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- “ THE CUMPASS GULLABURATIUN

- Fixed target experiment
« CERN SPS North-Area (M2 beam-line)

- First data taking in 2002
« 28 institutions from 14 countries

- Broad physics program

| COMPASS- || (2012 2022)
} - Primakoff + DVCS pilot run (2012)

- Drell-Yan (2015, 2018) \.
- DVCS + Unpolarized SIDIS(2016-2017) i
- Transversely polarized SIDIS on D target (2022) §

' COMPASS
ANALYSIS
PHASE
(Started in

COMPASS-1(2002 - 2011)

- Hadron Spectroscopy

- Nucleon spin structure
(L/T p/D Targets)
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TRANSVERSE MOMENTUM DEPENDENT PDFS

Quark Polarisation

Nucleon Polarisation
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In the leading order QCD parton model, nucleon spin-
structure can be parametrized in terms of 8 twist-2 quark
intrinsic transverse momentum (kt) dependent TMD PDFs.

TMD PDFs can be accessed through measurement of
target spin (in)dependent azimuthal asymmetries both in

SIDIS and DreII-Yan
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BOTH PROCESSES MEASVRED AT COMPASS!

EXPERIMENTAL ACCESS TO ALL TMD
PDFS VIA DIFFERENT CHANMNELS

SIDIS and Drell-Yan
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“ CUMPASS SETUP

ECAL1

M —— HCAL1  Muon
+Different targets available: gmq RICH Wall1 sm2
§ +Polarized Solid state NH3 or LiD . Target \\

+Unpolarized Liquid H» ™~ Region .
+Unpolarized solid-state nuclear

targets (e.g. Ni, W, Pb) e

+400 GeV p primary SPS beam

- Impinging on Be production target = Two-stage forward spectrometer ‘
*+ 190 GeV secondary hadron beams = +Large Angle Spectrometer (LAS), © up to +180 mrad
+ h” beam:97% n~,2% K~ ,1%p =— +Small Angle Spectrometer (SAS), 6 up to +30 mrad
+ h™ beam: 75% '+, 24% p, 2% Kt VERSATILITY! =— +High tracking power: ~350 planes (GEMs, SciFis, DCs,

= MWPCs, MicroMegas, Straws);

+ 160 GeV tertiary u* beams : : :
o Ay A , | = +P|D via RICH, Calorimetric measurements, Muon Walls;
longitudinally polarized \ =




‘“ CUMPASS SETUP: PHASE Il - SIDIS

ECAL1
M —— HCAL1 ~ Muon
|+ Different targets available: gm1 RICH \ Wall1 sm2

+Polarized Solid state 6LiD (2022) Target \
+Unpolarized Liquid Hz (2016) N Region

Polarized target
NIM A 1025 (2022) 166069
| @ He-3 precooler 6 80 K Thermal radiation shields
| I D o o (2) Microwave cavity 7 4.2 K Thermal radiation shields
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thickness = 6
=
Mylar) == el gy |
7 T
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+ 160 GeV tertia 'y U beams = 78 mm inner diameter) 76mm inner diameter)
steel pipe 7
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‘“ CUMPASS SETUP: PHASE Il - DRELL-YAN
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‘“ SIDIS CROSS SEGTION
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) SIDIS MEASUREMENTS AT COMPASS
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Each azimuthal modulation of the SIDIS cross-
section gives access to a specific convolution
of a TMD PDF of the target proton and a TMD

fragmentation function
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SIDIS MEASUREMENTS AT COMPASS: LEGACY
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-2 SIDIS UNPOLARIZED MEASUREMENTS: CAHN EFF
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- Complex structure function - different contributions from twist-2 and twist-3 functions
- Several corrections: (acceptance effects, diffractively produced vector mesons, radiative corrections, etc... )
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) SIDIS IN DRELL-YAN MASS RANGES
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Y.Lien, SciPost Phys. Proc. 2021
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SUMMARY

COMPASS recently completed his physics programme - with 20 years of data-taking
 Several successful measurements that helped to unravel the nucleon spin structure

- Wide and unique phase space coverage in x and Q2

- Polarized and unpolarized (SI)DIS on p and D targets
- All asymmetries of the SIDIS cross- section measured

- New, high-statistics D data from 2022 - several ongoing measurements

- First ever 7~ -induced polarized Drell-Yan
- All asymmetries of the Drell-Yan cross-section measured in both HM and J/Psi range
- New preliminary results on cross-section & unpolarized asymmetries
« Unique experimental environment to test the universality of TMD PDFs
» Analysis Phase started in 2023
- Petabytes of unique data still being analyzed - several opportunities for new studies waiting for the next
generation of experiments ...

Riccardo Longo = @ . 18 June 2024



) JTHE HD ERA: EIC+SOLID

Nucl. Phys. A 1026 (2022) 122447 SolLID White Paper (2022)
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New ‘HD’ era w/ high-luminosity data samples:
COMPLEMENTARY HD CAMERAS

FOR VNPRECEDENTED NVCLEON
IMAGING!

See talks by A.Vossen (Tuesday Afternoon)
And Z. Zhao (Wednesday Morning)

EIC: detailed mapping of the TMD nucleon structure at
intermediate/low-x

SoLID and JLab12 @ JLab: precision measurement of
nucleon’s TMDs in the valence region

Riccardo Longo = @ 18 June 2024


https://arxiv.org/pdf/2209.13357
https://doi.org/10.1016/j.nuclphysa.2022.122447

THANK YOU FOR YOUR ATTENTION!

Thanks to B.Parsamyan for useful discussions and suggestions

e 18 June 2024
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- Collinear multiplicities for identified hadrons on p target recently released (see also talk by M.Stolarski at DIS2024)
- Expected to be published soon
 Next in line: TMD multiplicities
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- Complex structure function - different
contributions from twist-2 and twist-3
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- Several, non-trivial, corrections:
(acceptance effects, diffractively
produced vector mesons (VM),
radiative corrections (RC), etc...
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D 2022 DATA V'S PREVIOUSLY PUBLISHED RESULTS

- @ 2022 (hep-ex/2401.00309) | COMPASS °LiD data L ht [ @ °LiD 2022: hep-ex/2401.00309 [ COMPASS data ht
0.05 0 2002-04 (NPB 765(2007)31) - - - ONH, 2010: PLB 717(2012)376 [ l
: ol - 0.05F - -
.:§ O :__} __*_;.* 1i'£f:_ _____v_ (:_\__;')_:_ _________ _ __i’;?_ _______ + E__,__ ;,-# i_:::___if) __________ _c:§ 0 :—‘i‘{‘*& ‘.j‘ﬁ‘j‘;"* “““ _—“"Q"‘Q‘é —6;“6;“?‘“+ :—_fﬁ:i_g_ é‘ L ‘i“‘é‘ ““““ *‘ -
EEFAALEE RTINS SR ELIL N * SRS 1T T S A
e al - ~0.05F - :
005 Bt | et | e —_— T T
- 42022 (hep-ex/2401.00309) | h™ o [ 4 °LiD 2022: hep-ex/2401.00309 | h”
0.05 |2 2002-04 (NPB 765(2007)31) [ - [ ANH,2010: PLB 717(2012)372'? - .
[ % ' ' A + 0.05 B T - .
i ' . [ . T i . . | . : A I | ' - '
— 'A{QA | ] ' 'A'} , A £ - Al = [ h }j 4_;&4' _ %j._f}.AA {A
et S O s S _3 i TR LI I AT ApaRRAR L g
=9 ___,__;_;__F_k_;_p_}ﬁ_m ______ 1 ZJ@ ______ AR H_-% __________ R it R € & S S
_ L] | AT } T - £ _
L A | : R
! { | —0.05_' ° - -
OOS..H.unu|munnuulunn|....l. Ll L 00l PR T TN NN T T T N T [N T T TN T M N (NN T M TN NN TN TN MO M A
102 107! 02 04 06 08 0.5 1.5 1072 1071 02 04 0.6 038 0.5 1 1.5
X z p.. (GeV/e) X Z p.. (GeV/c)
0.210 u, ~ r0.210 d, _
data ou = Jy g0z xR (x) | 6d= |5 0e XAV (x) | gr=0u—0dd
previous [25, 28, 29] 0.187 £ 0.030 -0.178 = 0.097 0.365 £+ 0.078
previous [25, 28, 29] and present 0.214 + 0.020 -0.070 £+ 0.043 0.284 + 0.045

Vs DevTeERON 2002-200%

Vs PrOTON 2010




) LUNGITUDINALLY POLARIZED SIDES
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COMPASS collected large amount of L-SIDIS data 4

Unprecedented precision for some amplitudes!

singy,
Ay
* Q-suppression, Various different “twist” ingredients

* Sizable TSA-mixing
« Significant h™ asymmetry, clear z-dependence %

* h compatible with zero <
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*  Only “twist-2” ingredients
* Additional p-suppression
* Compatible with zero, in agreement with models -

Collins-like behavior? <

cosdp
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* Q-suppression, Various different “twist” ingredients
* Compatible with zero, in agreement with models
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. 1<M,,/(GeV/c2) <2, “Low mass”
-Large background contamination

II. 2<M,,./(GeV/c2) < 2.5, “Intermediate mass”
High DY cross-section.

-Low DY-signal/background ratio.

. 2.5 <M, /(GeV/c2) < 4.0, “Charmonia mass”
-Strong J/W signal = Studies of J/ physics.

- Good signal/background.

IV. 4.0 <M,,/(GeV/c2) < 8.5, “High mass”
-Beyond J/y and ¢’ peak, background < 4%.
-Valence quark region = u-quark dominance.
Low DY cross-section

counts / (0.04 GeV/c?)
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