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this talk:
nucleon spin structure from
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why SIDIS

a simple process, a special tool
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all the TMD PDFs appear in the cross-section
and the different effects can be disentangled

p, n, d targets, final state particle identification
-> flavor separation



why SIDIS

do

dx dy d dz doy, d P‘,2 fl B

1' U

+§5'|| [ /2(1 +¢) sin ¢y, FE&EG" + &'sin(2¢y,) F“n )C”‘] + S| Ae [\/ 1—e2 Frp ++/2¢(1 cos oy, F 0“”“

fﬁin(r;)h_—r,-‘)s) e I3 sin( gy, —og)

+\S n |:sin((,‘)h — o)\ Eopr UT.L

14 azimuthal modulations

ssin(3¢p, —og)

sin(dntés) | o sin(3¢p, — og) Firp

+ & Sin((fﬁh + ¢g) F T

+V2e(1 +¢) singg f‘mn% +v2e(1 +¢) sin(2dy, — odg) F{bl}](z”h_“s)] :

ng
IS 1 [Ae [V 1— <2 cos(¢y, — 6s) FCUH P=05) 4 \/2e(1 — ¢) cos g FEos®s

+/2e(1 — <) cos(2, — 6s) 1«‘;;&;?(2‘”*"”-‘5)] }

measured
at COMPASS, HERMES, JLab

900¢ “‘|e 18 enayddeg v



why SIDIS

all of them have been measured
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accessing transversity

amplitude of the
sin (¢, + ¢ + m) modulation
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accessing transversity

(single hadron) Collins asymmetry
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accessing transversity

and on proton \
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accessing transversity

and on proton

(single hadron) Collins asymmetry
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accessing transversity

simultaneous fit of SIDIS p & d, and e*e™ data
very good y?
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accessing transversity

simultaneous fit of SIDIS p & d, and e*e™ data
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accessing transversity

measurement of the dihadron asymmetry
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accessing transversity - 2

dihadron asymmetry
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accessing transversity - 2

dihadron asymmetry
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accessing transversity - 2

“collinear extraction” of hy” and h}

unpolarised DiFF from PYTHIA
polarised DiFF from Belle
dihadron asymmetries from
HERMES (p) COMPASS (p, d)

linear combinations of h;” and hf"
fit with different parametrizations
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accessing transversity

point-by-point extraction of transversity
from SIDIS asymmetries measured

on p and d at the same x, Q? values

and analysing power from e*e™ asymmetries,
with no parametrisation of PDFs and FFs

A. M., F. Bradamante, V. Barone PRD 2015
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accessing transversity

point-by-point extraction of transversity [
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a promising method, to be

accessing transversity

kept in mind by future experiments |

point-by-point extraction of transversity 04
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other recent COMPASS results - 1

Interplay among dihadron and single hadron asymmetries {6@
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other recent COMPASS results - 1

Interplay among dihadron and single hadron asymmetries

e Collins asymmetry for h+ and for h-
“mirror symmetry”
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only somewhat larger than h+ Collins
« meaning of the relevant angles

hints for a common origin

of the Collins FF and DiFF
Como 2013, DSpin2013, PLB736 (2014) 124
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Interplay among dihadron and single hadron asymmetries
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Interplay among dihadron and single hadron asymmetries

new: preliminary results from a Monte Carlo code for transversely polarized
quark jet based on the string fragmentation and including, for the first time,

the 3P, mechanism
only one free parameter for spin effects

results in good qualitative agreement with
1h and 2h asymmetries at COMPASS and Belle:
e htand h~: N
 mirror symmetry asin COMPASS
* ap in agreement with what obtained
from Belle data
 wtm~ in good agreement with Belle
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Interplay among dihadron and single hadron asymmetries

new: preliminary results from a Monte Carlo code for transversely polarized
quark jet based on the string fragmentation and including, for the first time,

the 3P, mechanism
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other recent COMPASS results - 2

multidimensional measurements of the Collins asymmetry
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other recent COMPASS results - 2

multidimensional measurements of the Collins asymmetry
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multidimensional measurements of
the Collins asymmetry
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other recent COMPASS results - 3

coming soon:

new results on A polarisation
an independent way to access transversity
one of the first proposed methods
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other recent COMPASS results - 3

coming soon:

new results on A polarisation
an independent way to access transversity
one of the first proposed methods
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accessing transversity

COMPASS has produced and is producing many interesting results

and new “pioneering” analysis have been started

main limitation of existing data:
statistics, in particular for transversely polarised d

new data needed soon!



one more year of data taking with transversely polarised d at COMP,

an enormous amount of data will come from JLab12 experiments
and later on from EIC

+  COMPASS .
+  HERMES )
SoLID proton COMPASS:
. SoLID neutron .
10F = = W2, =55Gev? * no competition on precision!

smaller x, factor > 5 in Q?, ...

O (GeV?)

the kinematical region is relevant
and new d data coming soon are
needed

'|. Ll ] |

0.01 0.1 0.2 0.3 0.4 0.5 0.6

Xz

Z.Ye et al. JLAB-THY-16-2328



one more year of data taking with transversely polarised d at COMP,

A. Bressan,
COMPASS beyond 2020 Workshop, CERN, March 2016

New deuteron data

* Benchmark: extraction from Collins asymmetries

"Cb ‘%
present: i I 5 @ I ,
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Collins asymmetry L ' 5 3 + |
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extraction ¢ 1 Jf
PRD 91 (2015) 014034 T L l( ]
04 ,,1,“, e e D P —,”1,“[ IR g gy
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21/03/2016 COMPASS UNCHAINED 23




one more year of data taking with transversely polarised d at COMP,

New deuteron data

foPpr _ 0.155x0.8 _

* 1 full year (same as 2010). We also gain from FoPon . DR 0.6

=

B 0.05— (% =
after 1 year of d 5 ¢
0.00—- +fé ¢ .O : P SR N S I RN SO SE o
Collins asymmetry ¢ &3
=0.05— + -
P D
< 04 E—
transversity =1 ow
0.0 'y B it (150 &0y po
—02f oo Q
—04 iy i
10 107 10 10
X X

THIS IS A MEASUREMENT THAT WILL IMPACT OUR KNOWLEDGE, KEY
MEASUREMENT FOR THIS OR NEXT PHASE




Sivers function



accessing the Sivers function

2 glq
Zq eq Jir ©® Diq amplitude of the
2 74 : = .
Zq €q fl ' qu sin (¢n — ¢s) modulation

Sivers asymmetry Agip,~



accessing the Sivers function

Sivers asymmetry

AS!"."
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-0.051

0.1

final results on (3
deuteron <
o ht
(@] h-
NS 2

2002-2004 data
NPB765 2007, PLB673 2009
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accessing the Sivers function

Sivers asymmetry Agip~

2 ¢4
2q€q fi "D
final results on 2%, oMegss final results on
deuteron < o proton
0.1F
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accessing the Sivers function

Sivers asymmetry

final results on proton for positive particles %

e

Siv

COMPASS w* x<0.032
COMPASS w" x>0.032

o HERMES n" PRL 103 (2009)

% &
34 44
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~0.05F
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ol COM P S5 I . I
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\, J/

COMPASS K x>0.032

o HERMES K’ PRL 103 (2009)%M (} % }

1.5

ph (GeV/e)

K* asymmetries
larger than
't asymmetries



accessing the Sivers function

fits to COMPASS and HERMES data since 2005

Echevarria et al
Phys.Rev. D89 (2014)
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accessing the Sivers function

point-by-point extraction ~ transversity case
from p and d Sivers asymmetries measured at the same x, Q% values

in the Gaussian model

1 _ 1 -
. L(Duy, nt ant T AT nt ant T~ AT
5Gpr(1— Br)  ( )

similar expressions for xfl(l)d and xfl(l)“ — xfl(l)d from pion

and for xfl(l)“" and flmd from kaon p and d asymmetries

independent extraction of xf1"* and xf "%
from n and from K Sivers asymmetries

A. M., F. Bradamante, V. Barone, SPIN2016



accessing the Sivers function

point-by-point extraction
from p and d Sivers asymmetries measured at the same x, Q% values

=
n
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 similar values and uncertainties pions and kaons S b
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« large statistical uncertainties for d, oost. Xfar 1T +
- results compatible with recent parametrisations 0_+§§§§*§{
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result for £zV* — £+M¢ compatible with zero OE
s Plons
A. M., F. Bradamante, V. Barone, SPIN2016 -02F pE T



further results of the Sivers asymmetry

j—ry

o
©

Drell-Yan Q2 range at COMPASS
no evolution SIDIS - DY

Q? (GeV/cy
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further results of the Sivers asymmetry

Q’ (GeV/c)?
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further results of the Sivers asymmetry

preliminary results have already been recently produced for
- multidimensional measurements of the Sivers asymmetry

- gluon Sivers asymmetries

JI¥Y
high P* hadron pairs

new preliminary results  (QCD’N2016, SPIN2016)

- Py - weighted asymmetries



Py weighted Sivers asymmetry

i .
2.q e?,-flﬂ' ®D'1‘q convolution
y ez-fq-Dh —> non negligible uncertainties in extractions
q~-q9J1 ~1q

krp |

ASiv X

a possible way out: use of the P; weighted asymmetries

obtained by weighting the spin dependent part of the cross-section

2 1l(1)q h
2q€q fir " - Dig

w = Py/zM ASWivzz
2 q h
quq 'f1 'qu

proposed a long time ago ... A. Kotzinian and P. J. Mulders, PLB 406 (1997) 373
D. Boer and P. J. Mulders, PRD 57 (1998) 5780
J. C. Collins et al. PRD 73 (2006) 014021

reconsidered recently Zhong-Bo Kang et al., Phys.Rev. D87 (2013)



Py weighted Sivers asymmetry

w = PT/M
only existing data: 'A7*  HERMES | PRELIMINARY
02 + not comected hrang:’mg and acceptance effects
Ph'LI“F W'Eigh 3 % scale uncerfainty
preliminary results by HERMES E oot ]
Acta Phys.Polon. B36 (2005) 209 S : i
used to extract the Sivers function T |
A.V. Efremov et al., Phys.Lett. B612 (2005) 233 0.2 Fr B “Sivers” angle
A. Bacchetta et al., Eur.Phys.J. A45 (2010) 373 [ :
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Py weighted Sivers asymmetry

NEW: COMPASS results
proton only!

W=PT/ZM

Sivers Asymmetries
o
o
(=)}

-0.02F

Sivers Asymmetries
o
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o +j J

* : % % preliminary
] # &

1

COMPASS 2010 proton data
sl ‘ Lo

107 10"
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preliminary

COMPASS 2010 proton data q}
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Py weighted Sivers asymmetry

W=PT/ZM

NEW: COMPASS results £ oo T As e
proton only! go_oﬁf_ " Asy + ]
':530.04; { + + {, %

0‘02;_ l # # ’# A % preliminary
|

ofF—
-0.02 :_ CONMNIPASS 2010 proton data
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look promising! - 1 ﬂ %}
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unpolarised SIDIS

allows to
e access kr multiplicities vs Py
COS ¢ asymmetries
e study the Boer-Mulders function cos 2¢p asymmetries

a lot of data from COMPASS, on d (°LiD) only

and from HERMES (p and d) and JLab



unpolarised SIDIS — P distributions
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unpolarised SIDIS -

P2 distributions

QZ (GeV/cf] COMPASS Preliminary
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unpolarised SIDIS

azimuthal asymmetries
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strong x, z, Pr dependence
difficult to explain it

small value of k;
presence of further twist-3 terms ?
non-zero Boer-Mulders effect ? *
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&

(*) with HERMES data
V. Barone et al.
Phys.Rev. D91 (2015)



unpolarised SIDIS - azimuthal asymmetries
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still a lot to be done X
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unpolarised SIDIS - near future

data from 2016-17 runs, collected in parallel with DVCS

e LH, target
« about the same phase space
as in 2004

and
« smaller systematic \ APIO\er or " S
uncertalntles - f; 5 ;-_Ir-%-:.: ‘ \: . % ‘ X -{’AMERA_;ééoi;{;;roton de‘tector
v \q Ay® TS \\ b ‘sm%;!diﬁgthe 2.5m long

\:‘ § LH2-target
Y DVCS: pp2> pn' py




summary

SIDIS experiments, and COMPASS, have given fundamental contributions
to the study of the transverse spin and transverse momentum structure of
the nucleon

much more will be learned measuring SIDIS at the new facilities
with extremely high precision measurements

in the mean time more can be learned at COMPASS,

performing relevant measurements using
existing data A polarisation, weighted asymmetries, fragmentation ...
and new data LH,, and hopefully d1

new ideas are coming out !
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accessing the Sivers function

direct point-by-point extraction of the Sivers PDFs
from p and d Sivers asymmetries measured at the same x, Q?

in the Gaussian model Y e? xfl(l)q (x, Qz) . DI (z, Qz)
Ah- . Z, 2\ — Gz q*-q 1q
siv(,2, %) Yot 2 QD) Doz, Q%)

J_(l) 1 M M from data,
‘= _[ deT 2M? fqu (kf) G = 2(P ) assumed to
\/Zz(k )s + (p%) T be constant

and with the usual assumptions on fav/unfav FFs

. 1 N | -
pions | xf i = oAy —xfy Ay 4 (A - ax)|

5Gp,(1—BM)

similar expressions for xf+-% and xf 2% — x4 from pion
and for xf7"* and xf "% from kaon p and d asymmetries

A. M., F. Bradamante, V. Barone, SPIN2016

SPIN2016 Anna Martin



further results on the Sivers asymmetry

already published:

TSAvs z and p; in different x ranges
vs x and p- in different z ranges
vs x and z in different p, ranges

or in extended kinematical ranges
lowz /lowy
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r
Siv
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