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The COMPASS experiment

COMPASS (COmmon Muon Proton Apparatus for Structure and Spectroscopy):
« 24 institutions from 13 countries (about 220 physicists)

« afixed target experiment

» located in the CERN North Area, along the SPS M2 beamline

Broad research program:

» SIDIS with u beam, with (un)polarized deuteron or proton target.
» Hadron spectroscopy with hadron beams and nuclear targets

»  Drell-Yan measurement with =~ beam with polarized target

»  Deeply Virtual Compton Scattering (DVCS)

A multipurpose apparatus:
»  Two-stage spectrometer, about 330 detector planes
»  uidentification, RICH, calorimetry
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Study of the nucleon structure
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Study of the nucleon structure

COMPASS contribution to the study of the nucleon structure Quars gy ik T
(focus on SIDIS measurements) Nucleon wnpolarized | - TongHAlly | transversely polarized
« spin asymmetries with transversely polarized nucleons
important results on the extraction of transversity u fi (. k7) Ry k7)
and Sivers functions unpolarized | number density Boer-Mulders

» also, measurement in longitudinal configuration EPJC 73 (2013) 2531  NPB 886 (2014) 1046
. PRD 97(2018) 032006 NPB 956 (2020) 115039
» SIDIS off unpolarized nucleons (deuteron, proton)
P2-distributions and azimuthal asymmetries

0°(GeVie)*

16.0 COMPASS preliminary
02<z<030 N N, N, sif O (GeV/c) 10
o0t 10k L ., M
’ B A . 0.2< z <0.3 \ \
-
10 H . 107 ) LU
10™ L L L s +
3.0 i 2 3 - h v —
N N, N\ Pf(GeVie)® 16 B 10 ~ 123
0 e % h \ \ \
107 . . .. ‘e . 102 T} N o,
07 . ] ¢ :
10+ ‘ , , , , , 7 O'iEE'ﬁ
1.0 1 2 3 1 2 3 1 2 3 10 1 2 3
P} (GeVle)? P3 (GeVic)? P7 (GeVic)? ¥
diah (GeV/ey?
0.003 0.013 0.020 0.055 0.100 dzdP%—r evic) o2 %oy LT g "
vy
16.0 3 L i — e |—]
= Loy 123
B 3
%':; R oy AR \- :
s 102 " e . [ s
F T 0.5
10 10t . . . ) ) \ 1.7 ISEEEE-ﬁ'
o 109 l: -.:,.:3 [ 123
- rx\%i ""i-' Nﬁa E \y\\ i\kc: 102} .. ., ey .
Nw‘ C“*‘-k 'r\&‘ ﬂn\;\&‘ 3 ° PZ (GeV/ )2
eV/ic
k\\. "‘\o\.\ “‘\‘\.\ 1 0 — hT
1.0 107 ' s : ! L L : 4 L 1 23 123 123 12 3 X
P7 (GeVie)* P; (GeVie)? P7(GeVie)® v
0003 oo o0 e o100 0.003 0.008 0.013 0.020 0.032 0.055 0.1 0.21 0.4

A. Moretti (Univ. Trieste and INFN) IWHSS-2022 4



The 2016 COMPASS run
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The 2016 COMPASS experimental setup

COMPASS prellmlnary

In 2016 (and 2017) the data-taking was dedicated to the measurementof "5 'O F 2
Deeply Virtual Compton Scattering (DVCS). z [0.1 <y <09, W>5GeV/c? g g
2 i 300
In parallel, new SIDIS data have been collected in COMPASS, with: & g
« 160 GeV/c u beam (u* and u~ with balanced statistics)
10 200

» Unpolarized, 2.5 m long liquid hydrogen target

I IIIIIII

100

Part of the data (—11% of the available statistics) have been analyzed
to measure unpolarized SIDIS observables - ~ 6.5 million hadrons
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The x — Q2 coverage
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Unpolarized structure functions — 1h production

Unpolarized SIDIS - access to the number density TMD and to the Boer-Mulders TMD hyi

Quark U L T The correlation between kg and st

unpolarized longitudinally transversely generates a neat transverse polarization
Nucleon polarized polarized
H 4
q -

U il (x, k%) P 2 Boer-Mulders fui]ctlon hs couples to the

_ number 1 R Collins FF Hy: fragmentation of a

unpolarized densi Boer-Mulders ) )

ensity transversely polarized quarks into hadron

Up to order 1/Q (i.e. at twist-3) in Wandzura-Wilczek approximation *:

FUU,T = C[f1D1]

Cahn effect Boer-Mulders term
e = V12
cos pp _ 2M (h-kr) (RBLKT 1 gyl
Fyy —jc[—Tf1D1—Wh1H1+'”

photon

W

Boer-Mulders term <

cos2¢p __ 2( E‘ET) (E'f’l) _ET'ﬁL 1Lyrl

nucleon

where C[wf D] is the convolution over the unobservable transverse momenta:

ClwfD] = xz e fdz ET fdz pL6° (ﬁT _%T _ﬁL)W(ETrﬁJ_)fa(x' ET)Da(Z, pL)
¢ h="P, /P

* possible further contributions at high z from the Berger-Brodskymechanism
Brandenburg et al., Phys.Lett.B 347 (1995) 413-418
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Azimuthal asymmetries for hadron pairs

Additional information on the nucleon structure from the azimuthal asymmetries for hadron pairs.

In particular, we focus here on the asymmetries related to the Boer-Mulders TMD PDF.

Bianconi, Boffi, Jakob, Radici [PRD62, 034008, 2000]
- leading twist formalism

, hiHf hiH;
ouy < AWFIfiD1] ~ [Rr|BG) cos(dpn + ¢R)T[w1 WL+ 1|~ PO cos@bu) F |waprr s
- F: convolution over intrinsic transverse momentum k and the one acquired during the fragmentation p;
- wy (wy): functions of k-, p, .
- Dy unpolarized FF in two hadrons
- Hy: interference FF dihadron plane q x Py, plane

- Hi:: Collins FF for two hadrons (same as in 2h-TSAs)
- M, My, M,: mass of the nucleon and of the first (second) hadron

- ¢ppn: @zimuthal angle of the pair
2231—21?2 ~ FI_?Z

- ¢pg: azimuthal angle of the vector R = p— 2
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Azimuthal asymmetries for hadron pairs

Additional information on the nucleon structure from the azimuthal asymmetries for hadron pairs.

In particular, we focus here on the asymmetries related to the Boer-Mulders TMD PDF.

Bacchetta, Radici [PRD69, 074026, 2004]
- subleading twist formalism (twist-3)

- cross section integrated over Py

Br|[1,.~, M ,
oyy X AY)f1D1 —V(y) COS((”R)T ;f1D +M_hXhH1

—_ 2
-xh=xh+-5ht
- D#: pure twist-3 FF, vanishing dihadron plane q x Py plane

in Wandzura-Wilczek approximation

yZ
A =1-y+=
-B(y)=1-y

-Viy) =22 -y)J1—-y
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Events, hadrons and pairs selection

Events and hadron selection — standard

Q? > 1 (GeV/c)?
W > 5GeV/c? )

/ z>0.1 Size of the hadron sample: ~
0.003 < x < 0.130 P; > 0.1 GeV/c 6.5 M hadrons
02<y<09
6, < 60 mrad _

Additional cuts on the hadron pairs
02 <z=(z +2,) < 085 ~ 3.5 M hadron pairs
My, < 3.0 GeV/c? 65% h*™h~,

20% h*h*,15% h~h~
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Azimuthal asymmetries for hadron pairs - Ao 2#hn

hiHi
MMy + My)

- hiHf
oyy < ANFLfiDy] = |Rr|BY) cos(Ppn + ) F [ wlm — B(y) cos(2¢p) F [WZ

«  Asymmetry Af,‘},sz"”"‘ for same-sign pairs (h*h*, h~h™) and opposite-sign pairs h*h~

For same-sign pairs: similar trends w.r.t. single-hadron case
compatible with zero for positive pairs, positive for negative pairs

COMPASS preliminary

2;30‘05; :Ejlh | { }N | { * { + H : COMPASS preliminary
¥ i S *##i ----------- _#*jﬂ}# _____________ | s 0.15— i

o)
I
|
|
=
-
o
——
—e—I
|
|
T
——

|
I
S
h
I
—e—
A
e
o
n
T
O
i

AUU
o
o
L
T
| |
=
&
B
T
T
A
=
=]
o Cn
T T
— O
Lecs o
80~
i
L oo
! »
1
1 B T
i
o
-8
—B—
— 80—
— 00—
—8— —O—
——
————

|
=
=
o
T

1(5‘2 107! 02 04 0.6 0.8

|
o
o
oy
e
=

102 07 02 04 06 038

x Z M, (GeV/c?)
The error bars correspond to the statistical uncertainty only. oys; ~ Ogas

A. Moretti (Univ. Trieste and INFN) IWHSS-2022

10



Azimuthal asymmetries for hadron pairs- ASoS(Prrt @)

Uuu
. hiHE hi Hit
oy « AQ)F[fiD1] — |Rr|B(Y) cos(Pppp + dr) F [ wq W] — B(y) cos(2¢ppp) F [Wz m]
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i ! - cos ¢
Azimuthal asymmetries for hadron pairs - A;;; “ "

|Rr| [1
oyy x AW fiD1 = V() COS(¢R)7

~ M
;leL + M_hXth
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Azimuthal asymmetries for hadron pairs - 4;,,; Phn
By-product of the analysis: ACOSPhn

vt (higher twist, as in the 1h case)
In the 1h case, asymmetry generated by Cahn + Boer-Mulders effects.

cosg
Asymmetry Ay, ™"

for same-sign pairs (h*h*, h~h™) and opposite-sign pairs h*h~
A clear and strong signal
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Conclusions and Perspectives

« Azimuthal asymmetries in unpolarized SIDIS: particularly interesting for the TMD physics

« After the first measurements on a deuteron target (1h), COMPASS has produced new results
for the azimuthal asymmetries for single hadrons and (NEW!) hadron pairs.

 Interesting additional information on the nucleon structure
(here: focus on the Boer-Mulders related asymmetries)

» Deeper studies are deserved are foreseen.

Thank you
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