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COMPASS	QCD	facility	at	CERN	(SPS)	
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~220 physicists, 12 countries + CERN, 24 institutions



COMPASS Reminder	of	the	
COMPASS	physics	program
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Versatile apparatus to investigate QCD:
Two-stage COMPASS Spectrometer
1. Muon, electron and hadron beams with 

momenta 20-250 GeV and intensities
up to 108 particles per second

2. Solid-state polarised (NH3 or 6LiD), liquid hydrogen 
and nuclear targets

3. Powerful tracking (350 planes) and  PID systems  
(Muon Walls, Calorimeters, RICH)



COMPASS Reminder:	COMPASS	QCD	facility
secondary	hadron	and	lepton	beams
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COMPASS Analysis	of	COMPASS	data
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cf. talks yesterday
• Misha Mikhasenko, meson spectroscopy COMPASS / JPAC
• Dima Ryabchikov, PWA common analysis COMPASS / VES
• Bernhard Ketzer, spectroscopy overview and future
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ongoing work on Primakoff reactions
• get chiral anomaly F3π and radiative width of rho(770) 
• luminosity normalization through beam K- decay rate
• goal: total uncertainty <5%

theory: Kubis, Hoferichter 2012

?



COMPASS

28.2.2019 Jan Friedrich 6

Envisaging future opportunities, EPSS, PBC-QCD

arXiv:1901.04482
(85 pages)



COMPASS Apparatus	for
Meson	and	
Baryon
Experimental
Research

28.2.2019 Jan Friedrich 7

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
CERN-SPSC-2019-003 (SPSC-I-250)



COMPASS Summary	table	– beam	requirements
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COMPASS RF	separated	beam		
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Conventional-beam	physics:	Drell-Yan
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COMPASS
Conventional-beam	physics:	Drell-Yan
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COMPASS RF	separated	hadron	beam
Meson	structure	study	in	DY	and	PP	processes

Valence	u-quarks	in	Kaon	compared	to	pion
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COMPASS QCD	facility	– future	fixed	target	experiment	at	M2
Spectrometer	upgrades
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COMPASS
Measurement	of	the	Proton	Radius	in	ep-Scattering
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1956 at SLAC
Measurement of elastic e-p 
scattering shows first structure 
effect, <rp>	≈ 0.8 fm

R. Hofstadter



COMPASS
Theory	of	the	time	– 1958ff
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This is the first version of a vector-meson 
dominance (VMD) model for the nucleon 
form factors, including only the rho. Later
• 1974 Höhler
• 1995 Mergell, Meißner, Drechsel
• 2014 Lorenz, Meißner



COMPASS Models	for	the	Nucleon	Form	Factors	employing	
Dispersion	Relations
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accurate values from a few-parameter fit to all-Q2 data

2
low-Q2 experimental of-the-time value discussed 
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from	the	PBC-QCD	convener’s	summary
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COMPASS In	the	footsteps	of	Hofstadter:	electron	scattering	
at	the	Mainz	Microtron MAMI
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COMPASS In	the	footsteps	of	Hofstadter:	ideas	for	measurement	
of	the	low-momentum	transfer	region
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• initial-state radiation (ISR) of the MAMI electron beam 
• PRad at Jefferson Lab: electron scattering at 1.1 and 2.2 GeV

• MAMI: detect lowest proton recoil energies, down to 0.5 MeV 
(i.e. Q2=0.001GeV2), within the target gas: active high-pressure 
TPC, development by PNPI (St. Petersburg) / GSI

• MUSE at PSI: low-energy muon scattering 

proposed now: use the high-pressure TPC with the 
high-energy COMPASS muon beam

µ100 GeV
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Proton	Radius	Measurement:	Proposed	Setup
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SF2

SSI01 SI02 SI03 SI04

low−material tube (He, vacuum)

BMS COMPASS spectrometer

~10m

SF1 SF3

• muon scattering angles 0.3 (Q2=0.001GeV2) … 2 mrad (Q2=0.04GeV2) 
(100 GeV beam, minimal kinematic range, better larger)

• side kick over 5m base line: 1.5 … 10 mm
• sufficiently large, high-resolution Si detectors, Dx<=10µm, x>=50mm

• pressurized active high-purity H2 target
• corresponding track lengths a few cm
• TPC readout on two sides

• beam intensity >= 2e6 muons/second, one year of running
• precision on proton radius <= 0.013 fm    (no full simulation yet)



COMPASS Radiative	corrections	for	electron	and	muon	
scattering
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Elastic	lepton-proton	cross	section
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COMPASS
Elastic	lepton-proton	cross	section

28.2.2019 Jan Friedrich 23



COMPASS
Test	in	2018	for	Proton	Radius	measurement

28.2.2019 Jan Friedrich 24

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 ✅



COMPASS
Test	in	2018	– TPC	ring	signal correlations
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COMPASS New	ideas	for	silicon	detectors	ready	for	continuous	
readout	–Igor	and	team
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COMPASS Summary
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• COMPASS++ / AMBER is getting on track as a future QCD facility 
at the CERN M2 beam line with a broad physics program

• tests in 2018 for a proton radius measurement with a high-energy 
muon beam promising

• preparations for the measurement in 2021/22 take up momentum 

stay connected: nqf-m2.web.cern.ch  -- new ideas & collaborators welcome!
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Thank you for your attention!
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COMPASS
Backup
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COMPASS
Partonic structure of the pion
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COMPASS Existing	beam	line,	antiproton-enriched	beam
Charmonium-like	mesons
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M2	SPS	beam	line	has	to	be	retuned	to	extract	
Antiproton	beam	(momentum	~	20	GeV)

Method:	antiproton-proton	
annihilation

Goal:	charmed	hybrids	and	exotics
study	in	the	mass	range	higher	than		
reachable	in	PANDA

Complementary	to	LHCb
(p-pbar annihilation	– gluon	rich	
environment	and	it	allows	high	spin	
states)
Otherwise	no	competitors	
for	the	next	at	least	10	years



COMPASS Existing	proton	beam:
Search	for	Dark	Matter

Absolute	cross	section	measurement	p+He-->	pbar+X
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-New	AMS(2)	data	– the	antiparticle	flux	is	well	known	now	(few	%	pres.)
(http://dx.doi.org/10.1103/PhysRevLett.117.091103) 
- Two	type	of	processes	contribute	– SM	interactions	(proton	on	the	ISM	
with	the	production	for	example	antiprotons	in	the	f.s.)	and	contribution	
from	dark	particle	– antiparticle	annihilation;
- In	order	to	detect	a	possible	excess	in	the	antiparticles	flux	a	good	
knowledge	of	inclusive	cross	sections	of	p-He	interaction	with	antiparticles	
in	the	f.s.	is	a	must,	currently	the	typical	precision	is	of	30-50%.

COMPASS++	from	a	few	tens	of	GeV/c up	to	250	GeV/c,	in	the	pseudorapidity range	2.4	<	h <	8.
We	performed	simulation	with	TGEANT	(GEANT4	based	COMPASS	MC),	using	FLUKA	generator	or	the	
internal	TGEANT	generator:
2009	COMPASS	hadron	setup,	190	GeV	beam.
New	tCOMPASS associated	members	
for	this	project:	
AMS:	Paolo	Zuccon (MIT),	Nicolò Masi (Bologna)	
Theoretical	Physicist:	Fiorenza Donato (Torino)	

Goal	is	to		measure	the	double	differential	(momentum	
and	pseudorapidity)	anti-p	cross	production	from	p+p
and	p+He at	different	proton	momenta (50,	100,	190,	
250	GeV/c).



COMPASS RF	separated	hadron	beam
Meson	structure	study	in	DY	and	PP	processes
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Highest possible beam momentum is 
Essential for both Drell-Yan and Prompt
Photons program



COMPASS RF	separated	hadron	beam
Meson	structure	study	in	DY	and	PP	processes

Kaon structure
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COMPASS
PBC-QCD
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COMPASS QCD	facility	– future	fixed	target	experiment	at	M2
Spectrometer	upgrades
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COMPASS QCD	facility	– future	fixed	target	experiment	at	M2
Spectrometer	upgrades	for	Drell-Yan	measurements	

with	RF-separated	beam
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COMPASS
Fourier	transform	of	the	charge	distribution
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Extension of charge and magnetization is related to form factor F(q2)
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Summary	of	the	present	physics	case

28.2.2019 Jan Friedrich 39

from the CERN future document “PBC summary”, 
December 2018
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COMPASS++/AMBER	summary	for	ESPP

28.2.2019 Jan Friedrich 40



COMPASS 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)



COMPASS Feedback	from	PBC	QCD	working	group
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COMPASS Charge	radius:	definition	and	model	
dependence		
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PBC-QCD
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