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COMPASS QCD facility at SPS M2 beam line (CERN)
(secondary hadron and lepton beams)

Hadron Spectroscopy & Polarisability Polarised SIDIS

Polarised Drell-Yan DVCS (GPDs) + unp. SIDIS

COMPASS-I

1997-2011

COMPASS-II

2012-2020

Exotic states, chiral dynamics

3D hadron structure,   

Proton spin decomposition    

 (spin crisis)         



New CERN SPS based QCD facility
COMPASS++/AMBER

Web page I: https://nqf-m2.web.cern.ch/
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New CERN SPS based QCD facility
COMPASS++/AMBER

Web page II: https://nqf-m2.web.cern.ch/
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New CERN SPS based QCD facility
COMPASS++/AMBER

Web page III: https://nqf-m2.web.cern.ch/
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A NQF (COMPASS++/AMBER) summary for ESPP
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A NQF at SPS CERN LoI
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A New QCD Facility at M2 beam line LoI is prepared now. The goal is 
to bring together new Collaboration enthusiastic about 

opportunities of doing physics at CERN with conventional and newly 
designed RF separated kaon and antiproton beams. The total 

duration of the program reaches 10 years of running with hadron 
and muon beams.

arXiv  1808.00848



LoI content: Physics  
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The content of the LoI has been reported at 

several PBC meetings in 2016, 2017 and 2018.

10 projects for the moment, at first stage we are 

going to use available hadron/muon beam, at the 

second – RF separated kaon and antiproton beam. 

All beams we are going to use are unique 

worldwide



LoI content: Instrumentation  
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It is difficult to give exact cost estimate right now: it stays in the range 10-20 MCHF



Summary table – beam requirements
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Two stages program:
First stage (shorter term) – existing extracted beams

Second stage (longer term) – RF-separated extracted kaon
and antiproton beams
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Shorter term 2021/22 ÷~ 2026/28  (N.B. 2019/20 and 2025/26 – LS2 and LS3) :

a.) Standard muon beam:

- 1. DVCS with trans. polarised proton target

- 2. Proton radius measurement in elastic muon proton scattering 

b.) Standard hadron beam:

- 1. Unpolarised DY with various targets   

- 2. Absolute cross-section measurements p + He -> pbar X   

- 3. Hadron spectroscopy with antiproton beam

Longer term (New RF-separated beam will be ready ≥ 2026 ):

- 1. Hadron spectroscopy            

- 2. Drell-Yan physics                  

- 3. Primakoff with kaon beam

- 4. Direct Photons with kaon beam      



Community
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All in All:

we have for the moment 15 new groups (wrt COMPASS II) signed the LoI, among

them there are 5 groups form USA (Georgia State Uni., Los Alamos NL, Uni. Of

Chicago, Uni. Of Michigan, Stony Brook Uni.). 

In 2019 we expect some more USA groups (2-3) to join the project.

Apart of that we have 4 more new countries: Armenia (1), Belarus (1), China (2) and

Kazakhstan (1), so we have widen our geography.

The total number of authors (PhD students and higher) is 267.

According to our experience in order to carry out the research program depicted in LoI

the collaboration of 250-300 physicists would be adequate.  



PBC QCD summary document

16/01/2019 Oleg Denisov 14



Proton Radius measurement
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Physics case: determine the proton radius in high-energy 

muon-proton scattering

• elastic µp scattering at low Q2

• key advantages over ep

• measure electric form factor GE, 

essentially no contribution from 

magnetic one GM (high E)

• much smaller QED rad. corr. 

(muon mass)

• remains: theory uncertainty from fitting 

the form factor slope

• 100 GeV SPS M2 muon beam

• high-pressure hydrogen TPC active-

target cell (PNPI development)

• measure cross-section shape over 

broad Q2 range 10-4…10-1

• fit from 10-3 … 2x10-2 the proton 

radius (slope of electric form factor)



Test in 2018 for Proton Radius measurement
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Test setup during 2018 DY run 

downstream COMPASS, check

• TPC operation in muon beam ✅

• vertex reconstruction with silicon 

telescopes ✅

• coincidence detection of scattered 

muon and recoiling proton ✅



Test in 2018 for Proton Radius measurement
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• demonstrated the measurement principle employing the 

active TPC and silicon detectors

• Q2 range was limited by geometry

• lower limit ca. 3x10-3 due to short SI detector baseline 

and high beam energy  (ca. 180 GeV)

• upper limit ca. 6x10-3 due to proton range in 8bar H2

• observed event rate and structure roughly within 

expectations, calibrations and data analysis ongoing

a hot physics topic – this experiment should run 

in 2022 at M2 and needs soon CERN support 

statement for realization



Timelines
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• LoI is submitted to SPSC, would be very useful to have a statement  and

encouragement to proceed with Proposal preparation

• The intention is to have a first draft of the Proposal ready by the end of 

2019

• Proposal submission to SPSC – May 2019



SUMMARY
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1. Existing SPS extracted hadron/lepton beams are unique world-

wide, RF separated beam option is unique as well

2. Physics case for the new QCD facility is there

3. Community is there

4. Work on full scale Proposal is started 



Thank you!
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