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COMPASS Experiment

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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Selection

Common selection: 1 < Q% < 10 (GeV/c)?, W > 5GeV/c?,0.01 < p% < 0.5 (GeV/c)?,0.1 <y < 0.9

Recoil proton detector not included in selection

p+p—u+p +w
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Lo 7t 47470 Branching ratio ~ 89 %
L v+ Branching ratio ~ 99 %
0.1 <M,, <0.17 GeV,0.71 < M+,-0 < 0.86 GeV
topology:
scattered muon + two hadrons with opposite charges
+ two neutral clusters in calorimeters
event yield: 3060 events
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Vector meson spin-density matrix

1
Pay a, = N Z Fxlvxl}vzly/lN a2,

U+L

A, AN Ay,

photon spin density
matrix (u = u’ + y*);

F*
LA A AN calculable on QED

VN7

» F helicity amplitudes describe transitions 4,1y — Ay, Ay, depend on W, Q2, p%

* Payal, decomposes into 9 matrices p/'{‘v%corresponding to different photon

polarization states (a=0-3 transverse, a=4 longitudinal, a=5-8 interference amplitudes)
» if not possible to separate long. and transv. photon contributions, SDMEs are defined:

04
Fava,

= (P, +ERDY, o J(1+€R)T,

¥
r PR
Ay A,

(

pflrvﬁi,;(l +eR), @=1,2,3,

VRpg, y (1+€R)™, @ =5,6,7.8.

R =doy /dor diff. longitudinal-to-transverse cross-section ratio of virtual photons l
and € is the virtual-photon polarization parameter
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Vector Meson SDMEs and GPDs

» access to helicity amplitudes F allows:
« test of s-channel helicity conservation SCHC (4, = Ay)

+» decomposition into Natural (N) and Unnatural (U) Parity Exchange (NPE/UPE)
in Regge framework: NPE J¥ = (0,17, ...) (pomeron, p, ®, a,...); UPE J = (07,1%,..) (m, a; ...)

+ quantify the role of transitions with helicity flip Fayx o a,ay =Tay v a,ay +Uap 2 2,0y
+» determination of the longitudinal-to-transverse cross-section ratio

+ test of GPD models
like SCHC-violating transitions y+ — V; to test sensitivity to GPDs with helicity-flip of ,active”

quark (transversity GPDs) Hi(x, §,t) E%a, &, t) For Vector Meson
» GPDs in HEMP: 4 chiral-even HY(x, E,t) E9ax, & t) ForPseudo-Scalar Meson

4 chiral-odd or transversity (not in DVCS) Hi(«, & 1) Ef(«, G t) _
Hi(x, &, t) El(a, &, 1) 7 =2 H{ + E%

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

. . . K. Schilling and G. Wolf, Po
+» through angular distribution nucl. phys. B 61, 381(1973)

WYL (D, ¢, cos 0) = WY (D, ¢, cos ©) + P, WE (D, ¢, cos ©)
+» decomposition into 23 terms with different
angular dependences
+ 15 unpolarized - WV and 8 polarized - W*
% extraction of SDMEs:

+» Unbinned Maximum Likelihood fit to experimental
function W(R, ®, ¢, cos 0), R is set of 23 SDMEs

+ total acceptance

lepton
scattering—plane

helicity frame
(@ at rest)

+ fraction of background fbg

» angular distribution of background
WVU*L(B, @, ¢, cos )

| @ production plane
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Results

1 < Q?% <10 (GeV/c)?
5 < W <17 GeV/c?
0.01 < p2<0.5
(GeV/c)?

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 p? and w

COMPASS preliminary
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COMPASS preliminary
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Results — Helicity-Flip NPE Amplitudes p°
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Results — NPE to UPE asymmetry

doy (y; — Vr) —doy (y; = Vr)
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Summary and outlook

+» measured 23 SDMEs in HEMP p® and w muoproduction

= for kinematic range: 1 < Q% < 10 (GeV/c)?, 5 < W < 17 GeV/c?,0.01 < p4 < 0.5 (GeV/c)?
+ with dependences on W, Q?, p%

« hypothesis of SCHC is violated for transitions y; — p;

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

+ corresponding 7, helicity-flip NPE amplitudes in p® observed with dependences
on W, Q?, p%

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

%+ NPE dominant in p®=> role of GPDs E and H
+ NPE=UPE in w=> role of GPDs E, H, E, H and pion pole
% on-going analysis of 2016-17 data (~9 times larger statistics)
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SDMEs dependences
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SDMEs dependences
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SDMEs dependences
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SDMEs comparison with HERMES

COMPASS preliminary
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Unnatural Parity Exchange contribution p®
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