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OUTLINE

* Introduction
* COMPASS Experimental apparatus
« COMPASS Drell-Yan measurements

* COMPASS Drell-Yan Transverse Spin Asymmetries results
[NEW RESULTS - 2015+2018 FULL DATA SET]

* COMPASS alternative ways to investigate Sivers:
An and gr-weighted Transverse Spin Asymmetries results

* COMPASS Drell-Yan Unpolarized Asymmetries results

* Summary
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THE COMPASS COLLABORATION

* Fixed target experiment

« CERN SPS North-Area
(M2 beam-line)

e First data taking in 2002

« 2022 run approaching!

O
.
XX
]
L

Phase |
« 2002 - 2011

« Hadron Spectroscopy

Phase Il

See talks by

+ 2012 - 2022 A.Moretti, C.RiedlI,

 Primakoff + DVCS pilot run (2012)

e Drell-Yan (2015, 2018) > This talk

« DVCS + Unpolarized SIDIS(2016-2017)
 Transversely polarized SIDIS on D target (2021-2022)

* Nucleon spin
structure (L/T p/D
Targets)

See talk by
A.Martin
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TRANSVERSE MOMENTUM DEPENDENT PDFs

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.

Nucleon Polarisation

Boer-Mulders
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7 a_ A Sivers
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e Number Density Sivers Transversity
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i HERSY 917 (2, k%)
N Helicity Worm-Gear T
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O’ T ' Transversity

th_ k2 gl k2 t gL, 12
I (2, k%) M ke) oa Mo T\MD PDFs can be accessed through
Boer-Mulders Worm-Gear L o
measurement of target spin (in)dependent
Nucleon ~ f Nucieon o quark 1 WK/ Ky azimuthal asymmetries both in SIDIS and
Drell-Yan
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TRANSVERSELY POLARIZED SIDIS CROSS-SECTION

1+ cos(20p)eA C05(2¢h) N (K, A) U'(K')
[ Asin . \\//
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COMPASS SETUP (PHASE 1)

ECALI1 ECAL2 Muon
HCAL1 Muon HCAL2 Wall 2
RI CH Wa" 1 \ \ J, Rk \
SM1 \ \ s I :
Polarized TR | / \I
Target ‘.

s,

/ * High tracking power: ~350 planes (GEMs,
\ LAS

SciFis, DCs, MWPCs, MicroMegas, Straws);

u*beam « PID via RICH and Calorimetric

« P+ :160 GeV/c, intensity 2 - 108 u*/4.8 s measurements;
* Two-stage spectrometer

_ e Large Angle Spectrometer (LAS)
« SMT magnet(1T-m), © up to 180 mrad

0

NH 3 T, ~80-90 % ;
’ Solid state » Small Angle Spectrometer (SAS)
50 transversely T 30 J
< solarized « SM2 magnet (4.4 T-m), B up to 30 mra
G 2 \ 4 24 target - Data were collected simultaneously for the
A 4 4 \ 4 (2007, 2010) two target spin orientation
— E— * For transverse program, the polarization was

1
50 0

reversed after each 4-5 days
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SINGLE POLARIZED DRELL-YAN PROCESS

Leading order QCD parton model expression of the
Single Polarized DY cross-section
1+ D2 61€08(2005) Ay 2pCs
doLO [ sin gpSAC?in rS ]
X 4
de4q + S Sln<2@C’S 4 SOS)jélsm(QQOCS—HOS) q(kn)

J/

‘|‘D[sm 0] ( (2 B )ASIH(QSOCS gos)> Hn(Py. S PDF
\ i sin(2pcs — ©s 1, (Pn,S) \jX
Pion induced polarized Drell-Yan T +pT s utu+X COMPASS 2015, 2018
fos s
| :
D-factors
f(6)

Target
s, restframe

/ 7
Ps qr q
nr) /%'/
e / o~
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SINGLE POLARIZED DRELL-YAN PROCESS

Leading order QCD parton model expression of the
Single Polarized DY cross-section
1+ D2 61€08(2005) Ay 2pCs
doLO [ sin gpSAC?in rS ]
X 4
de4q 4+ Sy Sln<2¢C’S 4 @5)ASIH(2¢CS+@S) q(kn)

J/

‘|_D[s1n ]( sin(2pcs— gOs)) PDF
\ I sin(2¢pcs — s) AT ) Hn(Pn,S) \jX

Nucleon Polarization

Apy x PDF, ® PDF,

U L
1 Unpolarized A?})S@@CS) x hJ_’q Q hJ— U - ‘- f
Asymmetry g THERSY I (@ k%)
1 o= Number Density Sivers
Asm pYs Q =
fl 7 flT’p °§ 2@ | -2
3 Single Spin ASIH(QSOCS+<PS) = L — 0l 12
X I’L h g9i(z, k) 917 (=, k1)
Asymmetries T ® 1I'p i Helicity Worm-Gear T
2 i
ASin(Zecs—ws) h 1 hq © D-@ | &>

h{* (z, k%)
Boer-Mulders

h‘{f(a: kT)
Worm-Gear L
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COMPASS SETUP (DY)

ECAL1
HCAL1T Muon

RICH Wall1 SM2

\\

SM1

Polarized
Target

o
\

« Enforced LAS tracking (DCOS5,
PixelMicroMegas), new DAQ ...

T beam x10°
* Pr- 1190 GeV/c, intensity 108m /s ‘S 3 COMPASS 2015 data
2 4.3 < M, /(GeV/c?) <8.5
Target #ofcells Polarization i
S 2
NH, 2 T, ~73% E
° 1
* Polarized DY Data takings: NH3_ | Al
« 2015 run ~4 months; /.. M _—
* 2018 run ~6 months; —300 =200 100 0o
* The polarization was reversed

after each week:
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DY AND SIDIS CROSS-SECTIONS @ LO

SIDIS on transversely polarized nucleons ~ Pioninduced polarized Drell-Yan
COMPASS 2007,2010 p#+p' >/ +h+X | COMPASS2015,2018 7 +p' - utu +X

9
(1 —I—(os(?()h)&‘A(g?(S]( 20n) \ b
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|+ sin(3¢p, — ¢s)e Asu}(g(bh ¢S)_

(1+ Digin2 g)cos(2¢0cs) Ay 2pcs )

B sin g
doLO sin g An

- X
de4q + St D <51H(290CS 4+ SOS)ASl]f1(2<P(JS-HOS))
[sin” 6

sin(2¢cs —¢s)
\ I sin(2pcs — wg)A I

dULO
d:zrdydzdp%dtp‘h,dw

\ J .

Agriprs PDFp QR FF

Apy x PDF, @ PDF,

A;J()(S](ngh) - th R HJ_h < Boer-Mulders S Az:})s(&pcs) hJ_,q R hJ_q
sin — Sivers sin
AUT(% (bS)O(flq ®D < — )A s f17T®f1Tp
(3 — retzelosity n
AUT(S% ?5) th’p X H h < . > A (2postes) h - ® h1T7p
A?}T§S¢h+¢S) X hq ® qu - Transversity > Azin(%ocs ©s) X h ® hq
= h!
Universality in Transversity and Pretzelosity TMD PDFs “genuinely" universal Ly lsimis oy
the TMD-QCD (no sign change between SIDIS and DY) h”’ Nsiois = i1 oy
parton model fLa | — —fla |
approach Boer Mulders and Sivers TMD PDFs "conditionally" universal ITpSIDIS — 1Tp DY
(sign change between SIDIS and DY) I sipis = =2 |y
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COMPASS SIDIS-DY BRIDGE

SIDIS on transversely polarized nucleons ~ Pioninduced polarized Drell-Yan
COMPASS 2007,2010 p+p' >/ +h+X | COMPASS2015,2018 7 +p' - utu +X

COMPASS preliminary
SIDIS 2010 NH, proton data

COMPASS 2015 data
Drell-Yan NH;3

—_
]
T

0’/(GeV/c)

16<0*<81

d’N,/dxdQ’ (a.u.)

&’ N/dxndQ? (rescaled)

10

L 1<Q’<4

1 \I\I\I‘
1073

Comparable x:Q2kinematic coverage

minimization of possible Q2 evolution effects

Unique experimental environment to test the TMD universality
and the sign change of Sivers and Boer-Mulders!
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DRELL-YAN MEASUREMENTS AT COMPASS

. 1<Mu/(GeV/c?) < 2, "Low mass”

Large background contamination

1. 2<M,/(GeV/c2?) < 2.5, "Intermediate mass"
High DY cross section.

Still low DY-signal/background ratio.

. 2.5<M,./(GeV/c2) < 4.3, "Charmonia mass"
Strong J/Q signal » Studies of J/y physics.
Good signal/background.

IV. 4.3<M,,/(GeV/c?)< 8.5, "High mass"
Beyond J/P and ' peak, background < 4%. é

Valence quark region » u-quark dominance M, (GeV/c?)
Low DY cross-section

—— COMPASS 2015 NH, data
------------- Comb. background

------- Jhy (MC)

------- ¥ (MC)

- Open-charm (MC)

- === Drell-Yan (MC)

Total MC + Comb. background
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DRELL-YAN MEASUREMENTS AT COMPASS

1< My/(GeV/c2) < 2, "Low mass"

Large background contamination
2 <M,,/(GeV/c?2) < 2.5, "Intermediate mass"

High DY cross section.

Good signal/background.
V.

Low DY cross-section

Still low DY-signal/background ratio.
2.5 < M,,/(GeV/c?) < 4.3, "Charmonia mass"
Strong J/y signal = Studies of J/Y physics.

S |
= ~  COMPASS 2015 NH, data

0.8 43 <Mu/(GeVic?) <85

0.6
0.4

0.2

IIIIIII|III|III|

0
0
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xTC
HM events are in the valence quark region

4.3 < M,,/(GeV/c?) < 8.5, "High mass"
Beyond J/P and Y’ peak, background < 4%.
Valence quark region » u-quark dominance

1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

d 2N/dx,tdx v (rescaled)

13

[E—
-
N

[W—
-
(O8]

[S—Y
-
12

I IIIIIII| o IIIIIIII I II[IH]I J Illlljj]l’ I lllllll [ TTTT
L
T.

counts / (0.04 GeV/c?)
S

—_
-

0*/(GeV/c)
3,

10

[

COMPASS 2015 NH, data
Comb. background

Jhy (MC)

W (MC)

————— Open-charm (MC)
- === Drell-Yan (MC)
Total MC + Comb. background

‘.‘ [ |
h}\\ — )y “‘."m:‘w""“'.'.n‘::
- 08 (M) =53 7% @ﬁﬁ?ﬁﬁ%ﬁgﬁ%
N , Ll
o GeV/c?
| ! It - L | |
4 6 8 10
2
M, (GeV/c?)
COMPASS 2015 data .1 =)
Drell-Yan NH; 0.9 §
08 £
Q
=z
N§
N
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DRELL-YAN MEASUREMENTS AT COMPASS

. 1< My/(GeV/c2) < 2, "Low mass"

Large background contamination

1. 2<M,/(GeV/c2) < 2.5, "Intermediate mass”
High DY cross section.

Still low DY-signal/background ratio.

. 2.5<My/(GeV/c2) < 4.3, "Charmonia mass"
Strong J/y signal = Studies of J/Y physics.

—— COMPASS 2015 NH, data
------------- Comb. background

------- Jhy (MC)

------- W (MC)

- Open-charm (MC)

- === Drell-Yan (MC)

Total MC + Comb. background

[E—
-
N

[W—
-
(O8]

[S—Y
-
12

I IIIIIII| o IIIIIIII I II[IH]I J Illlljj]l’ I lllllll [ TTTT
L

counts / (0.04 GeV/c?)
S

RS
R L )
-F‘-—"-"-"-- Nk

« Good signal/background. . I%?%%ﬁﬁﬁ
IV. 4.3 <M,,/(GeV/c?) < 8.5, “High mass" 10 V5 “GeV/cz b ’
« Beyond J/UP and Y’ peak, background < 4%. éll - \6 3 = 1'0

Valence ' - '
quark region = u quark dominance M, (GeV/c?)
Low DY cross-section

) 0.33 qr > 0.4 GeV/c S COMPASS 2015 data .1 3
(X = U. > 102 Drell-Yan NH; 09 3
j (qr) =117GeV/c & :
x10° x10° S Q

o f COMPASS 2015NH, data | = | COMPASS 2015 NH, data 5
S 43 <M, /(GeVic)<85 | = SF 4.3 < M, /(GeV/c?) < 8.5 =
S 30 S | S
*g o 4r
2 S . 10
O = 3F

z 2J

2t

Q 1 =

_u L | PRI R

0 123 + 5
qT(GeV/c)
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2015-2018 PHASE SPACE COVERAGE
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Same kinematic coverage of 2015 and 2018 data!

15

B. Parsamyan,
PoS DIS 2019
(2019) 195
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COMPASS: SIDIS IN DY RANGES

" e h' 1<Q¥(GeVicy<d | z>0.1 : oh’ 16<Q°/(GeV/c)’<81
- Cah [ : _ {(x)=0.238
T 005 ; ¢ | U O sAh ]
£ g L oo " ee * e ® ¢ COMPASS, L sin(¢p — 3
< 0;'4‘1“;# A i ﬁ'AA‘Q‘ N : (9= 95 - g
: ; i » : PLB 770 oor
T . 017138\ S@eem R o
- 4<Q/(GeV/ey<6.25 | UT 5
i 005, + 4 . ¢ {» + ASin(3<|>h— o) kg
~§<E5 o +i}°‘é+ 552‘; ++ + éé;i + UT N R N N N S R SR R I
: [ : ‘ —0.05 0
- 6.25<Q%(GeV/ey<16 |
o A ¢ + ¢ L i COMPASS
Te I e % @ Q) ME.
S .9‘1};‘{’ A% } «d p JL %102 SIDIS 2010 NH, proton data
f L | g S ‘
005 —  —  —. S 16<0?<8]
! 16<Q"/(GeV/c+)3<81 .
> 005 ;& Al I i +
A it :;mW FT3 # 10
oo e M A7 T
~0.05; g ﬂ e -4
102 10™ 02 04 06 08 0.5 1 1.5 L 1<Q’<4
X Z pT(GeV/(*) - :
« Dedicated analysis performed by COMPASS dividing e w02 100 1
Proton 2010 data into the 4 DY Q?Z2 ranges; *

« SIDIS TSAs extracted for each Q2range;
e Sivers in HM range shows a non-zero signal for h+;
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DY HM TSA RESULTS: SIVERS

i NEW RESULTS! FIRST SHOWN TODAY!
A" o fil @ fir? DY - HM range

® COMPASS, 2015 + 2018 Full Data Sample
Curves from JHEP 02, 166 (2021)

[ COMPASS [ Drell-Yan, NH 43 <M, /(GeV/c?) <8.5] [
0L pnﬂhnhuuy 2015+2018(kua i i i
;m : L : -J-—__1 _— : :
T oob '*‘i _________ jL_# TI%%T%i% ____
< _JHEOEI(EZCO(%I%/I)I% % I I I %
L~ sPM I I I I
-0.2 JAM20 - B B i
: Torino i
02 100 1 0t T 0 02 04 06 08 T T YA N B S S B~
Xy X, Xp q, (GeV/c) M " (GeV/c?)
e 2>0.1 2 2>0.1
. . 0.04;3 éj<z<0.2 Y A gj<z<0.2
Sivers TSA in SIDIS, - [» 2702 # 2202 |
I B r | J B
HM range A L LI ﬁ i %‘
in(¢n—os) S R O B
sin(¢n—o¢s h 0f R
Ayr X flT,p ) qu || ———— e
_0.02F, L
1 10 1 10
0’ (GeV/cy 02 (GeV/c)
COMPASS, PLB 770 (2017) 138
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DY HM TSA RESULTS: SIVERS

- L NEW RESULTS! FIRST SHOWN TODAY!
A o 7 ® fir

DY - HM range ® COMPASS, 2015 + 2018 Full Data Sample

Curves from JHEP 02, 166 (2021)

[ COMPASS | Drell-Yan, NH, [ 4.3 <M, /(GeV/c?)<8.5] [
0L preliminary [ 2015+2018 data i i i {'
" i { i : ) ogeep [ ] ] L
T oob TEE A jL_# ______ S S S S TR __FTeemme—me
< OprEgiey | | T
L - - SPM i i i I
-0.2 JAM20 - B B i
i Torino I I I I
102 100 1 100" 1 0 0204060805 1 152 253 4 5 6 71 8
Xy X, X q. (GeV/c) M,, (GeV/c?)
R e COMPASS preliminary
E (0.1 Drell-Yan, NH, 2015+2018 data
»n BE=Y-

COMPASS HM DY result <
for Sivers asymmetry I
is consistent with the 0

sign change

predicted change of sign for . LRCQM
. . LS SPM
the Sivers fun.ctlon v no sign change
hypothesis -0.1 -
4x107 100" 2x10™

AN
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DY HM TSA RESULTS: TRANSVERSITY

NEW RESULTS! FIRST SHOWN TODAY!

sin(2¢cs —@s ) oC lg R h )
Ay o hl’p DY - HM range ® COMPASS, 2015 + 2018 Full Data Sample
Curves from JHEP 02, 166 (2021)

COMPASS [ Drell-Yan, NH 43 <M, /(GeV/c?) <8.5]
preliminary 2015+2018 data '

| I i i
c?]_u O___________ I . T I
= L JHEP 02(2021)166 Sds o L g y L
‘2 <CF . — LFCQM i—%- = I % [
L — - SPM ! !
—0.21 == Lrciamo } i } -
[ B SPM-JAM20 [ [
| ] T B ! ! A | [
1072 107 1 107! 1 O 02 04 06 08 05 1 15 2 25 3 4 5 6 7 8
Xy X, X q. (GeV/c) M,, (GeV/c?)

Collins TSA in SIDIS, HM range

- : 16<Q2/(GeV+c) <81 f°}f: _
Im 01__ - A + —
< Ly PP,
A?}rr}(ﬁbh—l—cﬁS) X hq ® HlJZ]h % _ o é; % : A % # : i * +
< e [0 4y o $4 4 o
~0.1F g g
1072 107! 02 04 06 038 0.5 1 1.5
X Z P, (GeV/e)

COMPASS, PLB 770 (2017) 138
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DY HM TSA RESULTS: TRANSVERSITY

NEW RESULTS! FIRST SHOWN TODAY!

sin(2¢cg —@s ) oC Llg R h )
Ay < hl’p DY - HM range ® COMPASS, 2015 + 2018 Full Data Sample
Curves from JHEP 02, 166 (2021)

COMPASS [ Drell-Yan, NH3 43 <M, /(GeV/c?) <8.5]
preliminary [ 201542018 data '

o
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| JHEP 02(2021)166
| —— LFCQM

- - — SPM
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I
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R U ST | S . |}|||||||||||
107° 107! 1 107! 1 0 02 04 06 0805 1 15 2 25 3 4 5 6 7 8
Xy X, X q. (GeV/c) M,, (GeV/c?)

;‘” | ® COMPASS preliminary
Im = Drell—Yan,NH3 2015+2018 data
g_o 0 L B
COMPASS HM DY result g g - B
for Transversity asymmetry <—O = I
found to be below zero [ THE 022021166 o
- — LFCQM
|- SPM
about1.50 (Stat.+syst.) —(0 .2 == LFC-JAM20
| E== SPM-JAM?20
: ! ! ! ! Lo !
4x1072 107! 2x107!
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DY HM TSA RESULTS: PRETZELOSITY

oc A ®h;! DY - HM range

Curves from JHEP 02,166 (2021)

NEW RESULTS! FIRST SHOWN TODAY!
® COMPASS, 2015 + 2018 Full Data Sample

A;m(z(ocs +@g )

o 02

+

%8

Q OFzz---~~

(o)

Z —— LFCQM
<C - - SPM

— - LEC-LP15
[ — SPM-LPI5

COMPASS |
prehmmary

| JHEP 02(2021)166 } 0

Drell-Yan, NH
201542018 data

43 <M, /(GeV/c?) <8.5[

1072

ASin(3¢h—¢s)

urT

Riccardo Longo

152253

o 1 10" 0 02 04 06 0805 1 4 5 6 71 8
Xy X, X q. (GeV/c) M,, (GeV/c?)
Pretzelosity TSA in SIDIS, HM range
0,1:_ 16<Q*/(GeV/c)Y'<81 "; _-
R SRR, 44 +
xhit, ® Hig is5 0 hﬂi# Bk ﬂ AL S +
< _ | l
10~ 10°! 02 04 06 08 0.5 1 1.5
B . p. (GeVic)
COMPASS, PLB 770 (2017) 138
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DY HM TSA RESULTS: PRETZELOSITY

NEW RESULTS! FIRST SHOWN TODAY!

sin(2¢cg +@s )
AT ® COMPASS, 2015 + 2018 Full Data Sample

oc A ®h;! DY - HM range

Curves from JHEP 02,166 (2021)

[ COMPASS [ Drell-Yan, NH, [ 43 <M, /(GeV/c?)<85]
~ 02k prehmmary 201542018 data I i i
= =L
+ L L
il | I I } L } I l .
= | JHEP 02(2021)166 } } I | } ? |
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07 1001 100 T U0 0204 06 08 TR T T B S S S B
Xy Xy Xp q,. (GeVic) M, (GeV/c?)
;‘” — ® COMPASS preliminary
+m Drell-Yan, NH3 2015+2018 data
_e_U
@\ — [
COMPASS HM DY result E.0 B N 0.01
for Pretzelosity asymmetry <% | : R e
. ' JHEP 02(2021)166 g
found to be compatible L FooM < onl | |
with zero ReLnis : 02 04 06
—0.1 - _spm-LpI5 N
! ! ! ! Lo !
4x1072 107! 2%107!
AN
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TSAs : HIGHER TWIST

1 +D|:sin2 s | Aéosz(pcs COS 205 + D[sin2t9cs] A" COS g \
_A;in"’s sin @ ]
sin(@cs —@s) . . .
d sin —
—; o (Fl+ F2) (1 4+ A} cos? Ocg) X 1 +D[SMCS{AT s )(f”cs 2 J | * Two higher twist asymmetries
d + S + AT sin (g + @) « Extracted simultaneously
oo ARG o) sin (205 — @ ) together with the other three
%0 + A;in(2¢CS+¢S) Sin(2¢cs + (DS) TSAs,
: COMPASS | Drell-Yan, NH, ' 43<M ,/(GeV/c2)<8.5 | ;
—~ preliminary { 201542018 data : : :
<" 02F _‘ _‘ _‘ _‘
Y S l ______ R l IR DU 1 _____ R S ] _______ J ______________
g L L L L L
& | l : 1 | |
~_02f ‘

. i B | A ! Lo
COMPASS [ Drell-Yan, NH,

[ 4.3<M,,,/(GeV/c?)<8.5 |

~ ool preliminary [ 201542018 data , | | } |
= 2r X i X X
|8 i l Z J ] [ } Z ] Z }
ottt
: L L L L L
a_e : : : :
02} _‘ _‘ _‘ _‘
T T B B T 1 B B S DT (S T RS 1 B A T R
1072 107! 1 107! 1 0 0.5 1 2 3 4 6 8
Xy X, Xp q. (GeV/c) M, (GeV/c?)
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DY HM TSA RESULTS: 2015+2018 SUMMARY

COMPASS SIDIS Data,

NEW RESULTS! FIRST SHOWN TODAY!

PLB 770 (201 7) 138 COMPASS Drell-Yan, NH3
201542018 data preliminary
2
h+ 16<Q2/(GCV/C)2<81 ___._ _______ 74.3<MMM/(G6V/C )<85
® N (x)=0238 sin(9y e
_________________ ah T
Sln(q)h_ q)s) ’—ﬁ sin(p_+ ¢_)
T Ap © 7
sin(¢, + ¢ — )
—A— sin - :
UT —@— AT (D= ) — e
sin(30, - )
UT o sin(2¢_+ 9. ®
N R B S AT
005 0 005 .
sin(2q>cs— ¢S)
< A > AT N L L
-0.2 -0.1 0 01 0.2

e Full 2015+2018 combined Drell-Yan TSA data analysis is now completed!
« Sivers found to be positive, ~1 ¢ away from zero

« Transversity found to be negative, ~1.5 o away from zero
 Pretzelosity found to be compatible with zero

« COMPASS SIDIS and Drell-Yan TSAs measurements represent a unique experimental input
to study the universality of TMD PDFs
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DY HM BONUS TRACK: Ax

Alternative way to investigate the Sivers effect
Acceptance cancellation implemented and understood in different way compared to TSAs extraction

Receives contributions from all the amplitudes sin(n¢y)

Also studied in J/y region where it can provide information on the resonance production mechanism

) 1 N, — N,
br —
S| Ny + N, A, — 1 Jo d4qd¢s dps — [* _ d4qd¢s dog _ 24y
do C |97l IN 5= dos +f dos m
x oy (1 + |ST|AyN sin 0 d4 T d4qd¢
d4qdqbs U ( ‘ T‘ N (QbS))
< [COMPASS Drell-Yan 43 < M, /(GeV/c?) <8.5 [2015+2018 data - -
: preliminary
0.2t : I i I I
| l | | | NEW
| l ______ Lty bt N % ______ RESULTS!
- - - - FIRST SHOWN
| | | | TODAY!
-02 . . . . .
R BTN ANITH Y AT | S SR RS CUTTE SrU AT SRS | A RS
10 10" 1 107 1 0 0.5 1 2 3 4 6
N e Xp q. (GeV/c) M (GeV/c?) integrated

Riccardo Longo 25 03/07/2022



TESTING SIVERS SIGN CHANGE W/ WEIGHTED TSA

e General formalism firstly developed for SIDIS [A. Kotzinian & P. Mulders, PLB 406 (1997) 373];
e |tallows to avoid assumptions on kr (e.g. gaussian);

e Already measured in SIDIS by COMPASS, NPB 940 (2019) 34;
e Complementary way to test the Sivers sign-change!

_ SIDIS Drell- Yan

ASin(dn—¢s) q Sm S
P .
Sin(th—qbs)ﬁ 1q(1) Sl @ 5 MN q J_q(l)
WTSA AUT X 1T X D AT X f]_,ﬂ' X flT,p
~ Seetalk by A.Martin R.Longo, PoS (DIS2019) 186
005 — d S " COMPASS 2015+18, preliminary
= - L &7 - e binsin x
i K N 041 o bins combined Results to be
of ;\" S A . < 02-_ projection from SIDIS updated with the
M // >>UMIng. , I l l analysis of the full
\ X u quark dominance [ |
R SRR - I 2018 sample (same
-0.05r NN\ No Q2 evolution for O
_ _ ! tandard TSAs)
10” 10" 1 Sivers - } 4>
* —0.21
Tst kt2 -moment of the Sivers Sivers sign-change - '1'0_1 |
function from SIDIS data flTp‘SIDIS = flTp|DY Xy
at Q2 = QZsipis(x)
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DY UNPOLARIZED CROSS-SECTION

e General expression for the unpolarized part of the DY cross-section:

[l 1+ A cos? Ocs + L sin26cscos Ocs + 5 sin’ Ocscos 2(pC5]

dv 3 1

dQ 4w A+3

3 Unpolarized

Asymmetries L — A(]] LU= Agjosfpcs v = 2Ac(:/os2(pcs

(UAs)
e Values of A, pand v depends on the reference frame definition.

e At LO of Drell-Yan process, the virtual photon is produced purely

by the electromagnetic g + ¢ annihilation.
A=1Lu=v=0

e Lam-Tung relation [PRD 18(1978) 2447].
l-4A=2v

e Reflects the spin 1/2 nature of the quarks;
e Analogous of Callan-Gross relation in DIS;

27
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Collins-Soper

2a |
2.2 —
1

1.8 7
4

1/0, do/dQ

800 GeV p+Cu

#

fitto 1 + X cos’® + ]

4*4}4/ |

* 44
ety g0 000*

%
tyt ",

AN=10.96 £ .04 £ .06

cos0

FNAL E772 Data
(Ann. Rev. Nucl. Part. Sci.

49 (1999) 217-253)
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UAs: NON-PERTURBATIVE EFFECT?

E615, - (252 GeV) + W, PRD 39, 92 (1989)
E866/NuSea, p (800 GeV) + d, Phys. Rev. Lett. 99, 082301 nla _ 4 o, - o
NA10, - (194 GeV) + W, Z.Phys. C31 513 (1986) 1 y y

................ T
3 o E866 p+d at 800 GeV/c

I * NA10 T+W at 194 GeV/c ¢ E615 m+W at 252 GeV/c -

L of ] e Sizable v asymmetry strongly dependent on gr
—5— : [z ! measured by different experiments in - induced DY
P S 5'—5—4_§_. ........ R S E y P .
f,i*:::f::::f“ :::::::i:;i::::;:::::::::f e Can be explained in terms of non-perturbative Boer-
T } { ] Mulders effect;
= 3 . g > ]

ACOSqu — E x hJ_q(p) R hJ_q(n_ )

0.10 [ _

cos 2¢
AUU

—— LFCQM
0.08} -==- SPM
[ LEC-BMPI10 3 JHEP 02,
05 | E 0.06l SPM-BMP10 ] 166 (2021)
[ I cos 2¢ —
. [ } N ool AUU prediction
~ | . ' [ for COMPASS
T 'S, [
Y e e — - S— = 0.02f kinematics
& |} y
» [ - 0.0
..... I P P PR PR T e
0 0.5 1 15 2 2.5 3 3.5 4

e Lam-Tung relation found to be violated in m- induced DY !
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UAs: NLO & NNLO EFFECTS?

CMS, PLB750 (2015)  owsl<wo| 2| ® Sizable v asymmetry strongly dependent on gralso

| measured by different experiments at colliders
(CMS, CDF)

e Room for explanation in terms of NLO and NNLO
effects

e Still room for non-perturbative Boer-Mulders effect?

= ! \ { | \ | | \ | \ | \ \ | =
0 20 40 60 8 100 120 140 160 180 200 220 240 260 280 300

CDF, PRL106 (2011) cor| |

—l_'\_\‘\—n\;‘%

| | | | | | | |
0 10 20 30 40 50 60 70 80 90
qr [GeV]

M.Lambertsen and W.Vogelsang
PRD 93 (2016)
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UAs: NLO & NNLO EFFECTS?

I T T

CMS, PLB 750 (2015) oM [of < 10— 2 e Sizable v asymmetry strongly dependent on gralso
measured by different experiments at colliders
(CMS, CDF)

e Room for explanation in terms of NLO and NNLO
effects

e Still room for non-perturbative Boer-Mulders effect?

e Atlower energies - and much lower <gr> - the
picture is far to be clear - more data are needed!

NA10 7 +W at 194 GeV
LA L L LN 06T 1
15 ® NLO
1 o NATO 0.4 .
ey — =
~ ok N "'L,;_ 1 =% 7  W.Chang,
Sean, 0 e T i R. McClellan,
J e R BT J.C.Pen
0 2 4 6 0 2 4 6 o= &
A (GeV) dr (GeV) O.Teryaev
| | | | | 6I0 7I0 8I0 90 1 L 1 L L PRD 99'
0 10 20 30 40 50 - -
or (G e OS[ 1 014032
0.5
- I B B (2019)
0.25 - _-._-__-""" -4 - |
M.Lambertsen and W.Vogelsang o= | -osp |
PRD 93 (2016) e S B
d; (GeV) a; (GeV)
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UAs: COMPASS INPUT

NLO pQCD prediction for COMPASS x10°

- COMPASS preliminary
Drell-Yan 2018 data (~50%)
43 <M, /(GeV/c?) <85

W.Chang,R. McClellan, J.C.Peng, O.Teryaev
PRD 99, 014032 (2019)

COMPASS © +W at 190 GeV

counts / (1.25 cm)
()

N L L L 10— | E
) xF={g,0.§1 : 20
® x.=[0.2,0.4 N B n
® x=[0.4,0.6] 0.4 076 |- | :
1 e ] 1 B
.°.. = 0.5 — : M ‘ L
T N I T S | -300 -200 -100 0
:.‘;; I 0.25 :f_ 2 (em)
- .,:“ R e - (190 GeV) + NHs: analysis ongoing
o ] o & e - (190 GeV) + W: preliminary results
L L - e 70% of 2018 data
e “reduced” HM range due lower mass
'0-50"';"'4 0"';"'4 0"';"'4 resolution for events in W,
d; (GeV) d; (GeV) dy (GeV) 4.7<M,,/(GeV/c?) <85

e First 20 cm of W to minimize effects of
reinteraction of secondaries
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MONTECARLO FOR ACCEPTANCE CORRECTION

“- x10°
g - COMPASS 2018 W, preliminary
Z f 47<M,/GeV/c?)<8S5
5] L
I= LAST-LAST
=2 2 = data
S i
—MC
1
0 1
0 0.2 04 0.6 0.8
Xp
_ x10°
§ 3~ COMPASS 2018 W, preliminary
g | 47< M, /(GeV/c?) <85
; - LAST-LAST
Q . = data
S 2F gt —MC
> i
::‘ i
=) i
o)
Q -
1 —
0 | |
1 2 3
q, (GeV/c)
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counts / 0.05

counts / 0.10 (GeV/c?)

x10°
| COMPASS 2018 W, preliminary
6 4.7<M,/(GeV/c?) <85
- LAST-LAST
- = data
i —MC
4
01 02 03 04 0.5
An
10’
. COMPASS 2018 W, preliminary
[ 47<M,, /(GeV/c?) <85
1.5 LAST-LAST
i = data
il =MC
1
0.5
ol

M, (GeVic?)

32

x10’

- COMPASS 2018 W, preliminary
[ 47 <M, /(GeV/c?) <85

37 LAST-LAST

= data
—MC

counts / 0.05

0.2 04 0.6 0.8

e Angular distribution of
unpolarized Drell-Yan event
corrected for acceptance

making use of Monte Carlo
(MO)

e Good MC/data agreement

achieved for all the MC
distributions related to the
W target
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-+ W: UNPOLARIZED ASYMMETRIES

Y.Lien, SciPost Phys. Proc. 2021

= L— L— =. -7 —rrrrorrr T 1T ] LI B E— T T T T T T ]
< 3L e COMPAISS,n‘19O GeV/Ic,W,preliminaryl — e COMPASS, n~ 190 GeV/c, W, preliminary g I COMPAISS,n:‘ 190 GeV/Ic,W, preliminaryl
0 NAI10, 7~ 194 GeV/e, W 7 0.5 o NA10,7- 194 GeVie, W | - O NAI10,7t~ 194 GeV/e, W
 E615.7- 252 GeV/e, W . " 0 E615,17252GeVie, W [ o [ E615.17252GeVie, W N
| — DYNNLO | - — DYNNLO o 1 | — DYNNLO I |
2r ] L, ‘ ’
! e B i
: B B S S
1
: 05 -
O [reeereerssmes oo - I |
L N T B AR TN T TR N TN N T S T S T M S
1 2 3 1 2 3
q, (GeV/e) q, (GeV/e)
~~ T T T — T T T T 1
. _ < | e COMPASS,n- 190 GeV/c, W, prelimifiary -
e DYNNLO pQCD calculation not enough to well describe the = 2[ o NAIO,x" 194 GeVie,W |
! | O E615,n-252 GeV/c,W i
v-dependence measured by COMPASS & [ oo l :
e Room for a non-zero TMD Boer-Mulders effect Lr ¢ [ ]
e DY input to study sign-change of the Boer-Mulders function e H Loy ﬂ :
o L . 1, SIS SO ]
e A, u,v preliminary results from COMPASS indicate a possible 0: N
violation of Lam-Tung relation :
. . . . . . -1 —
e Consistent with results obtained by previous pion-induced ; . | .
DY experiments 1 2

3
q, (GeV/c)

Riccardo Longo 33 03/07/2022



TSAs & An IN J/W RANGE

V.

1< My/(GeV/c2) < 2, "Low mass"
Large background contamination

2 <M,,/(GeV/c?2) < 2.5, "Intermediate mass"

High DY cross section.
Still low DY-signal/background ratio.

2.5 < M,,/(GeV/c?) < 4.3, "Charmonia mass"

Strong J/Q signal » Studies of J/y physics.
Good signal/background.

4.3 <M,,/(GeV/c2) < 8.5, "High mass"
Beyond J/P and Y’ peak, background < 4%.
Valence quark region » Largest asymmetries!
Low DY cross-section

0.0
L ~o :
\.*\’ ‘\iN SS :
N -~ '
—01 r ‘ \~\~ ~~‘~_ _____ N
r ~\~ ~-IF ————————
- - ~ ' -
~ L k““\«.\:\ "\.~ o ae=mT
| k L ""'1:;,:?\1;::77 - '; L —— Lk - __——
s~ -0.2r e —
S =z r
< :
l === qr=0.3 GeV/c i
—0.31 f emss qr=0.5GeV/c
[ = qr=0.8 GeV/c
_O 4 1 L | 1 L i 1 1 | 1 1
-04 -0.2 0.0 0.2 0.4
XF

Anselmino et al., Phys.Lett. B770 (2017) 302-306
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—— COMPASS 2015 NH, data
Comb. background

------- Jhy (MC)

------- W (MC)
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- === Drell-Yan (MC)
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.
o LA
o et
C B B B Y el B
R—F. ~
el :
s r.
ol

|
B N
i

COMPASS 2015 data
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TSAs & An IN J/W RANGE @ DIS!

. 1< My/(GeV/c2) < 2, "Low mass"

Large background contamination

1. 2<M,/(GeV/c2) < 2.5, "Intermediate mass”
High DY cross section.

Still low DY-signal/background ratio.

. 2.5<M,./(GeV/c2) < 4.3, "Charmonia mass"
Strong J/P signal 2 Studies o hys;

Good signal/bac
IV. 4.3<M,/(Ge , , ,
SSEORRE Results currently being finalized -

3
Val k rel )
PIMAVBSNIN Rc|case expected for DIS 2022! My, (GeV/c)

—— COMPASS 2015 NH, data
------------- Comb. background

------- Jhy (MC)

------- ¥ (MC)

- Open-charm (MC)

- === Drell-Yan (MC)

Total MC + Comb. background

[E—
-
()]

)
o,
i,

[W—Y
-
[O8}

yunts / (0.04 GeV/c?)
>

]

)
§

| R
0.0 — MPASS 2015 data ! 3
L - 0.9 8
L ..\~:~~\~ —0.8 1:)1
I \~ ~N~ >
_01 - ~ o« Ssaell = )
I ., TS smemeeee- 3
~ NN, e =
| - ~~.~.£ ————————————— 3
S : S
32 -0.2 <
2
-
I === qr=0.3 GeV/c
—0.3r wmmr gr=0.5 GeV/c
I = qr=0.8 GeV/c
o4l L
-04 -0.2 0.0 0.2 0.4

XF

Anselmino et al., Phys.Lett. B770 (2017) 302-306
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SUMMARY

« COMPASS successfully collected polarized Drell-Yan data in 2015 and 2018
e Full 2015+2018 combined Drell-Yan TSA data analysis is now completed!
FIRST SHOWN TODAY!

« Sivers found to be positive, ~1 o away from zero
 Transversity found to be negative, ~1.5 ¢ away from zero

* Pretzelosity found to be small and compatible with zero 22 [« compass prefiminary
g H01 - Drell—Yan,NH3 201542018 data
Bkl
« COMPASS SIDIS and Drell-Yan TSAs 0
measurements represent a unique experimental ivase
° . . e 2
input to study the universality of TMD PDFs 0.1 L Torno
4x1072 107! 2x10™

AN
« COMPASS is investigating the TMD PDFs also using weighted asymmetries in SIDIS and Drell-
Yan and the Anin Drell-Yan

e TSAs and An in J/iy region will be presented at DIS 2022
« COMPASS is also extracting the unpolarized asymmetries of the Drell-Yan cross section. First
results from the analysis of 2018 W data already available, and more to come in the future!

Riccardo Longo 36 03/07/2022



THANKS FORYOUR AR nit



’
.
.
. L4
.
.
.
.
o
‘ .
Ll
. . .
.
. .
X p
- ® 5 3 .
.
. % '
. "
. .
. .
1 .
. ; : .
. .
. .
' - L
. . . .
: . ' .
: .
»
p .
A
» - -
. ' '
.
.
. . .
.
.
. -
- .
-~
: .
.
-
. ] .
> . .
J .
"
-

SLIDES

BACKUP




TSAs EXTRACTION

f(0cs)

—oc(F[} +F,]2)(1+Alljcos2 HCS) T AL cos? s

D[f(ecs)] —

14D, A o820 + D, AT cos @ \
[sui s ool fS - All five DY TSAs are extracted
A" sin g simultaneously using an extended
. o A;m(%“"s)sin((pcs ~ ) | Unbinned Maximum Likelihood
[sin26s] sin(pes +0g) - estimator;
+ S, + A sin (g + 5 ) -
" | « Depolarization factors are evaluated

D AT sin (200 — @) under assumption Ay =1;

e || AT (20es+9s) sin (2¢.5 + g ) »  Possible scenarios with Ay # 1 were

evaluated, leading to a normalization

r COMPASS 2015 data [ 4.3<M ,,/(GeV/c 2)<8.5 , .
_ _ uncertainty of at most 5 %;

1} © sssssss o ! o ssssses s
- .0". ’ [ ’ A T
*%s o ° 1+cos20 ° sin?0 o _sin26

0.5 - 14X cos’®  1+A cos’®  1+A cos 6
®)\=10 ®)A=08 A=05

0 | ___©@ 00%g@e¢e-0 - - - | - - __ o 90000000 o _ _
C | ) L P 1 1 1 PR R T A |

107! 1
XN X4

h
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TESTING BM SIGN-CHANGE

« Thanks to a simultaneous measurement ofA(C](;jz‘f’ and A(S]i;(qu_%), COMPASS DY TSAs results can

also be used to test sign change of the proton Boer-Mulders function - as discussed in
JHEP 02,166 (2021)

« Transversity sign is positive, as well as the first kt moment of the pion Boer-Mulders
« Neglecting sea quark effects, the asymmetry is dominated by

cos 2¢ 1(1)i 1(Du
Apy ™ oy Gy ()
« With the indication of the positive sign for the pion Boer-Mulders function from the COMPASS
data on A(SJI;(M_%) and from the gt weighted analysis, one can conclude a positive sign also for

the proton u quark Boer-Mulders function in DY, which is opposite to the sign of Boer-Mulders
extracted in SIDIS analyses and hence in agreement with the sign change prediction

u

=k - e COMPASS 2015+2018, preliminary 0.7F ; . . : :
—|Q~ - — D. Boer, Phys. Rev. D60 (1999) 0 6- —— LFCQM -
R 2 T m=== SPM |
= i 0.5F JAM20
I & 0 45 Torino ] ) (2¢ ¢ )
I s~ 94 ] sin(2¢— 1(Di u
B < 3 ; A Y x —h x )h X
T 5 ; UT 1,7 CRLWEN,
: 0 2 u ]
Op---------4--=--}F===-=--- 0.1 [ 2
T 00 e’ LSS
0 02 04 06 08 1 02 04 06 0.8 1.0
Xp X
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COMPASS: FROM SIDIS TO DY

ATt o Y@ HiLh

COMPASS 2010 proton data

. Compatible Anselmino et al., Phys.Rev. D92 (2015) 114023
Global fit of HERMES - COMPASS - BELLE data

S . SSMSIZQ% posiive plons +<0.03 gfii:ﬁ:::L“; results
0.05F o HERMES 1t* PLB 693 (2010) rescaled by (1-<y>)/(1-<y>+<y>?) CO M PASS/ 0.2 T 0.4 e — — . ;A\“ B
N i ] - Q%=2.4GeV? / \
Of--=--=-= T ORRRI T I T vttt SRR = ‘ 1 - i \
M’*’fééi TR | HERMES for & .1 s %)
—! ~ ~ ~ < Al
N I ! Collins effect % e s _
Q% 0_1_'““” e i_ ' I ' T l I I ° NO QZ evolution ~ ; : i __‘::{ i ———— ; ; tE R ””’:
YT AN AT L N L i } effects? " // 1 ——
RIS U A R0 00 SO .7 LA SN g 9z D4 et il
-0.3 2013 ====e=- - 2013 ---eee |
“ N L 2015
el o QU e ion 102yt : 7 compass R 0*2:1'5 == %toor oo o1 1
_0_1-I o .,(.)...1 . l.-lllill(l\/llESn:l PLB 69'% (2010) r?scaledby(ll <y>)/(1- <)>+<)> )I | X HERMES v i : ¥ 2 )
1072 10! . 0.5 l: () 5 lp ; (GelVS/(‘)
PLB 744 (2015) 250
X 0.178 E%EES 21,5:3% 2009) | (} i A 0.04 | u -| 0.1}
A , .
0.05 % {’i - {)ﬁ * B N*é i ‘ Y L 0.02 [~ )
A Tt
O --mmmmmmmm oo I S . 0 ] “o
* Sivers effectat 2 .
g St b COMPASSis = © B 3
3 g(E)}];AI\I/)ISSSI(KJP);;Lo'l(gSZ 2009 . Z. 0. — i
. P slightly smaller g ™% q \/
Ty it ity H wrtHERMES T [ .
{* é{ * ‘}’}# * o -0.06 = . . 0 I S . TMD Analytical |
T K I results 010t 0] 001 01
X X
1N | = TN B 1 . L= ] | 1 [} 2 evolu‘tion 8
102 0! 03 PR R Qﬁc fo Anselmino et al., Anselmino et al.,
A5 (6n— ¢S) x f Lg o ph €ects: JHEP 1704 (2017)046 PRD 86 (2012) 014028
UT 1T,p 1q
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DY WEIGHTED TSAs

e General formalism firstly developed for SIDIS [A. Kotzinian & P. Mulders, PLB 406 (1997) 373];

e |tallows to avoid assumptions on kr (e.g. gaussian);
e Already measured in SIDIS by COMPASS: complementary way to test the Sivers sign-change!

R.Longo, PoS (DI1S2019) 186

§|§ I?COMPASS npl—uuX [2015 + 2018 Preliminary [ 5 2015 2018
: L 05 % ' | | | ! '
=~ i [ ?
0_"}‘{]"{ “““ £ “““ ?% H] - ﬁz"‘_‘"‘ﬁ""%"ﬂ% ﬁ‘{‘% “““““““““ oo
I A S SO S FU S disisisisistetststtstetstots
%[-NEZ 20k
RN { % | z
LN A B S L B B
T L I s ST
I
R | |
RIS {{] {F i t 1 ! i hﬂ { i
—SE e ] R O L
01 02 0302 04 06 080 02 04 064 5 6 7
N X Xp M [GeV/c?]

e Preliminary analysis using only ~50% of 2018 data
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TESTING SIVERS SIGN CHANGE W/ WEIGHTED TSA

COMPASS, NPB 940 (2019) 34

fl% - COMPASS 2010, preliminary e COMPASS has also measured the pt weighted TSAs in SIDIS;
<2 0.15p o SIDIS, A/ e Alternative way to compare TMD PDFs from SIDIS and DY;
o = - o SIDIS, &
T B
w<D 0.1_
_ . sin — 1 h
ol . Sivers TSA in SIDIS Agpton=os) o fld @ DI
IO . P
: 5" - Sivers WTSA in SIDIS sin(¢n—¢s) 717 Laq(1) h
N R A Apr < Jip 7 x Dig
RN
107
. " ) 5 5005F 2 g
ARG )y (2)Di(2)  xfip 00 = a1 — 0% ;
UT yZ) = q q - — %,
>, /1@ DI | S— \
A N AN
N
/ AN
S — [~ / Ny § o \\\\ N
%~  ]FCTEQ 5D PDFs at Q*(x) of COMPASS 2010 %Q*" - DSS 07 LO integrated over z, at Q*(x) -0.05+ | N .
< llu —d s=% - —d s e —
:_.-ﬁ -d 1_“'u —d —S 10 10 xl
___________ Tst k2 -moment of the Sivers
0.5r ——== function at Q2 = QZsipis(x)
1 107 10" 1
X X
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WEIGHTED ASYMMETRIES: FROM SIDIS TO DY

- Assuming:
= C === u e u quark dominance
520050 " 4 :
~ i . ar Lu(l)
= i SINYS NN 1T,p
! LA T ~ T ru
B ""”_.,,"/’ %x.% f{l;p
O " e No Q2 evolution for Sivers
I ‘\\\\ e Sivers sign-change
! N B
- \\\_,.» flT,p‘SIDIS — _flT,p’DY
-0.050~
_2 _1 ¢
10 10 xl N R.Longo, PoS (D1S2019) 186
15t ki2 -moment of the Sivers SIS " COMPASS 2015 + 2018, preliminary
: &7 - e binsin x
functlonzfroszIDIS data = § 0.4 & bins combined
at Q2 = QZsipis(x) " < - — projection from SIDIS
2 )]
e Preliminary 2015 results, full data sample; ():— ————————— EE— R S
e Preliminary 2018 results, 50% of the sample; -
e Analysis will be repeated with the full 2018 —0.2
sample (same as standard TSAs) E—
-1
10 X 1
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WEIGHTED ASYMMETRIES: FROM SIDIS TO DY

J_ (1) 7] =5 — - Transversity from Collins asymmetries
sm(2(p gDS) (x ) hl,p('xN ) = 0 4 | e Martin, Bradamante, Barone, Phys.Rev. D91
A ( z VA —=Fitax -0 /BO+ e+ 1)

N — 2
d ) f%(x,»fl,p(xN)

valence

102 10! 1

0.4\

[ .
0.2 0.2 b \\\\ 1 ASS um I N g:

[ [ - * uquark dominance

‘;;, (;;', ST e no QZ? evolution

. Ié B - o COMPASS 201542018, preliminary
GRV-PI pion PDF CTEQ proton PDF s —_ D. Boer, Phys. Rev. D60 (1999)
at Q2 = 25 (GeV/c2)?2 at Q2=25(GeV/c2)2 & 2

e Different pion PDFs tested (GRV-Pi, JAM);
e Transversity from different asymmetries

(Collins, Dihadron); ()______?i‘l’_f _____
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As VS Xr

(< L I T T T T I T T T j‘ l I T T T T I T T T | > I T T T T I T T T
3F o COMPASS, nt = 190 GeV/c, W, preliminary 05 ® COMPASS, =190 GeV/c, W, preliminary ® COMPASS, =190 GeV/c, W, preliminary

| — DYNNLO i | — DYNNLO
- 47 <M, /(GeV/c?) <85 . | 47 <M, /[(GeV/c?) <85 1

— DYNNLO
47 <M, [(GeV/c?) <85

[\
[
| |
T
1
T T T T l T T T T I T T T ™+

1 1 1 1 t 1 1 1 1 I 1 1 1 1 I 1 1 1 1

i } i 0.5
1| } ,;

B § i . | i § i i i

= { - I | O —— §=‘ ____________________________________________________________
) S 1 0r i I

L I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 T I 1 1 1 1 I 1 1 1

0 0.5 0 0.5 0 0.5
93 %93 XF
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DILUTION FACTOR

- COMPASS 2015 data

| 43<M,,/(GeV/c2)<8.5|

02/
0.15}
0! 1 "0 0204 0608"6'5"'1"'1'"5"'2"5'5"'""5'""6""5""
Xy X, Xp q. (GeV/c?) M, (GeV/c?)
------- Reconstructed events mn H ) 7? YH

15000

10000

Counts/(1 cm)

5000

lllllllllllllllll

Riccardo Longo

Events from 1" cell
Events from 2™ cell
Events from LLHe gap

Events from LHe upstream 1* cell
Events from LHe downstream 2™ cell

nHO'DY —+ ZATLAJE_YA

—270 —?OO —780 -260 -240 -220

sadley

-
-
e!

[

-200 —180 —160 —140 ~120

*The dilution factor accounts for
the fraction of polarizable material
inside the target volume.

* |tis corrected to account for the
migration of events from one cell
to the other (obtained with MC

simulation);

z, (cm)
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COMPASS: FROM SIDIS TO DY

ATt o Y@ HiLh

COMPASS 2010 proton data

. Compatible Anselmino et al., Phys.Rev. D92 (2015) 114023
Global fit of HERMES - COMPASS - BELLE data

S . SSMSIZQ% posiive plons +<0.03 gfii:ﬁ:::L“; results
0.05F o HERMES 1t* PLB 693 (2010) rescaled by (1-<y>)/(1-<y>+<y>?) CO M PASS/ 0.2 T 0.4 e — — . ;A\“ B
N i ] - Q%=2.4GeV? / \
Of--=--=-= T ORRRI T I T vttt SRR = ‘ 1 - i \
M’*’fééi TR | HERMES for & .1 s %)
—! ~ ~ ~ < Al
N I ! Collins effect % e s _
Q% 0_1_'““” e i_ ' I ' T l I I ° NO QZ evolution ~ ; : i __‘::{ i ———— ; ; tE R ””’:
YT AN AT L N L i } effects? " // 1 ——
RIS U A R0 00 SO .7 LA SN g 9z D4 et il
-0.3 2013 ====e=- - 2013 ---eee |
“ N L 2015
el o QU e ion 102yt : 7 compass R 0*2:1'5 == %toor oo o1 1
_0_1-I o .,(.)...1 . l.-lllill(l\/llESn:l PLB 69'% (2010) r?scaledby(ll <y>)/(1- <)>+<)> )I | X HERMES v i : ¥ 2 )
1072 10! . 0.5 l: () 5 lp ; (GelVS/(‘)
PLB 744 (2015) 250
X 0.178 E%EES 21,5:3% 2009) | (} i A 0.04 | u -| 0.1}
A , .
0.05 % {’i - {)ﬁ * B N*é i ‘ Y L 0.02 [~ )
A Tt
O --mmmmmmmm oo I S . 0 ] “o
* Sivers effectat 2 .
g St b COMPASSis = © B 3
3 g(E)}];AI\I/)ISSSI(KJP);;Lo'l(gSZ 2009 . Z. 0. — i
. P slightly smaller g ™% q \/
Ty it ity H wrtHERMES T [ .
{* é{ * ‘}’}# * o -0.06 = . . 0 I S . TMD Analytical |
T K I results 010t 0] 001 01
X X
1N | = TN B 1 . L= ] | 1 [} 2 evolu‘tion 8
102 0! 03 PR R Qﬁc fo Anselmino et al., Anselmino et al.,
A5 (6n— ¢S) x f Lg o ph €ects: JHEP 1704 (2017)046 PRD 86 (2012) 014028
UT 1T,p 1q
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NLO ISSUES AT LOW g+

NA10 E, = 286GeV |~~~ A
12} ] —v | 151

E866 pd |

| | | |
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 = . : ' - ' '
qT[GeV]

Vogelsang and Lambertsen
PRD 93 (2016)
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ABSOLUTE DY CROSS-SECTION MEASUREMENT

e Unpolarized data-sets from NH3 (summing over polarization states), Al (low statistics)
and W targets open possibilities for further DY studies: 0
e Absolute DY cross-section measurement: - (OMPASS 2015 preliminary

2b 4.7< M, /(GeVic?) < 8.5 _
e Input for pr dependence fit of the DY cross- : Vet
section in global extraction of TMD PDFs (e.g. L5

Counts /0.011

(o))
i O
Bacchetta et al., JHEP 06 (2017) 081) : i
. . 17 N
e |nput for the extraction of the pion PDF (e.g. : v
JAM 2018, PRL 121, 152001) o5k o :
e Comparison with DY cross-section simulations : S
and previous experiments U
e Statistical uncertainties recently in 2020 v
e W data: projected statistical o as0p _ 300
. . S - 0277 < Vt<0.323 DYNNLO E 3 - 0.323 < {1 <0.369 DYNNLO
uncertainties vs DYNNLO g 00 T+ 112 a0 L E
. . ..g 350 E615 data 7; ,.g E E615 data .
SlmU|at|0n and E61 5 data N% 300+++ EOJMl:AdSStzois IWt gttn{; ‘% 200} + +Erf))j?cgedssstatistiscaluntca;rgf:iné
. . 3 ] ) - preliminary .
(after energy rescaling) in T + E P ey E
same bins of v/« S| 5200k o 10185 | ;
? 150 | - - 100F N E
100~ — N, 3 sob- +% e
0F o E | —5
o —o—i - i i i i H —
(11 S S ST S R S S R oprot L
S0 0 0504 05 06 07 08 09 S0 050304 05 06 07 08 09
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ABSOLUTE DY CROSS-SECTION MEASUREMENT

e Unpolarized data-sets from NH3 (summing over polarization states), Al (low statistics)
and W targets open possibilities for further DY studies: 10
e Absolute DY cross-section measurement: A 20t Jreiminary

0/=43 < M, /(GeV/c?) <85
- NH, targets

Counts /0.011

e |nput for pt dependence fit of the DY cross-
section in global extraction of TMD PDFs (e.g.
Bacchetta et al., JHEP 06 (2017) 081)

e |nput for the extraction of the pion PDF (e.g.
JAM 2018, PRL 121, 152001)

e Comparison with DY cross-section simulations * S o
and previous experiments - v

0.277 <t < 0.323
323 <1t <0.369

e Statistical uncertainties recently in 2020
T T = F

8 140277 < £ <0323 DYNNLO, (5= 189GeV ] & 0850323 < vt <0369 DYNNLO, {5 = 189 GeV
g L GRV x CT14 g C GRV x CT14 b
£ . ] g 07 -
g 1.2 COMPASS 2015 NH, target | 2 - COMPASS 2015 NH, target
e [ —+4— projected statistical uncertainty | v\; 0.6 —+— projected statistical uncertainty —
Nb o 1 preliminary ] oo C preliminary ]
M | F0sE =

0.8 - -

- 04 -
0.6 7 - :
C 0.3:* E
e NHjs data: projected 04 . 02f E
. s .« Ls 02E - = 3
statistical uncertainties vs E : : :
: : ] T (SR S S S T T
DYNNLO simulation : : : :
_027\\ L1 I L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L 11 \—[ _0‘1—_ I ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ -
. 0. 0.2 0.3 0.4 0. 0'6 0.7 0.8 0.9 1 i A I S Y A A A A O o

01 02 03 04 05 06 07 08 09 1

X
F
Xp
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NUCLEAR DEPENDENCE OF DY PROCESS

* Unpolarized data-sets from NH3 (summing over polarization states), Al (low statistics)
and W targets open possibilities for further DY studies:

®* Nuclear dependence of the DY process:
e EMC effect. nucleon PDFs modification when inside cold nuclear matter (EMC
collab., Phys. Lett. B. 123B (3—4). 275—-278, 1983);
* Energy loss of the pion quarks when crossing cold nuclear matter
® Cronin effect: dllepton pT broadenmg In cold nuclear matter

1.2_IIII|IIII|IIII|IIII|IIII|IIII| IIIIIIII ]

—~ _ v
N 14t 1.4
= 11 ]
55 L ] 121 forRz(O_W) 1 12
x B - i OnNn, i
B A l
17 -—t—-—:l-—-A 4 & | 17 ‘ || L L 4 L L |l \l
TR e
B . I +_+_ [
B 1 L — - _{ Ow _
07: ] i i forR_(ONH3) . 1
U 7] 0.6/~ 0.6 ;
- —— GRVxCT14 | - wNAI0 140 GeV/c (0y/0p) - 42015 data
T —— EPPS16 ] .+ NAI10 286 GeV/c (O /o ) . R
R ] 0.4+ COMPASS 2015 + 2018 data 04 *2015+2018 data
R 4 7| L1 1 1 ‘ L1 11 ‘ L1 1 1 ‘ L1 1 1 ‘ L1 1 1 ‘ L1 11 | 11 7\ L1 | L1 ‘ L1 1 ‘ L1 1 ‘ L1 1 ‘ L1 1 | L1 1
06 ‘II 1| Ic)|2| | | |()3| [ b|4|' [ |()|5| (| |()|6| | | I()|7I 11 IC)8| (| 109 O 0‘1 0.2 0.3 0.4 0.5 0.6 _0.2 0 0.2 0.4 0.6 0.8
X X Xp
Arleo et al. COMPASS projected statistigal COMPASS projected statistical
JHEP01(2019)129 J

error for EMC effect (W/NH3) error for Energy Loss (W/NH;)

EMC & Energy Loss effects compared with NA10 results

predictions for COMPASS (W/NH?z)
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COMPASS: FROM SIDIS TO DY

COMPASS 2010 proton data

COMPASS positive pions x<0.032 preliminary

° COMPASS positive pions x>0.032 preliminary N
0.05F @) HERMES ™ PLB 693 (2010) rescaled by (1-<y>)/(1-<y>+<y>~)
O-4-;-¥-4 B ST RLIEE SRR P T OO R EE R sin +
{’%f@éé 9&%‘?{@%%{ éfqgéé‘}@%é {ﬁ AUTS¢h bs) X hﬁll D X HlJZ]h
« Compatible results o tor ¢l : }

COMPASS/HERMES for ;zi RSOV S S
Collins effect < éi L }

0.05F - L é
. 2 | ? § 4.} Byl o & .
No QZ? evolution effects Iy prle | T }____{____@_é_______} ______________ S ol
'\E [ COMPASS
~0.05 RN o <, | HERMES
. COMPASS negtive pions 50,032 preliminary ,
_0'1_. o ..(.)...| . klll::,ll{II\./IlES TtI PLB 69.? (2010) rlescaled byl(=-<y>)/(l-l<y>+<y>')I |
0T w00 05 03 1[){;. PR i
PLB 744 (2015) 250 |
o B COMPASS * x<0.032 ’
AR v g 2009) | % B
0.05- %;%ﬁi - i %# * i éé*i : {’} ‘
§ ¢ QAN
o) I A S i_ _________ | ___*_?_?_ ______________ }____ _é_{ff _______________________ 1 ‘\\ e R
- Sivers effect at COMPASS N N -
H H —0.05¢ [ R L . L ! L 1
is slightly smaller w.r.t Y vy & -
~ ® COMPASS K" x>0.032

HERM ES results O HERMES K'PRL 103 (2009)
« Q2 evolution effects? " Sy [ «H%ﬁ%} % B #* 211 + sin(¢n—¢s) 1q h
|t iﬁ_é{{’}{ ___________________ E}# o Ay X fir,®@D
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