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COMPASS Recent Results 

and Future Physics  

Talks by Wen-Chen Chang’s (DY) and

Takahiro Iwata (SIDIS) on Tuesday
see Takahiro Iwata’s and

Wen-Chen Chang’s talks tomorrow. 



COMPASS at the CERN SPS 
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SPSLHC

~250 physicists -24 institutions in 12 countries + CERN



COMPASS at the CERN SPS 
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Physics Program:

Hadron Spectroscopy (p-, π-, K-beams)

• Light mesons, glue-balls, exotic mesons

• Polarisability of the pion and kaon

Nucleon Structure (μ-beam in DIS and SIDS and DY with π-beams )

• Longitudinal spin structure

• Transverse momentum and transverse spin structure

• GPDs



COMPASS – Important Instrumentation Features
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1.Muon, electron or hadron secondary 

beams with momenta from 20 to 250 

GeV and intensities up to 108 particles 

per second.

2. Solid state polarised targets, 

NH3 or 6LiD, as well as liquid hydro-

gen target and nuclear targets.

3.Powerful tracking system 

– 350 planes.

4. Versatile PID – RICH, Muon 

Walls, Calorimeters.

Two staged large acceptance spectrometers

with high rate capability:

RHIC based hadron ID
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Important Instrumentation 

Features – Polarised Target

Solenoid             2.5T

Dipole magnet    0.6T

3He – 4He dilution refrigerator (T~50mK)

d (6LiD)    p (NH3)

Polarization        50% 90%

Dilution factor    40% 16%

Opposite polarization in 

different target segments

reversed frequently

Vertex distribution for SIDIS

1000 mm



Versatile Apparatus - Expertise from Leading 

Instrumentation Groups in Europe and CERN
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COMPASS-I

1997-2012

COMPASS-II

2012-2018

Polarised Drell-Yan DVCS (GPDs) & unpolarised SIDIS

Polarised SIDISHadron Spectroscopy & Polarisability



July-24-2017 COMPASS Recent Results and Future Physics 7

COMPASS I+II Data Sets
analyzed in 104 Ph.D. Theses
http://wwwcompass.cern.ch/compass/publications/theses 

2002 Nucleon structure with 160 GeV μ L&T polarised deuteron target

2003     Nucleon structure with 160 GeV μ L&T polarised deuteron target

2004 Nucleon structure with 160 GeV μ L&T polarised deuteron target

2005 CERN accelerators shut down

2006        Nucleon structure with 160 GeV μ L polarised deuteron target

2007     Nucleon structure with 160 GeV μ L&T polarised proton target

2008 Hadron spectroscopy

2009 Hadron spectroscopy

2010 Nucleon structure with 160 GeV μ T polarised proton target

2011 Nucleon structure with 190 GeV μ L polarised proton target

2012 Primakoff & DVCS / SIDIS test

2013 CERN accelerators shut down

2014 Test beam Drell-Yan process with π beam and T polarised proton target

2015 Drell-Yan process with π beam and T polarised proton target

2016 DVCS / SIDIS  with μ beam and unpolarised proton target

2017 DVCS / SIDIS  with μ beam and unpolarised proton target

2018 Drell-Yan process with π beam and T polarised proton target

II

I



Measurement of Pion Polarisability απ vs Meson 

Structure from Chiral Perturbation Theory/QCD
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based on slides from Jan

Friedrich and Stefan Huber

at TU Munich
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Pion Polarisability: COMPASS Results 

vs World Data and χPT Prediction 
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forbidden (exotic QN’s)

more states in QCD:  

hybrids , glueballs , multiquark states

Diffractive dissociation:
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based on slides from Franco

Bradamante, INFN Trieste and 

Jan Friedrich, TU Munich



Data Sample with 96∙106 events

π2 mass-region
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• Isobar model:

X decay is chain of  

successive two-body decays

•Analysis:

• Partial Wave Analysis (PWA) in mass bins with up to 88 waves

• fit of spin-density matrix for major waves with Breit-Wigner
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Partial Wave Analysis in 100 Bins in m3π and 11

Bins in Four Momentum Transfer t
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Known Waves in Good Agreement with PDG



• Observation of a new narrow  
axial-vector meson a1(1420)

PRL 115 (2015) 082001

3π data sample

~ 50∙106 exclusive events  factor 10 to 
100  compared to  previous 
experiment

• Long paper published:
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Observation of Axial-Vector Meson a1(1420)



Polarised DIS of muons off proton and deuteron targets: 

Obtain g1
p(x) and g1

d(x) and Parton Helicity Distributions 

July-24-2017 COMPASS Recent Results and Future Physics 17

COMPASS, PLB 753 (2016) 18

COMPASS fit to g1(x) world data vs

COMPASS data for g1
p(x) and g1

d(x)
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COMPASS, PLB 753 (2016) 18

COMPASS fit to g1(x) world data:

returns xΔu(x) and xΔd(x) with small uncertainties

Polarised DIS of muons off proton and deuteron targets: 

Obtain g1
p(x) and g1

d(x) and Parton Helicity Distributions 



DIS of polarised muons on polarized proton and deuteron 

targets: Obtain g1
NS(x) and test Bjorken Sum Rule 
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COMPASS, PLB 753 (2016) 18

Bjorken Sum Rule

Bjorken Sum Rule

verified to 9%



GPDs and TMDs: Towards a 3D 

Picture of the Nucleon
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DVCS at

COMPASS SIDIS + Drell-

Yan at COMPASS

with slides from 

Andrea Ferrero, Saclay
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Related to impact parameter 

dependent quark distributions
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Results from 4 Week Test Run in 2012

2016 analysis and 2017 data taking are underway



July-24-2017 COMPASS Recent Results and Future Physics 26

Kinematic Coverage: HERA, JLAB,

HERMES vs COMPASS



TMDs in SIDIS and DY
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See Wen-Chen Chang’s 

talk Tuesday 14.30See Takahiro Iwata’s 

talk Tuesday 15.00



Kinematic Coverage: SIDIS vs Drell-Yan
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The phase space for Drell-Yan and SIDIS

processes partially overlap in the x-Q2 plane

In the region of overlap in x, the average Q2 in

Drell-Yan is about two times larger compared to SIDIS



SIDIS Collins Asymmetries for 

Pions on Proton Targets
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See Takahiro Iwata’s talk Tuesday 15.00



Transversity and the Tensor Charge Extracted 

Using TMD Evolution and Recent Data Sets

30

Z.-B. Kang., A. Prokudin, P. Sun, F. Yuan - Phys.Rev. D93 (2016) 1, 014009

Favored and unfavored

Collins FF

up and down 

transversity distributions

Results given at 

Q2=2.4, 10 and 1000 GeV2
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Errors in SIDIS measurements

dominate. Uncertainties for d-quark

Transversity will benefit from proposed

additional COMPSS data taking with
6LiD targets. 



Transversity and the Tensor Charge Extracted 

Using TMD Evolution and Recent Data Sets

Z.-B. Kang., A. Prokudin, P. Sun, F. Yuan - Phys.Rev. D93 (2016) 1, 014009

up and down contributions to 

tensor charge

Integrals in data region

Integrals in [0,1]

Evolution has significant effect

Need higher precision SIDIS data: COMPASS 6LiD,  Jlab 12 GeV

Need to extend data range to high and low x
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Constraining the kT-dependence of PDFs 

and pT-dependence of FFs using the ph,T

dependence of hadron multiplicities in 

unpolarised SIDIS as input to TMD global 

data analyses.
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Transverse Momentum Dependence

in the Unpolarised Cross Section
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Hadron Multiplicities 

vs x,Q2, z and ph,T

0.2<z<0.3

COMPASS Recent Results and Future Physics

2006 6LiD data, COMPASS preliminary at Spin 2014
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Total: 4918 data points



Global Analysis of Unpolarised TMD Multiplicities 

in SIDIS, DY and Z-Boson Production

Bacchetta, Delcarro, Pisano, Radici, Signori

JHEP 1706 (2017) 081

HERMES & COMPASS SIDIS

Multiplicities vs pT

E288 and E605

DY cross sections vs qT

D0 and CDF

Z-Boson cross sections vs qT

Average P2
┴ 

picked up in fragmentation

Average parton k2
┴  
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COMPASS and HERMES Sivers 

Asymmetries for π+ vs K+

COMPASS Phys.Lett. B744:250(2015)

Sivers asymmetries clearly established in SIDIS!
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See Takahiro Iwata’s 

talk Tuesday 15.00

36



Sign Change of Sivers- and Boer-Mulders 

Functions Between SIDIS and DY 

Direction of the gauge-link integrals of kT

dep. pdfs is process-dependent and 
changes its sign between SIDIS and DY   

Need to confirm sign 

reversal in polarized 

Drell-Yan!

NSAC performance

Milestone HP13 for

2015
TEST “modified” universality of  TMD pdfs!

Sivers

Boer-Mulders

SIDIS DY
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New Drell-Yan Sivers Result

Released by

Barkur Parsamyan at DIS 2017

and Marcia Quaresma at IWHSS 2017
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See Wen-Chen Chang’s 

talk Tuesday 14.30



Future Plans: COMPASS++
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with slides from Oleg Denisov,

Gerhard Mallot and Vincent Andrieux
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Physics Ideas for RF-Separated Beams
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Physics Ideas Standard Beams
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Accessing Meson Structure
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Example Valence/Sea Ratio For Kaons

July-24-2017 COMPASS Recent Results and Future Physics 44

If Ebeam= 140 GeV statistical 

errors are 3%. Unique ability

to determine Kaon pdfs.

COMPASS acceptances requires

high beam momentum!

Valence/Sea

COMPASS ++

Valence/Sea from 

CTEQ(3M) based 

assumptions for sea 

Upgrades needed:

 RF upgrade of M2 beamline

 New beamline PID

 LAS upgrades to increase 

acceptance
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COMPASS RICH: INFN Trieste
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Photon Energy Spectra 

for Pion and Muon Beams
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Simulation describes data well.

Small contamination from π0.

Good control of systematics.
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arXiv:1509.00992  accepted for publication in PRD



Instrumentation Updates for 

Drell-Yan Physics 
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Polarised Target
Hadron Absorber



Sivers Sign Change: 2 sigma

Additional Drell-Yan

Data taking in 2018!

July-24-2017 COMPASS Recent Results and Future Physics 50

See Wen-Chen Chang’s 

talk Tuesday 14.30
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Extraction of Transversity Distributions

and Determination of the Tensor Charge 

Transversity, δq(x)

Tensor Charge

T
h
e
o
ry

SIDIS

~ δq(x) x CFF(z)

~ δq(x) x IFF(z)

e+e-

~ CFF(z1) x CFF(z2)

~ IFF(z1) x IFF(z2)

pp  jets

~ G(x1)xδq(x2) x CFF(z)

pp  h
+

+ h
-
+ X

~ G(x1)xδq(x2) x IFF(z)

πp  l
+

+ l
-
+X Drell-Yan

~ h1
⊥(x1)  x  δq(x2)

Lattice QCD: Tensor Charge = Σq=u,d∫0

1
δq(x)dx

COMPASS
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δq(x) transversity

CFF(z) Collins FF

IFF(x) di-hadron FF


