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THE STRUCTURE OF THE NUCLEON

Collinear description leading twist

nucleon polarisation

U L T number density f4 (q)

é U f1 very well known ~

@© s

I ) helicity dlstrlbutlon g1 (Aq)

@)

s 91 well known .;‘ - »_ :L ’

S h . T - A
=1 1 transversity distribution hq (Atq) (3) - (¢

« first experimental evidence in 2005

« correlation between the transverse polarisation of the
nucleon and the transverse polarisation of the quark

e related to tensor charge

« a chirally-odd distribution, not observable in DIS,
accessible in SIDIS
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SEMI-INCLUSIVE DEEP INELASTIC SCATTERING

hard interaction of a lepton with a nucleon via virtual photon exchange

2 P - . !
K, .. v - 0 V= q =mE E
2P - q P E
O° = ¢’ w2 = (P + q)
P b, L,
7 = —=
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O-ZN_)thNZ O.lq—>lq ® f(X) ® Dcill(z)
q
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SIDIS = THE COLLINS ASYMMETRY

Collins effect
> azimuthal distribution of the hadrons produced in IN' - I'hX

Nﬁ(q)c):Nr? '[1i PT 'DNN 'ACOM 'Sinq)c]

+ refer to the opposite orientation of the transverse spin of the nucleon
P; is the target polarisation; Dy, is the transverse spin transfer coefficient initial = struck quark

-

" “Collins angle”

CW
Qe = Op- 0= O+ ¢s- 7
-
¢h, $'S azimuthal angles of hadron momentum, of the

spin of the fragmenting quark and of the nucleon
in the GNS

from the azimuthal distribution of the hadrons one measures

the “Collins Asymmetry” - /_h\ .
A o L QTq ADY  Arg oy
Coll qeéw A(%Dg © Hf‘g Collins function
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TRANSVERSE SPIN EFFECTS — TRANSVERSITY PDF

HELP proposal (L. Dick, B. Vuaridel, R. Hess, 1993) rejected by CERN:
regarded as black magic

Our Collaboration accepted as a compromise to dedicate
20% of the running time with muon beam to measurements with 2 :
transversely polarized nucleon targets /" Convass

K aporoved Felo 97
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TRANSVERSE SPIN EFFECTS — TRANSVERSITY PDF

HELP proposal (L. Dick, B. Vuaridel, R. Hess, 1993) rejected by CERN:
regarded as black magic

Our Collaboration accepted as a compromise to dedicate
20% of the running time with muon beam to measurements with
transversely polarized nucleon targets

Transversity is different from zero
and has been extracted from COMPASS and e*e™ data
and with “global” fits of COMPASS, HERMES, e*e™, ...data

0.4
\ ......
l g }
- T =i
-0.2 . xh u, ] dv
(]
i 1 m XN, A. Martin, F.B., V. Barone, Phys.Rev.D 91, 2015
i Ll o i L curves from Anselmino et al., PRD87 2013
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TRANSVERSE SPIN EFFECTS - THE SIVERS PDF

In parallel, the Sivers function story

a long debate

1992 introduced by D. Sivers

1993 J. Collins demonstrate that it must vanish
2002 S. Brodsky et al.: it can be # 0 because of FSI

2002 J. Collins: process dependent, change of sign SIDIS < DY
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TRANSVERSE SPIN EFFECTS - THE SIVERS PDF

In parallel, the Sivers function story

a long debate

« 1992 introduced by D. Sivers

« 1993 J. Collins demonstrate that it must vanish

« 2002 S. Brodsky et al.: it can be # 0 because of FSI

« 2002 J. Collins: process dependent, change of sign SIDIS <« DY

1996: not in our Proposal

IT ISALSO DIFFERENT FROM ZERO
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THE STRUCTURE OF THE NUCLEON

taking into account the quark intrinsic transverse momentum k;, at leading order
8 TMD PDFs are needed for a full description of the nucleon structure
correlations between parton transverse momentum, parton spin and nucleon spin

nucleon polarisation

4 I\
U L T
S 1
E ul f4 fir
E
o L 91 gir
X
@© 1 1 1
> T hi | hig hy hit

h1 Transversity hi‘T pretzelosity

fir Sivers PDF gir worm-gear T
Kotzinian- Mulders
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THE STRUCTURE OF THE NUCLEON

taking into account the quark intrinsic transverse momentum k;, at leading order
8 TMD PDFs are needed for a full description of the nucleon structure
correlations between parton transverse momentum, parton spin and nucleon spin

nucleon polarisation

4 I

U L T
c N SIDIS T, K, ..
(@)
§ U fl flT gives access
FE ) to all of them !
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SEMI-INCLUSIVE DEEP INELASTIC SCATTERING cross-section

do B
e dy = don B, A. Bacchetta et al JHEP 02 (2007) 093
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SEMI-INCLUSIVE DEEP INELASTIC SCATTERING cross-section

do B
o dy iz don 4l A. Bacchetta et al JHEP 02 (2007) 093
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SEMI-INCLUSIVE DEEP INELASTIC SCATTERING cross-section

do

dx dy dip dz dgy, Py | -
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A. Bacchetta et al JHEP 02 (2007) 093

8 independent azimuthal modulations

leading twist amplitudes
—> convolutions of transversity and
TMD PDFs and FFs

/
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TRANSVERSE SPIN EFFECTS — A BIG EXPERIMENTAL EFFORT

SIDIS
10%. ]
2 - EIC / ,.': OMP. ongoing
Q - high energy fi 4
(GeV?) - high precision y 3
. future ! L
10 L over
. % s results still coming
i E;Z 6 GeV over
i "-J'ef o Lab 11 GeV: to be started
i _ high precision data
102 102 10-1 1 24 GeV future
X
ete” - hadrons polarized DY
Fragmentation Functions Collins, DiHadron, ... pp 2> jets
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THE COMPASS SPECTROMETER = sinis with polarized targets FWS
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THE COMPASS SPECTROMETER - sibis with polarized targets F MP, S

designed to two stages spectrometer N’
e use high energy beams

) I I  Large Angle Spectrometer (SM1)
ave farge angu. ar accleptance « Small Angle Spectrometer (SM2)
» cover a broad kinematical range

variety of tracking detectors

to cope with different particle flux
from 6 =0to 8 =200 mrad with a
good azimuthal acceptance

calorimetry, plD o il ¢
/ | Q :'\.k”
RICH detector E/HCAL e LN l LPS> E/HCAL
" i ~ _~50m
MuonWall

SM1L e

and MOST IMPORTANT
the polarized target

1 1 | |
10 20 30 40 50 60
p (GeVic)



The COMPASS polarized target system — sibis >2005

-

3He — “He dilution refrigerator (T~50mK)

solenoid 2.5T
dipole magnet 0.6T

acceptance > 180 mrad

3 target cells
30, 60, and 30 cm long

=
podinni

opposite polarisation

d (°LiD) p (NHy)
polarization 40-50% 90%
dilution factor 40% 16%

no evidence for relevant
nuclear effects (160 GeV)

Ccyss

~——

MANY THANKS
TO ALAIN
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coMp4ss  results on
f/s* Transverse Spin Asymmetries

25 years after the proposal
« areview of well known results
« Jess known and new results

 expected results

q‘ \ | 8 August 29, 2022 Franco Bradamante



THE DEUTERON DATA - 2002-2004

the first SIDIS data with a transversely polarized target in COMPASS were collected
In 2002: 0.5 effective weeks of data taking
In 2004 first results for the Collins asymmetry and for the Sivers asymmetry

2 Yqeq hi ®Hig A Yq€s fir' ® Dig
Coll™ 2 rq Siv™
2qeq fi *Dig T Zged fi Dy
first publication in 2005
2002 data
- _ PRL 94, 202002 (2005)
50'2 ™ all hadrons " leading hadrons |

COMPASS <
| /S o + large statistical uncertainties,

K oﬁzgli@!].féﬁl%% Fﬁﬁj{?@%ﬁ#é -------- compatible with zero

" h+ o h- [ Collins, d 2
0.2 T . raaal MR |
5921 all hadrons " leading hadrons
<
01 »
ERTV S L R T T XA
’ .{]'E’% éﬁ”% *ﬁ% E)E)é
SPIN2004 0.1} - % Sivers, d
Trieste
021 PR | ) l....-.....l s sl ) L1
1072 107 102 107
X X
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THE DEUTERON DATA -

2002-2004

the first SIDIS data with a transversely polarized target in COMPASS were collected

In 2002: 0.5 effective weeks of data taking
In 2004 first results for the Collins asymmetry and for the Sivers asymmetry

first publication in 2005
2002 data

PRL 94, 202002 (2005)

S 0.2 411 hadrons

8 ;#ggﬁgﬁﬁ

;

" leading hadrons

Fﬁﬁ’gﬁﬁﬁ% ..

" h+ o h- [ Collins, d
0.2 T raaal MR |
592F all hadrons " leading hadrons
<
01 »
ERTV S L R T T XA
’ .{]'E’% éﬁ”% }ﬁ;*@ E)g)é
SPIN2004 0.1} - % Sivers, d
Trieste
021 PR | ) l.... T | s sl L1
1072 107 102 107 .
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In the mean time,
HERMES
measurements

with a proton target

for the first time
clear signals:
real effects !

hep-ex/0408013

. 50.15

2 (sin(¢ - 0g

0.1
0.05
0

-0.05
0.1

0.05
0
-0.05

» P
PSS
- Sivers, p
;#---4' ----- + ------- + ------
01 02 08

te



FIRST EXTRACTIONS OF THE NEW PDFs

the first extractions of the Sivers PDFs from these p and d Sivers asymmetries came very soon

the HERMES and COMPASS data could be well described

M) )
ol 77— ; T — — —T ;
[ Anselmino et al . 0.3 5 Anselmino et al ——
Collins et al —_—— I . Feng Yuan  .---. i
. ﬂ' | LN b -
0.05 : 2 : .o
‘ d-quark 01 /o ".;::L.d-:,mcu‘k

0.1 |

u-quark u-quark

-0.05 | 02 | proceedings of

N HERMES x-range o I I HERMES x-range Tl’ansverSIty 2005
0.1 ¢ ' '

0 - {l.-Z - ll:-‘l - l};b - 0:8 - .\'l 0 - 0;2 - ll:-l - l}:ﬁ - 0:3 - x.
confirmation that the COMPASS results could be due to u d quark cancellation
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FIRST EXTRACTIONS OF THE NEW PDFs

the first extractions of the Sivers PDFs from these p and d Sivers asymmetries came very soon

proceedings of
Transversity 2005

the extraction of the transversity PDFs took some more time

the Collins FF was the missing piece

it was qualitatively described by the Artru 3P, model

first measurements the Collins- like asymmetry
in eTe™ - hadrons at BELLE

clear independent indication of
non-zero Collins FFs

again indication that the COMPASS results
could be due to u d cancellation

August 29, 2022

2 L 1

Coll™ 2 rq
quq f1 'qu

PRL 96, 232002 (2006)

qﬁ cos(d4+d,) method: ' :
0.2 | E ; §
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FIRST EXTRACTIONS OF THE NEW PDFs

the first extractions of the Sivers PDFs from these p and d Sivers asymmetries came very soon

proceedings of
Transversity 2005

the extraction of the transversity PDFs took some more time

2 1q oyl
the Collins FF was the missing piece - Zq eg i ® Hy,
it was qualitatively described by the Artru 3P, model Coll qe2 f1- Dy,

first measurements the Collins- like asymmetry
in eTe™ - hadrons at BELLE

to summarize:
« clear signals of the new transverse spin effects seen at HERMES and Belle

 a consistent picture of transverse spin effects was coming out, which could explain both
the HERMES proton and the COMPASS deuteron data
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EXPERIMENTAL SITUATION IN 2005

In 2004 first results for the Collins asymmetry and for the Sivers asymmetries
first publications in 2005

w2 02 F o+
2002 data PRL 94, 202002 (2005) %gﬁ Z 01 +
T Eﬂ-z'all hadrons [~ leading hadrons [ £ 0 -+-++ ----- + ---------------
COMPASS = < _
-/S; o1r i -0.1 }' Collins, p
N T T T S R T ﬁf 1. HERMES had g
o #ﬁli o %[} Pﬁ ‘Hﬁ% . no deuteron data 01| ¥ y +
T mhe oh- " Collins, d 02 | |
532 :l(;l.lui:adrtlm; o 'Illelc;;z:ing hadmm COMPASS had cos
= no proton data = o1 L m*
* % 0.05 F 4 4
o--g-ﬁ@-%-@-#—-- e YT S A A S
0.1 _ % SiverS, d “~ .0.05 :._._._|_._._._ Sivers, P
IL 01 T
'0-2'......_2 e e = '......_2 T 0.05 |
10 10 L 10 10 . 0 +++ _____ + _______ + ______
more data were needed | Rl N
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THE DEUTERON DATA CWS

2002: ~0.5 effective weeks of data taking, published in 2005
2003: 2 weeks of data taking
2004 2 weeks of data taking

Ny

2002-2004 data

S 0.1F | final results for deuteron
2002 data < . Collins published in 2007 NPB 765 (2007) 31
So.2fF 0.051
< | Collins & a more precise
0.1 .l- q)
T + 0"++§§’%é‘ﬁ>++ measurement of zero;
0—-#--Eiﬁﬁ-é-é-ﬁl-- i l— + still, large statistical
. 'L -0.05¢ . e o uncertainties
| "h+ oh- 1]
< | Sivers 0.05- VErs
t ghorth o, i
(1] O AR I RE R NP R . R O_ ........ (bé.é .......................
_0_1-@ﬁ ; l L2 ‘bé%{»
ll -0.05"
) T 10°!
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THE DEUTERON DATA

e

2002: ~0.5 effective weeks of data taking, published in 2005

2003: 2 weeks of data taking
2004 2 weeks of data taking

2002 data

| Collins +

é#&gﬁgﬁﬁ

T TEhr ohe

-0.2 L
302 - -
< Sivers

0.1

_%ﬁ%@gﬁ%ﬁlmm

102 1071

o
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AColl

0.05

-0.05

ASiv

0.05

-0.05

0.1

2002-2004 data

Collins

it

® h+ o h-

1 11l 1 Loa ol

T

Sivers

CWS_

Ny

final results for deuteron
published in 2007 NPB 765 (2007) 31

a more precise
measurement of zero;
still, large statistical
uncertainties

the only existing
deuteron data

- run 2022 ongoing !

JLab6: He3,
statistically limited
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THE 2007 PROTON DATA C(VS

In 2007 first (short) COMPASS run with transversely polarized protons (NH3)
preliminary results (half of the data): Transversity 2008 S

COLLINS ASYMMETRY ‘:? | o poskdve badrore % COMPASS |2007 proton data

different from zero and 0.1~ %
COMPATIBLE WITH HERMES ! i{.g;gﬁ L oa #?é#%#issg ?f #é

P v [

0.1~

Lol MR | TR B | | | | | |
107 10" 0.2 0.4 0.6 0.8 0.5 1 1.5
Xg) z P, [GeVic]
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THE 2007 PROTON DATA

——

preliminary results (half of the data): Transversity 2008

COLLINS ASYMMETRY
different from zero and
COMPATIBLE WITH HERMES |

—— posltive hadrons
—ea— negatlve hadrons

COMPASS
4

+

T

11 111 1 IIIIIII| 1 111111
1072 10

04

0.6 0.8

CCVSS
in 2007 first (short) COMPASS run with transversely polarized protons (NH3)
— e i
o
3 mscbickiome-uto { COMPASS |2007 proton data
0.1- % - _
. ﬁ““h [opetete AR
0.1+ . - % .
| mi}lr? 'l 16' | 02 04 08 08 05 1 15 |
Xg) z P, [GeVic]
2007 proton data SIVERS ASYMMETRY
<UNP compatible with zero, also for positive hadrons
AT VARIANCE WITH HERMES
iTh UNEXPECTED RESULT
! no panic but NIGHTMARES
0.5 1 15 A, splitting
p; [GeVic] S meson
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THE 2007 PROTON DATA

Close scrutiny of the collected data revealed some systematics
"fairly long and sometimes difficult analysis "

Final results, all 2007 data:  Phys. Lett. B 692 (2010) 240

Collins asymmetry: preliminary result confirmed  0gyst = 0.5 Og¢q¢

Sivers asymmetry: SRS ~ e positive hadrons -
positive hadrons exhibit an % 0 Teahehdon
average asymmetry of 0.03 |_zése?® ¢ §+ % %ﬂ' e i . s %% 9 %J
somewhat smaller than HERMES Foreo¥ 4 SR (} LA I
but
definitely non zero O — — | ————S
Osyst = 0.8 050, +0.01 o " T Gevio

- necessity of alonger and better data taking

August 29, 2022

Franco Bradamante




—

THE 2010 PROTON DATA CLVSS

Necessity of alonger and better data taking: . |
request for 1 year of data taking with transversely polarized p N

“Transverse spin structure and Drell-Yan measurements at COMPASS”
FB talk at New opportunities in the physics landscape at CERN,
May 2009

Addendum 2 to the COMPASS Proposal
CERN-SPSC-2009-025 SPSC-M-769
SPSLC-P-297 Add. 2, 21 June 2009

2 A ¥ August 29, 2022 Franco Bradamante
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THE 2010 PROTON DATA “VSS

Necessity of alonger and better data taking: . |
request for 1 year of data taking with transversely polarized p N

“Transverse spin structure and Drell-Yan measurements at COMPASS”
FB talk at New opportunities in the physics landscape at CERN,
May 2009

Addendum 2 to the COMPASS Proposal
CERN-SPSC-2009-025 SPSC-M-769
SPSLC-P-297 Add. 2, 21 June 2009

Many thanks to Elke

Year 2010 entirely dedicated to proton running

and the 2010 run was quite successful

Preliminary results shown at Transversity 2011 in Losini
First results published in 2012

August 29, 2022 Franco Bradamante




& = . * ' )

i

THE PROTON DATA - Sivers asymmetry C(VSS

2007 half year, 2010 one year of data taking - the signals are there!

Ny

Siv
(@]
=2

Sivers ¢ i +
oos- * " T
asymmetry . i}
all COMPASS é;ﬁ ?
proton data o—%iiﬁ‘”{, .......
-
—0.05-

" 1 o3 3l
1072 107!

PLB 744 (2015) 250
PLB 717 (2012) 383
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THE PROTON DATA - Sivers asymmetry

2007 half year, 2010 one year of data taking - the signals are there!

Sivers
asymmetry

all COMPASS
proton data

P
o Siv
]
oh

ort +

| e TT {)!
¢
(}é ?

_iiiiﬂ_ﬁ """"

1072 107!

PLB 744 (2015) 250
PLB 717 (2012) 383
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comparison with HERMES

o B COMPASS 7* x<0 032 ¥ gg'
<O SRR A oo ! - Bl
0.05 2 éi . % %’# {' L 09 i %‘} {
it | i RIS
R RLEEEEEEEEEEEEEE IR L e } ----- é*---f---------_c‘?“f -------
~0.05F 2 | I | |
1072 107 0.5 1 0.5 1 L5

X

smaller values at COMPASS:
TMD evolution ...
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THE SIVERS FUNCTION

Sivers function extractions from SIDIS data (COMPASS, HERMES, Jlab)

006 @’ =2.4 GeV’!
- U and d: clearly different from zero

M. Anselmino et al
Eur. Phys. J. A 39, 89-100 (2009)
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THE SIVERS FUNCTION

Sivers function extractions from SIDIS data (COMPASS, HERMES, Jlab)

0.06 |Q>=2.4 Gevzzg
- u and d: clearly different from zero S 0.04 |- /\
0.02 ;,../\ \:
¥ e
El N
< -0.02 —%\ “

... pseudouniversality J.c. cCollins, Phys. Lett. B536 (2002) 43.
o . . 0-100 (2009
proposal to measure it in pion-induced Drell-Yan muon pair production (2099)
at COMPASS

CERN-SPSC-2010-014
SPSC-P-340
May 17, 2010 COMPASS Il proposal: DY and DVCS (2015-2018 runs)
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THE PROTON DATA - Sivers asymmetry

to make easier the comparison with DY, avoiding Q2 evolution problems,
we have measured the Sivers asymmetry in QZ bins

%S COMPASS 3 © COMPASS 2015 dat 3
SIDIS % 102! SIDIS 2010 NH, proton data . 3 % 102 Drell-Yan NH, o 0.9 z; DY
ey SR S
S | 16<0’<81 - S e
: L e -6 §
10— ) 10
o 025 A :
1<Q’<4
1 41 —— _._L_.JL'__
4 May 2022 X Bakur Parsamyan 13
e z>0.1
0.04< 0.1<z<0.2
~ i >0.2
& e + b COMPASS DY run 2015 + 2018
‘ i
A new results at DIS2022
< % i - Jan Matousek
0 __ .............................................................................
PLB 770 (2017) 138 - ﬁ
—0.02+, .
August 29, 2022 1 10 Franco Bradamante
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THE PROTON DATA — Collins asymmetry C(VS

2007 half year, 2010 one year of data taking - the signals are there!

~—

SO0IF o

A O o —
Collins 00sL n } }
asymmetry ;¢

0f-- -g-ﬁg@-f ---------------

all COMPASS # X
proton data ood. - ;

r-}§{).1— fE K~

o
[
——C——
'—q—‘l—.—c !
l—.-l=‘b—'
Or e
Hoe—
%
——
—_——
—0—

1ol 1 1 ral " L1 11
107 107"

PLB 744 (2015) 250
PLB 717 (2012) 376
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THE PROTON DATA - Collins asymmetry

2007 half year, 2010 one year of data taking - the signals are there!

+

COMPASS comparison with HERMES
:-‘-60.1— O n+ .._- % oLSIVEL DY LUJU[,II’(II,[IJI [EL RN
_ iy o T } " iy 0.1~ COMPI,«_\SS positive pions x<0.032 -
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PLB 744 (2015) 250
PLB 717 (2012) 376 very good agreement !
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THE PROTON DATA — Collins asymmetry CWSS

2007 half year, 2010 one year of data taking - the signals are there!

~——
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107 ot well reproduced by the P, model

PLB 744 (2015) 250 A. Kerbizi et al. PRD97 (2018) no.7, 074010
PLB 717 (2012) 376
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TRANSVERSITY

fits of Collins asymmetries in SIDIS off p and d, and e*e- data

Anselmino et al PRD 2007
0.5 Z.-B. Kang et al. PRD 2016 M. Anselmino et al.PRD 2015
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TRANSVERSITY

fits of Collins asymmetries in SIDIS off p and d, and e*e- data

Anselmino et al PRD 2007
0.5

Z.-B. Kang et al. PRD 2016

0.4
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=
< o041
X o
0.1
0.1
‘;“ 0.05+
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05,
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1
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107 10"
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t by point extraction

-0.4

M. Anselmino et al.PRD 2015

T IIII T T T llllll
Q2=2.4 GeV?

NRERNS

using COMPASS p and d asymmetries, and e*e- data

no Soffer bound; no Monte Carlo nor parametrisations needed

'mmetries
te", and pp data
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TRANSVERSITY

fits of Collins asymmetries in SIDIS off p and d, and e*e- data

Anselmino et al PRD 2007

0.5 Z.-B. Kang et al. PRD 2016 M. Anselmino et al.PRD 2015
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‘5’ 0.2 > 0:2 S
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0.1 . .
il work still ongoing ...
x " it is clear the
* U- and d-quark transversity PDFs have opposite sign
05 .
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S E— ﬁﬁi*n%:%“ﬁz ----------------------- i - 2022 COMPASS run
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point by point extraction
using COMPASS p and d asymmetries, and e*e- data
no Soffer bound; no Monte Carlo nor parametrisations needed
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THE DEUTERON DATA
run 2022 - expectation CERN{SPSC{2017{034
SPSC-P-340-ADD-1
April 5, 2018
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many thanks to Gunar and Daniel
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THE PROTON DATA CWS

several other measurements have been performed
« other TSA N —
- multidimensional measurements of TSAs (x, Q?,z, P;) bins
* Sivers asymmetry in Q2 bins
In particular for the COMPASS Drell-Yan measurement PLB 770 (2017) 138

» P; - weighted Sivers asymmetries
no convolution, important tests, extraction of the Sivers function NPB 940 (2019) 34

- transversity induced 4/ A polarization PLB 824 (2022) 136834
« TSAs for high Pr pairs from PGF events PLB 772 (2017) 854
« J/¥ Sivers asymmetry

« pP TSAs - new
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THE PROTON DATA

p? TSAs

counts

200 x10° ? 04; | COMPASS preliminary COLLINS ASYMMETRY
- COMPASS preliminary < Tt _ :
600 - 71 | ol %‘ = ool I I + - indication for positive asymmetry
i asf;naglroun ” <CD + % + % opposite to m* as expected
400 - f, =018 0_+%% ________ % ______ % _____ ++% ______________ % _____ %+ - Iarge at small PT
20{)_— _().2;.”.@ C . _..|....|.|..+||.|.
C 1072 107! 04 06 038 02040608 1 1.2
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1 | | 1 | 1 | 1 1 1 1 ‘ 1 | 1 1 | 1
0.5 1 15 2 ~  03F -
M, (GeV/c?) T i - COMPASS preliminary SIVERS ASYMMETRY
02 - s
g B i T . ..
" otl g s - indication for positive asymmetry
Tt + + % + % i + + similarly to ° as expected
U b S SEECE Rl Il % ******** REREEEEEE i + %
—0.1F L L
AU R S N B I T N S SUEE P PR . _
paper in preparation 10°2 10! 04 06 08 02040608 1 1.2 only statistical uncertainties
X z P, (GeV/e) Isyst = 0-305star
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THE PROTON DATA CWS

several other measurements have been performed

« other TSA S—
- multidimensional measurements of TSAs (x, Q?,z, P;) bins
* Sivers asymmetry in Q2 bins
In particular for the COMPASS Drell-Yan measurement PLB 770 (2017) 138
» P; - weighted Sivers asymmetries
no convolution, important tests, extraction of the Sivers function NPB 940 (2019) 34

- transversity induced A4/ A polarization PLB 824 (2022) 136834
» TSAs for high P; pairs from PGF events PLB 772 (2017) 854

« J/¥ Sivers asymmetry

« p¥ TSAs

and other new measurements are ongoing
 the g, structure function

all these measurements will be repeated with the new deuteron data,
which we are collecting this year

August 29, 2022 Franco Bradamante
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SUMMARY CWS

~—

COMPASS has given arelevant contribution to the study of the transverse structure
of the nucleons with the Transverse Spin Asymmetries in SIDIS

It has not been easy to make these measurements, but for sure
It has been alot of fun
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SUMMARY CWS

COMPASS has given arelevant contribution to the study of the transverse structure
of the nucleons with the Transverse Spin Asymmetries in SIDIS

It has not been easy to make these measurements, but for sure
It has been alot of fun

The results have come and are coming, they have been very interesting,
sometimes unexpected and anyway NEW

Our 2022 deuteron run will conclude the exploratory phase of these
transverse spin phenomena carried out by HERMES and COMPASS

Much more will surely come from the next generation facilities

SOLID
EIC
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THE PROTON DATA

e other TSAS

- —e—positive hadrons

. ) 0.02f —+—negative hadrons
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THE PROTON DATA ~

c€g9ﬂ{___

e transversity induced A/ A polarization PLB 824 (2022) 136834 —~—
Zq th A(A)
S -
AA) — A(A
>qeifiD
x10°
- 1 full phase-space -
; P e A oA
2 kS o5t : :
" < ; L ¥
PR g b e fo_ TP S S S S |
¥ of-#k g g ﬁ§%% - f
© 8
42 messsssssssssssssiy || Eas——esssssssss———" |
2k [ — e S | St
N R R TR N TR R ER R VR RERRT: 1072 107! 0 02 04 06 0 0.5 | 1.5
M, (GeVic?) X z p (G@V/C)
AUgUSta%%oongl%ooxs.

Franco Bradamante



THE PROTON DATA

cOMP

 TSAs for high Py pairs from PGF events

PLB 772 (2017) 854
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THE PROTON DATA

nyss

« J/® Sivers asymmetry
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