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THE COMPASS COLLABORATION

» Fixed target experiment

« CERN SPS North-Area
(M2 beam-line)

» First data taking in 2002

2022 run just started!

Phase |

Phase Il See talks by
« 2012 -2022 A.Moretti,).Matousek,

» Primakoff + DVCS pilot run (2012) SRS, o R0 BT
e Drell-Yan (2015, 2018) > This talk
» DVCS + Unpolarized SIDIS(2016-2017)

* 2002 - 2011

» Hadron Spectroscopy

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

See talk by
F.Bradamante

» SIDIS on Transversely polarized D target (2021-2022)
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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 (kr) dependent TMD PDFs.
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Boer-Mulders

Sivers

Transversity

Pretzelosity

TMD PDFs can be accessed through
measurement of target spin (in)dependent
azimuthal asymmetries both in SIDIS and
Drell-Yan
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TRANSVERSELY POLARIZED SIDIS CROSS-SECTION
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See talk by F.Bradamante
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SINGLE POLARIZED DRELL-YAN PROCESS

Leading order QCD parton model expression of the
Transversely Polarized DY cross-section
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SINGLE POLARIZED DRELL-YAN PROCESS

Leading order QCD parton model expression of the
Transversely Polarized DY cross-section
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COMPASS SETUP FOR DRELL-YAN

ECAL1
HCAL1T Muon
RICH Wall1 SM2

SM1

NN

Polarized

* Enforced LAS tracking (DCO05,
PixelMicroMegas), new DAQ ...

T beam 10°
* Pr : 190 GeV/c, intensity 108Tt-/s E | COMPASS preliminary
& O 43< M, /(GeV/c?) < 8.5
Target # of cells Polarization =
N H; 2 T, ~73% g 4r
5 |
» Polarized DY Data takings: " 25 NHs JJ
* 2015 run ~4 months; w Y %
» 2018 run ~6 months; 00 200 T o

T
300 200 -100 0O 100
* The polarization was reversed z (cm)
after each week;
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DY AND SIDIS CROSS-SECTIONS @ LO

SIDIS on transversely polarized nucleons Pion induced polarized Drell-Yan
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COMPASS SIDIS-DY BRIDGE

SIDIS on transversely polarized nucleons Pion induced polarized Drell-Yan
COMPASS 2007, 2010 pu+p'—=p'+h+X | COMPASS 2015, 2018 T +p —>,u Tum+X
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10

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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COMPASS: SIDIS IN DY RANGES
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* Dedicated 2D-analysis performed by COMPASS dividing Lo A7 A
. -3 ) -
Proton 2010 data into the 4 DY Q2 ranges 10 0 10 R

* SIDIS TSAs extracted for each Q2range
e Sivers in HM range shows a non-zero signal for h+
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DRELL-YAN MEASUREMENTS @ COMPASS

l. 1 <M;p/(GeV/c?) <2, “Low mass”
* Large background contamination.

II. 2<M,,/(GeV/c2) < 2.5, “Intermediate mass”
» High DY cross section.
» Still low DY-signal/background ratio.

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

------- Jhy (MC)

------- V' (MC)

e Open-charm (MC)

- === Drell-Yan (MC)

Total MC + Comb. background
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S

10°
. 2.5 <My,/(GeV/c2) <4.3, “Charmonia mass”
» Strong J/{ signal » Studies of J/{ physics. 107 e
» Good signal/background. 10 e
IV. 4.3 <My,/(GeV/c2) < 8.5, “High mass” TS P NN l |
. , 0 4 6 8 10
. Beyond J/{ and |’ peak, background < 4%. My, (GeV/c)

Valence quark region » u-quark dominance.

* Low DY cross-section =~ COMPASS 2015 data
% 10% = Drell-Yan NH;
g LC.
i<
10
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J/W MEASUREMENTS @ COMPASS
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DRELL-YAN MEASUREMENTS @ COMPASS

C{)\ § —— COMPASS 2015 NH, data
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 Low DY cross-section
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HM events are in the valence quark region
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DRELL-YAN MEASUREMENTS @ COMPASS
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2015-2018 PHASE SPACE COVERAGE
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Same kinematic coverage of 2015 and 2018 data!
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DY HM TSA RESULTS: TRANSVERSITY

sin(2¢cs —@s ) Lq q
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COMPASS | Drell-Yan, NH, - 4.3<M,,/(GeV/c?)<8.5¢
n% 0.5 preliminary | « 2015 =2018 data i i _
9 : .H | | H | |
S Op T #} “““““ % “““ ﬂ- “““““““ A PO
5 | H‘ﬂ | ﬂ ; - ! | t 3 | H# +
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* Full re-processing and combined analysis of 2015 and 2018 data samples

 Agreement between results obtained from 2015 and 2018 data separately
» 2018 sample characterized by somewhat larger systematic errors

* In the following, combined 2015 + 2018 results are presented! NEW
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DY HM TSA RESULTS: TRANSVERSITY

AP %) oo BT @ B DY - HM range ® COMPASS, 2015 +2018 Full Data Sample NEW!
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Riccardo Longo 17 05/27/2022



DY HM TSA RESULTS: PRETZELOSITY
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DY HM TSA RESULTS: SIVERS

sin @ 1
A o f1 & fi0 DY - HM range ® COMPASS, 2015 + 2018 Full Data Sample NEW!
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COMPASS, PLB 770 (2017) 138
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DY HM TSA RESULTS: SIVERS

n 1
A o fiT® fi DY - HM range ® COMPASS, 2015 + 2018 Full Data Sample NEW!
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Sivers asymmetry i
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. JHEP 02(2021)166

predicted change of sign for v .
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sign change
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DY HM TSA RESULIS VS PREDICTIONS

i COMPASS [ Drell-Yan, NH3 4.3 <M, /(GeV/c?) <8.5]
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* Curves taken from JHEP 02, 166 (2021)
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DY HM TSA RESULIS VS PREDICTIONS
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DY HM TSA RESULIS VS PREDICTIONS
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G < CprEeset | 0 s
LT o : ! [ . — LECQM
—02__ JAMz() B B : - ?Eﬁm
i Torino - i 01+ Torino
Py : : 4x107 107" 2x10™
w02 - y N
o +, - ' ~, .
— RS L i l ? - « COMPASS preliminary
3 % O-_JEHEP_OE(£0§13166_ -0 __ ________ - __ - 1_ -7 % ~  Drell-Yan, NH2 data
o 7 - —— LFCQM } - } L } g - 0.01F
Q < - - - .SPM g 0 o= —e—{ e
S -02F _ . trcres B - B |
m : — = SPM-LP15 i I I < 0z 024 06 P
L | JHEP 02(2021)166
1 1 | 1 1 1 | - LFCQM
> e SPM
= - —0.]1 -~ LFC-LPI5
ﬂ o~ 0.21 | --—- SPM-LPI5
|
w |75} | | | L L |
> g O jtEp 022021166 10~ 0™
N = ! (2021)166 XN
c Z - —— LFCQM
e~ < 0 2'_ - - SPM — _
- T oL B LFCJAM20 % s + i =S .« COMPASS preliminary
— - B8 SPM-JAM20 i i % 'y, _  Drell-Yan, NH, data
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107 107 1 10" 1 0 02040608 = <
xN X xF <C 0.1 i
~ Y7 L JHEP 02(2021)166
- —— LFCQM
e SPM
* Curves taken from JHEP 02, 166 (2021) =02 s LR 1AM
- E255 SPM-JAM20
* Results in general agreement with available theory predictions 10° 10"
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T8As : HIGHER TWIST
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% o (Fl+ FE) (14 4} cos0s) X <

-
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2
+ D[sinz gcs} A[c]OS e cos 2¢CS + D

+ S;

A" sin @

+ D[sin2¢9cs] (

+D; ,
[sm Hcs](

AT (Pes05) i (Pcs —@s) J ..
+ A es) sin (@5 +05)
ASP29es705) g (20c5 —95)
N A;in(2¢c5+¢s) sin (2gocs 2 )J

c0s ¢
[sin26 ] AU COS Pc

3

Jd )

Two higher twist
asymmetries

Extracted simultaneously
together with the other three
TSAs;

COMPASS
preliminary

1

 Drell-Yan, NH,
- 2015+2018 data

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

-

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

A | L L Ly
COMPASS [ Drell-Yan, NH,
' pr(Fliminary 201542018 dTaJ -_ } } : }
e el i Ll .|:. L L | IR 1 N B B
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!
PLB 770 (2017) 138 COMPASS Dlrell—Yan,NH3
201542018 data preliminary
h+ 16<Q2/(GCV/C)2<81 :___T _______ 74.3<MMM/(GGV/C )< 8.5
1 (x) =0.238 : ASTm(“’s) e
_________________ Ah '
Sin(p,~ ¢y g sin(2, g+ 09 e
Aot Ar |
sin(q)h+ q)s— TT) . o
k sin(29_ .~ 9. ———
UT '_._| AT CS S
sin(3¢ — ¢.)
" q)S '_A_|'_._' sin(q)cs+ (I)S) o
UT I | I I I [ 1 [ 1 | I T |
005 0 005 | .
sin(¢ .~ ) 3
<A> Ar ____ I N R
-0.2 -0.1 0 0.1

0.2
. . (4
* Full 2015+2018 combined Drell-Yan TSA data analysis is now completed!
» Sivers found to be positive, ~1 ¢ away from zero. Results favour the sign-change of Sivers TMD-PDF
* Transversity found to be negative, ~1 .5 ¢ 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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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!

in sin q 1lg
I3A Ay o fif @ DI, Ar PP f1 2 ® fir,
AR o WDl AN TN o D)

See talk by F.Bradamante R.Longo, PoS (DIS2019) 186

005 ——d S " COMPASS 2015+18, preliminary
= - L &7 - e binsin x

I %, g g 0.4 5 bins combined Results to be

ok-="7 < - — projection from SIDIS _

: \\\ S Assuming: 0.2f l l updat(?d with the
os R + uquark dominance N S analysis of the full
S + No Q2 evolution for ; 2018 sample (same

x Sivers _ook } as standard TSAs)
1st k2 -moment of the Sivers  « Sijvers sign-change T
: 10 1
function from SIDIS data Lu | _ _glu XN
1T plsiDis 1T, pIDY
at Q2 = Q2%sipis(x)
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DY UNPOLARIZED CROSS-SECTION

o General expression for the unpolarized part of the DY cross-section: Collins-Soper
N 31 Frame
- . I’ 2 jos i
— = [ + A cos> 6 sin260cg cos —sin” Ocgcos?2 ’
1O 47nh+3 [ + Cs 1 U SIn 20cs Cos Pcs + 5 St ocs (PCS] E
3 Unpolarized / ________ fo
Asymmetries 1 — A Ll/ LU= Agxs @cs oy = 214((:]05 2¢cs os
(UAs) :
e Values of A, p and v depends on the reference frame definition.
e AtLO of Drell-Yan process, the virtual photon is produced purely by [ 0777 ]
the electromagnetic ¢ + ¢ annihilation. Ul cev/er < M) <17 Gev/er |
A= 19 H =l = 0 %-6 ) m
é’ 1.4 ++ + + ,
. . =, it Wt
e Lam-Tung relation [PRD 18(1978) 2447]: * Prtgtye g ot
1 _ /1 — 21/ :: A=0.96 £ .04 + .06
T 08 05 04 -02 - 02 04 06 08 1
o Reflects the spin 1/2 nature of the quarks; ENAL E772 Data
e Analogous of Callan-Gross relation in DIS; (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

lg _

NA10, - (194 GeV) +W, Z.Phys.C 31, 513 (1986) hl = ak @, - @
s Fo Edsspeanisondevic | | ]
2 -x NA10 ©+W at 194 GeV/e ¢ E615n'+Wat252GeV/c-: ° Sizab|e V asymmetry Strongly dependent on qT

R = : [ 3 5 measured by different experiments in 1 induced DY.
IRAEES e e — - y e P |

e e (Can be explained in terms of non-perturbative Boer-

o § ! { ; Mulders effect;

ACOSqu 2 x hJ_q(p) R hJ_q(n_ )

05 | .
oS ST ST S U ST S T N ST U N (ST S UNE S NS UNN SNT AN SN AT AT N SN UNT NN AT SN S A
T L o B B e e
: { : 0,10 e e
5 F ) : [ — LFCQM Z
R E 0.08 - SPM | JHEP 02,
. 3 s | LFC-BMP10 .
os ; N 0.06f SPM-BMP10 1 166 (2021)
1 E = S : : cos 2¢ e
o S A A A . A BB | o
F { . = ool Ay, ~? prediction
=~ | 5 I ] [ for COMPASS
1 T I - § . _ . .
l;— 0 :'Er_"ﬁ"‘?"*'_'g'_"“‘g"" """"""""""""""" ] 0-02: kinematics
&} - .
2 | . 0.0
..... T FETTE FUETE FTUETE FTTTE FTTEE FTTee
0 0.5 1 15 2 2.5 3 3.5 4
p; (GeV/c)

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

CMS, PLB 750 (2015)  cwspi<io| |

1
: !

\\%;L,_\;;%_, :

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

CDF, PRL 106 (2011) cor| ]

—l_;_\\\_n;\%

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

M.Lambertsen and W.Vogelsang
PRD 93 (2016)

Riccardo Longo

 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?

o At lower energies - and much lower <qgr> - the picture is
far to be clear - more data are needed!
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UAs: NLO & NNLO EFFECTS?

" CMS, PLB 750 (2015)

CMS |n| <1.0|

| | | |

| | | |

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

0.6

CDF, PRL 106 (2011) cor|

L
0.2 =

ﬁ
0 —
1 1 1 1 1 L L L
0 10 20 30 40 50 60 70 80 90
qr [GeV]

M.Lambertsen and W.Vogelsang

PRD 93 (2016)
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Sizable v asymmetry strongly dependent on gralso
measured by different experiments at colliders (CMS,
CDF)

Room for explanation in terms of NLO and NNLO effects
Still room for non-perturbative Boer-Mulders effect?

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

NA10 © +W at 194 GeV

L R AL L 06T 1
15 ® NLO
1 o NATG 0.4 .
ey — = B il
“osk | e | =02 W.Chang,
' Ty, _ R e ——— _!
e 0=+ R. McClellan,
o I ::ﬂ o2 v vty
0 2 4 6 0 2 4 6 J.C.Peng,
_(GeV _(GeV
1 (e 1 (e O.Teryaev
L LR L L I AL L
0.75| 1 o5k _ PRD 99,
_ 05 e & H 1 014032 (2019)
0.25 = I T+
' B |
O | -05F I
L I L I I
0 2 4 6 0 2 4 6
d; (GeV) q; (GeV)
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UAs: COMPASS INPUT

counts / 0.05

counts / 0.20 (GeV/c)

x10°

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

= data
—MC

0 0.2 0.4 0.6 0.8

X
x10°
— COMPASS 2018 W, preliminary
. 47< M, /(GeV/c?) <85
- LAST-LAST
= data
- “MC
—a—
| | | |
1 2 3
q, (GeV/c)
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COMPASS preliminary
Drell-Yan 2018 data (~50%)
43 <M, /(GeV/c?) <85

I~

\

counts / (1.25 cm)
o

I A I BN D ¥
[
-
(OV)

y YW §.

-300 -200 —-100 0
z (cm)

e 1t-(190 GeV) + NHs: analysis ongoing
e - (190 GeV)+W: preliminary results
e 70% of 2018 data
e “reduced” HM range due lower mass resolution for events in W,
47<M,,/(GeVic*) <85
e First 20 cm of W to minimize effects of reinteraction of secondaries
* Angular distribution of unpolarized Drell-Yan event corrected for
acceptance making use of Monte Carlo (MC)
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T+ W: UNPOLARIZED ASYMMETRIES

Y.Lien, SciPost Phys. Proc. 2021

< 3L e COMPAISS,JI‘I19(I) GeV/lc,W,plreliIIninaryl i = T CIOh4leAjSS,In‘I19(; G;V/lc,“l’, plrelirlnii-llaryI T I, cIOMPAIss,In-Iw(I) GéV/Ic,V\I/, plrelillninlaryl 1
- 0 NAI0, 7194 GeV/c, W . 0.5 5 NAI0, %~ 194 GeV/e, W | - 0 NAIO, 7t~ 194 GeV/e, W
[ O E615,n7252GeV/c, W i [ © E615, 77252 GeV/e, W [ o | | L © E61S, @252 GeVie, W ]
[ DYNNLO ] - — DYNNLO 0 . [ DYNNLO { ]
! N A
IR S I i
. T T [ 0 I : =X ? $ i 0.5 B
T Q 1 T i
Tt 4 il _ ;
: : or
- 05| -
] - I |
- N T I B RS S S T S D S S AP R R B
1 2 3 1 2 3 1 2 3
q, (GeV/e) 9, (GeV/c) q, (GeV/c)
e DYNNLO pQCD calculation not enough to well describe the < b S%m's;s{;—c} 193/Gévz/'c,v'v,p;eng%ry' j
v-dependence measured by COMPASS I [ EeIsx052Geview ‘ ]
o L —— DYNNLO -
* Room for a non-zero TMD Boer-Mulders effect E T | :
e DY input to study sign-change of the Boer-Mulders function S ; {; .
.. . . . 1 I S SO ]
e A, u,vpreliminary results from COMPASS indicate a possible Oy T3 *
violation of Lam-Tung relation :
. . . . o -1 .
e Consistent with results obtained by previous pion-induced DY : 1 o 1
1 2

experiments 7 (GeVio)
T
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SUMMARY

» COMPASS successfully collected polarized Drell-Yan data in 2015 and 2018

* Full 2015+2018 combined Drell-Yan TSA data analysis is now completed! NEW RESULTS!
» Sivers found to be positive, ~1 6 away from zero
» Transversity found to be negative, ~1.5 ¢ away from zero
* Pretzelosity found to be small and compatible with zero

gm | ® COMPASS preliminary
s O 1 . Drell-Yan, NH_, 2015+2018 data
5 € . i 3

» COMPASS data favors the sign-change of Sivers
TMD PDF

» COMPASS SIDIS and Drell-Yan TSAs measurements - Lrcow
represent a unique experimental input to study the :

7—<—~JA1\./I2O
. . 0.1 | _---Torino
universality of TMD PDFs I |
4x107° 107! 2x107!

AN

» COMPASS is investigating the TMD PDFs also using weighted asymmetries in SIDIS and Drell-Yan, as
well as extracting TSA and the Anin the J/{ region

» COMPASS is also extracting the unpolarized asymmetries of the Drell-Yan cross-section. First results
from the analysis of 2018 W data are already available, and more to come in the future!
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MONTECARLO FOR ACCEPTANCE CORRECTION

- x10°
g - COMPASS 2018 W, preliminary
Z [ 47<M,/(GeVic?) <85
wn L
I= LAST-LAST
g 2 = data
S |
[ =MC
1
0 1 1
0 0.2 04 0.6 0.8
X
_ x10°
§ 3~ COMPASS 2018 W, preliminary
® [ 47<M,, [(GeV/c?) <85
; - LAST-LAST
S , = data
S 2 g = MC
> I
s:‘ i
= B
@)
> L
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

x10’

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

— LAST-LAST

p—
W

= data
—MC

[
T

05k

M, (GeVic?)

37

- X100
g - COMPASS 2018 W, preliminary
I [ 47<M,/(GeV/c2)<85
95]
£ 31 LAST-LAST
= i = data
8 L
i —MC
2
1 i
0

0.2

e Angular distribution of
unpolarized Drell-Yan event
corrected for acceptance making
use of Monte Carlo (MC)

* Good M(/data agreement
achieved for all the MC

distributions related to the W
target
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DY HM BONUS TRACK: An

* 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,
lr —
S| Ny + N, A 17 d4qd¢s dps — [* d4qd¢s djs 24y
do 19Tl [ e dgs + [ dps 7™
x oy (1 + |ST|AN sin 0 d4 m d4qd¢
d*qdos U ( ‘ T’ N (QbS))
‘32  COMPASS Drell-Yan [ 43 < M, /(GeV/c?) <8.5 [ 2015+2018 data [ [
: preliminary
T I A
of ----- l --------------- HI ------ j ---------- l ----------- - l} --------- { ------ NEW RESULTS!
o2 _ ; _ ; ;
cl e ll ot e e b e b b e Iy |
107 10" 1 10" 1 0 0.5 1 2 3 4 6
N e Xp q. (GeV/c) M (GeV/c?) integrated
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TESTING BM SIGN-CHANGE

« Thanks to a simultaneous measurement ongijd’ and A;};(z‘ﬁ_(f’s), 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)iu 1L(Du
Agy ™ o hy 7 Oehy ()

« With the indication of the positive sign for the pion Boer-Mulders function from the COMPASS
A SinQe—dy)
UT

data on 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 0.7¢ ; . . : :
—|Q~ - — D. Boer, Phys. Rev. D60 (1999) 0 6- —— LFCQM -
R 2 T m=== SPM |
= 0.5F JAM20
- S 0 4_ Torino _ . (2¢ ¢ )
I 3 04 : sin(2¢— 1(Di u
B < ] ; A S x —h x )h X
1_ S 0.3E 5 UT l,ﬂ'_ ( 7[) Lp( p)
: 0 2' ]
OFb------c-cfocF=2---- 0.1 [ 4
: lllllllllllllllllll 0-0-1{, ............
0 02 04 06 08 1 02 04 06 08 10
Xp X
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DRELL-YAN TSAs EXTRACTION

N

A% gin @,
X 4 +D[Sin29CS] Sin(‘Pcs"'(/’s) .
+ S, + A sin (@ + @)
A;in(2¢cs ~0s) sin (2¢CS — @ )
+ ])[Sin2 0, } sin(2 + ) .
S+ AT sm(2¢cs +¢S)
COMPASS | Drell-Yan, NH, 14.3<M ,,/(GeV/c?)<8.5 |
Py preliminary [ 2018 data [ [
~ 1-— 8 888sd00 o ! C000ees | o osssbes
$ ' o0’ o % e,
8 o ..0.. .“.. $oss o o
8 osf _
O____._._._.._..... _______________ Y L) _:_ o g0000® 0O o |
Ll . P B S R | ! PR S N AU I T T T NS A A MO M
107! 1 107! 1 0 02040.60.8
AN X Xp
Riccardo Longo 40

f(f0cs)

1+ A}, cos?0cs

D[f(ecs)] —

 Allfive DY TSAs are extracted
simultaneously using an extended
Unbinned Maximum Likelihood estimator;

 Depolarization factors are evaluated
under assumption A =1;

+  Possible scenarios with Ay =1 were
evaluated , leading to a normalization
uncertainty of at most 5 %;

® 1+cos?0 ® sin?0 o _sin26
2 2 2
14A cos® 1+Acos™© 14+Acos©

®)\=10 ®)A=08 A=05
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DILUTION FACTOR

- COMPASS Drell-Yan{4.3<M,,/(GeV/c%)<8.5 |
0 25| NH; data preliminary | '
e 2015 '
ro 2018 . - -
- 02k i - °
i) j GQ%G GGQQOQQ . GGGGOGG L ZQQGQGG e ©
L e I I L
0.15F j j _ _
102 100 1 107 1 0 02040608 05 1152 25 5 6 7
Xy X, Xg q.. (GeVlc) M, (GeV/c?)
DY
nNpo . _ g oL
f = *The dilution factor accounts
nHO'DY —I—ZANAO'DY . :
T—A for the fraction of polarizable
a0 material inside the target
g 120?
S volume.
@ IOOj
‘§ % * |tis corrected to account for
T Wb the migration of events from
ol one cell to the other
oF (obtained with MC
o e A simulation);
-300 -250 -200 -150
Z (cm)
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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!

R.Longo, PoS (DI1S2019) 186

wig 1;’COMPAS.S T pl—u U X [2015 + 2018 Preliminary [ 3 2015 02018
< 05 | | } | -
<C - I
O‘—}—{]——{-{]--——i%————— ?E{] i% ——}%———————{}————%———{% 7 %%-{-E}]—------%---- —————— S
_Q5E---m e e T PR b - B Rttt . Results to be
@5 20_‘ """""""""""""""""""""""""" updated V\{ith
= j } ! j { j { j } [ the analysis of
E R A S L b1 BRSO ST PSS bt the full 2018
0 3 Ploooge t
T i t i % ? k % . % % % sample (same
R D et s s b e WGt abeususs e —— as standard
®1§ st TSAS)
s 1 1 !
F = OF-+--- R S {1 % ———————— } % R St e
< % } { E
| e S
01 02 0302 04 06 080 02 04 064 5 6 7
N X Xg M [GeV/c?]
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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 pr weighted TSAs in SIDIS;
¥ OE PR o Alternative way to compare TMD PDFs from SIDIS and DY;
B -
'QQ:D 01_ .
: L- + Sivers TSA in SIDIS ASOn=05) o pld @ ph
0.05] y S N q
: - * Sivers wTSA in SIDIS SI(Ph —¢5) 27 Lq(1) h
LT ¥ Apr < Jip 7 x Dig
:.i...l t.*.T.....I L
107 10" 1
X = [
S 2005 " 4
2 p1lq(1) c =~ -
ASin(Cbh_ﬁbS)f_z\E (CL’ Z) _ 2Zq CqlaT (QZ)D%(Z) X IJ_T(I)q(x) = aqxb"(l — X)% R )
o | >, e /1@)DI(:) NSRS
N
> — F > \\\
‘: 1[-CTEQ 5D PDFs at 0°(x) of COMPASS 2010 %Q*" f DSS07LO integrategi over z, at Q*(x) -0.05 | \‘. o
cu e e T 4 5 1072 107 1
i 1- X
_____________ Tst kr2 -moment of the Sivers
0.5F — function at Q2 = QZipis(X)
1 107 10" 1
X X
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WEIGHTED ASYMMETRIES: FROM SIDIS TO DY

— T e s
50050 " g
~ - 7
oF~""
i NN
i \\\
L \\\‘
_O.Os_llllll | ||:| A L
1072 10" 1

1st k12 -moment of the Sivers
function from SIDIS data

at Q2 = QZ%sipis(x)

e Preliminary 2015 results, full data sample;

e Preliminary 2018 results, 50% of the sample;

e Analysis will be repeated with the full 2018
sample (same as standard TSAs)

Riccardo Longo

Assuming:
* ¢ quark dominance
Lu(l)
T ™~ U
fl,p

e No QZ evolution for Sivers
e Sivers sign-change

1lu . rlu
1T, plsiprs — 1T, plDY
“3 R.Longo, PoS (D1S2019) 186
SIS " COMPASS 2015 + 2018, preliminary
&2 - e binsin x
g . 0.4 5 bins combined
" < - — projection from SIDIS
0.2 l l
of - T S
0.2 +
! L co |
107! 1
AN
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WEIGHTED ASYMMETRIES: FROM SIDIS TO DY

1 (1) u u & =5 - Transversity from Collins asymmetries
sin(2q0—qos)% hl T (xn) hl,p(xN) A = 0.4+ e Martin, Bradamante, Barone, Phys.Rev. D91
A (X . X ~ —2 Z . —Fitax?(1-=x)/Bb+1,c+1)
T b % N U U .y = =
I f ) N _

‘/\ 3 | |

o

:0'6; valence
S . T T I
F \\M\ Assuming: g
s \ e uquark dominance
Ol e no Q2 evolution
2 - e reliminar
GRV-PI pion PDF CTEQproton PDF 5% [ D Boer, Phys. Rev. Do0(1999)
at Q2 =25 (GeV/c2)2 at Q2 =25 (GeV/c?)? £ 20
e Different pion PDFs tested (GRV-Pi, JAM); Ir !
e Transversity from different asymmetries I .
(Collins, Dihadron); OF--------- T--‘l’-T -----
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COMPASS SETUP (PHASE 1)

ECAL1 ECAL2 Muon

HCAL1T Muon HCAL2 Wall 2
Wall 1 \4 \

SM1 RICH

N

Polarized
Target

» High tracking power: ~350 planes (GEMs,
SciFis, DCs, MWPCs, MicroMegas, Straws);

p*beam * PID via RICH and Calorimetric measurements;
* Pu+:160 GeV/c, intensity 2 - 108 p*/4.8 s » Two-stage spectrometer
* Large Angle Spectrometer (LAS)
Target # of cells Polarization « SM1 magnet (1T-m), 6 up to +180 mrad
NH; 3 T, -80-90%  Solid state » Small Angle Spectrometer (SAS)
NI transvgrsely . SM2 magnet (4.4T-m), 6 up to +30 mrad
L \ 4 4 p(;;arg;(t%d - Data were collected simultaneously for the two
T 4 2+ ) 4 (2007, 2010) target spin orientation
: " : . * For transverse program, the polarization was

z[cm]

reversed after each 4-5 days
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