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COMPASS collaboration

Common Muon and Proton Apparatus for Structure and Spectroscopy
Cw 25 institutions from 13 countries
E 2\ —nearly 200 physicists (in 2022)

* CERN SPS north area

* Fixed target experiment

» Approved in 1997 (25 years)

» Taking data since 2002 (20 years)

International Workshop on Hadron Structure and Spectroscopy " Conpass

IWHSS-2022 workshop (anniversary edition) \_ aeeroved F'tr

NASE

®© & MALLoT

~ - T A e e

https://indico.cern.ch/e/IWHSS

22022
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https://indico.cern.ch/e/IWHSS-2022

COMPASS collaboration

Common Muon and Proton Apparatus for Structure and Spectroscopy

CE?W 28 institutions from 14 countries
S — nearly 210 physicists (in 2023: start of the Analysis Phase)

3 new groups joined the COMPASS collaboration in 2023
UCon (US), AANL (Armenia), NCU (Taiwan)

* CERN SPS north area

* Fixed target experiment

» Approved in 1997 (25 years)

» Taking data since 2002 (20 years)

Wide physics program
COMPASS-I

 Data taking 2002-2011

* Muon and hadron beams
* Nucleon spin structure

» Spectroscopy

COMPASS-11

» Data taking 2012-2022

*  Primakoff

« DVCS (GPD+SIDIS)

* Polarized Drell-Yan

*  Transverse deuteron SIDIS 2022

ﬁj} =, ‘ihm T

CM PASS web bag: http://wwwcmpss.cern.h

See talks by: V. Andrieux, A. Kerbizi, A. Martin, J. Matousek, G. Reicherz, A. Vijayakumar
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The COMPASS Experiment at the CERN SPS

Broad Physics Program to study Structure and Excitation Spectrum of Hadrons

Increasing resolution scale
(momentum transfer)

Nucleon structure

» Hard scattering of u* and =~ off
(un)polarized P/D targets

» Study of nucleon spin structure

« Parton distribution functions
and fragmentation functions

Hadron spectroscopy
 Diffractive z(K) dissociation
reaction with proton target
PWA technique employed
High-precision measurement of
light-meson excitation spectrum
Search for exotic states

Chiral dynamics

» Test chiral perturbation theory
in z(K) y reactions

« 7z*and K* polarizabilities

« Chiral anomaly F,,

28 September 2023
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The COMPASS Experiment at the CERN SPS

Broad Physics Program to study Structure and Excitation Spectrum of Hadrons

A

Nucleon structure

» Hard scattering of u* and =~ off
(un)polarized P/D targets

» Study of nucleon spin structure

% » Parton distribution functions
7] and fragmentation functions
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Nucleon 3D structure

« Transverse position b, of partons

 Correlation between BT and x
« Complementary to TMD PDFs
» 8 generalized parton distribution
functions (GPDs)
« Contain information about parton
orbital angular momentum
* Mostly unknown
» Measured in exclusive processes:
* Deeply virtual Compton scattering
(DVCS): u+N —-u+yp+N
» Hard exclusive meson production
(HEMP): u+N — u + VM + N
with VM = z%, p(770), (782),..

*
ot <Y or VM
(factorization)

28 September 2023
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See the COMPASS GPD program
overview talk by J. Matousek
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COMPASS experimental setup

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area (building 888)
Two-stage spectrometer LAS+SAS

» Large Angle Spectrometer (SM1 magnet)
« Small Angle Spectrometer (SM2 magnet) &

SM?2

ECAL2
HCAL2

ECAL1L
HCAL1

Target
Muon-filter

g COMPASS
S HERMES

Large-acceptance forward spectrometer

» Precise tracking (350 planes)
SciFi, Silicon, MicroMegas, GEM, MWPC,
DC, Straw, Muon walls

* PID - CEDARs, RICH, calorimeters, MWs

Various targets:

» Polarized solid-state NH; or 6LiD

« Liquid H,

» Solid-state nuclear targets (e.g. Ni, W, Pb)

* Primary beam - 400 GeV p from SPS
* impinging on Be production
target (T6)
* 190 GeV secondary hadron beams
* h beam: 97% 7z, 2% K-, 1% p 400 Gev Be
«  h*beam: 75% z*, 24% p, 1% K+ | " Qo rm K ‘\
160 GeV tertiary muon beams S R

utorp 7'(+ K* Target

e

(Hadron absorber)

~ 600 m ~ 330 m | ~100m |

~ 100 m
« u* longitudinally polarized
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COMPASS experimental setup: Phase 11 (SIDIS programme)

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area (building 888) ECAL2
Two-stage spectrometer LAS+SAS HCAL2
» Large Angle Spectrometer (SM1 magnet)

« Small Angle Spectrometer (SM2 magnet) &

ECALL M2 Muon-filter
e T
RICH
SMI N
Polarized
Target

B Magnets

EEE He-3 Precool ler . .
BN Microwave Cavity 3 80 K Thermal Radl.'allr:m Shu_elds
1 4.2 K Thermal Radiation Shields
[ Target Cells B Dyiution Refrigerat
ilution Refrigerator
3 Target Holder g

0 He-4 Separator

* Primary beam - 400 GeV p from SPS
* impinging on Be production |
target (T6) J \
90 GeV secondary hadron beams 190 mrad
h™ beam: 97% n—, 2% K —, 1
B [l Dealn. /o7 I, o . 10 A g e e e :
« 160 GeV tertiary muon beams le —
4 longitucinally polatized see Gerhard Reicherz* talk
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COMPASS experimental setup: Phase Il (DY programme)

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area (building 888) ECAL2 _ 7
Two-stage spectrometer LAS+SAS HCAL2 Ha >
« Large Angle Spectrometer (SM1 magnet) uw"“< —*
DF l+ !

« Small Angle Spectrometer (SM2 magnet) & P :

ECALL Shii2 Muon-filter

HCAL1

RICH
SMI N

Hadron absorber

II Stainless Steel
1\ 20 cm
aluminum

-60 & e
box cover 7 F RS TETEEN N alumina

Nuclear target (Al)

Polarized
Target

Aluminum cone  ®*

MMO1

25cm
downstream last
alumina layer

]
-

o [
vertex detector " [ == i d

—48

TN i

* Primary beam - 400 GeV p from SPS
* impinging on Be production
target (T6)
* 190 GeV secondary hadron beams
* h™ beam: 97%7: 2%K 1%p

y - = = 0)
i oeailn. . o C . o ., _]‘

=58 L:] 58 100 1508
Z (cm}
Tungsten beam plug

0 GeV tertiary muon beams

= loRaitucinally polé fized
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COMPASS data taking campaigns

Beam  Target year  Physics programme
2002
. 2003 | 80% Longitudinal | 20% Transverse SIDIS
H Polarized deuteron (6LiD) 2004
2006 | Longitudinal SIDIS
Polarized proton (NH;) 2007 | 50% Longitudinal | 50% Transverse SIDIS
n|K|p LH,, Ni, Pb, W gggg Spectroscopy

2010 | Transverse SIDIS

Ty Polarized proton (NH,) o
2011 ' Longitudinal SIDIS

=|K|p Ni 2012  Primakoff

P LH, 2012 | Pilot DVCS & HEMP & unpolarized SIDIS
2014 | Pilot Drell-Yan

T Polarized proton (NH;)

’ 2015 Transverse Drell-Yan

2018
2016 :

T LH, 2017 DVCS & HEMP & unpolarized SIDIS

: : 2021
TN Polarized deuteron (LiD) 2022 Transverse SIDIS
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Nucleon spin structure: collinear approach «~TMDs

quark
U L
u| A
number density
[
3
S|L gy (%)
= helicity
T

l

quark
U L
u | A KE) hy % (x, k%)
number density
L g1 EJIC k3) | Ry (x, k3)
elicity

nucleon

T | fir G k)

Sivers

cng (x! k%")

worm-gear T

hi(x, k%)

hil(x, k%)

» PDFs — universal (process independent) objects; T-odd PDFs — conditionally universal

Longitudinal momentum
kT =aPt
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Nucleon spin structure: helicity g{ ,;(x)

91 () COMPASS PLB 769(2017) 34
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_ - ;\. __ ¥ smc A E143
. 6}_@ ‘cz 12_ =0.0045 i=1) O E155 dh HERMES
« COMPASS contribution: g i j% x=0.0_005§07 ; ZZ:::: N O CLASW»25Gev
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e [t COMPASS D
WL X oo 2002-2006 data
" 4 — x=0.024
: __@#4;_. —-—9 x=0.035

61— A ot - % x=0.049

T L * B %_%%*_H,LQ*_ w X=0.077  (i=10)
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‘_ + ® COMPASS 160 GeV L =0.74
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Nucleon spin structure: helicity gy, (x)

g: (x) COMPASS PLB 753(2016)18
~ helicity i *, x=0.0036 __ (i=0) — o
o == 12 x=0.0045 . -
Q {) : ﬁ x=0.0055 op  HERMES @® COMPASS 160 GeV
[ |

COMPASS 200 GeV

« COMPASS contribution:
lowest x and highest Q2 regions
» Both deuteron and proton target data

_——‘—-—)Ik- x=0.007 O cLas w25 Gev

x:O 009 —— COMPASS NLO fit

e — 8 00 COMPASS p
x=0.017 2007, 2011 data

i m x=0.024

x=0.035

_om®
B x=0.049
61— Tﬁ'ﬁ"’—%‘i—#ﬁ

- - i e mE—ge T Kgx X70077  (i=10)

(x, Q%) +12.1-0.7 -i
2
[ I | [

p
1

g
T

xg®

| = COMPASS 200 GeV + x=0.12
0.06/- e COMPASS 160 GeV e o e e Sl
-+ SMC 190 GeV A0 B A S A— 0Bz Wi —el -2 X=0.17
- * IH ’ [ A-1OD oA Stk Wex— B ol <022
0041~ i ++ i P . K —om ¥=0.29
i . : 2_— e A K m—som*=0.41
0.02 * ; ? i NP mo—m— om =057
- ] | _
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Nucleon spin structure: helicity gy ,, (x)

gf (x) _COMPASS PLB 781(2018) 464
helicit ; ooo v ¢ 160 GeV
@ 4_)/@ © |emex+200Gev (=14) (x=0028 g8
| o401 x=0019 %
« COMPASS contribution: g&gg’%ﬁgt ——————————— 0=0012 9%y
lowest x and highest Q2 regions eVOf, 20l aatd oy -00077 oo a0
 Both deuteron and proton target data - (x=0.0049 o 40 @ O
» For the first time non-zero spin effectsat | (0=0.0031 & w5 @t
S S 2 _ positive si or g,P
mallest x and Q“ — positive signal forg,?(x) | 0200020 ¥ B 4,
D S x)=.0.0013_____ 9.----@.--.9.9--.0. ____________
—————— e (x)=0.00079 =& & ®O .
@ O @ % % )=000050
1 {* { T & a4 3% E (x)=000032
0.5 % f}'h } l ’ h } f . 10 T oy ogx ¥ (=000020
0 | R o 0p 2 b 0=000013
‘ o (Q%=0.0033 (GeVk)? 0 Di F B (x).= 0.000081
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q COMPASS EPJC (2017) 77:2094
91 (x) o 06
helicity E) " o COMPASS, all-p, O*>1 (GeVic)’, 2002-06
) Vi eniiiiieei
i - o SMC, high-p , @°>1 (GeV/c)’

« COMPASS contribution: 02 * WERMEShighp,alet g I

lowest x and highest Q2 regions :
» Both deuteron and proton target data 0r
 For the first time non-zero spin effects at i

smallest x and Q2 — positive signal for g,°(x) 02
* Gluon polarization measurements [

via open charm and SIDIS o TS
« COMPASS - first to rule out a large gluon COMPASS PLB 753(2016)18 Xq

polarization in the nucleon! 1 [

Precise test of Bjorken sum rule (9% level) ,[9?‘ X e o9 ¢ %44,

o - ¢
¢
¢
=
0.02— ®
Q% =3 (GeVic)? .
o L L O

107° 1072 10!
28 September 2023 B. Parsamyan Xmin1 15



Nucleon spin structure: helicity gf’d(p) (x)

COMPASS PLB 680 (2009) 217
ftudina gf (x) = E ( ) E
helicity M4E dAm .4 = AL %
02 %_ euteron %_ 4 %
AT @@ et ]
- oy 0Fe o o 00 Ee e e e300 =
« COMPASS contribution: 02f —F
lowest x and highest Q2 regions 10 Y % 3
 Both deuteron and proton target data TS 02k # 3
 For the first time non-zero spin effects at [ Herves . g .%«*: = L w *H
smallest x and Q2 — positive signal for g,°(x) — i J—+ ‘! ﬁ Jﬂ
« Both inclusive and semi-inclusive e L P
measurements — access to flavor COMPASS PLB 693 (2010) 227
0-4;_ XAU - xad 0.82— o AJT‘+ =
06
0.4
02 E
0F
0'055 ; -0.2 é
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Nucleon spin structure

-
* 1964 Quark model ;}

« 1969 Parton model

« 1973 asymptotic freedom and QCD ?} ko (

A

Longitudinal momentum
kt =zpPt

Longitudinal momentum
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Cahn effect in SIDIS
do

dxdydzdpZdg dg, £l (x, k%)

o y? % number density
sl e |
x( '1+4/25(1+5)A§‘L’f% cosd, +...)

N
~

J
Cahn effect - R.N. Cahn, PLB 78 (1978)

The point that there are azimuthal dependences, which arise from
the transverse momenta of the partons was clearly stated in this
papers: T.P. Cheng and A. Zee, Phys. Rev. D6 (1972) 885; F.

Ravndal, Phys. Lett. 43B (1973) 301.R.L. Kingsley, Phys. Rev. kT —> COS (Dq —> COS @,
D10 (1974) 1580; A.M. Kotsinyan, Teor. Mat. Fiz. 24 (1975) 206;

See L. Gamberg’s talk \ \
i T@mentum

Longitudinal momentum
kt =zpPt

Longitudinal momentum
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Cahn effect in SIDIS
d

dxdydzdp’dg,d,

o V2 2
|:XyQ2 2(1_8) (1+5j}(|:uu; +‘9Fuu,|_)
x( 1+,/25 1+e)Agh cos¢h +..))

Cahn effect
! (x, k7)
number_ density
(i) 0.1 T T 0.1 T T T T 0.1
num-+cuts num+cuts num-+cuts’
0 __analyt - OF oy MO 0 ANV
As of 1978 — simplistic kinematic effect: o1} \i otk R
 non-zero ky induces an azimuthal modulation 3 ©2; ..~ 02F o2f
~ -03} COMPASS 0.3 -03
] & ] 0.4} deuteron h* . IR PN
As of 2023 — complex SF (twist-2/3 functions) Cnemsss@owoes| | |Cf N
« Measurements by different experiments Qoot 001 o1 0 02 04 06 08 10 02040608 1 12
) S 0 07— 6 e i—
- ¥ :Hii*r‘**r\:\
A ) fort : -0.1 \\
g 02k jo2f 0.2 h
< .03} COMPASS 03} S 03
0.4} deuteron h™ {-04} o -0.4
NPB 886 (2014) 1046 .
-0. -0.5 b , . , 05
0.001 0.01 0.1 02 04 06 08 1 0 02 04 06 08 1 1.2
A 3 Lh ~ ° Th i Pr
2M h- M D h-k M H
Foh =——C<- Pr xhH" +—" 8 —— |- —T| xf 9D + —Lh'
Q M, M z M M 4
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Cahn eﬂect in SIDIS Recent COMPASS resultgm/mASS —
d _ 0857 o 04 o proton preliminary
dxdydzdp2dg dg, S0 O deuteron NPB 886 (2014) 1046 _
i ._.i R . S - ﬂ.@_. B I -
o 2 2 0 g T Y L I
2 J 1+7/_ (FUU,T +‘9Fuu,|_) -02r ‘} o9 L
xyQ® 2(1-¢)\  2x 0707 & off : : :
<( 1+\/mAjos% cos¢h ) = Ui%@*g{”% .............. )
ol Y L3 - b
; : b,
Cahn effect 0551 < posf i [ I
- = I S R 1o 1o _
nfribg:lﬁizy ‘:““’5' H g I $ i o % g § ? I
(J) —0.1F - L Y g 8
0401 _ oof ; ; :
As of 1978 — simplistic kinematic effect: = RN —”_?5'.5 ------ T8 T -
* non-zero k; induces an azimuthal modulation ot L : ol T
: : 0321 ook
As of 2023 — complex SF (twist-2/3 functions) e e 1. 1 r )
« Measurements by different experiments Tad TV E [ Veu g [ oiay .
« Complex multi-D kinematic dependences ot : vy
 So far, no clear interpretation 0251 _ ook
§ % OF--—®-5-p—--=-- Y e — A -
70.05—%3%1 ¥ $8% 3 $$’¢ gggé
—0.1F
-0.15 . , , . . . ! .
0.201 107 126" 107 126" 107 15)6" 107 lg'
see J. Matousek’s talk P, (GeVic)
0.10 0.30 0.50 0.64 1.00 ]
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P (GeVic)

Cahn eﬂect In SIDIS 0,1 03 05 0.64 1 1.73
d :‘Z 0.05F COMPASS Fpreliminaly FITANGOI]MCF F-h‘ ol r0.85

dyaaa0agag R R R S R T TR R R AT

{ a ( 7/2):|(F ot Recent COMPASS results

+— + ¢k ) <0058 T T N T 17
2 uu.T Uu,L =0
xyQ 2(1_‘9) 2X ‘= Op--srfrawp&oe s | ghag § [ TV TR LY

><( 1+«/25 1+e)Agh cos¢h +...) o

Cahn effect B R B T T S L

] i ] ] &
£, k3) ol | . . .
number density 0 15

(9 5005 e e e . — — to4

= Of-wem e cieya e [ Maa e e PR
As of 1978 — simplistic kinematic effect: ot _ _ . _
* non-zero ky induces an azimuthal modulation . 0% .. L} oL b o

0.55

o
= 0"'5'.‘!".""'@'5'& """""""""""""""""""""""

As of 2023 — complex SF (twist-2/3 functions) 0y : : : B e
« Measurements by different experiments 018
« Complex multi-D kinematic dependences : g 005

= 0-_-._[!--.--"-ﬁ__ﬁ-é--ﬂ- """"""""""""""""""""""

» So far, no clear interpretation 008 . LI AL

» Aset of complex corrections: 0.1} . - - - .
«  Acceptance, diffractively produced VIMs, .- gt 100

radiative corrections, etc. T L i R P R
-0.05 3 - 3 B e} ®

0.1 see J. Matousek’s talk | 1 O e
015 L L b o

10° 10" 102 107 102 100 10% 10" 102 10"
X X X X X
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Cahn effeCt in S|D|S Recent COMPASS results -
d

. 010 ful @7 range - 0.008 < x <0.013 . 0.008 <x <0.013
< S I e h* H 3 g j OF - =-emm = -
= L) i e h- ~ OfF === == -] ~ .l ‘
dxdydzdp;d¢,dd h 0':. ----- - N < o
) ) i f e, : —0.0sF o .
a y 4 s
1+— | |( Ry T +¢F - b ot
|: XyQ2 2 (1_ ‘9) ( 2X):|( o - YL) _0.2:_ . . o 0.013 <x <0.020 - b 0.013 < x <0.020
o OIE o< 0UGeVieY < 17 < Opg= === - o e T b
cosd, <5 I SO |
<( 1+ \/28 (1+&)A% COS¢h +...) N — |BNIEE
S BRI 02
Cahn effect —0.f .
L o 0.020 <x <0.032 < 0.020 <x <0.032
£(x, k%) s 5 E A . ES? Sk i
number density C0E 17 gHGevier <30 t -0af $
(J') €t YIS ¢
Dv:“ Oi S ) } -02r
. . . . - L .." ~0.0F . -0.3F
As of 1978 — simplistic kinematic effect: b 0032 <5 < 0050 oo g o]
* non-zero k; induces an azimuthal modulation ; N B A A e
02 —0.051 - '
: . . . OIF 30< QUGeV/eY <70 ' i d Y
As of 2023 — complex SF (twist-2/3 functions) HER: N i
« Measurements by different experiments Op = PN S P TR N
« Complex multi-D kinematic dependences —oaf ) T e s '
. . i 0.1 ]
« So far, no clear interpretation : by N +
- —02F . ‘ _
* Asetof complex corrections: O e g e | o * }
* Acceptance, diffractively produced VMs,  “2 | P T T I T
radiative corrections, etc. 5 i1 R S ] ,,,,, 1 % }
. - L]
« Strong Q? dependence — unexplained ~o1p f s f
* Do not seem to come from RCs So2f | | *
» Transition between TMD - collinear regions? 10 1o o Gevier L o cevin?
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4 0%GeVie)?

Cahn effect in SIDIS COMPASS protondata___covesssptminy
£ preliminary K
0.30 <z <040 . . \‘
do _ e SN L,
dxdydzdpZd ¢, d g . I B
a y2 }/2 3.0 - : : T
1+ | |(Fyy s +&F N P? Gevioy*
xyQ? 2(1-&)\ 2x (Fuus +2Fun) . . .
q... virtual photon . 10 T d . T L] ‘e ™
flq (x, k%) k... scattered quark ‘ P P 107 * .
number density - migsincdon ' Lol b A S NoRC
(f) ________ ' P; (GeVie): P; (GeVie)® P; (GeVie): _T
q 0.003 0.013 0.020 0.055 0.100
see J. Matousek’s talk
P-dependent distributions 1 Fowr
« Extracted in multi-D kinematic bins \\
« Aset of complex corrections: B ANoN
» Acceptance, diffractively produced VMs, o T
radiative corrections, etc. I \\
» Global fits by different groups (SIDIS-DY) ) ST
« Normalization issues 'S " COMPASS deuteron data
, T, PRD 97, 032006 (2018
(See A. Baccehtta’s talk) S » N \( \)
« COMPASS measurements i IENRE
* isoscalar target data - published ol || 5] 1 ! — EE
g 2 p H L = 1()’:\ -\\'" \‘-.\“a. \t \-
« proton data — ongoing analysis SN | PV S "
« COMPASS-2022 data o | ol | P s s — |
. PN NS NNNN
» More deuteron data points to be expected ‘ s I
o1 = = |’2-ﬂa RADGEN
l 10 -‘\"' \"' \"'- \'-- \'z "
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SIDIS x-section and TMDs at twist-2

o)
dxdydzdp2dgdg. All measured by COMPASS

2 2
o y 4
1+— | (Rt +€R
{ny 2(1- 5)( ZXH( W UU’L)
+.,/2¢(1+ &) A" cos g, + e AT, " cos 24,
+ Ay2¢(1- ) A% sin g,

+ S, ,/25 1+ &) A ™ sing, + A" sin 24, | Quark U L T

Nucleon
+ 8.4 Vi- 2t A+ [22(1-2) AT cosg, | @ GEC)
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SIDIS: target longitudinal spin dependent asymmetries

do
_ oo (Fyyr +6Fpy )3 1+..
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: : 006 e | 02
FLL = C { gfL qu } E: 5} 0.045 o ( ) (y%)-lescne
< 00 LY : +
A X 1h M s 4 L
sinqﬁn_ZM _hpT qpgLh Mh q Gq L - [
FUL = M XhL qu + M 01 Us 5 %
0 " ‘ 002 : + %
N Th i Ll RN | M Y
+ h- kT xf Ld Dh _ M h |Llq H q _ © COMPASS preliminary - 2502 b
L 1q L & (.05 ® HERMES PRL 83(2000) Diy)-rescaled L
M M z g = - I PRD 77, 014023(2008) i
m< r ) r %
A A 0 = - - —
Esin2h _ ¢ _z(h.pT)(h-kT)_pT'kT Lqpy Lh ! :
uL MM, L Mhyg 005 g
L L - | | L
A ~ C COMPASS preliminary + L -
cosgh 2M h- P, 4y Lh M h g DC‘IUFI - 0'1; [ PRD 74, 07412)15(2006: h 201 h
FLL = FC —M— Xe/ qu + V J;. 8 3 s NPA%SC016) 153 g
h < F r
07 wowsn s e N e izranes
N =h LT T SE—— ey
h'kT Lgmyh _Mh Lqi 005" g
+ xg, "Dy, 3 ’
M M yA E :
—01? r ‘ ‘ L |
107 10™ 107 10™
X X

28 September 2023 B. Parsamyan 25



SIDIS: target longitudinal spin dependent asymmetries
dxdydzc;jp?dqﬁhd;ﬁs ”

(FUU r+eRuL ) 1+... |
’ ' B. Parsamyan (for COMPASS) arXiv:1801.01488 [hep-ex]

- ] 067 ;COMPASS preliminary * h+ r 7>0.2 h™
+S [4/25 1+&)A)* sing +sA** sin2 } R S i
: (1+2)AL" sing, : h £ 4 20072011 data a :
— —— e - preliminary i /
T SLA[\/l A, +2e(1-2) AT cos¢h} ) / L
.-o“'. o *
oL * e * | e g *®
) B 0'06:7 : ;(érnzg:;iglgzlgglsl) D(y)-rescaled i ) Z>‘0.2 ™
COMPASS collected large amount of L-SIDIS data i j
Unprecedented precision for some amplitudes! < ook P + +
Azlzld)h 0;+§§.§’- ¢ e @ ;i.
§ [ ]
» Q-suppression, Various different “twist” ingredients ~0.02- e r
* Sizable TSA-mixing Y e Py
. Significan_t ht as_ymmetr—y, clear z-dependence «ﬁ‘é 005 trn otomao0s |
* h-compatible with zero < _ i ,
ASin2¢h 0t ety SREC 7
UL f ' ‘ :
*  Only “twist-2” ingredients ~005¢ l
« Additional p-suppression O VO S SO O OOOY —
. . . R 0.1~ ® COMPASS preliminary ht [ z>0.1 h™
« Compatible with zero, in agreement with models o F EPRD 74 07401502006
. . . g 2 L™
« Collins-like behavior? e M . + :
LL F
» Q-suppression, Various different “twist” ingredients 005F 3
« Compatible with zero, in agreement with models 01 | — o f
107 107! . 10 10 .
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SIDIS: target longitudinal spin dependent asymmetrig

do cos
h
xdvdzdnZda OC(FUU,T +5FUU,L){1+...+ SLﬁ«/Zg(l—g)ALL COS @, +... }
xdydzdprdg,dd
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Selected results for di-hadron LSASs
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SIDIS x-section and TMDs at twist-2: TSA
do

dxdydzdpZd g dg, All measured by COMPASS )
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SIDIS TSAs: Collins and Sivers effects (deuteron)

d sin(éh—¢s ) o1 Sin(dy +ds ) s
dxdydzdp?d¢hd¢s o (R + &Fou {1+ S AT % sin (g, — g )+ Sy e AT sin (g, + 4 ). |

FJiTn(%Ws) ZC{_ h-p; hququh}
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» 1t COMPASS deuteron measurements
» Collins and Sivers asymmetries compatible with zero within uncertainties.
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SIDIS TSAs: Collins and Sivers effects (proton)

d sin(¢h—¢s ) i Sin(dy +ds ) s
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15t COMPASS deuteron measurements — Collins and Sivers asymmetries compatible with zero
COMPASS proton measurements — clear non-zero signal for both asymmetries
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SIDIS TSAs: Collins effect and Transversity ®® COMPASS

d sin( ¢, + - //
z (FUU,T +8FUU,L){1+"'+ St EAUT(% ¢S)SIH(¢h +¢S)+... } / /

dxdydzdp2d g dg,

" » Measured on P/D in SIDIS and in dihadron SIDIS
o ess) :C{—h'—pT thlﬂ « Compatible results COMPASS/HERMES

My (Q? is different by a factor of ~2-3)

« No impact from Q2-evolution?
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SIDIS TSAs: Collins effect and Transversity ®®
do Sin(dh +4s ) 2
oc (Four + &Ry {1t SpaAT S sin (¢, +4) +... |

dxdydzdp?d e, d ¢,
 Measured on P/D in SIDIS and in dihadron SIDIS

» Compatible results COMPASS/HERMES

Fs'n(¢h+¢s) C|: ﬁ
ut e
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* « No impact from Q?-evolution?
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SIDIS TSAs: Collins effect and Transversity @®

do (FUU,T +5FUU,L){1+"'+ Sy SA_SJ?(%WS) Sin(¢h 5 )+ }

dxdydzdp2d g dg,
 Measured on P/D in SIDIS and in dihadron SIDIS

Rt s) :C{—h'—pT thf“} « Compatible results COMPASS/HERMES
M, =

(Q? is different by a factor of ~2-3)
* No impact from Q*-evolution?

Inclusive p° Collins asymmetry
PLB 824 (2022) 136834 ¢ .[PLB 843 (2023) 137950 | COMPASS preliminary
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0 = [ ® [
AT
0.05 N 02' EI E' 0 ' & o o o [?]
_14’4 . ;’_'__;_ 1 . i C R 0il--Q--*--‘---‘--t--4--;--‘}‘-----:---*-*-x"‘"-b-*-é-iér‘*"
v )/ ”’Z “p) 1072 10 N [ [

0 012 014 0j6 018 I 0:2 0:4 016 0:8 I1 1?2
Z p._ (GeV/c)
28 September 2023 B. Parsamyan T



SIDIS TSAs: Collins effect and Transversity @@

do (FUU,T +5FUU,L){1+"'+ Sy SA_SJ?(%WS) Sin(¢h 5 )+ }

dxdydzdp2d g dg,
» Measured on P/D in SIDIS and in dihadron SIDIS
» Compatible results COMPASS/HERMES
(Q? is different by a factor of ~2-3)

19

|:USiTn(¢n+¢s) -C {_ h'\'/IpT heH J_hi|
h

« No impact from Q2-evolution?
» Extensive phenomenological studies and various global
fits by different groups

o’ Anselmino et al.
' : PRD92 (2015) 114023

z AN Dyt (2)

M. Radici and A. Bacchetta :
PRL 120 (2018) no.19, 192001| | JAM Collaboration,
0.4 e PRD 106 (2022) 3, 034014
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SIDIS TSAs: Collins effect and Transversity ®@ CoMPAS

d sin( ¢, + H
o oc (Four + &Ry {1t SpaAT S sin (¢, +4) +... |

dxdydzdpZd ¢, d g,
 Measured on P/D in SIDIS and in dihadron SIDIS

R - c{-h'—p* thlgh} - Compatible results COMPASS/HERMES
M, (Q? is different by a factor of ~2-3)

“% «  No impact from Q>2-evolution?
» Extensive phenomenological studies and various global

fits by different groups
Projected uncertainties for transversity PDF
[Addendum to the COMPASS-11 Proposal] Poeee it ARRRER S
Projected uncertainties for Collins asymmetry T é b vooT |
8 COMPASS + o1~ deuteron 2002-2004 e — I % ------ FT % ------------------
f" proton 2010 ‘} % %
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0.00 *{f{g’g@ ********************** % 4--%- % ‘i ‘% T —
jL ¢ 5 % / X hi-9 QP=2.4 GeV?
N deuteron 2022 M. Radici
- 0.5 % * basasddd 1/ SPIN-2018
107 10! | '10‘1 e
COMPASS-I11 (2022) /
« 2" COMPASS deuteron measurements performed g — o

« Crucial to constrain the transversity TMD PDF for the d-quark Cx
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SIDIS TSAs: Collins effect and Transversity (‘@@

d sin( ¢, + H
° OC(FUU,T +5FUU,L){1+"'+ St ‘9'A\JT(¢jn %)S'n(¢h+¢5)+'" }

dxdydzdp$d¢hd¢s
 Measured on P/D in SIDIS and in dihadron SIDIS
» Compatible results COMPASS/HERMES

FS'n(¢h+¢s) Cl - pT hlq H Lh
ut |\/| 5 - ) ~
(Q¢ is different by a factor of ~2-3)

« No impact from Q2-evolution?
« Extensive phenomenological studies and various global
fits by different groups

Total protons delivered on the production target: ~5.95x10'® (98% of the request) in ~150 days

6.0E+18 SPS efficiency: ~ 73%
COMPASS 2022 run M”"“E/ Spectrometer
efficiency: ~ 90%
Physics data collection
efficiency: ~ 75%

S.0E+18

4.0E+18

- 3.0E+18

T2 vacuum

Highly successful

Number of protons delivered

2.0E+18
Run in 2022!
1.0E+18
0.0E+00
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SIDIS TSAs: Collins effect and Transversity ®® COMPSS

d sin( ¢, + H
o oc (Four + &Ry {1t SpaAT S sin (¢, +4) +... |

dxdydzdpZd ¢, d g,
" * Measured on P/D in SIDIS and in dihadron SIDIS
R = C{—h'—pT thlﬂ « Compatible results COMPASS/HERMES
My 7 (Q? is different by a factor of ~2-3)
“ « No impact from Q%-evolution?
« Extensive phenomenological studies and various global

fits by different groups
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« 24 COMPASS deuteron measurements performed
» Crucial to constrain the transversity TMD PDF for the d-quark
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dO' sin( ¢, + .
dxdydzdpZd e, dg, o< (Fou s +€FUU,L){1+...+ S, e AT sin (4, + g )+ }

SIDIS TSAs: Collins effect and Transversity ®® COMPSS

* Measured on P/D in SIDIS and in dihadron SIDIS

» Compatible results COMPASS/HERMES

7 (Q? is different by a factor of ~2-3)

“ « No impact from Q%-evolution?

« Extensive phenomenological studies and various global
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fits by different groups
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« 24 COMPASS deuteron measurements performed

» Crucial to constrain the transversity TMD PDF for the d-quark
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COMPASS 2022 run: new unique deuteron data
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SIDIS TSAs: Kotzinian-Mulders asymmetry @@
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SIDIS TSAs: Sivers effect
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?-ranges
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COMPASS Multi-D TSA analyses
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SIDIS and single-polarized DY x-sections at twist-2 (LO)

LO dot©
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SIDIS and single-polarized DY x-sections at twist-2 (LO)
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« Sign-change of T-odd Sivers and Boer-Mulders TMD PDFs;

- Multiple access to Collins FF H," and pion Boer-Mulders PDF h;*
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SIDIS and single-polarized DY x-sections at twist-2 (LO)
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Single-polarized DY measurements at COMPASS
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Drell-Yan TSAs — Transversity Transversity DY TSA
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Drell-Yan TSAs — Transversity Transversity DY TSA
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Drell-Yan TSAs — Sivers Sivers DY TSA
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DY TSAs at COMPASS (high-mass range)
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3D unpolarized Drell-Yan cross section on NH; and W
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Conclusions

 Importance of careful understanding and confrontation of experimental data
from different experiments

o Different kinematic domains and phase-space limitations

o Experiments employ complex analysis techniques, Monte-Carlo simulations,
and sophisticated corrections (acceptance, VMSs, radiative corrections)

» Close collaboration between different experiments — general benefit for the field

o Knowledge transfer, comparison of the analysis techniques, tools, and
methodology, cross-analyses between different experiments

» Close collaboration between experiment and phenomenology/theory

o Flexibility in adapting on the analysis side to the choice of the observables,
phase-space selections, etc. (before publishing the data)

o Different possibilities for common paper projects, external membership
» Possibility to organize effective and fruitful collaborative work
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Conclusions

« COMPASS holds the record for the longest-running CERN experiment
(20 years of data-taking)

Series of successful and important measurements addressing nucleon spin-structure

o Inclusive measurements, unpolarized and polarized SIDIS
(longitudinal/transverse)

o First-ever polarized Drell-Yan measurements
« Awealth of (SI)DIS, Drell-Yan, DVCS, HEMP data collected across the years
o Petabytes of data available for analysis
« Wide and unique kinematic domain accessing low x and large Q?
o Will remain unique for at least another decade
« World-unique SIDIS deuteron data collected in 2022
o Highly successful run, promising preliminary results
« Since 2023 the experiment entered the Analysis Phase

o The spectrometer has been transferred to the COMPASS successor in the M2
beamline — the AMBER collaboration

o 3 new groups joined COMPASS in the course of 2023 for the Analysis Phase
: . . . :
o If you are interested — don’t hesitate to get in touch! Thank You!
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