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e Parton distribution functions (PDFs)

e Structure in longitudinal momentum space.

o f(z,Q?), the dependence on Q2 calculable.

o Transverse Momentum Dependent (TMD) PDFs:

o If parton intrinsic kr is not integrated over,
o “three-dimensional” objects f(z, k?r, Qz).

o Accessible in

o semi-inclusive deep-inelastic scattering (SIDIS),
@ Drell-Yan dilepton production,
@ proton—proton collisions...
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Hadron structure: Transverse momentum dependent PDF's

e Parton distribution functions (PDFs)

e Structure in longitudinal momentum space.

o f(z,Q?), the dependence on Q2 calculable.

o Transverse Momentum Dependent (TMD) PDFs:

o If parton intrinsic kr is not integrated over,
o “three-dimensional” objects f(z, k?r, Qz).

o Accessible in

o semi-inclusive deep-inelastic scattering (SIDIS),
@ Drell-Yan dilepton production,
@ proton—proton collisions...
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Hadron structure: SIDIS and Drell-Yan

>
> X
2
SIDIS on transversely polarised nucleons Drell-Yan on transversely polarised nucleons
e Structure functions F: e Structure functions F':
F =PDFgp @ FFqp. F =PDFyp ® PDFq,ﬂﬁ.
o For example: o For example:
o Fou " and F&g **" linked to hi, o FE°20 — pt @hi,
sin(ép, — sin ¢ .
 reen Ji o, PR g e,
R FS‘;(¢h+¢S) =hip® H1L7 o F;m(2¢*¢s) _ hfﬂ- ® hip.
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Hadron structure: SIDIS and Drell-Yan

>
> X
2
SIDIS on transversely polarised nucleons Drell-Yan on transversely polarised nucleons
e Structure functions F: e Structure functions F':
F =PDFgp @ FFqp. F =PDFyp ® PDFq,ﬂﬁ.
o For example: o For example:
o Fou " and F&g **" linked to hi, o FE™2 = pt @hi,,
R F:,m(¢h b5) _ flT . ® Dy. o F;)n s fl 2 ® flT .
sin(2
sm(d>h+¢s) =hip ®H1 , ° FT (2¢=¢5) - ® hi1,p-

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

£t lsiprs = =117 |

1T ISIDIS 1T IDY
moving towards
the screen

Sivers effect in SIDIS (as described by

[M. Burkardt, Nucl.Phys. A735 (2004) 185]

|SIDIS =-h

| moving towards
DY the screen

J. Collins, Phys.Lett. B536 . .
[ Y Sivers effect in Drell-Yan
(2002) 43]

) drawn in the same manner
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COMPASS experiment: Introduction

'OMP4 :.

Bl il umilE=Em=

o COMPASS Collaboration: 24 institutions from 13 countries (= 220 physicists).
o Experimental area: CERN Super Proton Synchrotron (SPS) North Area.
o Two-stage spectrometer, about 350 detector planes, p identification.
e Multi-purpose apparatus with rich physics program since 2002
aimed at hadron structure and spectroscopy.
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COMPASS experiment: SIDIS and Drell-Yan setups

Both programs

o Polarised p (NH3) target polarisation 70-80 %, 2 or 3 oppositely-polarised cells

o Two-stage spectrometer, about 350 detector planes, p identification

SIDIS with transversely-polarised target Drell-Yan with transversely-polarised target
(2007, 2010) (2015, 2018)
e 160 GeV/c uT beam e 190 GeV/c m~ beam
(about 3.5 x 108 u/spill of 10 s). (about 10° 7 /spill of 10 s).

o Triggering on scattered pu. o Triggering on dimuons.

hadron absorber spectrometer RICH spectrometer
(Drell-Yan only) magnet 1 (not used in DY) magnet 2

muon filter 2
polansed

muon filter 1
H; target
¥ S
muon or t\ N \\
hadron W
beam

\)
heam telescope

small-angle spectrometer
sdlcons (notin Drell-Yan)
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Weighted asymmetries: Motivation

e For example, SIDIS cross section as a function of ®gj, = ¢, — ¢g is

sin @i,

7@z, P d5i0) = Ol Q%) [P, + 18w YR 3 sin(@sin)|.

o Sivers asymmetry is the amplitude of the sin ®g;, modulation,

sin ®q;
FUT_Tblv (z, 2z, Ppr)

F,

Asin Bsiy
UU.T(I" 2, Ppr)

ur, T (@2, Par) =
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Weighted asymmetries: Motivation

e For example, SIDIS cross section as a function of ®gj, = ¢, — ¢g is

sin @i,

7@z, P d5i0) = Ol Q%) [P, + 18w YR 3 sin(@sin)|.
o Sivers asymmetry is the amplitude of the sin ®g;, modulation,

sin ®g; Py1-k L 2 2
FUT.wa(I‘rZ7PhT> - C[ I’DL,;I:FMT flT<"E7kT)D1(Z3pL)]

F,

450 iy _
vu, (% 2, Prr) Clf1(z, k2)D1(z,p?%)]

UT,T (zvz»PhT) =

o In TMD factorisation: F' are flavour sums I
of convolutions of TMD PDFs and TMD FFs k... scattered quark PL P
hT

. . P... outgoingh hadron
over intrinsic transverse momenta kr and p . ... virtual photon

Full 3(4)D analysis: too demanding for the statistics yet.

Integrating o over Pp:
/d2PhTFUU,T = /d2PhTa:Z efl/d%ud%T §(Pnt —p1 — zkr) fl(z, k3)D(2,p°)
q

=z Z e?]ff (z)Di(z) (flavour sum of standard PDFs!),
q
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Weighted asymmetries: Motivation

e For example, SIDIS cross section as a function of ®gj, = ¢, — ¢g is

sin @i,

7@z, P d5i0) = Ol Q%) [P, + 18w YR 3 sin(@sin)|.
o Sivers asymmetry is the amplitude of the sin ®g;, modulation,

sin ®g; Py1-k L 2 2
FUT.TblV(I‘rZ7PhT> - C[ g,;l:FMT flT<"E7kT)D1(Z3pL)]

F,

450 iy _
vu, (% 2, Prr) Clf1(z, k2)D1(z,p?%)]

UT,T (:L‘,Z,PhT) =

o In TMD factorisation: F' are flavour sums I
of convolutions of TMD PDFs and TMD FFs k... scattered quark PL P
hT

. . P... outgoingh hadron
over intrinsic transverse momenta kr and p . ... virtual photon

e Full 3(4)D analysis: too demanding for the statistics yet.
o Integrating o over Ppp:

/d2PhTFUU,T = /d2PhTa:Z ei/d2pJ_d2kT 8(Prr —p1 — zkT) f{(z, k) D{(z,p7)
q

=z Z e?]ff (z)Di(z) (flavour sum of standard PDFs!),
q

sin ®g; Ppr - kT : :
/dQPhTFUTYTSW = /d2PhTa;§ ez/deJ_dsz 8(Prr — ) 9 (x, k2)DY(z,p)
hT
q
=7 (no simple interpretation).

o The latter integral requires assumption on kr- and p_ -dependence of flLT and D;.
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Weighted asymmetries: Principle

o Another solution: weighting with powers of transverse momentum.
( [A. Kotzinian, P. Mulders, Phys.Lett. B406 (1997) 373], [D. Boer, P. Mulders, Phys.Rev. D57 (1998) 5780])

e The integration of F[sjlrj: ?st over Ppt with weight Py /(2M):

P F P k k .
[Pt ;‘;‘;Sw—wz R e T4 ERE 0 k2) DI (207 )

PprM
1q(1
= QIZeqfﬂf( )D(f(z),
q

where flL’I?(U is the 1st k%-moment of the Sivers function.
o In general, the n-th moments of a TMD PDF and FF are defined as

k2 n 2 n
1@ = e (35) fead) e = [aten(555) Dt
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Weighted asymmetries: Principle

o Another solution: weighting with powers of transverse momentum.
( [A. Kotzinian, P. Mulders, Phys.Lett. B406 (1997) 373], [D. Boer, P. Mulders, Phys.Rev. D57 (1998) 5780])

e The integration of F(sjlrj: ?st over Ppt with weight Py /(2M):

P F P k k .
[Pt ;‘;‘;Sw—wz R e T4 ERE 0 k2) DI (207 )

PprM
1q(1
= QIZeqfﬂf( )D(f(z),
q

where fl%lg(n is the 1st k%-moment of the Sivers function.
o In general, the n-th moments of a TMD PDF and FF are defined as

" k2 n " p2 n
1@ = e (35) fead) e = [aten(555) Dt
o Utilising this, we define the P,1/(2M)-weighted Sivers asymmetry as

sin gy Lq(1
Asi“q’sw% _ J d? Ppr 25T Fore ¥ X, eqfir 1Y pi(2)
v J A2 PrrFyy ¢ Yqeif! (2)Df(z)

e Every structure function F' in SIDIS has a weight o (Pp,1)™ that solves the convolution.

e Similar convolution exists in Drell-Yan (over the q and q intrinsic transverse momenta).
Clwfn fpl = — Z [ @ardkorstar - knt — kpr) wliL@r, k2r) £ (o, k2r) + (0 < D).

o Weighting with the v* momentum (gr)™ can be used to solve the convolutions.
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Weighted TSAs in SIDIS: Introduction

Cross section for transversely polarised target at leading twist
[A. Bacchetta et al., JHEP 0702 (2007) 093]:

do a2 72 272y+y2
(e D
x

dzdydzdd)schbthET zyQ2 2 2
+ (2= VT =y cosép Fros P + (1 — y) cos(26y,) Fis 271
oyt ,
+1sTl 72 Y sin(op, — o5) Fymiph ¢S

+ (1= p)sin(dy, + o) Frm PhTPS)

SIDIS process
+ (1= y)sin@oy, — pg)FamPPnT "’S)]}. in the v* N frame.

Weighted asymmetries
o Weighted Sivers asymmetry — published [cOMPASS, Nucl.Phys. B940 (2019) 34]

onn—es) IF [ Par BRGNS 5 Grin U DiG)
urT J a2 PhTFUUT Zq 63.7% (1)D5’<Z)

o The weighting can be used also for other structure functions:

o The other two UT-type modulations.
o The UU-type modulations (polarisation-independent).
e Also the LU- and LT-type (note that the COMPASS pu beam is longitudinally polarised).
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Weighted TSAs in SIDIS: Data analysis

=2
T

Q%(GeV/c)

dZNh /dxdQ 2 (rescaled)

107 102 107! 1

The kinematic range in = and Q2.

e Data collected in 2010 in ut 4+ pT — pt +h + X.
e 160 GeV/c ut beam and NHj target.

o Event selection like in standard Sivers asymmetry analysis
[COMPASS, Phys.Lett. B717 (2012) 383].
o In particular, the same kinematic cuts were applied:
o Q%> 1 (GeV/c)?,
0.1 <y<0.9,
W > 5 GeV/c?,
Ppt > 0.1 GeV/C,
z > 0.2, the region 0.1 < z < 0.2 analysed separately.
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Weighted TSAs in SIDIS: Results in x

[COMPASS, Nucl.Phys. B940 (2019) 34]
The Ppr/(2M)-weighted Sivers asymmetries (here Ag, ) and the standard ones (here Ag;y)

s h* z>02 Z h™ z>02
< <
0.08— w 0.08~ w
Ag, e Asiv
0,06 o Ag, 006 o Ag,
0.040~ } } 1] 0.04
3 J} 1

r i | &f, 4y M
-0.02(— ‘ ﬁﬂ ] b

I
107 107

.
107 107!
x X

For h™ the u quarks are dominant, For h™ there is an approximate cancellation,

Lu(1)
AIS”;V"J“(Z) ~ 2’3;“7()(“. D ey, — P Dy & 0.
1 xT
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Weighted TSAs in SIDIS: Results in x

[COMPASS, Nucl.Phys. B940 (2019) 34]
The Ppr/(2M)-weighted Sivers asymmetries (here Ag, ) and the standard ones (here Ag;y)

Z h' 2502 7 h™ z>02
< <
0.08— w 0.08— w
o Agi o sy
0,06 o Ag, 006 o Ag,
0.040~ } * } ) % 004~ %

0.02— } Jr 0.021—
» %’*l’f‘lé’f l&* &lmw
~0.021 ‘ ﬁﬂ ] b

-0.02— ) )
1(;'3 1(1" 107 107"
X X
For h™ the u quarks are dominant, For h™ there is an approximate cancellation,
Lu(1)
Lu(l Ld(1
AIS”;V"J’(Z) ~ofir @) D ey, — P Dy & 0.
fi' (@)
Yv: 0.06— ht
i
0.04—
chp gt
0.02- ! l !
o T
A
0.
- A,
-0.021 o Ag,,
0'2 0'4 0.6 OIX

z
For ht Ay, is almost constant in z.
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Weighted TSAs in SIDIS: Results in x

[COMPASS, Nucl.Phys. B940 (2019) 34]

The Ppr/(2M)-weighted Sivers asymmetries (here Ag;

G h' 2>02
= oo, A l ’
0060~ o Ag, *
0.04( 3 ) } Jr %
0.02— %* Jr
g ’fl
0. i
-0.02—
107 107!
X
For h™ the u quarks are dominant, For h™
nt J_u(l)( )
AL (2) ~ 2“7.
fl (z)
Yi 0.06— ht
0.04— l } J} J[]
Al 4T
ol | 1]y l
“\ 3 ) ) t {> JJ
0.4 \/
- g,
-0.02(— o Agyy
A’)IZ 0'4 A’)lh OIX

z
For ht Ay, is almost constant in z.
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h™ z>02
. Agy
o sy

I
107

X
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Lu(l Ld(1
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004~ \ ® Asi
0.021 * |
|
NRYIE ]
y t ﬁ I # i ﬂ
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Weighted TSAs in SIDIS: Sivers function extraction

[COMPASS, Nucl.Phys. B940 (2019) 34]
e The Sivers function can be extracted from the weighted asymmetries point-by-point
without any assumption on its shape neither in  nor in k:?F
o Assuming zero Sivers function of the sea quarks,
cinon o) HF o) _ o3 A8 (@ Q%) DIQ) + § £V, Q) D@
ot =, q/1<m,Q2>D§<Q2> ’
o where DY(Q?) = e dzDY(z,Q%).
o fl(z,Q?) taken from CTEQ5D and D7(z, Q?) from DSS 2007.

—0.05

=0.10—

Our results compared with [Anselmino et al., Phys.Rev. D86 (2012) 014028].
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Weighted TSAs in SIDIS: Sivers function extraction

[COMPASS, Nucl.Phys. B940 (2019) 34]
e The Sivers function can be extracted from the weighted asymmetries point-by-point
without any assumption on its shape neither in  nor in k:?F
o Assuming zero Sivers function of the sea quarks,
cinon o) HF o) _ o3 A8 (@ Q%) DIQ) + § £V, Q) D@
ot =, q/1<m,Q2>D§<Q2> ’
o where DY(Q?) = e dzDY(z,Q%).
o fl(z,Q?) taken from CTEQ5D and D7(z, Q?) from DSS 2007.

—0.05

=0.10—

Our results compared with [Anselmino et al., Phys.Rev. D86 (2012) 014028].

e To learn about sea quarks and to improve on the d-quark, deuteron data are needed.
o COMPASS will take data with polarized deuteron target in 2021,

o The statistics and acceptance at least as good as in 2010 proton data.

o Both standard and weighted asymmetries will be measured.
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Weighted TSAs in SIDIS: Comparison with Gaussian assumptione¢

[COMPASS, Nucl.Phys. B940 (2019) 34]

o The Py /M-weighted Sivers asymmetry is

4(1
e E T, cqrfin ()21 (2)
Siv = Ao >, e3efi@Di(2)
o The standard asymmetry assuming Gaussian dependence of f and D on kT and p, is
1(1
Ag,, = A@n=0s) _ _TM ¥, eqrfiz ) (2)2D] (2) M
v urT 2(Ppr) X, elxfi(2)Di(2) 4(Ppr) 7Y
’Z—; for h*
1.0

.4
aMIPy)

N { { ,{ _} R} j ﬁ {

The ratio of the P,1/M-weighted Sivers asymmetry to the standard one.
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Weighted TSAs in Drell-Yan: Introduction

Cross section for transversely polarised target at leading twist
[S. Arnold, A. Metz, M. Schlegel, Phys.Rev. D79 (2009) 034005]:

do oy
- CO{(I + cos? ) Fify + sin? 0 cos 2¢ FEO% 2% Yrr
dzgdeyde2dégd cos Odg St
. XTE,
+1spll( + cos? 9) sin o g FED S / a.
T s *fr 5 1L
sin(2¢+g) P, q_Zrp

+ sin? 0 sin(2¢ + ¢5) Fpr

+sin2 0 sin(2¢ — ¢5)F;}i“(2‘b7‘p5)} }

L—
G207 Pr + kar) X
q(xn Py + knt)
-

N(Py) Collins—Soper frame.

@ The structure functions F' are convolutions over the intrinsic transverse momenta of q
and q,
1 . .
Clwfrfol = = D€ /ko"TkopTamT — knr — ko) w[fL(2r, Kap) FE(ep, kip) + (g ¢ D).
¢ q
o The weighting in Drell-Yan is done with powers of the v* transverse momentum gt.
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Weighted TSAs in Drell-Yan: Introduction

o Weighted Sivers asymmetry
Lo ¢S%($ ) _2Eq 2] (xx) Fin ) (@n) + (¢ 4 @) o FEOR )
" " g2l (@) f(@n) + (a & 9] iy (@)

o Weighted asymmetry induced by proton transversity and pion Boer—Mulders function

2quq[ L(1)q< zx) hi I)(xN)+(Q<—>§)]
> e2[fi(z=) f1(zn) + (g ¢ )]

Weighted asymmetry induced by proton pretzelosity and pion Boer—Mulders function

sin(20—¢5) 4
AT T (xﬂ'a xN) = -

3
LRI, A0 e 1 ) + 4 ¢ 9)
Ly T = -
' " . 2 ) ) + @ 2]

cos 2¢
FEo%9.

The weighting can be used also for
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Weighted TSAs in Drell-Yan: Data analysis

; = COMPASS 2015 NH; dat: o —

Fox Comb. background o Q o COMPASS preliminary
105 E B L) (Mc) % 102 2015 Drell-Yan NH, data

; -y MO) g

B =+ Open-charm (MC) Koy

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

counts / (0.04 GeV/c?)
=

=
(=)
w

T T

T

10F f“"l‘
F . .
4 6 8 10 .
M, (GeV/c?) ”2
2015 data and reconstructed MC. Kinematic coverage in xy and Q

Event selection is almost the same for weighted and “standard” TSAs
( [COMPASS, Phys.Rev.Lett. 119(11), 112002 (2017)], and a talk by R. Longo this afternoon).

o ptpu~ pairs (u candidates: X/Xo > 30).
o Vertex reconstructed in the target.
o M,, € [4.3,8.5] GeV/c?.

e But no cut on gr.
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Weighted TSAs in Drell-Yan: Results %

[R. Longo (COMPASS), PoS DIS2019 (2019) 186]

W_E 1SCOMPASS ap™ WUX [2015 + 2018 Preliminary | F [+2015 22018 (50%)
£ _05F F F

BN S TR SO TN TSR L S b oo ba ] L T A
) L] e s ettt SRS Sp PSP

= 20F [ [

NE f |

S LRI R I AL A B S
1| S Srere e N S

315” o

g i ! ﬁ ,,,,,, b

L L L L

01 02 0302 04 06 080 .2 04 06 4 5 6 7
Xy X, Xp M [GeV/c?]

Comparison of the results from 2015 data and about 50 % of 2018 data.
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Weighted TSAs in Drell-Yan: Results

[R. Longo (COMPASS), PoS DIS2019 (2019) 186]
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The results combining the 2015 data and about 50 % of 2018 data.
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Weighted TSAs in Drell-Yan: Sivers function sign change

[R. Longo (COMPASS), PoS DIS2019 (2019) 186]
e How can we compare the Sivers function in SIDIS and Drell-Yan?

o A straightforward way utilising the weighted asymmetries:

. 1 (1)u u
sin ¢ 77 [ 1T< : (z8)] py sign change #1) (zN)
DY : Arp (zn) = —2 m = m
f17p(xN) fl,p($N)

sinton—s9) SF 351" @.Q) DY@ + § 115 (0,0%) DY@
.6 1@ Q) DI(Q?)

SIDIS :  App iy

JZmax dz DY(z,Q?) is an integrated FF.

Zmin

o where D (Q?) =

COMPASS 2015 + 2018, preliminary
e bins in x

= =0.05F d
e -4 o bins combined
Ry, projection from SIDIS
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The comparison of the expectation from SIDIS

with the measurement in Drell-Yan.

The Sivers }fjunctions extracted from
sin(¢p, —dg) SAF . .
uT,T () in SIDIS assuming Only statistical errors are shown.
L(1
ofif V(@) = ag bl (1 - 2)°a.
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Weighted TSAs in Drell-Yan: Pion Boer—-Mulders function

The interpretation of the sin(2¢ — ¢g) weighted asymmetry:

sin(26— ar L()aq ) he 5
A () = g Za el " M (x) a0 D)
Zq q[fl W(*Tr)fl p(-LN)JF(qHQ)]

1(1)a 1
_ e2hy VM @a) hy (o)

Zq:u,d,s eq Ul,ﬂ(mﬂ) /'17p(33N) +(q < q)}
o fi (ar, Q?) from CTEQ5D, fi (N, Q?) from GRV-PL
o hi ( :) from the point-by-point extraction [A. Martin et al., Phys.Rev. D91 (2015) 014034]

° We obtained the 1st k2 -moment of valence Boer—Mulders function of the pion.

o We compared it with Boer s result based on older unpolarised Drell-Yan experiments.
[D. Boer, Phys.Rev. D60 (1999) 014012]
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Y P 4 The first k%—moment of the valence
Boer—Mulders function of the pion.
[R. Longo (COMPASS), PoS DIS2019 (2019) 186]
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Conclusion

o The transverse momentum weighted asymmetries in general:
e A way to overcome the convolution over intrinsic kt without any ansatz
e Direct access to the relevant k%—moments of TMD PDFs.
e Price to pay: larger statistical uncertainty.
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Conclusion

o The transverse momentum weighted asymmetries in general:
o A way to overcome the convolution over intrinsic kt without any ansatz.
o Direct access to the relevant k%—momen‘cs of TMD PDFs.
e Price to pay: larger statistical uncertainty.

e In SIDIS:

o Recently published weighted Sivers asymmetry.
o Results consistent with the standard ones and with the Gaussian ansatz.
o Straightforward extraction of Sivers function.
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Conclusion

o The transverse momentum weighted asymmetries in general:
e A way to overcome the convolution over intrinsic kt without any ansatz.
e Direct access to the relevant k%—moments of TMD PDFs.
e Price to pay: larger statistical uncertainty.

e In SIDIS:

Recently published weighted Sivers asymmetry.
Results consistent with the standard ones and with the Gaussian ansatz.

o

]

o Straightforward extraction of Sivers function.

o Other weighted asymmetries to be extracted, e.g. Collins- and pretzelosity-induced ones:

. P, sin(¢p+og)
sin(p+o5) iy [ 4? P T4 g On s I e Gl )
T /d2PhTFUU T S 25 (x)D] (=)
P3 5)n(3d) —¢g)
i _ _ “hT h—?Ss 1(2 1(1
A&'m(%h ¢S)6231v[2hlh J a? Py z§M? M), _.,Za 2n D @yt
or J PPy Tq 2@ D)

(of course, the 1st moment of the Collins function from eTe™ data is needed to interpret them)

e Deuteron run 2021 is in preparation!
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o Direct access to the relevant k%—momen‘cs of TMD PDFs.
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(of course, the 1st moment of the Collins function from eTe™ data is needed to interpret them)
e Deuteron run 2021 is in preparation!

e In Drell-Yan:

Preliminary results of 2015 + 50 % of 2018 data.

Results consistent with the published standard asymmetries.

Straightforward comparison with SIDIS expectations for Sivers asymmetry.

Extraction of the 1st k:"r—moment of the valence Boer—Mulders function of the pion.

Paper is in preparation.
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o The transverse momentum weighted asymmetries in general:
o A way to overcome the convolution over intrinsic kt without any ansatz.
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(of course, the 1st moment of the Collins function from eTe™ data is needed to interpret them)
e Deuteron run 2021 is in preparation!

e In Drell-Yan:

Preliminary results of 2015 + 50 % of 2018 data.

Results consistent with the published standard asymmetries.

Straightforward comparison with SIDIS expectations for Sivers asymmetry.

Extraction of the 1st k:"r—moment of the valence Boer—Mulders function of the pion.

Paper is in preparation.

Thank you for your attention!

Jan Matousek (Trieste) Weighted TSAs at COMPASS 4. 2. 2020, CPHI 26 / 26



Backup: Measurement method

o Recalling the SIDIS cross-section and the weighted Sivers asymmetry,
o(@,y, z, Pur, ¢siv) = Cla, y, Q%) [FUU,T + |ST|FS‘;E;SW sin <1>Siv:|u

P 2 Ppp psin Pgiy
Siv 5F Jd*Prr For,r

sin @ -~ 2
urT h fdzPhTFUU,T
we can get the numerator by weighting each event ¢ with w; = sin ®g;y ; %,
A:;‘I’wai’% (@, 2) = _ 2 (Wi)iinematic bin _ _2 [ d®Prrd®sivwio(, 2, Pur, ésiv)
' |ST| (1)kinematic bin |St| [d?2Prrd®sivo(z,z, Phr, ¢siv)

o However, this ignores the experimental acceptance!
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Backup: Measurement method

o Recalling the SIDIS cross-section and the weighted Sivers asymmetry,
o(z,y, 2, Par, ¢siv) = Clz,y, Q%) [FUU,T + |S|Fom h8 sin <1>Siv:| ,

. P 2 Ppp psin Pgiy
sin @g;, AT J d*Pur FL‘T,T

=M
vrT J @ PrrFyy ¢
L - . Pur.;
we can get the numerator by weighting each event ¢ with w; = sin ®g;y ; %,
Asin‘f’swi’% (2,2) = 2 (Wi)kinematic bin 2 [ d*Prrd®sivwio(x, z, Par, dsiv)
UT,T ’ [ST| (1)kinematic bin |St| [d2Prrd®sivo(w, 2z, Par, ¢siv)
o However, this ignores the experimental acceptance!
y
1 1[I 1 [ .:. ]
u,—» Target spin reversal every few days — n.gaspinmm2we§
2 2(] w=r . f ]
Target cells in 2007 + 2010 SIDIS. Target cells in 2015 + 2018 Drell-Yan.

o COMPASS used target with 2 or 3 cells with opposite and alternating polarisation and
measured the weighted transverse-spin-dependent asymmetries (TSAs) through the ratio

wiw) — wiwy ~ —_ sin @g;, TAT
L 2 1 2 ~ Dsin Dgiy STl Sin @SiVAUT,TS =M 5
VWV W] + WiwE) (NI NS + NENS)

where e.g. NiT(<I>Si\,) is the number of events in the cells polarised 1 in period %
and WJ(@SN) is the sum of the weights % of the same events.
o The experimental acceptance a(®g;y) is cancelled in the ratio.
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Backup: The weights in SIDIS
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Example: the distribution of weights in the 7th z-bin.
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Backup: Boer—Mulders func. sign change

—hid

To check that hi- 1,p ‘DY

1p }SIDIS is more complicated...

The Boer—Mulders function in Drell-Yan at COMPASS:

T
cos 2¢
cos 2¢ Lq Lq 4Mn Mp L(1)q L(1)q
AU o<h,1y7r®h P or A o<h1_’ﬂ_ Xh‘l,p

U (ongoing analysis)

. _ a7
Asln(2¢ LR vom

Lq q
® h or T

sin(20-¢5)
Ar o 1,p

htsrl)q X h(lz,p‘ (published/preliminary)

lqg

e Two asymmetries (possibly weighted) have to be measured to get the sign of hl‘plDY'

@ The knowledge of h({m is needed,

e Can be obtained from the Collins or dihadron asymmetry in SIDIS.
e Measured by COMPASS, HERMES...
o Global fits exist (however, with considerable uncertainties).

The Boer—Mulders function in SIDIS:
° h1 b |SIDIS can be obtained from A{ 2¢n (published by both COMPASS and HERMES).

o However, the extractions have faced problems.

o COMPASS is analysing data taken on liquid H in 2016 + 2017
(A. Moretti has presented the status on Monday)
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