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SND@LHC PRELIMINARY

Observation of Collider Muon Neutrinos with the SND@LHC £ T T Search for showerlike neutrino events
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Operations & sRPC installation @ LHC
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S LIP involved in building test-beam apparatus,
data taking, and energy calibration analysis
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Test beam for HCAL calibration (Summer 2023)

® produced exact replica of hadron calorimeter -~
® very successful calibration campaign "é
® calibrated calorimeter response &

5
Installation of sealed-RPC telescope (Spring 2024) -
® detector based on novel, LIP-designed technology

® deployed in front of SND@LHC: measure muon flux
® demonstrate new technology in LHC environment

S new LIP detector sees first 2024 LHC collisions!
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experiment approved (2024)
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SHIP Collaboration Meeting (this week at CERN) — 28th meeting — 1st of TDR phase



Upgrades: AdvSND & SHiP

AdvSND proposal for HL-LHC submitted (Lol) The SHiP experiment has been approved (Lol)

Spectrometer straw tracker

_Upstream Background Tagger (UBT]2

Decay volume Electromagnetic calorimeter

Muon system
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A. Blanco et al

JINST 15 (2020) C10017
Silicon-based target tracker Precision-timing RPCs
e to replace emulsion-based tracker at HL-LHC e for timing/trigger, embedded in Silicon tracker, for AdvSND
e repurpose current CMS TOB modules e for background vetoing (and timing), for SHIP

 R&D starting for AdvSND, later SHiP e built-up from SHiP timing prototype + sRPC at SND@LHC


https://cds.cern.ch/record/2895224/
https://cds.cern.ch/record/2839677?ln=en
https://iopscience.iop.org/article/10.1088/1748-0221/15/10/C10017

S.W.0.T. & long-term planning

Strengths

_ SND@LHC physics exploration HL-LHC
e team formed of consolidated researchers

* strongly integrated in the collaboration 2021 2022 202 202 2025 2026 2027 2028 2029
Ieadership roles in Detector and PhySiCS J|FIMAM)J|J|AS|ON[D J|J|AIS|IONID|J|F J|A[SIOINID| J|FIMAM 3| J|AIS J|FMAM[J|J|AIS|O : : J|FMAMJ|J|A
e projects are attractive also to students

Run 3 Long Shutdown 3 (LS3)

Weaknesses/Threats AdvSND Construction & Comm. AdvSND

sRPC operations & physics

2035 2036 2037 2038
MAM|]|1|AlS J|AlS JA J|A

N|D| J|F|MIAIM| ] N|D{J|FMAM| ] S MAM|J S|ONID
Run 5

e past funding vs achievement/responsibilities

e executed a first FCT project (40k€, 2022-2024),
was important seed for establishing the new group

* responsibilities undertaken by the group require
increased funding: pay collaboration dues; detector
construction & operations & upgrade R&D; support

2030 2031 2032
JAls JAls

AMJ J|J|AIS J

s miss - AGVSND
researcher’s missions; award studentships Commissioning S -
: near
= HEN
Opportunties
. . - Shutdown/Technical sto
» Collecting unique datasets, extend LHC physics reach; 2039 2040 2041 e
. - . . J|FIMAIM[3[3|A[S|OIN[D{ 3| FIM[AIM] 3| J|AlS|OIN[D{ 3 [FIMAIM[ 3| J|AlS|OIND) . c%“;missiomngwithbeam
 Dawn of new era: neutrino physics at particle colliders; I T Hardware commissioning
. ) . - . -LSS Run 6
HL-LHC upgrade offers exciting opportunities for LIP; https://thc-commissioning.web.cern.ch/schedule/LHC-long-term.htm

o “SHIP/ECNS3, ifappreved; will be a major player in
experimental particle physics. Physics case drawing an
explosion of interest, potential to bring significant

breakthroughs to the field.” (updafed, from the reporf) LIP Research Line Strategy Discussion: Dark Matter & Neutrino

Nov. 20th, 2023, https://indico.lip.pt/event/1640/



https://indico.lip.pt/event/1640/

Outreach

LIP News

latest a_||

New LIP detector installed at the LHC / 2024-03-19

A muon telescope based on the novel sealed RPC technology has
been installed in front of the target of the SND@LHC experiment at
CERN

READ MORE »

Coordinating the analysis of SND@LHC data / 2023-12-22

Cristovao Vilela, member of the LIP group in SND@LHC, has just been

appointed "Deputy Physics Coordinator" of the experiment, which has ,

been analysing data since 2022 at CERN.

READ MORE »

SND@LHC: beam test at CERN / 2023-03-30

From 2 to 16 August, the SND@LHC collaboration was at CERN's
North Area calibrating the detector, and the LIP team had a central
role. This is a fundamental step towards measuring the energy of the
first neutrinos detected at the LHC.

READ MORE »

SND@LHC published the first observation of neutrinos
produced in particle collisions at an accelerator / 2023-

07-27

The SND@LHC and FASER collaborations just published in Physical
Review Letters their first results, from which emerges the first
observation of high-energy muonic neutrinos produced at the LHC,
SND@LHC has a strong involvement of LIP, who led the data analysis.

READ MORE »

News from the March
CERN Council Session

During presentations of the scientific programme, the
Council delegates were informed that the SHiP
experiment, which will search for feebly interacting
particles, has been chosen to run in the North Area’s
ECN3 hall using high-intensity proton beams from the
SPS. This decision concluded a process that took

By Fabiola Gianotti  more than a year, involving the Physics Beyond

Fabiola Gianottiis the Colliders study group and the SPS and PS Experiments
Director-General of CERN. Committee (SPSC)

27 March, 2024

LIP will be hosting the 2024
SND@LHC Collaboration Week
in June, 11-14, in Lisbon

LIP event page



https://indico.lip.pt/event/1689
https://www.lip.pt/?section=science-and-society&area=press&page=news&filter=latest




Detector Technology. Sealed RPCs (sRPCs)

Multi-gap RPC (2x1mm gap) with permanently sealed gaps
* There is no gas flux on the detector !!!

» It is just filled and sealed < 100 gr/m?

.. ... B B-B(1:10)

450,00

Float glass bars

C ( 2:1.5 ) 7,50 15,00 , 1,60 ﬁl,ﬂﬂ Float glass sheets f
I { | Printed Circuit boards for HV and signal pickup ,

Schematic design

| 34
Real device 1x1 m?2

L. Lopes et al 2020 JINST 15 C11009

10.1088/1748-0221/15/11/C11009



AdvSND-Near

Point 5

Run 4 %
e Electronic vertex detector. "";<ﬁ, -
o  Sioptions under consideration. / Point 3.2

e [ron-core muon spectrometer.

e Improved hadron calorimeter and timing detectors. \ i 7/
AL f [ y .
' @v g
Beyond run 4 AdvSND-Far 1'!/7 . SPS Po::ts R 4
: , (7.2< N <8.4) | , N\ mRy o “ poim1 N\ w = K
e Near detector at lower n to constrain systematic —— % " ; L. . :.; Z
uncertainties in addition to far detector in the Nl O oo

same n range as the current detector.

AdvSND-Near
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120cm thick concrete shielding

Hadronic calorimeter
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Target complex

Search for Hidden Particles experiment @ECN3 .
7

Hadron absorber

* LIP is a proponent of SHIP, with direct involvement Muon shield

Scattering and

in the Timing + Veto detectors and in physics analysis Neutrino Detector /

* it shows leading sensitivity and discover potential for
broad hidden sector scenarios in GeV mass scale Decay volume Access shaft (4x8m?)

 Detector re-optimised for ECN3 AR
existing location at SPS at CERN

* Reducing cost, maintaining physics potential

* Favourable recommendation by SPSC
the intensity upgrade at ECN3 (March 2023)

* SHiP/BDF along with SHADOWS+HIiKE
submitted proposals for installation at ECN3

* Currently proposals being scrutinised
and iterated towards a decision hext weeks/months

Particle ID

SHiP

Search for Hidden Particles

N CERN-SPSC-2022-032 / SPSC-1-258
7 7 November 2022

New access shaft (8x8m?)

BDF/SHiP at the ECN3 high-intensity beam facility
Letter of Intent

'BDF Working Group, SHiP Collaboration

Accelerator schedule 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033
Abstract
LHC . " - . W - The BDF /SHiP collaboration has } sed a g ral-purpo ten \it\'-fmmicr vxpvri-
e —————— mental facility operating in bean l ode } CERN Sl S eler rch for
Sps feebly interacting GeV-scale particles l ) pel f l.\llr(‘lll(‘llis in m-utrinu ])h)‘ﬂl cs.
v BDF /SHiP complements the ll l progrs f V ¢ Phy rches by explor
g ing a large region of pnnum-h-r space \\'hi('h t be H ressec l l l eriments
Dy and which reaches several orders of n g l | l g bo l. Il SH P i
F / P / I 8 tector is sensitive both to decay and scz ing sign: f ode l. l l 1eutral
BD ! SH' M “ m & leptons, dark photons, dark sra\lnrs lk pun l lgl da k l rther
- ~ feebly interacting particles. In ne |l Bl)l' SH P f mpr 1«1(‘11!0«]
MM Bw ////////// . . g mea. -.un-nu'ms with tau nmmium l ne ulrim nduc l “harm pr | Fullu\\'ing the
’s - o Technical Pr: ] wal subn l 2015, the I | Irmu_\'( ar ( mnprvlu-mi\'v Design
- <] Study (( DS), and t | l fBl)l‘ /SHi l xisting beam facilities around the
| o 8 SPS, this | | tl e motivat nd repo tln- implementation nml physics
es ; g
&g perfor fBI)l /Hll P in the SP S l( \ 3 h ;,l sity beam facility.
38
éE Keywords: Beam Dump Fucility, BDF, SHiP, SPS, ECN3
UE

Approval for TDR Submission of TDRs Facility commissioning
ECN3 High-Intensity decision
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Searching for FIPs : Feebly Interacting Particles

SND@LHC
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Two FIP direct-search techniques

LDM scattering off atomic electrons (and nuclei)
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* SHIP is a next-generation experiment for
FIP searches and v measurements at SPS

SM

* general-purpose intensity-frontier experiment

SHIP: dual-platform experiment that combines both

facilitating comprehensive investigation of the
hidden sector of particle physics in GeV scale



Neutrinos

SNDGLHC (DPMJET+FLUKA)
v in acceptance CC DIS
Flavour All hardQCD: c¢ | All  hardQCD: cé
vy + 0, | 5.6x 102 56x10" | 1270 360
ve + 0, | 7.2 x 10" 52 x 10" 390 350
v, + 7, | 5.1 x 10" 5.1 x 10" 30 30
Tot 6.4 x 10*2 1.1 x 10" 1690 740

AdvSND-Far (DPMJET+FLUKA)

- v in acceptance CC DIS
AdVSN D far Flavour All hardQCD: c¢ All hardQCD: c¢
@H L-LHC vy + 7, | 1.3 x 10" 1.4 x 10" | 73.5x10° 21.4x10°

Ve + U, [ 20x10%  14x10% |252x10°  21.5x10°
ve + 7 | 14x10%  14x10% | 1L1x10°  1.1x10°

Tot 1.5x 10" 29x10" 1.0x10° 4.4x10*

AdvSND-Near (PYTHIAS)
AdvSND-near Flavour | hardQCD: E“ﬁl?ﬁ&ecoz b hardQCD:CcaC DhlfrdQCD: b
@HL-LHC wiv| f2xios  raxion | ime 0
v+ | 15x107 62 x 10" 90 15
Tot 2.9 x 10" | 29 x 10°
CC DIS CC DIS amatandiee. . ol
interactions w. charm prod. ALPs coupled to fermions | : . —
N,,e 8.6 x 10° 5.1 x10* 0.001 1 \'/_U\lf *
SHiP N,, 2.4x10° 1.1 x10° 04 |
N, T9x10° 9.8 x10° ’ |
Ny, 9.9 X 10° 2.2 x104 1 |
Ny, 19X 104 11 10005 .10 “os0 15 02 05 1 2




