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-
AMBER Physics Program Phase-1

p production cross section (APX 2023/24)

0,,v5p-negaive

@ 60-250 GeV/c positive hadron beams up to 105%
@ Liquid Helium, Hydrogen and Deuterium targets.

@ CEDAR and RICH detectors for PID.

Proton form-factor through low Q? elastic muon scattering (PRM 2025+)

@ 100 GeV/c positive muon beam up to 106%

@ 20 bar hydrogen Time Projection Chamber active target.

@ High resolution pixel silicon/SciFi target telescope.

Pion PDFs through di-lepton production (DY 2028+)

@ 190 GeV/c positive and negative hadron beams up to 108@

) ?/>/\<7 @ Carbon and Tungsten targets with interleaved silicon vertex detector.

@ Hadron absorber and high performance CEDARs for PID.

= = = — Ty
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AMBER Spectrometer (Upgraded Version of COMPASS)

@ Beam-line detectors:

2016/17 COMPASS GPD Setup

~ 350k Channels to be read-out!

+new detector developments for different physic programs:
@ 0(100M) Silicon Pixels (ALPIDE).
@ 0(0.6M) Silicon Stripes (Phenix VTX).
@ GEM detectors with VMM read-out.
o
o

Large area Micromegas detectors with custom ASIC.
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@ Variable Target Region
@ Tracker: Silicons, SciFis, GEM

PixelMM, DriftChambers, Straws,
MWPCs

PID: RICH, MuonWalls
Calometry: ECAL, HCALs
Trigger: Hodoscopes,

Calorimeters
Acceptance:
+ ~250 mrad (H),

+ ~180mrad (V)

02.10.2024

@ Beam Momentum Station
@ PID: CEDARs

@ Two-stage forward spectrometer:
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AMBER FriDAQ Development

Triggered DAQ

Free-Running DAQ

Trigger
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CTA storage

——  Miscellaneous Analog and Digital Signals
——  TimelTrigger Control Signals (TCS)

— Optical High-Speed S-Link

—— Optical High-Speed UCF Link

——  Ethernet Link
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AMBER Detector Inventory
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Proton Radius Setup

Only subset of the spectrometer will be used for PRM.

@ BMS
— momentum of incoming
particle.

@ 20bar Hydrogen TPC
— active target to measure
low-energetic recoil-proton.

@ Pixel silicon trackers
— small scattering-angles.

Il I | Il S | I @ Scintillating-fiber trackers
| |—— ] e | ™ timing

@ GEMs, SciFis, MWPCs
— scattered muon
kinematics.

PRILTPC

— pe M- [ High-pressure hycrogen ime-projection chamber () Helum-fled beam pipe

@ Scintillator hodoscopes
— fast muon identification.

@ ECAL
— radiative effects.

Huge time resolution difference between tracking O(ns) and TPC O(100yus)!
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Silicon Pixel Detector (PRM)

Unified Tracking Station (UTS) 0-CE TUT

Project is in troubles due to funding issues and long term sick-

Combined muon tracking for the proton
radius measurement

Silicon pixel detector (ALPIDE) and
scintillating-fiber hodoscope (SFH)
combined in unified tracking station in
common vessel

Three layers of pixel detectors in
combination with four planes of
scintillating fibers (2X, 2Y)

In total 4 stations will be used

ness of involved people. Mechanical integration and electronic

cards are well developed but FPGA programming for interface

to the FriDAQ and full integration of all components endan-

o

SFH
Update on the preparation for the UTS running

gered. Help in form of manpower needed (FPGA programming,

software development, hardware assembly) or alternative sys-

+ o equip 4 UTS with 1 FLEX» 2 carrercards each: tem which is easy adaptable to the UTS mechanical design and

8 Carrler cards

8 supports for carrier cards FriDAQ architecture is urgently needed!
4 Flex PCBS with  ALPIDEs each glued on carbon

4 supports forcarbon plates

& cables between Flex PCBs and transtion cards
12 support structure

4 Transiton card » convertercard ks

8 (4 as a minimal set) Firefly transition cards

4 main mechanicl plates

12 Firely cables

120 modules

Power, cooling, cabling

ALPIDE Parameters:

9x9 cmz, os =~ 8um, o ~ 2.5us
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Electro Magnetic Calorimeter
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@ Participation of Protvino Group
(ECAL1+ECAL2) in AMBER will
stop due to CERN counsel decision!

@ Central part of ECAL2 (/210x10 cells)
needed to be operated for PRM!

TICAL 0 FCAILL1 TECAL 2

2%x2 m? 4%3 m? 2.5%2 m?

e 08 i oS @ Full ECAL1+2 have to be operated
or replaced for AMBER Phase-2

Development for new FriDAQ compatible MSADC frontends with feature extraction and

compression on-going.
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Drell-Yan Setup

Hadron absorber 3 carbon targets of 25cm length

Lo, | 2 tungsten targets of 6cm length
Bea? )

(alternative 2cm length W upstream)

Vertex detector

260cm

.. Drell-Yan setup

Hadron absorber for high intensity

Heait Mion  Middie Trigger
Vertex detectors for Mass resolution o v Filter2
Trigger Trigger
2 O 2
Two CEDAR detectors for beam PID Gemsctoranad ?\“ 35 — m"SSLr A
Racron absorber
SM) | GEM
veto /
see, I " _— I %‘ ‘ 1
Scifi Middle
COMPASS like spectrometer for acceptance \ | frgger
seii scir
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CEDAR tests from last year showed the necessity to add silicon trackers in front of the
target to the setup to improve beam-PID!
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Silcon Detectors for DY Beam Telescope

Recent new idea still in evaluation ... Bjorn's slides from PAW2024:

[_[.y University Requirements
s of Glasgow and candidate technologies

Physics case

e 30 ym posmon resolution p“

solution

Beam properties:
|+ Stable, Gaussian beam

* 4.8x108 particles/spill, 107 Kaons
* ~ 10 x 10 cm2 cross section
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Pixel Micro Megas in LAS
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@ Three small area trackers in LAS with
four projections (XYUV) and pixelized
center.

@ Active Area: 40x40 cm?
@ o5 =110 — 145 um, o+ = 14 ns.

@ Detectors are not FriDAQ ready
(APV25)

@ Saclay left AMBER, currently no
responsible group

@ Detector can be taken over from Saclay
or new development needed.
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Small Drift Chamber Trackers in LAS (DC00/01)
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@ Two large area trackers in LAS with four
projections (XYUV).

@ Active Area: ~ 180x127 cm?
@ o5 =190 um.

@ Both detector are aging (build in
~2002).

@ Not FriDAQ ready — New Front ends
needed.

@ Both station have regular issues with
broken wires.
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|
Replacement of MWPCs

New large Micro Megas are under development by Torino to replace PA chambers.

INFN 1000

: Apparatus for Meson and Baryon
TORINO Experimental Research

Historical reminder of the project

Afull-scale prototype/final MM detector composed of a lateral and central modules is expected to be ready by the second half of 2025

*  The design and production of the structure and electrodes will be
carried out by the MPT Workshop at CERN.

T s

*  The mechanical frame and the suspension structure will be carried
out by Torino group with support of INFN To. P

*  Alateral module is expected in 2024 (contracted) and the central at
the beginning of 2025 (will depend on the test of the lateral
module).

LATERAL male conRaLmosele

prr—

Restieunform DLC 20M

\
ENENEEE

o Cttodevnrcaampne 2

Chiara Alice - AMBER technical board report new MM detector- 05.03.24

PB chambers are under refurbishment and will be equipped with CMAD+ifTDC

read-out.
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|
Proposal to replace PMM+DC00/01

Recent Idea to replace PMM+DC00/01 with new large area MM with padelized centres:

Development of large MM w/o padelized centres on-going but no group/founding yet
for the replacement of DCs/PMM with large MM w. padelized centres...
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Large Drift Chamber Trackers in LAS (DC4/5)
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@ Two large area trackers in LAS with
eight projections (XX'YY'UU'VV').

@ Active Area: ~ 250x210 cm?

@ o5 =226 um.

@ DC4 from 2005, DC5 copy of DC4 from
2015.

@ Not FriDAQ ready — New Frontends.

@ Both station have regular issues with
broken wires.

@ Saclay/lllinois left AMBER.
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Muon PID in SAS (MW?2)
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@ Muon ldentification with MF2 absorber
in SAS.

@ Two drift tube detector stations with
three views (XYV).

@ Active Area: =~ 450x200 cm?.
@ 0, =0.6—-09mm.

@ Not operated since 2022 due to missing
responsible group and detector ageing.
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ECRs and Studies for DY (CERN) |

sPsx-v-Es-002 )

Date: 2024-09-20

USER REQUIREMENTS

User Requirements for the Vacuum
System of the M2 Beamline

ENGINEERING CHANGE REQUEST
Shielding Improvement for the High
Intensity Hadron Operation of M2
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ORGANISATION EUROPEENNE FOUR LA RECHERCHE NUCLEAIRE
OFEAN ORCANIZNTION FOR NLCLEAK RESEARCHH

Occupation! Heatth & Safety and Environmenl Proection Unit

Rt re
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for Amber Drell-Yan run
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ECRs and Studies for DY (CERN) Il

3087026 0.1 | DRAFT 2813075 | 1. \mmzn
( N C
( SPSX-Y-SPC-0003 ) SPSX-X-ES-0004
\ L)

e S <
(_ sesx-kssmooo1 |

CALCULATION REPORT RISK ASSESSMENT REPORT USER REQUIREMENT
SEISMIC RISK ASSESSMENT OF A SPS North Area Consolidation:
y u i
SHIELDING BLOCK CONFIGURATION IN Risk Assessment of the Det::;'::?:'{:;“:::ﬁ':: ‘heacs:':;
EHN2 - AMBER TARGET BUNKER EHN2 Experimental Areas ea Beamlines
me 5P hah ar Conmtcaton (W COI) proaem ‘at CERN and raports on the. -
SR ——— pubelesorbrieacr i e e s s o s et 3
s, P e —— o | oo T e
) % ey e e | s e, e,
I e R PEm L I
_ S B et TERBIIIE ey
Py T ) A e i
ety N o s e
e s s
s ) wcnsTmn
el et
e S s
o s Sy

.5 Carton (57540, . st (S-S, ot i
L et (155 045, Lo (5 ).

e e v o
48, & o (.

€ s 159, 0 B G0 . stncte
s (B8, Carn (B A5, tre (.07 3
(o451 e e, 0 ), 5 S T, . s
A, . Wit (5 26,

AMBER Spectrometer Status 02.10.2024 18 /21



|
Running plans (LS3RR)

LS3RR working group recommendation received - shifting LS3 by one year!
... to be approved by the council!

Revised timeline being considered

PR T T - 2030

LHC
sPS
pS

PsB

Q Provisional schedule
Feasibility and acceptability being evaluated

Q Start in October 2026, ions run in September 2026
Q Beam back in the LHC in July 2030

» LHC experiments caverns closure:  16.06.2030

» LHC beam vacuum valves opening : 28.06.2030 z051 z082 s 2054 2035 Lo |
e
&) LS3 J.-Ph. Tock | LS3 RR Introduction | EDMS 3158003 202409-11 10

| Readiness Review
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LS3RR Summary

M2 Beamine and EHN

North Area LS3 Operation

OPERATION:

FACILITY: Neutrino Platiorm

Neutrino Platform: NP wi be operaied ifvoughout LS3
CEDAR opiics and mecharics upgrade. (NACONS)
+ XBPF installation (NACONS)

Senvces neededt
Re-algnment M2 bearine

Patch panel modicatons to PPEZ11 EHNZM2IBAB2

> coort

DRELL-YANN run in AMBER

Bunkershieding targetn EHNZ (ECR EDMS 2868366)

AmBER:
> 2

Senvces needed:

‘Operation during LS3: MADMAX, GIF++, NP, AVEER

enjamin Moritz Veit
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News from the EATM: SOX working group

During the 173rd EATM meeting the new Spill Optimisation for eXperiments (SOX) working
group was presented (Mandate BE department).

Goal: Define and implement measures to deliver the desired flux and quality to the different
CERN facilities in context of a new dedicated experiment (SHiP) — deliver 5 - 10%° protons/year
(unprecedented).

Needs: Users are ask to provide a documentation of present and future experimental spill
requirements, requried proton-fluxes and spill quality bottlenecks to define key performance
indicators (KPI) of a good spill (e.g. Effective spill length, flatness of spill, beam purity, beam
position fluctuations, etc ... ) for the different physics programs.

Two of the possible major changes after LS3:
@ Doubling of the SFT spill length of 4.8s to 9.6s

@ Introducing a short spill during SHIP supercycle of 1.2s alternating with the normal SFT supercycle of 4.8(9.6)s. While
the short cycle could either provide the same instantaneous flux or up to four times of the normal instantaneous flux

from SPS side (not taking into account RP limitations or limitations of the experiment).
Mail to Physics groups, TB, DAQ Group and Phase-2 group was send — only very little
feedback — dead line end of 2024!
https://indico.cern.ch/event/1445507/contributions/6085066/attachments/2910774/5106809/S0X_intro_EATM_

20240813.pdf
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