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OUTLOOK

The COMPASS experiment at CERN
* Longitudinal asymmetries in DIS

* Hadron multiplicities in SIDIS

The Structure of the Nucleon (SIDIS): Transversity and TMD

e Unpolarized SIDIS

A selection of the many available results!
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The COMPASS Fixed target experiment at CERN SPS

main task:
study of hadron }

~ partici ‘p,ant.s.
:sagntlsts
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The COMPASS Fixed target experiment at CERN SPS

main task:- - B SN
study of hadron.s‘:trfuetu _ data takmg a(thIpants.

RICh and dlver5|f|ed physncs programme :
* Nucleon structure with 160 GeV p
* Hadron Spectroscopy with 190 GeV &t
.~ On transversely, longitudinally polarized target,

LH, or nuclei targets:
5 ;’ Measurement of elicity, transversity, A, GPD,
"f meson spectroscopy 7,K polarizabilities ....
% Not all covered in this talk !!!
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The COMPASS data-taking

2002 nucleon structure with 160 GeV n L&T polarised deuteron target

2003 nucleon structure with 160 GeV n L&T polarised deuteron target
2004 nucleon structure with 160 GeV n L&T polarised deuteron target
2005 CERN accelerators shut down

2006 nucleon structure with 160 GeV n L polarised deuteron target
2007 nucleon structure with 160 GeV n L&T polarised proton target
2008 hadron spectroscopy 190 Gev Tt

2009 hadron spectroscopy 190 Gev &t

2010 nucleon structure with 160 GeV n T polarised proton target
2011 nucleon structure with 190 GeV n L polarised proton target

2012 Primakoff & DVCS/ SIDIS test

2013 CERN accelerators shut down

2014 Test beam Drell-Yan process with T beam and T polarised proton target

2015 Drell-Yan process with m beam and T polarised proton target

2016 DVCS / SIDIS with p beam and unpolarised proton target

2017 DVCS / SIDIS with p beam and unpolarised proton target

: EPS i i
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The COMPASS spectrometer, an overview

the COMPASS spectrometer FOMLE 1 1

\ / » II'\ I.-'I.
* high energy beams two stages spectrometer . \'x\ ) /‘J
e e
» large angular acceptance Large Angle Spectrometer (SM1) R
* broad kinematical range Small Angle Spectrometer (SM2)
variety of tracking detectors . ] i

to cope with different particle flux from 6 =0 to 6 = 200
mrad with a good azimuthal acceptance

calorimetry, ulD

Polarised Target

Spectrometer NIMA 577 (2007) 455

. . Longitudinal polarization
* Two/three target cells, oppositely polarized gitudinal po °

* 180 mrad geometrical acceptance N ) [ »]
* 2.5T solenoid field <
* Low temperature 50mK 1t beam Transverse polarization

* Regular polarization reversals by field rotation 3 [
* 51iD (Longitudinal deuteron polarization: 50%)
* NH3(Longitudinal proton polarization: 90%)
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OUTLOOK

The COMPASS experiment at CERN
* Longitudinal asymmetries in DIS

* Pion and Kaon multiplicities

The Structure of the Nucleon : Transversity and TMD

e Unpolarized SIDIS

A selection of the many available results!
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The nucleon spin structure DIS-SIDIS processes

DIS: SIDIS:
Ag+Ag Ag, Ag

AQ (From Q2 evolution of g, ) Ag

DIS variables SIDIS variables

@ Photon virtuality: Q%2 = —¢q? ;- P-P E,
: : .. Q2 = . —LAB =X
@ Bjorken scaling variable: x = 754 P-q E-E
@ Relative photon energy: y = EEE Hadron transverse momentum p;"
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Nucleon SPIN and helicity PDF

Helicity measurement in DIS process

i i
Sn=5= AT + AG + Ly + Ly

1
AY(Q%) = / dx[Au + AT + Ad + Ad + As + A3](x, Q%)
0

1
AG(Q?) = /0 dxAg(x, Q%)

Helicity PDFs:  Aq(x, Q?) = .@.> - .@.;

The goal is the determination of Aq (x,Q?), AG

Stefano Levorato INFN Trieste
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Deep inelastic scattering processes: longitudinal polarization A; asymmetry

> Inclusive cross section

d*o N
Toap ~ahkx @ ) + eha(x, @)+ cgulx, @ ) + gl Q) .

spin mdependent spin dep. structure functions

1
g1(x, Q%) = 5 Z eéAq(x) ~ Ai(x, Q%) - F1(x, Q%)

q

Absorption of polarised photons

G, 4 O + _
Wﬁ# 12~ 4 93/27 9 qg(x)=Quark momentum DF
«O — - Aq(x)=Difference in DF of quarks with spin

a(x) = q"(x) + g~ (x) _
parallel or antiparallel to the nucleon’s

Aq(x) = q+(X) — g (x) spin in a longitudinally polarized nucleon;

» #€0O
W# }

01/2 — 03/2 LO Zq eéAq(x, Qz) Aexp __ Ny— Ny
01/2 + 03/2 Zq 62Q(X, Q2) Nu+Nd

AI (Xa Qz) —
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Deep inelastic scattering processes: A,%(x), g'4(x) results from Deuteron Data

Final sample: 135 million events
Data at E = 160 GeV (from 2002—2004) published PLE 647 (2007) 8

Data at E = 160 GeV (from 2006) 0.05- 1A COMPASS ey 1
: ‘% % o CLASW-25GeV/ie? |
of ﬁ;T H;i {‘ﬂul ¢ HERMES o
R e g
~0.05 , || B E155 o
107 101, & E143 g
e Good agreement with world data é}% E
» | . ﬁﬁ% |
@ Small statistical uncertainty at low x e g RURESR Y ]
1 | _4 ]
@ Compatible with zero at low x 0 3 X
2 F5'(6Q%)  ad oy T :
- ¥
° &1 (x Q%) = Ry i (. @°) SRR T RN ALY
0 T i, +
@ F> from SMC erp 58 (1998) 11201 i ‘ % T T
02—
: hep-ex/1612.00620, accepted PLB
@ R1998 rpiLB 452 (1999) 104 i | s e
1 1 04 relimina ©
used with improvements Tt e oo 5oy
Good agreement A,%(x) and of g',(x) with world data 06l
g*,(x) compatible with zero at lowest measured values of x, L

contrary to hints from SMC

i EPS i -
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Deep inelastic scattering processes: A,P(x), glp(x) results from Proton Data

_ B PLB 753 (2016) 18
Flnal Sample 85 m||||0n eventS @ 160 GeV 0_2_— COMPASS 200 Gev/ 1 CL<E‘_

+ 77 million events @ 200 GeV : % S s e % [,
0.1 i HERMES -
r W é 0O sMc ]
@ 2007 results already published #1070t 2007 | gos
PLB 690 (2010) 466 A £ —02
e i
: BT YL ﬁ% T
@ Increased beam energy in 2011 e
160 GeV — 200 GeV el 02
107 107" 1

o Higher Q? and lower x reached

o 1; = COMPASS 200 GeV

o N correction applied 08 + * COMPASS 160 Gey
0.6F%

e Good agreement oabl ® ++» % i by

- 5
P 2\ Fp(X:'Qz) P 2 0.2 o “'f

o gl (X, Q ) — 2X(12:|—R(X,Qz))AI (X, Q ) OE —— LT
—0-2:—¥
70-4; ;

g',(x) clearly positive at lowest measured values of x o ! m———

i EPS i -
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Deep inelastic scattering pr, r: x=0.0036  (i=0) X v ”
D. 12— x=0.0045 N B & Ewms
. I I . II - B x=0.0055 OO HERMES @  COMPASS 160 GoV 1
Flna Sal[np e 85 ml IOﬂ E : i i % ¥»=0.007 ) CLAZW=2E Gel B comPass 200 Gev AE <
+ 77 million events @ 2 i -10__-—-_{1_._____ x=0.009 —— COMPASS MLO i —:0.8
(@] : —'!’_-_'_-_._%_- x=0.012 —:0.6
XL . x=0.017 ]
o 2007 results alrear %G 4 <%, o4
B iﬁ_u———{ilae' x=0.024 n
PLB 690 (2010) 466 M- 0,035 ?0_2
- ¢ =0049 | -0
@ Increased beam er G_Tﬂrﬁ*fﬁf'%%*ﬁ " | ]
160 GeV — 200 C sreacprp e mt e kg T 0T e
- =0.12
BNy aram s dmHom o X .
Hich 2 and | x=0.17
e Higher @“ and loy R N =
- x=0.22 3eV
14 _ | AT OA Ao W ek oy
@ ““N correction ap| I e m—om ¥=0-29
2 - - =0.41
A
o Good agreement . Tloe * e
X - - DA O A Gl ome—m——eom X=0.57
F - —
ogf(X,Q2):T(Ii D'l | T Tl B - i i I o e M_ﬂ'}rl‘:l r
1 10 10°

Q? (GeV?/ c?)
From COMPASS data alone (and ag from PRD 82 (2010) 114018):
a.O(sz 3 (GeV/C)2)= 0.320 i 0.025tat:i 0.04syst:i 0.05evol:

(consistent with value from the COMPASS NLO QCD fit of world data).
In MS identified with total contribution of quark helicities to the nucleon spin

- MRS Venice, Italy 5-12 July 2017




Flavour separation using SIDIS data Ag(x, @)

To perform flavor separation SIDIS is needed

2 h
A _ 2 ez x) [ Dy(z)dz
; 2 h
quqq(x) J D} z)dz
0-4;‘ xAu - - xAd
02F ' E
0 - =t e - g e
02F - Tfa/
- lllll 1 1 1 |' | lllll:lllllll | Illlllll 1 | 2 T Bl B
005 XAU - xad
P . : l
i B R e ;’"f';*il'({;t}:"'{ """""""
0.05F :
:lllllll L0 sl 1 lllll:lll[lll-’ 1 llllllll L1 1111
002F xas 10° 107 X
fesdsgud bl -
002F }
-0A04E-lllllll 1 1 lllllll 1 1 _1-1-11

Stefano Levorato
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Basic concept

measured
Af, Ald '
AP AK

-
1d'

lp ’ lp

determined:

Au, A, Ad, Ad,

As = AS

Inputs:

unpol. LO PDFs (MRSTO04)
LO FFs (DSS)

curves: DSSV param.

results: As >0 77

— Results for As depend very much on the strange quark FFs used

INFN Trieste
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OUTLOOK

The COMPASS experiment at CERN
* Longitudinal asymmetries in DIS

 Hadron multiplicities

The Structure of the Nucleon : Transversity and TMD

e Unpolarized SIDIS

A selection of the many available results!
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SIDIS: Hadron multiplicities, the motivation

\_/

Fragmentation functions (FF, Dhq) describe parton fragmentation into hadrons = needed in
analyses which deal with a hadron(s) in the final state

In Leading Order QCD DhOI describes probability density for a quark of flavour q to fragment
into hadron of type h

SIDIS data are crucial to understand quark fragmentation process

Hadron multiplicities can be expressed in terms of parton distribution functions (pdfs) and
fragmentation functions (FFs), in LO pQCD this reads:

quark pdfs quark to hadron FFs
\ﬁi 2 ]K 2
am" (x,z,0*) _ 3, €,9x.0)D,;(z.0°)
d: 2. ejq(x,Qz)

Stefano Levorato INFN Trieste
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SIDIS: Multiplicities of m on Iso-Scalar Target and w*/n~ multiplicity ratio

COMPASS extracted W:l: f 3:_ U.UUJ(x;E.?-lgg :_ 001=<x=002 s 002=<x<003 ] 003<x<0.04 g 004<x <006
e e . 4 a=050 [ % % % T
multiplicities * ¥ % ;:E?? Y Y Y :
AN R . <
Results published in P b Ummm | U | Vnm [ Wi
PLB 764 (2017) 001 .. e T e T

i i L L 1 1
N06<x=<0.10 014<x<0.18 0.18<x<0.40 02 04 06 038

3 s [ ! i i
- Fols
7| Loty L L | mems 0.30<y<0.70
““ F . . . — 0 30<y<0.50
-_:.: r B i L | e 020<p<030
. 1F i R S - B ).15<p <020
COMPASS performed LO fit, el Silves e Sllrres | em—0l0<y<01s
e = P I e S N o= curves: COMPASS
. HKNS FF D. L L YT TR TR T T T T T LO fit
using programme 02 04 06 0802 04 06 0302 04 06 0302 04 06 03
z
RGSU |tS agrees Wlth WOFId FFS =] a.nua-cmu.?lun s 001<x<002 002< <003 003<x<0.04 004<x <006
+ 3f o=100 [ [ L L
As expeCtEd Dfav > Dunf %I'B o G050 4 3 . . T
o =025 | \a \ \a .
X’ «=0 Fota E . E s :"\
= B 2 1: RN hIN
3 06l Q5 =57 (GeVicy ; I SR St ow: IseIiin _
o *2Dfuy ] e =R e s S
L "Z,.D” n L L i [EPEPEE BRI B | PP BRI PR | [P EPETE PR BV 1 SR PRI B
04 - unf N06<x<0.10 D10<x <014 0.14<x<0.12 0.18<x<0.40 02 04 06 08
. o i .
= 5 =L0O QCD fit . F s
[ ‘--‘ A r ‘\ f I
B o, sF Lo L, A 0.50<y<0.70
0.2 ) N Eo ) —_— 0.30<p<0.50
i N - h :\' b e e 020<y<030
o — 1F S — F S, - "-,“AY_ F e, | mmees 0.15<p<020
- T it F e DU, At enaa, 0.10<y<0.15
| _ e [ - Veew | Rl e S et
O_ 1 A I Tresoe f ol i . curves: COMPASS
| L L 1 N N : Y 1 1 1 1 1 1 1 1 1 1 1 LO fit
0.2 04 06 0.8 02 04 06 0802 04 06 0302 04 06 0302 04 06 08
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SIDIS: Multiplicities of m on Iso-Scalar Target and w*/n~ multiplicity ratio

COMPASS extracted 7 o M) T N

a=075

]
=0 &n 1

The ratio of n™/n~ is interesting to study due to significant cancellation of
experimental systematic errors

Here, a good agreement between HERMES and COMPASS

Difference between HERMES and JLab likely explained by different W

Good agreement between COMPASS and EMC data for unidentified hadrons

003<x<0.04 % 004<x <006

i -« COMPASS \ = COMPASS
E - © HERMES I < . ©EMC
¥ oJLabE00-108 - ¥
il Y D | o~ i
%l i ST |
- 1.4'_— %{) L
L4 | i + -
i t oo v 1.5 ) b @
12;_ s “ ) ’ : =] *
L SR P
1 -
- 1_ - R
Lol L —— .
107 107" 1 107 107
X
o7 o4 06 oz 02 04 06 0802 04 06 0802 04 06 0802 04 06 08

z
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SIDIS: Multiplicities of K on Iso-Scalar Target and multiplicity ratio

= D.DD4<x<D.DlD ol 0.01=x<0.02 0.02<x <003 003<x<0.04 004 <x =008
+ f rEmneld
[ co=015[ [ [ = L*
[ 06p au=010[ " . 3. o,
sk e a=005| °¥ : 0y o
Lo om=0 [ °v v
04r 7, S R L rooLT,
"3 a0, A st &% 4
9y . L0 2
0.2p - 8,%04 . T a,b0h0 L ata, % L atal®oy
REEEY Tratian Teatiss RESITS
PR 0a 4 oo o [ oo o
L —— L — e —— s — e ] ——— !
0.0&=x =010 0.10=x =014 0. 14=x<0.18 015<x=040 0.2 04 06 08
[ e t
[ % Ty 4 0504y <070
04r L, sl r,o Cooa0, 00302y <0.50
2%y *'z-.- "g _ L 4 020<p=<030
of  PAleee, [ eiiteee b Ppgee L eiiz, oLy
0 sptau . Shha a taa, a N . .
@ COMPASS extracted | SR a0 S el
. - e . s rrnares | T ol SN S s s s SR SR B s sl ANV
Ka()n mu|t|p||c|t|es 0z 04 06 0802 04 06 0802 04 06 0302 04 06 08
z
° More than 620 data pOIHtS = F D.DD4<x<D.DlDED- 0.01=x<0.02 0.02<x =003 003=<x<0.04 004 <x =008
L v =020 L
. . W ol eo=015[ i i i
@ Recently published in Su sa=010f s " : "
by o =005 [ % O v Ya
PLB 767 (2017) 133 R - - 2
RS [oao] sty e e
0.2f - saloy .k .. F fal000,. SETTIN
ogha a sofean, § Bfea,, S Solttaaa g
Bopp g u:gﬂnu nq oo e %o
L e T i Y. it PR i U QY e ettt
00d=<x<0.10 010<x =014 014=x=0.18 018<x=<040 02 04 06 03
0.6F — - —
e i
L%y i § 3 ¥ 050<p<0.70
04r o, T ooy Fo . 0 0.30<p<0.50
N .;i_’{, L 5 & 020<p=<030
02k ate,, L a2y, L5 L #9509 o 0.15<p=020
. AT O 4 ALAYHO0as A, BOGoad o8
L Tophsas s o AAag g u‘é*“.:“\ onfbaaa a @ 010<y<013
Oom g B0pno g Oopgg o O0nopgag g
oF-------- - Sepa_g o ____ T
s e 1 e i P S e s i il | e | 1
02 04 06 0302 04 06 0502 04 06 0502 04 06 0.8
z
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SIDIS: Multiplicities of K on Iso-Scalar Target and multiplicity ratio

@ COMPASS extractec

Kaon multiplicities

@ More than 620 data

@ Recently published i
PLB 767 (2017) 133

INFN Trieste

Stefano Levorato

AN LS

we=010["

W

= 0004<x=0.01
v=020
¢ =015
v
v

0.01<x=0.02 0.02«x=0.03 0.03<x=0.04
v ¥
b v
v

+
Loo06
g

o =005

0.04 <x < 0.06
v
T

L« COMPASS b 04 06 08
25
L o HERMES 3
- Q + v 050<p<0.70
- & ¢ 030<p<0.50
- 2 020<p<0.30
7 % 0 0.15<p<020
= o] o 010<p<0.15
B ° ¢
- @ L
15 .
- L ]
B ® 0.04<x =008
- . — —
= e )
1= | I I L | | L I 1
107 107! x 1
There are large differences observed between .- “erie.
COMPASS and HERMES for the multiplicity ratio 04 06 08
(which agrees for 7 case)
¥ 0.50<p<0.70
9 030<p<0.50
2 020<p<030
[F3F . o J15=<p=020
E 22aiiid L 5d2283e, j» allsen L 4a82,... ‘ 0 0.10<p=0.15
it T A I W e et ) el N
02 04 06 0302 04 06 0502 04 06 0502 04 06 0.8
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OUTLOOK

The COMPASS experiment at CERN
* Longitudinal asymmetries in DIS

 Hadron multiplicities

The Structure of the Nucleon : Transversity and TMD

e Unpolarized SIDIS

A selection of the many available results!
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The structure of the nucleon

Taking into account the quark intrinsic transverse momentum K, at leading order other 6

TMD PDFs are needed for a full description of the nucleon structure

nucleon polarisation

U L T
1 -~
. q
ul f; € Jir € ¥ Aiq
number density (] Sivers
S -~
quark E,/OP- P | 8:r@® -C
polarisation helicity Aq
§ 1 a o
h, @ -G h,, (o»- o -G |Aq
transversity
T Boer Mulders I
h S A
IT 9 - e

SIDIS gives access to all of them
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Semi Inclusive Deep Inelastic Scattering (SIDIS)

/
g\/ ‘- Q2 v_P-q _ EF - F
- 2P-q - P-0 " F

< X

a.lN—)th e Z f(x) ® o.lq—>lq ® Dg(Z) u
q ,
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Semi Inclusive Deep Inelastic Scattering (SIDIS)

do B ‘\ y,
dx dy di dz dopy, de il N : — ) —
2 5 5 14 independent
v Y i , 1COS & . .
T2 2(1 —2 1+ %) {FUU,T +eFyun +V2e(1 + 6 v+ | azimuthal modulations

FCObQ(Dh T+ V22(1 — F) sin ysindp :
vy ( Lu amplitudes of the

modulations
52 [\/182 > TMD PDFs

‘l

+ SII 2¢(14¢) singp, L7, L

flT
+151] Eﬁlﬂ bn — Qﬁsj( ;;;h bs) | F;]l;(z)h s)
ih
lTH

+ E(Sin((ﬁh + o5 sin(¢p+¢s) + E(Sin(3q5h . ﬁbs) ;};(3<Dh*@s)
h H 1

+v2e(1 + 6[) sin gg }”UT@ +2e(1 4¢) (sin(2¢5h — ¢s) F;]i;@mh@s)]
ngD /
+ ‘SL|)\€ [\/1 — 52(@08((}5;1 _ QSS) zcj)?(@h*@b”) T e (1 _ 5605@5
+v2e(1 —¢) @05(2@1 — bg FE%S(Q%*%) }7
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Semi Inclusive Deep Inelastic Scattering (SIDIS)

do s

ey 0 8= o 0P, 14 independent T

2
i 1COS ¢ . .
1+ E) {FUU-T +elyun +v2e(1+ 5 aoo | azimuthal modulations

FCObQ(Dh T+ V22(1 — F) sin ysindp :
vy ( Lu amplitudes of the

l‘nﬁ[} modulations
De(l + ) sin oy FE2O 4 ¢ m Oh

UL UL + A [ V1—e? — TMD PDFs

SIDIS

g B Sln (pn—ds) .
TS Esm Ph ¢Sj( vrr 9. allows to disentangle the effects related to the
different TMD PDFs and to access all of them

+5(Sin(¢’h +%“@S) +€( » by identifying the final state hadrons and using

+ SH

different targets allows for flavour separation

+/2¢<(1 +EQ sin g avf};‘-bs + /] - very powerful tool
1

@D

2 i B Tos (Pp —ds) CO::(D -
IS [\/1 eleoslon = ¢s)Fiy Tvzel-e COMSS all the amplitudes (AA)

Qb —bs have been measured in
+v2e(1 - 5)@05(2% — g Fzgf( Ph—¢s) }

COMPASS

EPS Conference on High Energy Physics

Stefano Levorato INFN Trieste e e g



Semi Inclusive Deep Inelastic Scattering (SIDIS) Results!

some SIDIS results on

TRANSVERSITY and TMD PDFs
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Semi Inclusive Deep Inelastic Scattering (SIDIS)

MAJOR RESULT:
in the past 10 years 2 of these new PDF’s have been measured
and shown to be different from zero

by COMPASS and HERMES %, OMP.
rgg'%s

the Transversity PDF amplitude of the sine modulation in ¢}, + ¢, — T

Collins asymmetry  ~ h, e Hll
the Sivers PDF amplitude of the sine modulation in ¢, — ¢
Sivers asymmetry - 1
Y Y flT e D

A STEP TOWARDS
THE 3-D STRUCTURE OF THE NUCLEON

EPS Conference on High Energy Physics
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SIDIS Collins Asymmetry

~ h e HL
2004 first evidence for non-zero Collins asymmetry on p from HERMES M
final COMPASS results
~ 0.2 OMP.
~C | " 2% o™ proton
i S
< omw  deuteron e ° T } OMP
0.1 . 0.05F ¢ ,
{) NPB765 2007 s ¢
0_#§’ﬁ%i’§,'&%# PLB673 2009 ol - g;ﬁ & i _______________ ’
0.1 + —0.05 i {) ? (%,
SN ' < [ + ‘ PLB693 2010
ié" . E ~ Yo oK PLB744 2015
0.2 } t ‘}
R Eaie e
0_ ........ %ééé)@? ................ ? % %
0.2 i} ;:rzrr::\llae;“rzg ls)s:xli??he fragmenting quarkO 1=
, . ?rr;isverse momentum of hadrons sl s el
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Transversity from SIDIS: Global Fit analysis

h - -
I & = *
transversity

Stefano Levorato

M. Anselmino et al., Nucl. Phys. Proc. Suppl. 2009

fit to HERMES p, COMPASS d, Belle e+e- data

-h
|

06

04 -

0.2 —

08—

06—

04 |

AMD,,(2)2D_(2) A"D,,(2)2D_(2)

02
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Transversity from Collins and di-hadron asymmetries

P . . i g53
1 & -C point by point extraction
transversity N

Directly use of the COMPASS p and d asymmetries, and the Belle data to evaluate the
analyzing power (with some “reasonable” assumptions)

advantage: no Monte Carlo nor parametrization is needed

0.5

| %u open points: di hadron
I ‘{’ }S{’ & {' closed points: Collins
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Semi Inclusive Deep Inelastic Scattering (SIDIS)

L E 3
Jir© -
IT v
Sivers

Sivers asymmetry

correlation between the nucleon transverse polarization and the quark transverse momentum k
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Sivers asymmetry on proton

charged hadrons 2010 data 1 :r

COMPASS 2010 proton data

Qm: 01_ 0.1+ #  positive hadrons 0.1+
= &  negative hadrons
0.05- h+ 0.05- i 005
st ! 4 s * iy b ¢
3o ’ Wie ; gi.. g
&
o—§- B Ik A A U B U O™*, %% R i
h-
-0.05 —0.05 —0.05-
—0‘ I —-_01_ _-_01_ —
1 111 ||| 1 1 1 1111 || 1 11 111 | | 1 | | | |
10—1 10—1 0.5 1 0.5 1 1.5
~ X z p' (GeV/c)
Gsyst 05 o-stat I

clear evidence for a positive signal for h*, which extends to small x
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Sivers asymmetry on proton

0
COMPASS has measured the TSA in the 4 Q2 ranges of the 1 T
Drell-Yan experiment \ /
)
Drell-Yan SIDIS
190 GeV pion beam 160 muon beam

e} COMPASS preliminary 1 3% COMPASS preliminary

Z 0t Drell-Yan NH, 2015 data (~30%) 5509 g % 12— Proton 2010 data

c = 4 = i 08 2 C | ~
S B _-'- = ”O

© r 16<Q <81 ' £ =

- 4.0<Q%<6.25

1<Q?<4.0

1072

fundamental prediction pQCD
sign change between Sivers TMD
measured in SIDIS and in Drell-Yan
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Sivers asymmetry on proton
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The weighted Sivers asymmetry

Compute the Sivers Asymmetry by weighting the spin dependent part by\a--#.s“

W=PT/ZM

Direct access to the first moment of the Sivers asymmetry!
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The weighted Sivers asymmetry

/
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OUTLOOK

The COMPASS experiment at CERN
* Longitudinal asymmetries in DIS

 Hadron multiplicities

The Structure of the Nucleon : Transversity and TMD

e Unpolarized SIDIS

A selection of the many available results!

EPS Conference on High Energy Physics
Venice, ltaly 5-12 July 2017
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Unpolarized SIDIS: multiplicities

Relevance for TMDs:

* the cross-section dependence on py;, comes from:
* intrinsic k; of the quarks
* p, generated in the quark fragmentation

Stefano Levorato

INFN Trieste

(pra?) = (p.?) + 2%(kr")
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COMPASS

has produced results
on °LiD (~d) from
2004/6 data




Unpolarised SIDIS: multeplicities — pq;, distributions on deuteron

COMP4
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Unpolarized SIDIS: multiplicities and azimuthal modulations of the cross section

Relevance for TMDs:

* the cross-section dependence on py; comes from: COMPASS
* intrinsic k; of the quarks has produced results
* p, generated in the quark fragmentation on °LiD (~d) from
(pra®) = (p2) + 2(kr") 2004/6 data

 the azimuthal modulations in the unpolarized cross-sections comes from:
* intrinsic k;, of the quarks

- Boer-Mulders PDF COMPASS
has produced

results on
6LiD (~d) from
2004 data

combined analysis should allow to disentangle the different effects

COMPASS
* Is measuring these observables in SIDIS on LH, in parallel with DVCS
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Conclusions

SIDIS gave and is giving fundamental contributions to the study of the nucleon
structure.
The COMPASS contribution is remarkable:
» Longitudinal spin structure—> structure function, helicity PDFs
« Transverse spin and momentum structure
Sivers, transversity, Collins functions different from zero

to progress further
« comparison with different processes, from Drell-Yan to pp hard scattering
* more from SIDIS
* new precise measurements at new facilities with different energies
JLabl12, EIC
« COMPASS can still do a lot in the “consolidation” phase
from existing data,
with the LH2 data and hopefully in the future dt

still a long way, a lot to be learned, and a lot of fun!
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