nb-alloys
A Assess the viability of alternative claddings

Loss-Of-Cooling Accident studies
Cladding residual stress measurments
Oxidation test campaign

Feasibility study of liquid-Pb BDF target

=
3504 ® Ta2.5W ®  Ta2.5wW 2
m TZM m TZM 193
B
so0{ A W v ow s f-*.-.\‘
o .
h=1 (Wm?K) h=FfT) (Wim2K) 1= f L
250 /‘ !
200 - / '*!

10 10? 109 108 108
time after LOCA (5)

Thermal evolution during LOCA

BDF/SHIP Target

Y (mm}

Successfully bonded Nb-alloy cladded block. UT imaging

Ta2.5W degradation at different temperatures under oxidizing
atmosphere
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@\ Integration AVa

. . . _ | o/
% Minor civil engineering to adapt ECN3 to BDF/SHIP 1, CompTeX target

Hadron stopper
Muon shield ‘

Scattering and
Neutrino Detector

Decay volume

Spectrometer
Particle ID
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%) Radiation protection

PROMPT RADIATION

Goal is to reduce above-ground prompt radiation to comply with the given RP
limits. Additional soil on top of TCC8/ECN3 as well as reuse of existing shielding

blocks allow for a partial shielding reduction wrt. CDS design

RESIDUAL RADIATION
Shielding design also takes into account limitation of activation in the
target and experimental areas

AIR AND GROUND WATER ACTIVATION
Air activation is being reduced with the help of a N, vessel and shielding.

Activation and contamination of ground water and soil is prevented with additional UKA geometry /

shielding in the cavern floor

Preliminary results normalizedto 1z p m B O1 f Bl Rvithio T O FAIAI

TCCS8
ECN3

Target complex
-_T?“ Muon
r _ ‘ shield

Created using FLAIR [4]
lLjLUKA hosted by CERN (FLUKA v4-2.2), [1-3]

R IRN

Prompt ambient dose
equivalent in TCC8

________ V7 ., : i

Side view - 1Y

1000

500 =

y (cm)
H*(10) (uSv/h)

-500

Values averaged in x = [15,40]
Beam at x = 26 cm
! |

1 1 1 1 10°

-1000
11000 11500 12000 12500 13000 13500 14000 14500

z (cm)

Prompt dose rates are well contained in
the BDF target/dump area

Prompt ambient dose equivalent at target

1012

Cross-sectional view 1610

2000

1500

H*(10) (uSv/h)

-500

-1000 -500 0 500 1000
X (cm)
Floor iron shielding reduces prompt dose rates
inside the soil allowing soil activation (H-3, Na-
22) to be below given design limits
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@\ Radiation protection AVa

ENVIRONMENTAL IMPACT

Studies for the environmental impact from prompt radiation and releases

of activated air are being finalized, but first results indicate that the given

design fulfills CERNO6s dose objective for the public of <10

Ve

Preliminary results normalizedto 1z p m B O1 Bl Rvithio T O AIAIU

Prompt ambient dose b bient d d level
equivalent along y rompt ambient dose at ground level per year

1x1012 L

1x1010 L

1x108 |

1x108 &

10000 ¢

H*(10) (uSv/h)

100 ¢

-

001} Valueg averaged around target
(x =[15,40], z = [13270,1{3290])

0.0001

i .
| £

1 L 1 1
-500 0 500 1000 1500 2000

i, # J om

y (em) siPh ]
v Ml R it oy PP T o :k.“
Prompt dose rates above-ground are | o salhra e
well below the limit of a Non-designated Prompt dose rates above-ground are
Area (2.5 uSv/h) well below the limit for public areas
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@) Physics performance in decay search 3};‘

Pythia/Geant simulation (+GAN) with complete description of detector and infrastructure
A v (101) muons (>1 GeV/c) per spill of 4x1013 protons

A 4.5x10%8 neutrinos and 3x1018 anti-neutrinos in acceptance
in 2x1020 proton on target

Backagrounds in decay search (fully reconstructible/partially with neutrinos)in ¢ p 1t pots/5 years
(Results from CDS study) } wal

HS decay volume

= A

Cosmics: negligible Muon combinatorial: p& p T P& p T
\\ HS decay volume HS decay volume
---------------------- — | o ——_|
u sweeping field i_::--___
Muon DIS: @ p T Neutrino DIS: 0.1 (fully) / 0.3 (patrtial)

Preliminary: Ongoing studies with the reoptimisation in ECN3 confirm similar levels
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@) Physics performance in decay search

\
]

v Reoptimised experimental setup provides same signal acceptance wl!1!ﬂ!ﬂ'_ll!ll||lllllllll!l
A Preliminary results comparing ECN3 with original CDS design,

here examples with Dark Photons and Heavy Neutral Leptons

Excluded
107 107}
10°%} 10°°
A S 1077
10—12 L
10°®
10-15 L
107°
10-18 L 1 L L 1 10-10 L L L L 1
0.01 0.05 0.10 050 1 5 10 0.1 0.2 0.5 1 2 5
my, GeV my, GeV
— = SHiP (LNV) Seesaw (IH) NUTEV o
=+ SHIP (det.) BBN CHARM N
-- NAG2** (det.) E949 Belle -7 Ln
2579 events, My=1GeV,6M=4-10""eV Yo}
) seesaw (N0 e pu inferred using LightGBM with accuracy 0.639 O
1072 TR T - o
ECN3 background estimates and . . T S
. = ! —
107 : 1 — 7.5 .
signal acceptances preserves oL =l E
fE soq X
. » . ro-o ] 18 PloL a
BDF/ SHIi P0s physi THE Plos e S
....... H Q
gL T L 2. 001 NN SN SV S il
-,‘...' == e W@ 25 ] E\
100 Tt 5 . —
0] T e —5.0 - E
1071 -15 . . . . - : k -
025 050 075 1.00 1.25 150 175 0 2 4 6 8 10 12 14 c
my[GeV/c?] Proper time T [m] s
Q
Left: lower bound on the SHiP sensitivity to HNL lepton number violation (black dashed line). T(@
Reconstructed oscillations between the lepton number conserving and violating event rates as a function
of the proper time for a HNL with the parameters My = 1 GeV/c?, |U|z = 2 % 1078 and mass splitting -
of 4 x 1077 eV. -

12" International Workshop on Neutrino Beams and Instrumentation, UK, 197 21 September 2022 R. Jacobsson 21



@ Physics performance in scattering search
I
“‘ﬁ H ngunmum

v» Backgrounds,e.g.” Q ©’' Qh’ nNo ¢ 'Q,etc

g

v, After combined geometrical, topological and kinematical selection, with one visible track at
vertex being an electron: 230 expected events in 2x102%° protons on target in CDS study

Heavy target + scattering detector | 1078

BaBar
"."’".'.::/
107 o
T ?
S 1010} a
§ E
~—~
S<
§ 10-11
i, 10 _ :
9 SHIP w. bkg
T SHIP 0 bkg
ve U v, b, all > 10-12L
Elastic scattering on e 68 41 60 38 207 Relic Density
Quasi - elastic scattering 9 9 18 — s e Complex scalar |
Resonant scattering -5 5 10-13 ;7 /:’ ..... Majorana
Deep inelastic scattering - - - o7 P - —_ Pseudo-Dirac |
Total 77 55 60 38 230 4 L S :
1 5 10 50 100 500
M., [MeV/c?]

Under study for BDF/SHIP@ECNS3, results underway
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mmmmnllll”\”””.U’ j'

) Prospects for v, (v, v,)

g

% N, most elusive particle in SM WH
A DONUT experiment 9 events with 1.5 expected background

A OPERA experiment 5 events from’ © * oscillation
C No distinction between’ and’[

v, Results from CDS study with 8-tonne scattering target & 2x10%° protons on target/5 years
nominal operation (E)  CCDIS

[GeV] interactions

C Expected number of neutrino CC DIS N, 9 Lix10°
Ny, 42 27x10°
N, 52 3.2 x 104
Ny, 46 2.6 x 107
Ng, 36 6.0 x 10°
N5, 70 2.1 x 10%
. Decay channel . Vr
C Expected number of observed P 15001000
! T Il_SlgnaI events T —=h 4000 3000
T — 3h 1000 700
Total 6200 4700
<E> CCDIS Charm fractions
C Neutrino induced charm events (GeV)  with charm prod (%)
N, 55 1.3 x10° 4.7
N, 66 6.0 x10* 5.7
Ny, 49 2.5 x104 4.2
Ny, 57 1.3 x10* 5.1
total 2.3 x10°

Under study for BDF/SHIP@ECNS, results underway
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i AVa
Conclusion and outlook O

v Bright future for the Dark Sector
A Very much increased interest in feebly interacting particles after LHC Run 1

A Vital complementarity to the advances and upcoming telescopes in astrophysics and
cosmology

. BDF/SHIP is a mature general-purpose platform for exploration of feebly interacting
particles
A Set up for discovery through direct detection
A Also unique opportunity for neutrino physics, in particular ’

v Facility and physics case based on the current proton injector complex, SPS, and the
existing ECN3 beam facility

v Detector R&D and design is at an advanced level
C But many exciting developments still and looking forward to welcoming new groups!
C SHIP collaboration: 55 institutes and 332 members

v. Possible timeline
A ECNS3 Decision process 2022-2023
A ~2-3 years for TDR, followed by preparation for construction, component production

A Decommissiong/Consolidation/Modification/Installation of beamline & BDF/SHIP ~4-5 years
starting from beginning LS3

A Commissioning / operation from 2030
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Backup slides
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@) Decision process on ECN3 future programme e“é

Decision Timeline for the Facility - SPSC

* Produce list of candidate experiments for ECN3 (November 2022).
* By then the experiments have submitted Letters of Intent.
* First discussion of these Letters of Intent in the November 2022 SPSC meeting.
* Prepare first input on different experiment options to the December 2022 Research Board meeting.

* First report by ECN3 Beam Delivery Taskforce (December 2022).
* To deliver document to IEFC on physics ‘agnostic’ feasibility for high-intensity facility in ECN3

* Final SPSC statement on meaningful physics justification for a high-intensity ECN3 facility (February 2023).
* Necessary input for next MTP, defined in March 2023 RB (including or not the high-intensity facility).

* Research Board decision on go-ahead for launching preparatory work for high intensity beam to ECN3.
* Based on SPSC and IEFC inputs.
* The accelerator sector must provide the upgrade plan for high-intensity beam delivery to ECN3.

* Need more detailed information from the experiments (mid-late 2023).
* Full proposals (or at least provide sufficient details for a correct SPSC judgement).

* Final SPSC conclusions on the experiments (November 2023).
* Recommendation on the future ECN3 physics program to the Research Board for final decision.

CERN management/SPSC/PBC
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%) Detector optimization for ECN3 A
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