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COMPASS Experiment
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COmmon Muon Proton Apparatus for Structure and Spectroscopy

data taking 2002 – 2022 &
longitudinally, transversely or 
unpolarized targets
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COMPASS Experiment – setup and data
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μ+, μ- beams
- data separately

polarization ~ ±80%

energy 160 GeV

NIMA 577 (2007) 
455–518
&
NIMA 779 (2015) 
69

2.5m long LH2 target

results in this talk: data from 2012 pilot 
run (4 weeks)

Hard Exclusive Meson Production (HEMP)
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Selection
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EPJC 81 (2021) 126 Preliminary

Common selection: 𝟏 < 𝑸𝟐 < 𝟏𝟎 (GeV/𝑐)2,𝑾 > 𝟓 GeV/𝑐2, 𝟎. 𝟎𝟏 < 𝒑𝐓
𝟐 < 𝟎. 𝟓 (GeV/𝑐)2, 𝟎. 𝟏 < 𝒚 < 𝟎. 𝟗

Recoil proton detector not included in selection

0.5 < 𝑀𝜋+𝜋− < 1.1 GeV

topology:
scattered muon + two hadrons with opposite charges
event yield: 52257 events

0.1 < 𝑀𝛾𝛾 < 0.17 GeV, 0.71 < 𝑀𝜋+𝜋−𝜋0 < 0.86 GeV

topology:
scattered muon + two hadrons with opposite charges 
+ two neutral clusters in calorimeters
event yield: 3060 events 𝐸miss < 3 GeV exclusivity: 𝐸miss < 2.5 GeV
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❖ F helicity amplitudes describe transitions 𝜆𝛾 , 𝜆𝑁 → 𝜆𝑉, 𝜆𝑁
′ , depend on 𝑊,𝑄2, 𝑝𝑇
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❖ 𝜌𝜆𝑉𝜆𝑉
′ decomposes into 9 matrices 𝜌

𝜆𝑉𝜆𝑉
′

𝛼 corresponding to different photon 

polarization states (α=0-3 transverse, α=4 longitudinal, α=5-8 interference amplitudes)

❖ if not possible to separate long. and transv. photon contributions, SDMEs are defined:

diff. longitudinal-to-transverse cross-section ratio of virtual photons

and ε is the virtual-photon polarization parameter

Vector meson spin-density matrix
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helicity of vector
meson V

helicities of virtual
photon γ and nucleon N

photon spin density 
matrix (μ → μ’ + γ*);
calculable on QED

23 SDMEs
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❖ access to helicity amplitudes F allows:

❖ test of s-channel helicity conservation SCHC (𝜆𝛾 = 𝜆𝑉)

❖ decomposition into Natural (N) and Unnatural (U) Parity Exchange (NPE/UPE)
in Regge framework: NPE 𝐽𝑃 = 0+, 1−, … (pomeron, ρ, ω, a2…); UPE 𝐽𝑃 = 0−, 1+, … (π, a1 …)

❖ quantify the role of transitions with helicity flip

❖ determination of the longitudinal-to-transverse cross-section ratio

❖ test of GPD models
like SCHC-violating transitions 𝛾𝑇 → 𝑉𝐿 to test sensitivity to GPDs with helicity-flip of „active“ 

quark (transversity GPDs)

❖ GPDs in HEMP: 4 chiral-even
4 chiral-odd or transversity (not in DVCS)

- universality of GPDs, quark flavor filter,
additional non-perturbative term from meson wave function, insights into reaction mechanism 

Vector Meson SDMEs and GPDs
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❖ through angular distribution
𝒲𝑈+𝐿 Φ,𝜙, cosΘ = 𝒲𝑈 Φ,𝜙, cosΘ + 𝑃𝑏𝒲

𝐿 Φ,𝜙, cos Θ

❖ decomposition into 23 terms with different
angular dependences

❖ 15 unpolarized - 𝒲𝑈 and 8 polarized - 𝒲𝐿

❖ extraction of SDMEs:

❖ Unbinned Maximum Likelihood fit to experimental
function 𝒲 ℛ,Φ,𝜙, cos Θ , ℛ is set of 23 SDMEs

❖ total acceptance

❖ fraction of background 𝑓bg

❖ angular distribution of background 
𝒲𝑈+𝐿 ℬ,Φ, 𝜙, cos Θ

Experimental access to SDMEs
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𝜌0

𝜔

K. Schilling and G. Wolf, 
Nucl. Phys. B 61, 381(1973)
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Results
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𝟏 < 𝑸𝟐 < 𝟏𝟎 (GeV/𝑐)2

𝟓 < 𝑾 < 𝟏𝟕 GeV/𝑐2

𝟎. 𝟎𝟏 < 𝒑𝐓
𝟐 < 𝟎. 𝟓

(GeV/𝑐)2

A, B, C, D, E classes 
corresponding to 
different helicity 
transitions

shaded areas show 
SDMEs related to 
beam polarization

GK model:
EPJA 50 (2014) 146
parameters 
constrained mostly 
by HERMES results 
for ρ0 and ω

𝜌0 𝜔

EPJC 81 (2021) 126
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❖ SCHC implies:

❖ not observed in class C – transition 𝛾𝑇
∗ → 𝜌𝐿

0

❖ possible GPD interpretation Goloskokov and Kroll, 
EPJC 74 (2014) 2725:

❖ contribution of amplitudes depending on chiral-odd
(‘’transversity’’) GPDs 𝐻𝑇, ത𝐸𝑇 = 2෩𝐻𝑇 + 𝐸𝑇

❖ first term dominates, 𝑟00
5 essentially probe𝑠 ത𝐸𝑇

Results - SCHC
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𝑟1−1
1 + Im 𝑟1−1

2 = 0

Re 𝑟10
5 + Im 𝑟10

6 = 0

Im 𝑟10
7 + Re 𝑟10

8 = 0

OK

OK

OK

all elements of classes C, D, E should be 0

EPJC 81 (2021) 126
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❖ described as 

❖ only 𝜏01significantly differs
from 0, consistent with 
SCHC violation in C, D, E 

Results – Helicity-Flip NPE Amplitudes ρ0

18/10/2021 SDMEs in exclusive ρ0 and ω at COMPASS 10

𝛾𝑇
∗ → 𝜌𝐿

0

𝛾𝐿
∗ → 𝜌𝑇

0

𝛾𝑇
∗ → 𝜌−𝑇

0
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Results – NPE to UPE asymmetry
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𝜌0

𝜔

❖ 𝜌0 NPE dominance
NPE → GPDs 𝐸,𝐻

❖ 𝜔 NPE≈UPE on average
UPE dominance at small 𝑊
and 𝑝𝑇

2

UPE → GPDs ෨𝐸, ෩𝐻
+ pion pole (dominant)

EPJC 81 (2021) 126
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❖ measured 23 SDMEs in HEMP ρ0 and ω muoproduction
❖ for kinematic range: 𝟏 < 𝑸𝟐 < 𝟏𝟎 (GeV/𝑐)2, 𝟓 < 𝑾 < 𝟏𝟕 GeV/𝑐2, 𝟎. 𝟎𝟏 < 𝒑𝐓

𝟐 < 𝟎. 𝟓 (GeV/𝑐)2

❖ with dependences on 𝑊,𝑄2, 𝑝𝑇
2

❖ hypothesis of SCHC is violated for transitions 𝛾𝑇
∗ → 𝜌𝐿

0

❖ in GPD framework described by contribution of chiral-odd ”transversity” GPD

❖ corresponding 𝜏01 helicity-flip NPE amplitudes in ρ0 observed with dependences 
on 𝑊,𝑄2, 𝑝𝑇

2

❖ observed also at other experiments HERMES, CLAS, H1 and ZEUS

❖ NPE dominant in ρ0 => role of GPDs 𝐸 and 𝐻

❖ NPE≈UPE in ω => role of GPDs 𝐸,𝐻, ෨𝐸, ෩𝐻 and pion pole

❖ on-going analysis of 2016-17 data (~9 times larger statistics) 

Summary and outlook
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Thank you for your attention
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SDMEs dependences
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𝜌0 𝜔

EPJC 81 (2021) 126
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SDMEs dependences
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𝜌0 𝜔

EPJC 81 (2021) 126



Kamil Augsten

SDMEs dependences
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𝜌0 𝜔
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SDMEs comparison with HERMES
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HERMES SDMEs results:
ω - EPJC 74 (2014) 3110, 
ρ0 - EPJC 62 (2009) 659–695
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❖ numerator in u1

depends only on UPE 
amplitudes -> u1>0

❖ very small UPE
contribution
observed in ρ0

❖ 𝜏𝑈𝑃𝐸
2 0.03 averaged

Unnatural Parity Exchange contribution ρ0
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𝜌0
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Unnatural Parity Exchange contribution ω
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𝜔
❖ ω large UPE contribution 

decreasing with 
increasing W in u1

❖ u2 and u3 consistent with 
zero

❖ UPE fractional 
contribution:
𝜏𝑈𝑃𝐸
2 = 0.5 → 0.3

EPJC 81 (2021) 126


