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Nucleon structure: Transverse momentum dependent PDFs

Number density.

e Parton distribution functions (PDFs) .»_'»

e Structure in longitudinal momentum space. Helicity.
o f(xz,Q?), the dependence on Q? calculable.
o Transverse Momentum Dependent (TMD) PDFs: |
o If parton intrinsic kT is not integrated over,
o “three-dimensional” objects f(z, k%, Q). Transversity.

Parent hadron polarization

Unpolarised Longitudinal Transverse
- f1(@, kT) fip (e, k)
Par- (number density) (Sivers)
ton 91 (@, kF) 2
L (helicity) g7 (@, k)
po- hi (@, k) ha (e, k)
lar. T (Boer— Mulders) hf‘L (z, k:?r) (transversity)

h%T(mv k%‘)
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Parent hadron polarization .
Longitudinal Transverse -

Unpolarised

F1(x, k) Fiz (@, k) ;
Par- v (number density) (Sivers) Sivers PDF.
ton 91(z, k) 2
L (helicity) g1 (x, k) k,
po- hi (2, k%) ha (. k3) ‘. - .
lar. T (Boer—Mulders) hf‘L (z, k?r) (transversity)
Boer-Mulders PDF.
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Nucleon structure: SIDIS and Drell-Yan processes

j >
J s | [ x
7ot S
SIDIS on transversely polarised nucleons Drell-Yan on transversely polarised nucleons
o COMPASS 2007, 2010: up' — p'hX. o COMPASS 2015, 2018: 7 p| — p~ T X.
o Structure functions F: (1st ever polarised Drell-Yan)
F =PDFqp @ FFqp. o F=PDFqp ® PDF; .
o For example: o For example:
o FC3%h and FLos20n linked to his, o FE20 — pt @hi,
in(¢p, — . sin ¢
o Fipgh ™) = jiv, @ DIy © Fr' %S = fix® fit,

cin + sin(26—og) _ 5 1
o FUT(¢h+¢s) =hi,® HlL,h o F s) — hi - ®hip.

)
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SIDIS on transversely polarised nucleons Drell-Yan on transversely polarised nucleons
o COMPASS 2007, 2010: up' — p'hX. o COMPASS 2015, 2018: 7 p| — p~ T X.
o Structure functions F: (1st ever polarised Drell-Yan)

F =PDFqp @ FFqp. o F=PDFqp ® PDF; .
o For example: o For example:
o FC3%h and FLos20n linked to his, o FE20 — pt @hi,
in(¢p, — . sin ¢
o Fg;(?h bs) _ fiv, ® DI o Fr (; :d)f)l.,ﬂ- ® Fim,
sin + sin(26—65) _ 1
o FUT(¢h+¢s) =hi,® HlL,h , o F s) — hi - ®hip.

A sign change predicted
for Sivers and
Boer—Mulders functions:

Firlsps = i |
o 1T ISIDIS 1T DY
oG 1gq dq
=~ moving towards h = —h
the screen 1 |SIDIS 1 |DY

. . J. Collins, Phys.Lett. B536
Sivers effect in SIDIS (as described by [
(2002) 43]

[M. Burkardt, Nucl.Phys. A735 (2004) 185] y
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Transverse spin asymmetries in Drell-Yan: Cross-section

@ Cross-section, LO TMD approach [s. Arnold, A. Metz, M. Schlegel, Phys.Rev. D79 (2009) 034005]:

dopy
d:cﬂ-d.rqu%dqbsd cos 0d¢

- C’O{(l + cos? 0) Py + sin? 0 cos 26 IG5 29

+ ISl {(1 + cos? 0) sin o " 7S

+ sin? 0 sin(2¢ + ¢S)F;i“(2‘b+d’s)

7 (Pr)

+sin2 0 sin(2¢ — ¢S)F;i“(”’¢s)] }

L—
G(27Pr + k) X
q(xy Py + kn)
.

Sy =
T q >
/.

¢s angle in target frame.

¢ angle in Collins—Soper frame.
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Transverse spin asymmetries in Drell-Yan: Structure functions

@ The structure functions F)[(mod] can be interpreted as convolutions of TMD PDFs.

o In particular, for COMPASS 2015 (7~ p' — u~putX) we have

r = C{j] . j],pjl, (number densities)
08 2 2(a1  knr)@T - RpT) — 0% (ke “kpT) | L
FG° ¢ = C{ = = = hix h’],p]’ (Boer—Mulders functions)
2 M Mp
sin ¢g qT (Sivers function and number density)
Fr = c{ flwflT,p]v . .
qTMp (Boer—Mulders function and pretzelosity)
pEn(2etés) _ 6{2(?1“ kpT)[2(aT  kxT)(@T - kpT) — 02 (kp - kpT)] — a3 pT(qT krT) S
T 243 M 02 "1, hiTp |0
F;in(2¢*¢s> C[QT krT ;LILW hy p] (Boer—Mulders function and trasversity)
qr Mz

@ The convolution C of the TMDs runs
over intrinsic transverse momenta.

Y

'
xl[ PI[

Transverse momenta in
target frame.
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Transverse spin asymmetries in Drell-Yan

e Transverse spin asymmetries (TSAs):

F%jn¢(£W,$N, q%) _ c I:w(k‘ery kPT) f7r fpi|

Fi(zr,oN,q2) B C[f1,7r fl,p}

AR (@r, 2N, q%) = . @ =ds,2¢0 % ¢s.
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Transverse spin asymmetries in Drell-Yan

e Transverse spin asymmetries (TSAs):

F%mq>(£7,$1v,q%) _ C[w(k‘n‘TykPT) f‘lr fpi|

= . D= s, 26+ ds.
Fi(zr,oN,q2) C[f1,7rf1,p} ¢s,2¢ £ ¢s

in ® 2
AT (%r, TN, qT) =

e To solve the convolution over intrinsic transverse momenta one can assume Gaussian

dependence of the TMDs on k.
o For example, Sivers asymmetry integrated over g in the Gaussian model

Sy alfian) i) en +ao ] @),

Y, e e+ @] O @)

sin Gauss.
AT ’s (:DW, xN) = -

o where the approximate equality neglects sea quarks, as 7= = |ud), p = |uud)

o the Gaussian factor ag and the first k?r—momcnt of the Sivers function are

M, k2
ag = My FE9 (@) = /deT 21;2 (2, k).
(krxr)? + (kpT)% -
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Transverse spin asymmetries in Drell-Yan: Weighting with gt

o The integration of Fllj over d?gr can be done with no assumptions:
[ ataxr = /quTc[fl,wfl,p] =L Z £ o) £ (20) + (@ © D).

sin ¢g

e On the contrary, the integration of 7, over d2gT can not be solved,

sin gr - kpr
/d2qTFT ¢s _ _/dquC[ﬁiMpflﬁfl%F,p - 7
P

Popular solution: Gaussian model for the kt dependence shown on the previous slide.
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Transverse spin asymmetries in Drell-Yan: Weighting with gt

o The integration of Fllj over d?gr can be done with no assumptions:
1 _
/dquFQJ = /d2qTC|:f117,fl,p] A Zeg [ 2(@e) Lo (@p) + (¢ < D).
aq

sin ¢g

e On the contrary, the integration of 7, over d2gT can not be solved,

sin gr - kpr
/d2qTFT ¢s _ _/‘dquC[qTiMpfl’ﬁfl%r’p - 7
P

Popular solution: Gaussian model for the kt dependence shown on the previous slide.

Like in SIDIS (previous talk), weighting with transverse momentum (here gr) is a way out: J

sin ¢g

o With the weight g1 /My, the integral of the structure function Fr over d?gr can be

solved, getting

qT _sin ¢
1°qr — F" 78 /d
(/( QTMP T qrt p QTM flﬂ'flTp

7**2 .,17\' IW)/1L1"(.1}3q<IP)+<Q‘_>‘7)]'

o And similarly for the other asymmetries.

e Also quite popular, e.g. [A. Efremov et al., Phys.Lett. B612 (2005) 233],
[A. Sissakian et al., Bur.Phys.J. C46 (2006) 147], [Z. Wang et al, Phys.Rev. D95 (2017) 094004]
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Weighted transverse spin asymmetries in Drell-Yan

gr-weighted TSAs = direct measurement of TMD PDF k?r—moments.
Instead of convolutions of TMD PDFs, we have products.

In addition, in COMPASS kinematics (valence region) and in 7~ p reaction one can neglect
sea quarks, as 7~ = |ud), p = |uud).

qr-weighted Sivers asymmetry

sin ¢g IL 21 (x, L(Ma . (g g L(l)u
A S (o o) = 2 ) ) e @ o] (@)

S, fian) +(ao ] fl,pmv)

qr-weighted asymmetry induced by proton transversity and pion Boer—Mulders function:

EECOE ) hy % @) BY (o)
Tr, TN) R — —
" FiG@n) fip(@n)

qr-weighted asymmetry induced by proton pretzelosity and pion Boer—Mulders function:

a3
bm(2¢+¢s)72M 2 hf(ﬁ)"( W)th(zgu(z )
Arn P(zq,zN) = — — —
fi (m")fl,p(‘rN)
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Measurement of the weighted asymmetries: Spectrometer

Bl =" e umilE=Em=

o COMPASS Collaboration: 24 institutions from 13 countries (= 220 physicists).

o Experimental area: CERN Super Proton Synchrotron (SPS) North Area.
o Multi-purpose apparatus. Drell-Yan setup:

Location of the site at
CERN’s SPS

[Wikimedia Commons]
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Measurement of the weighted asymmetries: Spectrometer

Bl =" e umilE=Em=

o COMPASS Collaboration: 24 institutions from 13 countries (= 220 physicists).

o Experimental area: CERN Super Proton Synchrotron (SPS) North Area.

o Multi-purpose apparatus. Drell-Yan setup:
e Transversely polarised p (NHjs) target polarisation =~ 73%, 2 oppositely-pol. cells.
e 190 GeV/c m~ beam, about 10° 7~ /spill of 10 s

(@ He-3precooler (6 80 K Thermal radiation shields
(2) Microwave cavity 7 4.2 K Thermal radiation shields
3 Target cells Dilution refrigerator

(4) Target holder 9) He-4 gas-liquid separator

40 pulse tube cryocooler

SN
Location of the site at
CERN’s SPS

[Wikimedia Commons]

Polarised target cryostat.
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Measurement of the weighted asymmetries: Spectrometer

Bl I e = m=

o COMPASS Collaboration: 24 institutions from 13 countries (= 220 physicists).
o Experimental area: CERN Super Proton Synchrotron (SPS) North Area.
o Multi-purpose apparatus. Drell-Yan setup:
e Transversely polarised p (NH3) target polarisation =~ 73%, 2 oppositely-pol. cells.
190 GeV/c 7~ beam, about 10° =~ /spill of 10 s
Hadron absorber — p filter, ensures reasonable detector occupancies.
Two-stage spectrometer, about 350 detector planes, p identification.

Muon Wall 2

Magnet SM2

Loéétion of the site at Hodoscopes
CERN’s SPS .. M, Polarised Target -
[Wikimedia Commons] COMPASS Drell-Yan setup.
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Measurement of the weighted asymmetries: Event selection

E —— COMPASS 2015 NH, data o "
1 05 ; Comb. background 3 § COMPASS preliminary
E /N Iy (MC) % 10° 2015 Drell-Yan NH, data
s Sy (MO) g :
- Open-charm (MC) ©
---- Drell-Yan(MC)

counts/ (0.04 GeV/c)

103 ; Total MC + Comb. background
102E
£ ‘!‘q‘?ﬁfmmgi
10 E Imlﬂ 1M, <2
E I ST R R SR ﬁ
4 6 8 10 10° 102 10 1
XN
M, (GeVicd) .
2015 data and reconstructed MC. Kinematic coverage in zny and Q

Event selection is almost the same for weighted and “standard” TSAs
[COMPASS, Phys.Rev.Lett. 119(11), 112002 (2017)]
(more on them and other aspects of COMPASS DY by C. Riedl on Thursday).
o utu~ pairs (1 candidates: X/Xo > 30).
o Vertex reconstructed in the target.

o My, €[4.3, 8.5] GeV/c?.
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Measurement of the weighted asymmetries: Distribution of gr

—10*E compass 2015. Preliminary

,_.
<
3

counts /_O. 16 [GeV/c]
f=}

S

o

g

oL

6 8
9 [GeV/c]
Distribution of g.

0.8,
COMPASS MC 2015
0.7F 43 <M, /(Gevic) <8.5 l

0.6F *I
0.5F

4
0.4F M
0.3F -
02F
0.1E

Acceptance

4 5
q, (GeV/e)

Acceptance in gr.
The shape is due to resolution. Impact
on the weighted TSAs is under control.
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Measurement of the weighted asymmetries: Distribution of gr

—10* F cOMPASS 2015 Preliminary = CCOMPASS 2015. Preliminary — COMPASS 2015. Preliminary
S Lotk N Ltk —— 000 <x, <040
> > — = 0.3 <xy <019 >10 — - = 040 <x.<056
8103 3 019 <x, <1.00 3 056 <x,<1.00
<A I S
© !0 °
S S S
2107 20 N
] <] z
= = =
3 3 by 2
8 10 3 10F B 3
dhhid
o
1L , . | 1 , . .1f 11
0 2 4 6 8 0 2 6 8
9 [GeV/c] 9 [GeV/c]
Distribution of g.
08 COMPASS MC 2015 _‘:104 COMI’ASE%((‘H: \ll’;e[\m!;:lur>'4 25 Gevie? —‘j ,
E e L10%E ——— 430GeViel < M <475 GeVie? 210
0.7F 43 <M, /(Gevic) <8.5 l > = = 475GeVicl < M <5.50 GeV/e? =10
0.6F h 8 5.50 GeV/e? < M < 8.50 GeV/c? (‘B
g oSt ol0° 210°
g 4 — —
= 04F M S s
] N
2 oaf o 210 Z10
0.2F essasessassanestt’ = =
- 2 2
o1k 810 S 10k
o . . . .
0 1 2 3 4 5 1 1- I ||
a4y (GeVre) 0 0 2 6 8
Acceptance in gr. q, [GeV/c]
The shape is due to resolution. Impact N . . . . .
on the weighted TSAs is under control. Distributions of ¢t in the kinematic bins.
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Measurement of the weighted asymmetries: Extraction

x10°
'g 3F COMPASS 2015 data
\u:)/ 43<My/(GeV/c?) <85
[ N
e 5 o !
I g
n_—» Target spin reversal every 2 weeks 8 NH,

f ir 2 cells Al
[l:*v ] [

. fe . Il
Two-cell target with polarisation reverasals. T30 200 100 0

z (cm)

Primary vertex distribution.

o Polarised target with 2 cells, and alternating periods with opposite polarisation 1, /1.

o “Standard” transverse spin asymmetries
— Extended Unbinned Maximum Likelihood method
o gp-weighted asymmetries:
g d?qrWe FSi"CP(x TN)
Asm PWg . _ f T ) P — 26 + .
T (zr,2N) [ dqrFt(eman) ¢s,2¢ £ ¢s
o Only the spin-dependent part of the cross-section is weighted!
— different method from the standard ones:
o Modified double ratio method, where the acceptance a(®) is cancelled
(used also in the weighted SIDIS analysis).

e Asymmetries corrected for the target composition (dilution factor).
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Measurement of the weighted asymmetries: Results

:

 4FCOMPASS 2015

%

[Preliminary

B . 1 L %
SRR R DA
,,;;;: 20; N ‘ ‘ I ‘ ‘ F ‘ ‘ ‘
15 10p g } b % g
T t t R ) ', ' ¥
I T £t O
s < -lof 3 3 3
wi% 4b 3
< af % — ¢
R S 0 SO U S A
0.1 0.2 0302 04 06 08 0 02 04 06 4 5 6 7
Xy Xz Xp My [GeV/c?] integrated

Jan Matousek, Uni and INFN Trieste

(+ about 5% from the polarisation and 8 % from dilution factor calculation.

The gr-weighted TSAs from the 2015 Drell-Yan run.

The combined systematic uncertainty is about 0.8 ogtat. -

From 2018 we expect at least 1.5 times more statistics.

Weighted TSAs in DY at COMPASS

10. 9. 2018, SPIN Ferrara
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Weighted Sivers asymmetry in SIDIS and DY: Strategy

o How can we compare the Sivers function in SIDIS and Drell-Yan?

o A straightforward way — COMPASS has measured the weighted asymmetries:

in és 17 L (1)u
DY : AST M (o) A — TR —— @),
fi p(mN)
u ~nE d +
sin(én—s) L L @, @) DEL (@) + § itV (. @) D @)
SIDIS : AUTThi ZM()z 2 T
Zq:u,d d,d,§ qfl (J? Q )D (Q )

where Dh Q% = fo ,dz Df q( ,Q?) is an integrated FF.

s r ES
I ‘E 0.8~ Siv h " 005
H L ° Ag
S 0065 o
* { | 1) F preliminary o
} 2 004 COMPASS 2010 proton data E>
poto I s f
i 1 3 002
4 {* preliminary | & 002 1 * ¥ A 005~
! e PR
E T (I ﬁ CEER B
0.0 COMPASS 2010 proton data 0020 { 010}~ ) )
E - : L - 102 107 1
107 10! X 107 10! X x

Weighted Sivers asymmetry in SIDIS and the Sivers function extracted from it
point-by-point (previous talk of A. Martin).
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o For this exercise we use a parametrizetion

:rfll,lgl)q(:t) =aqz (1 —z)%.

o Otherwise same way as in the previous talk.
@ No evolution of the Sivers function first moment between

Qép1s(z) and Qfy ().

Sivers function 1st moment
from SIDIS.(stat. errors).
[COMPASS, J.Phys.Conf.Ser. 938
(2017) 012012]

10. 9. 2018, SPIN Ferrara
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o For this exercise we use a parametrizetion
L(1)q _ b c,
xfip " (x) =aqx’ (1 —x)%.

o Otherwise same way as in the previous talk.

@ No evolution of the Sivers function first moment between
2 2
Qsip1s (%) and Qpy (zN)-
o The signficance of the “standard” Sivers asymmetry is Sivers function 1st moment

better — about 1o (Thursday, C. Riedl). [Cgf:;lAilsDisP;}(ftaé' i‘zors))'js
. J.Phys.Conf.Ser. 938,

(2017) 012012]

COMPASS 2015, preliminary
e binsinx
o bins combined
projection from SIDIS

10" 1

Weighted Sivers asymmetry in Drell-Yan
measured in 2015 data and the projection from
SIDIS. Statistical errors only.
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o For this exercise we use a parametrizetion 3\‘: 0.05F d
=
L(1)q _ b c, o
xfip " (x) =aqx’ (1 —x)%.

o Otherwise same way as in the previous talk.

@ No evolution of the Sivers function first moment between

2 2
Qsip1s (%) and Qpy (zN)-
o The signficance of the “standard” Sivers asymmetry is Sivers function 1st moment
better — about 1o (Thursday, C. Riedl). from SIDIS.(stat. errors).
[COMPASS, J.Phys.Conf.Ser. 938,
(2017) 012012]

= ‘2 COMPASS 2015 + 2018 projection
e  binsinx

O bins combined

"< projection from SIDIS

COMPASS 2015, preliminary
e binsinx Iy
o bins combined z 04
projection from SIDIS -

0.2 02r
-1 -1
10 XNl 10 le
Weighted Sivers asymmetry in Drell-Yan Projection for combined 2015 and 2018 data
measured in 2015 data and the projection from (assuming 1.5 times larger event sample
SIDIS. Statistical errors only. in 2018 than in 2015).
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Boer—Mulders function in SIDIS and Drell-Yan: Overview

@ The situation of Boer—Mulders function is more complicated...

e SIDIS:

cos 2¢
AGo o h

A?}{}(% +98) o pd

®H17q or
1h
p®H1’q or

] _
1 P{SIDIS_ hl

=
cos 2¢p, —b—
UU AN Mp, ochL<1> XHL“)h, (+ Cahn effect)
P
sin(¢p +és) T
ur M e nd < HEO
Lg
P|DY J

1[D. Boer, P. Mulders, Phys.Rev. D57 (1998) 5780],
Eur.Phys.J. C46 (2006) 147],
Weighted TSAs in DY at COMPASS

2|[A. Sissakian et al.,

Jan Matousek, Uni and INFN Trieste

[A. Kotzinian, P. Mulders, Phys.Lett. B406 (1997) 373]
[Z. Wang et al., Phys.Rev. D95/(2017) 094004}
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Boer—Mulders function in SIDIS and Drell-Yan: Overview

@ The situation of Boer—Mulders function is more complicated...
e SIDIS:

2

P
coquShiT
AT hf% @ HLE ol Agy I o (D0 DR (4 Cahn effect)
Pr
. sin(¢p+¢sg)
A?}i}(¢h+¢s) ®H1,q or o hTPs Mh o hl b X Hi(l)h
1lgqg q
7I>|SIDIS 7P|DY J
@ Drell-Yan:
2¢ 1L 1 cos 26 7ty 1(1) 1(1)
A%}Js xhil® hlig or? Ay TP hy 4 x hip a
o in(20—¢s) 1
Aflfn(%) #s) o hfi ® hi or ASTm( 0798) i o< hisrl)q X h‘f_’p.

o All the four asymmetries have to be measured to check the sign change!

e The Boer—Mulders function of 7 is interesting by itself
(the only nontrivial TMD PFD in 7 apart from f1).

1[D. Boer, P. Mulders, Phys.Rev. D57 (1998) 5780], [A. Kotzinian, P. Mulders, Phys.Lett. B406 (1997) 373]

2[A. Sissakian et al., Eur.Phys.J. C46 (2006) 147], [Z. Wang et al., Phys.Rev. D95/(2017)-094004]}
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Boer—Mulders function in SIDIS and Drell-Yan: Situation

o hi, Hi- known from A?}i}((bwr%) in
SIDIS and from eTe™ annihilation.

o Global fits available.

Q?=24Gev

5 02 /\
i e

204 Dyet2)

28N Dyna)

04
.00 [ 01 1

Global fit (HERMES, COMPASS, BELLE),
[Anselmino et al., Phys.Rev. D92 (2015) 114023].
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Boer—Mulders function in SIDIS and Drell-Yan: Situation

o hi, Hi- known from A?}i}((bwr%) in e Obtaining h,fg from A%OS%S’L in SID
SIDIS and from e*e™ annihilation. challenging (mixing with Cahn effect).
o Global fits available. e More data to come (COMPASS 2016 +

2017, more by A. Moretti on Wednesday)

Q?=24Gev

x = /\
I - \

204 Dyet2)

x il

28N D)

0.02 0.02
o4
x z 0 107 107 1 0 107 107" 1
. .
Global fit (HERMES, COMPASS, BELLE), hia o . fJ_q ¢ HERMES and
[Anselmino et al., Phys.Rev. D92 (2015) 114023]. 1,plsiprs 38SUMING o jip , from an
COMPASS [V.Barone, S. Melis, A. Prokudin,

Phys.Rev. D81 (2010) 114026].
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Boer—Mulders function in SIDIS and Drell-Yan: Situation

o hi, Hi- known from ASln(¢h+¢S)

SIDIS and from ete™ anmhllatlon
o Global fits available.

04
.00 [ 01

Global fit (HERMES, COMPASS, BELLE),

[Anselmino et al.,

Contribution of COMPASS to the Drell-Yan part:

° ACOS 2¢. work in progress, stay tuned!

sm(2¢ ¢s). presented on Thursday, published

[COMPASS Phys.Rev.Lett. 119(11), 112002 (2017)].

e Obtaining h,fg from Ay

Phys.Rev. D92 (2015) 114023].

ASS29h in STD

challenging (mixing with Cahn effect).

More data to come (COMPASS 2016 +
2017, more by A. Moretti on Wednesday)

x il
xIhig o0l

JJ[ i Lg
|SIDIS assuming o flT’p from HERMES and
COMPASS [V. Barone, S. Melis, A. Prokudin,
Phys.Rev. D81 (2010) 114026].

= 4-COMPASS 2015
" 5l preliminary

5

Fc0

A
o

o Alternatively the weighted version presented in this talk 2
Asm(2¢ ¢s) I?/I’l; ( ) hisrl)a(xw) hlll,p(mN) -4
BBy T2 ~ — — .
T v (@) fi 5 (zN) Integrated
v
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© Nucleon structure

© Transverse spin asymmetries in Drell-Yan
© Measurement of the weighted asymmetries
@ Weighted Sivers asymmetry in SIDIS and DY

© Boer-Mulders function in SIDIS and Drell-Yan

@ Conclusion
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Conclusion

o COMPASS took the first ever polarised Drell-Yan data in
2015 in
pl — o ptx
and it is taking more right now!
We expect at least 1.5 times more in 2018 than in 2015.
o The transverse momentum weighted asymmetries:
o A way to overcome the convolution over intrinsic k.
e Direct access to the k%—moments of TMD PDFs.
e Price to pay: larger statistical uncertainty.
o grp-weighted TSAs in Drell-Yan
T

sin ¢5 Fra- N . . .
o Arp — 1st moment of Sivers function of u in p.

sin(2¢—¢g) LL
T 87 M — Transversity of u in p and
1st moment of Boer—Mulders function of @ in .
o “Standard” TSAs and more to be presented on Thursday

(C. Riedl).
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Conclusion

o COMPASS took the first ever polarised Drell-Yan data in
2015 in
pl — wptX
and it is taking more right now!
We expect at least 1.5 times more in 2018 than in 2015.
o The transverse momentum weighted asymmetries:
o A way to overcome the convolution over intrinsic k.

e Direct access to the k%—moments of TMD PDFs.
e Price to pay: larger statistical uncertainty.

o grp-weighted TSAs in Drell-Yan

sin ¢5 Fra- . . .
o Arp — 1st moment of Sivers function of u in p.

sin(2¢—¢g) LL
T 87 M — Transversity of u in p and
1st moment of Boer—Mulders function of @ in .
o “Standard” TSAs and more to be presented on Thursday

(C. Riedl).

Thank you for your attention!
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Fit of the weighted Sivers asymmetry in SIDIS

e SIDIS events as function of x, with standard event selection:
p+pt = +hf+ X, ht and A~ with z > 0.2.
o Neglecting Sivers function of sea quarks we write

in(on—og) LT 4 (@, Q) DI (Q2) + § 5V (2, Q%) DI (Q2)

uT,T,hE ZM(;EQ) hi
S s nas e fi(@ Q2D (Q?)
e where
S 13
'S 10° £ COMPASS 2010 and 2015, preliminar
= E e SIDIS, i
] [ o SIDIS, A
S ol Drell-Y:
N/\ 10 é Te) an )
SN e
PLg
10 F s
F -7
A
1 » | 1
107 10"
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Fit of the weighted Sivers asymmetry in SIDIS

e SIDIS events as function of x, with standard event selection:
p+pt = +hf+ X, ht and A~ with z > 0.2.
o Neglecting Sivers function of sea quarks we write

in(on—og) LT 4 (@, Q) DI (Q2) + § 5V (2, Q%) DI (Q2)

zM
+ (z, Q ) = +
U Yacuasaas €2 /1 (2, Q2)DE (@)
o where
. o G 10° F COMPASS 2010 and 2015, preliminar
o Sivers st k?r—moment — parametrisation: > e SIDIS, i
3 [ o SIDIS A
= 2L Drell-Yan
1()g, ~ _ = 10°F .
2fi V(@) = agabe (1 - ) o L
&
o PDFs and FFs from global fit results 10& -
[CTEQ, Eur.Phys.J. C12 (2000) 375] [D. de Florian et al., £ o
Phys.Rev. D75 (2007) 114010], 1k s
. . B E Il 1
collinear evolution with Q2 = (Q?)(z). 102 10 |
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Fit of the weighted Sivers asymmetry in SIDIS

e SIDIS events as function of x, with standard event selection:
p+pt = +hf+ X, bt and A~ with z > 0.2.
o Neglecting Sivers function of sea quarks we write
0, Q%) DE(@) + 5 £V (e, @) DI (@)
e n s €3 (2 Q)DL (Q%)

P
sin(¢p—g) 17 5f
UT,T,hE (= @ )=2

@ where

COMPASS 2010, preliminary
IS, /i

S 0.15F
x 5 SIDIS, B

e Sivers 1st k%-moment — parametrisation:

T l(1)(1( )—aqx (1— )¢

o PDFs and FFs from global fit results
[CTEQ, Eur.Phys.J. C12 (2000) 375] [D. de Florian et al.,
Phys.Rev. D75 (2007) 114010],
collinear evolution with Q2 = (Q?)(z). P

e The asymmetry for h~ and ht are
simultaneously fitted. e

o Error bands: 1o, only statistical error of the
data and fit.

The 1st k%—moment of the Sivers
function-at Q2 = Qs (2)-
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