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European Strategy for Particle Physics recommendations

4. Other essential scientific activities for particle physics:

* a) The quest for dark matter and the exploration of flavour and
fundamental symmetries are crucial components of the search for
new physics.

» This search can be done in many ways, for example through
precision measurements of flavour physics and electric or magnetic
dipole moments, and searches for axions, dark sector candidates and
feebly interacting particles.

» There are many options to address such physics topics including
energy-frontier colliders, accelerator and non-accelerator
experiments. A diverse programme that is complementary to the
energy frontier is an essential part of the European particle physics

Strategy.

https://cds.cern.ch/record/2721370/files/CERN-ESU-015

2020%20Update%20European%20Strategy.pdf

SHADOWS can explore low-mass (< 5 GeV) NP with very feeble couplings
becoming a main player in the future CERN diversity programme.



https://cds.cern.ch/record/2721370/files/CERN-ESU-015
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SHADOWS: 20 very intense (and exciting) months..

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)
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m— R ST Proposal, 18 August 2023
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Search for Hidden And Dark Objects With the SPS

Technical Proposal
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From the Expression of Interest (Jan 22) — Proposal (Aug. 23)
the collaboration almost tripled (82 collaborators, 16 1nstitutions)
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SHADOWS in ECN3 (North Area)

Letter of Intent submitted to the SPS Committee beginning of November
https.//cds.cern.ch/record/2839484/files/SPSC-1-256.pdf
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Target and TAXes area

SHADOWS 1n the target area

SHADOWS Conceptual Layout
A spectrometer of about 2.5x 2.5 m? transverse area
~1 m off-axis from beam line

20 m long decay volume, \ g)légﬁ‘;ii '
starting ~10 m downstream of the dump R e




SHADOw:SS The high-intensity K12 beam line

Fully compatible and synergistic with the (already funded) North-Area Consolidation Programme:

NA-CONS programme:

Phase 1: 2022-2028 (up to end LS3),

primary beam areas TT20, TDC2, TCC2 and initial section
of NA Transfer Tunnels. 20 MCHF

Phase 2: 2026-2034 (up to end LS4),
completing the consolidation of the secondary beam areas.
80 MCHF

5x10'? protons-on-target (pot), with 4.8 sec long spills, can be delivered to ECN3
in 4 integrated years with a dedicated beam delivery for ECN3, and shared cycles to EHN1 and EHN2.
This annual yield is fully compatible with the current North Area operation.

additional (14 + 50) MCHF asked to CERN Management for upgrade of the beamline + area




SHADOWwWSH

SHADOWS 1n the TCCS tunnel

Jura side

Saleve side

Target station

Magnetized Iron Blocks
To ECN3

SHADOWS

Downtream shields



SUADOWSE
The Detector

Lateral Veto
l K12 beam
Muon T1m1ng Upstream
Trackmg Veto
SHADOWS must be able to reconstruct and identify most of the visible final states of FIPs decays

Scalar portal (et , KT K~

Pseudo-scalar portal 0=, vy, 7t , KT K~
Vector portal (0 nta  KTK—

Fermion (neutrino) portal ﬁiw* EiK¢ AEpT(pF — 770, ety

Standard spectrometer, with 19m long in-vacuum decay volume, excellent tracking system,
high resolution timing layer, ECAL with pointing capability, muon system and efficient vetoes




AN Institutes:
The Detector: Upstream & Lateral Veto |expemee o eres

Lateral Veto
o

beam

Upstream

ATLAS new small wheels.
Goal:

veto muons that enter the decay vessel
escaping the MIB system

Technology:

Double layer of micromegas detectors:
- efficiency > 99.8%

- space resolution: o(1) mm

- time resolution: 0(10) ns

- rate capability: up to 10 MHz /cm2

| totype funded by INFN in 2023
iz€ prototype will‘be prepargd in' 2024

Requirements fully satisfied.



SHADO Groups: INFN-LNF, INFN-Bologna,
The Detector: Muon System INFN-Ferrara

Expertise: LHCb muon system,
CMS muon system

il
Muon

Goal:
identify muons and reduce muon combinatorial background
via timing measurement.

Technology:
3 stations of scintillating tiles with direct sipm readout
Interleaved by iron filters. Measured 250 ps resolution per station. [

Two full-size modules already funded by INFN in 2023 and
used to measure the off-axis muon flux in ECN3 during
the June 2023 campaign (see later).

Requirements fully satisfied.



SUHADOWSH
Validation of the simulated off-axis muon flux with SHADOWS prototypes

Measurement performed in June 2023 with NA62 operated in beam-dump mode at nominal beam intensity.
Effort partially funded via EUROLABS European Grant.

Magnetized Iron Blocks

e _
June 2023: -
"The first flavour of SHADOWS in TCCS

s SHADOWS

Two full-size
Muon system modules

L
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Micre-megas :
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silicon+ scintillatino
tiles telescspe



SUHADOWSH
Validation of the simulated off-axis muon flux with SHADOWS prototypes

Measurement performed in June 2023 with NA62 operated in beam-dump mode at nominal beam intensity.
Effort partially funded via EUROLABS European Grant.

INFN-LNF, INFN-Bologna,
INFN-Ferrara
i—

¥ B W|ththe help of KIT

June 2023: 4 = 3

The first flavour of SHADOWS in TCC

|
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SHADOWSH

Validation of the simulated off-axis muon flux with SHADOWS prototypes
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r
.
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X (cm)

Results from data: 250-300 counts/cm?/1012 pot

Results from simulation (rescaled): 260 + 20 counts/cm2/1012 pot

10

25 30

Protons on Target [10%!]

Excellent agreement between the results obtained with (very different) detectors gives reliability of the measurement.
Off-axis measurements confirmed the on-axis ones. Simulation is now fully validated.




SHADOWSH

Target station: Radiation Levels

C. Ahdida, L. Esposito, S. Niang, E. Nowack
CERN PBC ECN3 Task Force

LN

1-MeV equivalent neutron fluence, high energy hadron fluence and thermal neutron fluence
evaluated with a detailed FLUKA simulation in SHADOWS area

1Mev-n fluence [cm™]

1x10™° g
1x1014 £
1x1018
1x1012
1x10M
1x1010

1x109 E

10000

SHADOWS
location

1Mep-n fluence [cm™2]

1Mev-n fluence [cm™]

10000

T T T T T T 600
- 1-MeV neutron fluence vs z _ 400 '
§ 200 ||iL
=, i — I
= _- C_H -
-200 =5 - llr'lr
,‘l-MeV neutron fluence: Xz
-400
0 2000 4000 6000 8000
Z [cm]
400
300
200
£ 100
> 0
EI 1 1 1 1 1 —100
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2 [cm] 0 2000 4000 6000 8000
= [\.III]
Quantity Detector location R2E safe
Total Tonising Dose (Gy) 0.1-1 per year < 10
1-MeV neutron equivalent fluence (cm™2) 109719 per year < 101
High-Energy Hadron eq. fluence (cm™2year™1) few 10° < 3 x 10°
Th. neutron eq. fluence (cm™2year~!) <5 x 10% <3 x 107

Radiation levels are not a show-stopper in the very-close-to-dump SHADOWS location
Radiation- tolerant electronics will have to be used in proximity of the SHADOWS detector
Dedicated alchoves with iron/concrete shielding far from the dump for the off-detector electronics.




SHADOWwWSEE

Physics sensitivity: Light Dark Scalar mixing with the Higgs

(mediator of sub-GeV DM interacting with SM particles; candidate for relaxion mechanism, etc.)

(SDIO_3

LHCb, Run 3 (solid)
LHCDb, Run 6 (dashed)

invisible

SHADOWS is fully
complementary to HIKE-phase1 | {57
in kaon mode, that improves by

SHADOWS can improve

by three orders of magnitude
over the existing bounds

(mostly from LHCDb) between

the di-muon threshold and ~4 GeV.

about one order of magnitude below 1078
the kaon mass. >

107 A
§' SHADOWS
10710 W - baseline (solid shaded)
i - balloon (dashed)

10-11 BBN (x> 1sec) | ./ "s, N — i

Given the extremely low
background, the contour
plot can be interpreted as
discovery plot.

1072 = X
107 1 10
/ mg (GeV)

SHADOWS can cover a larger area in the (still uncharted) parameter
space than: DarkQuest; LHCb Run3 & Run 4 (upgrade 1); LHCb Run 6
(upgrade 2); CODEX-b; FASER2 at the Forward Physics Facility.

Worldwide landscape from
FIPs2022 Proceedings, arXiv:2305.01715,
accepted bv EPJC




SHADOWSH

Physics sensitivity: ALPs with fermion couplings
Axions/ALPs in the MeV-GeV range are possible solution to the strong-CP problem

q\; | T 1 \J\lL\ ~~\ = T T
i b 1 / BaBar
”*10‘1 K'— a1t +X J = 1 B — u* R
b
* 1 3
m o .“ g?*bb“‘c
; . SHADOWS can improve
S ]-\ by two orders
SHADOWS is complementary 1073 E=_K* = "+ inv (based on E949 fiatafe=s .. ) . B Ko of magnitude over the
to HIKE-phase 1 in kaon mode, — — B u* i existing experimental
that can improve by about one order ERRREEEET T — I SHADOW bounds (LHC!o)
of magnitude the current bound e T . : N bt olid) between the di-muon
below the K mass, and fill the gap == HIKE - K" b . N EEETT HIgPTump - balloon (dashed threshold and ~ 4 GeV.
down to BBN. 10:5 - ) ODEX.T\ ...... I
[ BBN constraints MATHUS Aggg ™" ™=~ n. RN Given the extremely low
101 e background, the contour
C plot can be interpreted as
10—7 [ [ [ [ L1l 1.1 I [ [ [ [ Ll 1.l I [ [ [ [ Ll 1.l I discovery plot.
107 10 1

Worldwide landscape from
FIPs2022 Proceedings, arXiv:2305.01715,
accepted by EPJC

19
m,, , [GeV/c7]

SHADOWS can cover a larger area than:

with the full data set at the end of the HL-LHC (3 ab-").

FASER2 at the Forward Physics Facility; and is very similar to CODEXb




SHADOWSH Physics sensitivity: HNL with tau couplings

Possible solution to the origin of the neutrino masses and matter-antimatter asymmetry

a

Tau coupling dominance: Ui:Ui:Uf =0:0:1

DELPHI

Between D and B thresholds

SHADOWS improves by two orders

of magnitude over the existing experimental
bounds (DELPHI)

' SHADOWS
~-‘baseline (solid) -~~~ _
. balfobn,((.izis!lgdf N . J
10_8 BBN ]\/IATH~U'SLA2()() GIVCII the CXtI'GInGly lOW
background, the contour
10—9 L_1_1 I 1 (] 1 | I N T | I 1 1 1 1 L1 1.1 I 1 p!Ot can be lnterpreted as
discovery plot.
107 1 10
Worldwide landscape from FIPs2022
Proceedings, arXiv:2305.01715 . My [GCV]

Up to D threshold SHADOWS improves by two-four orders of magnitude over the existing
experimental bounds (ArgoNeut & BaBar) and is better than DarkQuest, CODEX-b and FASER2.




SHADOWSH

Project Schedule

NA62 Run ECN3/HI ECN3/HI ECN3/HI
Installation/ Installation/ run
commissionin  commissioning

Proposal TDR TDR/PRR  Production Production Productlon/ Installation/ SHADOWS
Installation Pilot Run
2032 pAIRR 2034 2035 pAIRTH 2037 2038 pAIRY 2040
ECN3/HI ECN3/HI -
run Run

SHADOWS consolidation SHADOWS SHADOWS  SHADOWS SHADOWS SHADOWS consolidation SHADOWS
run run run run run run run

If approved, SHADOWS will be ready to start data taking in 2030 and collect 5x10'° pot by 2040.
(SHADOWS run beyond 2040 will depend on the compatibility with HIKE-phase 2)




SUADOWSE
Project Organization: preliminary groups interest

Table 41. Preliminary group interests for SHADOWS sub-detectors and activities.

Item Technology Interested groups
MIB system magnetized

iron blocks CERN, LNF-INFN
Upstream Veto Micromegas INFN (Rome3, Naples)
Decay Vessel In-vacuum CERN
Dipole Magnet warm CERN
Tracker Straws Heidelberg
Timing Layer scintillating bars  Freiburg
ECAL StripCal Mainz, KIT
Muon scintillating tiles INFN (LNF, Ferrara, Bologna)
Software INFN-Rome 1, Prague
TDAQ CERN
NaNu Mainz/Bonn

All detectors/activities have groups involved. Still a lot of room for new groups/collaborators.




SUADOW:SHE
Project Organization: preliminary cost estimate

Table 40. Preliminary cost estimate of SHADOWS sub-detectors and magnets. The cost of the
NaNu experiment is reported in the last row.

Item Technology Cost (M€)
MIB system magnetized
iron blocks 0.992
Upstream Veto Micromegas 0.860
Decay Vessel In-vacuum 1.0
Dipole Magnet warm 2.57
Tracker Straws 1.624
Timing Layer scintillating bars 0.180
ECAL StripCal 0.980
Muon scintillating tiles 1.111
TDAQ 0.250
Total SHADOWS 9567 Cost uncertainty C3 class:
Total NaNu 2.840 (-(10-20)%, +(10-30)%)

The relative small-medium size (and cost) makes SHADOWS feasible and realistic in the short timescale
(start production in three years from now, production lasting only two years)




SUHADOWSIE
SHADOWS Timeline

v Submission of the Expression of Interest to the SPSC the 7 January 2022
v Submission of the Letter of Intent to the SPSC the 22 November 2022

v Submission of the Proposal to the SPSC the 18 August 2023

v" Project presentation at the SPSC Open Session on September 5th 2023

v’ https://indico.cern.ch/event/1303571/

v' Q&A session with the SPSC at the SPSC closed session on September 6th

» October 31st: Submission to CDS and to the SPSC of the final version of the Proposal
» 21-22 November: SPSC Recommendations about SHADOWS (and HIKE)
» December: Final decision from the CERN Research Board.

Hence:
By Christmas this year we will know whether we are approved or not.


https://indico.cern.ch/event/1303571/
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