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THE STRUCTURE OF THE NUCLEON

Collinear description leading twist

nucleon polarisation

U L T number density f4 (q)

é U fl very well known O /}

5 nelicity distribution g; (Aq)

S g1 well known O »_ ‘:, ’

R o P
=] h, transversity distribution hy (Arq)  (3) - (¢

» first experimental evidence in 2005

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

* 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 - . !
TT, K; v X = 0 Yy = 1 =148 L
2P - g P E
0" = —q W2 = (P + q)
P b, L,

N

O.lN—>th~2 O.lq—>lq ® f(X) ® Dcill(z)
q

Pt Pn
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SIDIS = THE COLLINS ASYMMETRY

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

Nﬁ(q)c):Ng '[1i PT 'DNN 'ACOH 'Sinq)c]

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

e

“Collins angle”

COMPASS
/S Qe = Oh- O = Gp + Ps -

~ “
(I)h, s’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” q
A zq qQTq A:D, ) ATCI < hq
coll 2\qu“/ A Dh o H g Collins function
q
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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

ageroved Felbo 17
— NASE

® G. MALLoT
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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
] N

3 it *

i A
-0.2 N xh u, ] dv

o
i o m X, A. Martin, F.B., V. Barone, Phys.Rev.D 91, 2015
| el e AP curves from Anselmino et al., PRD87 2013

e = —.
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TRANSVERSE SPIN EFFECTS — THE SIVERS PDF

in parallel, the Sivers function story

along 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
o 1
z vl f4 fir
2
c ! 91 gir
<
@ 1 1 1
.
= hy | hi; hy h1r

h{ 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 N\
U L T
_ SIDIS T, K,
2| f fi |
© 1 1T glves access
& ) to all of them !
o 91 gir
o
@© 1 1 1
T
> hi |hy hy hyr

h{ Transversity hi‘T pretzelosity
fir Sivers PDF gir worm-gear T

Kotzinian- Mulders
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SEMI-INCLUSIVE DEEP INELASTIC SCATTERING cross-section

do B
. / ! 2
dx dy di dz dey, APy | A. Bacchetta et al JHEP 02 (2007) 093

2 2 2
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SEMI-INCLUSIVE DEEP INELASTIC SCATTERING cross-section

do

da dy dip dz dop, dP, hl A. Bacchetta et al JHEP 02 (2007) 093
2
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SEMI-INCLUSIVE DEEP INELASTIC SCATTERING cross-section

do -
da dy di> dz dey dP7,
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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
102 :
C /i _
2 - EIC /| comP ongoing
Q - high energy fil T -
(GeV2)  + high precision 4
, future ! f i
10 over
- % S results still coming
i E;? 6 GeV over
- .gef som Lab 11 GeV: to be started
. high precision data
10-3 10-2 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 — sipis with polarized targets

designed to

e use high energy beams

* have large angular acceptance

« cover a broad kinematical range

variety of tracking detectors

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

calorimetry, ulD
RICH detector

COMPA

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

two stages spectrometer N
 Large Angle Spectrometer (SM1)
« Small Angle Spectrometer (SM2)

S "o | -‘~ E/HCAL

-

- Ll

E/HCAL

1.
~ _~o0m
MuonWall

and MOST IMPORTANT
the polarized target



The COMPASS polarized target system — sibis >2005

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

solenoid 2.5T
dipole magnet 0.6T

nin E_l | 1000 mm |
: % acceptance > =+ 180 mrad

3 target cells
30, 60, and 30 cm long

opposite polarisation

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

no evidence for relevant
nuclear effects (160 GeV)

MANY THANKS
TO ALAIN
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coMP4Ss  results on
*/S* Transverse Spin Asymmetries

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

« expected results
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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

2 Yqeq hi ®Hig A q€a fir'® Dig
Coll™ q i~
Yqeq fi ~Dig o Yqed fi' +Dig
first publication in 2005
2002 data
. N PRL 94, 202002 (2005)
50'2 ™ all hadrons " leading hadrons [

COMP l'S -
-+ " 0.1 * . . . .
- /S large statistical uncertainties,

K 0: #Ei@!ﬂ_éﬁ_ﬁ:..%_. _ijﬁ,%ﬁ#{% [ compatible with zero

" h+ o h- | Collins, d ~
02F . i . rauil L sl .
5921 qll hadrons " leading hadrons
<
0.1} |
EB T T YT T XA
0 @i’% st *i‘)% 23
{ .
SPIN2004 0.1} - 1 Sivers, d
Trieste
02F 0 M | . l....'.....l MR L
1072 107! 1072 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
— o _ PRL 94, 202002 (2005)
C‘.—T S ﬂ:g ““I" all hadrons * leading hadrons {
4§ . / 0_#§i@ﬁéé%% _Pfﬁiéﬁ%ﬁ#% [
*T =ht oh- " Collins, d
P | T
AER TS A T T2 X
 phoftlp by phoesd
{ .
SPIN2004 0.1 - 1 Sjvers, d
Trieste IL

R | . P | P | AT |
102 1071 P 102 1071
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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

0.15
0.1
0.05

bis
uT

2 (Siﬂ(([) - ¢'s)>

-0.05
0.1

0.05

-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

Iy
5™ )
0.1 I T T L T L] T T T 1 [ T T L) L] T T T T 1
[ Anselmino et al , 0.3 Anselmino et al—
Collins et al —_—— [ . Feng Yuan  ----. 1
! ﬂ' i . - - |
0.05 | 2 : N
. d-quark 0.1 [ “-:::.-{f-qud'!'k

-0.1 |
u-quark ! u-quark

0.05 | 02 | proceedings of

[ALE N B HERMES x-range : 03 mrir 1 HERMES x-range Transversity 2005

l.l - {I.-Z - ll:-‘ll - I]:ﬁ - 0:8 - .\  0 - 1]: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

2 1q gyl
the Collins FF was the missing piece N Yqeq hy® Hy,
it was qualitatively described by the Artru 3P, model Coll g el fl- Dy,

PRL 96, 232002 (2006)

A12

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

cos(d+0,) method: : :
0.2 [ i ’ ’

clear independent indication of I S 5 S }' + _____ ‘ .......

non-zero Collins FFs

0 2 4 6 8
z,,2,-bin-id
C . . z, L
again indication that the COMPASS results 02 03 05 07 103 05 07 105 07 107 1.0
could be due to u d cancellation 2, 0I2 0'3 0'5 0I7 1I0
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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 14 1
2qeq hy ® Hy,
2 4
2q€q fi *Diq

the Collins FF was the missing piece
it was qualitatively described by the Artru 3P, model

Acon~

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

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

o

2002 data

PRL 94, 202002 (2005)

““I" all hadrons

C#ggﬁgéﬁ

%

" h+ o h-

" leading hadrons

Pﬁﬁ’*@g%ﬁf{% -

[ Collins, d

HERMES had
no deuteron data

™ all hadrons

" leading hadrons

wa——eed COMPASS had
no proton data

- ﬁT Sivers, d

Eﬁ%gﬁg%#+
|

aaal M M TR | M
102 107!

1072 107!
X

more data were needed !

i

2 (sin(¢ - 9g))

-0.1
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£ 0.15
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R
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PSR S
et Sivers, p
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THE DEUTERON DATA CWSS

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

~—

2002-2004 data

S 0.1F | final results for deuteron
2002 data < Collins published in 2007  NPB 765 (2007) 31
Soz2f 0.05["
< | Collins & a more precise
0.1 [ q)
T % O"C‘L'}*q’%é#? measurement of zero;
o_.#..ﬁ’-i'i’-@--ﬁ-é-ﬁl-- ] + still, large statistical
~ é -0.051 . e o uncertainties
S "h+ o 1]
02 % e ... e
e <C Sivers
< Sivers 0.05-
t etorth o, i
(o] TR R R R RN . U O_ ........ (bé.é .......................
_0.1-@1] % l ¥ ‘bé%{»
ll -0.05F
) O 02 10"
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THE DEUTERON DATA

.

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

[
i |

[ ®hty oh- |

Sivers

_%ﬁ%ggg%#l

102 107
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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

nyss_

~—

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

Franco Bradamante



—

i

THE 2007 PROTON DATA C(VSS

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

2
COLLINS ASYMMETRY ‘:?o Bl i il + COMPASS |2007 proton data

different from zero and 0.1~ %

Wt _ v g

0.1~

Ll Ll MR | | | | | | |
107 10" 0.2 0.4 0.6 0.8 0.5 1 1.5
Xgj z p, [GeVic]
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THE 2007 PROTON DATA

——

CWSS
In 2007 first (short) COMPASS run with transversely polarized protons (NH3)

preliminary results (half of the data):

Transversity 2008

N

2
COLLINS ASYMMETRY 5+ D e i + COMPASS |2007 proton data
different from zero and ay : % I [ ; *
|
COMPATIBLE WITH HERMES ! o_ii}%““%#“éééi}{téghi‘é
o S Il
I 10I'2 — 1(I)'1 — 0i2 0.|4 O.IG 018 0.|5 ‘Il 1:5
Xgj z p, [GeVic]
off | 4 posltve hadrons COMPASS | 2007 proton data SIVERS ASYMMETRY

0.1~

!
T I h s M
0.1~ - -
0.2 16-2 - 161 Y o.|4 u.ls n.la o.ls 1 1.|5
Xg; P, [GeVic]

compatible with zero, also for positive hadrons
AT VARIANCE WITH HERMES

UNEXPECTED RESULT

no panic but NIGHTMARES
A, splitting
S meson

August 29, 2022
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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¢4¢

Sivers asymmetry: SRS ~ e positive hadrons -
positive hadrons exhibit an %J 0 Tahe o
average asymmetry of 0.03 NPT Y WL ¢ $ ¢ + %{»? s * i L s %% 9 %
somewhat smaller than HERMES Fevove g A B } LA I
but
definitely non zero O — | — | ——— S
Osyst = 0.8 0540, = 0.01 o " T Gevo

-> necessity of alonger and better data taking

August 29, 2022
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THE 2010 PROTON DATA C(VSS

Necessity of a longer 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
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THE 2010 PROTON DATA CWS

Necessity of a longer 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

244 = August 29, 2022 Franco Bradamante
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THE PROTON DATA - Sivers asymmetry C(VSS

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

~—

I & 5 omn
:;vers “oos+ * " T %
ymmetry 5}
all COMPASS % éé‘? :
prOton data OpF-- -%—-;-;-*—-{-_i--% .......
T
—0.05

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!

+

I & 5 omn
:;vers Sop 07T J
ymmetry 5} .
all COMPASS % éé‘? :
prOton data OpF-- -%—-;-;-*—-*-_%—-% .......
T
—0.05r

107 107

PLB 744 (2015) 250
PLB 717 (2012) 383

August 29, 2022

comparison with HERMES

- c;.:) COMPASS: :1:: .§<0.03f2) + b ggm
Lo 5 ST [ s
0.05F W or {DF} % SAKY : }
i#ﬁ’}i f’fﬁi ﬁ* o

_0'05_...... T B B | . L[ | | |

1072 107! i 0.5 17 0.5 1 1.5

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

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

= u and d: clearly different from zero

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

August 29, 2022 Franco Bradamante




THE SIVERS FUNCTION

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

006 @’ =2.4GeV’!
- U and d: clearly different from zero S 0.04 - /\
~.\ ¥

0.02

Z — L

= -0.02 :x\ %

... pseudouniversality J.c. collins, Phys. Lett. B536 (2002) 43.

N Yx)

L . . 9-100 (2009
proposal to measure it in pion-induced Drell-Yan muon pair production (2009)

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 comP4

to make easier the comparison with DY, avoiding Qz evolution problems, \
we have measured the Sivers asymmetry in QZ bins N
SIDIS § 102 gl(l))‘\ldSP’;)i:) NH, proton data Iov" 2 % 102 [C)Z:;{F\’(Ax:?\l:xﬁ " - § DY
@ e A i ﬁo.s%' g = R : é
“& 0.7 3: S 0.7 %
0.6"§ 0.6 S:
10;_*-' ---------------- 10§
fropum 1 ol =
4 May 2022 X Bakur Parsamyan 13
e 2>0.1
0.04< 0.1<z<0.2
> SECR COMPASS DY run 2015 + 2018
‘ [
g5 000 4 d t new results at DIS2022
< S i - Jan Matousek
0__ .............................................................................
PLB 770 (2017) 138 - —/—-—_,'—/q
—0.02, e
August 29, 2022 1 10 Franco Bradamante
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THE PROTON DATA — Collins asymmetry CWS

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

~——

=0.1- +

S | or _
Collins <o n } *
asymmetry )

Of-- -g-ls-d-f ---------------

all COMPASS ©Q
proton data 00s i - :

§£§04— °% K

o
|
'—I=O=.ﬂ—|
Ot F
—e = I
HOor e I
"Qq—c i
Em—l r
—i——i
e
e s

107

paal 1 L33
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
~ | LSIVEL S SV [.II'LI&LH’I LLiree
30.1 om | 2 ol
Q-:;:D o Tl'_ * — A COMPASS positive pions x<0.032
Collins “ COMPASS positive pions x>0.032 ’
0.05F + 0.05 0 HERMES nt* PLB 693 (2010) rescaled by (1-<y>)/(1-<y>+<y>")
asymmetry i ! t 7

all COMPASS Oié‘“éé ------------ A KUY

proton data

-0.05 — =
{) COMPASS negative pions x<0.032
-0.1 K + ° COMPASS negative pionsx>0.032 .
0.1 s} HERMIES m PLB 693 (2010) rescaled by (i-<y>)l(l-<y>+<y>')
III.I 2 M Illllll M M s s 1 Lllllll L 'l ]llllll 1 L4 11l 1 I L l I I l
10—2 10—] 10_2 10_] 0-5 l 0.5 1 1 .S

X X z p‘; (GeV/c)

PLB 744 (2015) 250
PLB 717 (2012) 376 very good agreement !
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THE PROTON DATA — Collins asymmetry C(Ws

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

~—

o, § 2 2_ * ;q" 0.10— 2007 & 2010 proton data
. - e Ih
Collins q:0.05_ n % O Collins " %
asymmetry * * 0.05 |- O Collins h
LEX o
0_ ______________________
all COMPASS i ; X ’ 5ot
proton data 0,05 Tt"'(} Q (} ’ _iégggg """"""""""""""""""
r ol il é @
< Sol oK K~ sl ' ¢ # e di-hadron asymmetry
B ) {' PLB 736 (2014) 124
* { -O'IO_IIHIlll | IIIIIHl | III\II|
OF-- E}?c}-%—#--{}- 107 107 ;
‘}’ % study of the interplay between Collins and di-hadron
0.1~ K* asymmetries — not independent  cowmpass, PLB 753 (2016) 406
107 10" i well reproduced by the 3P, 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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X Radici Bacchetta PRL 2018

03 Q2=2.4 GeV2

X hi

fits of di-hadron asymmetries
SIDIS off pand d , e*e", 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
0.4 04 w7 v e
% 03 - Q?=24GeV?
S o2 5 B2r
& oaly T = N
X ; ]
-0.1 —— :::::::
0.1 |
= 005 Or - _ ]
X - = i e )
2 .
s 2013 -----
. 2015
05+ 4 bl wd
B 0.001 0.01 0.1 1
B X
i q Radici Bacchetta PRL 2018
£ ophd- ] ........... o gizacer
o0 th:" Collins, di-hadron % _0'2__ YT %—
[ wouxh,’ L h? .
] A | N 04- II l 'mmetrles
107 10" V. T — -
x 10” 10" . [fe, and pp data
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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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
0.4 04—
X o3 - Q%=2.4 GeV?
S o2 5 92p
g o 50 A
< °: V-
0.1 - . .
o - ‘ work still ongoing ...
X" it is clear the
|, AMarin e U- and d-quark transversity PDFs have opposite sign
05F < 0. .
: valence T * d-quark PDF much worse determined than u-quark PDF
I q ; ; i 021 } because of the scarcity of deuteron (neutron) data
I t [
E] S— }(}%}%é’}nﬁ%‘ﬁ? ------------- ’ ---------- N i - 2022 COMPASS run
: e0 xh;!" Collins, di-hadron % % _0_2; 7 l
- moxh Id\ i . Hiﬁ .
OSE e s immetries
o . T e v . [fe", and pp data
point by point extraction
using COMPASS p and d asymmetries, and e*e- data
no Soffer bound; no Monte Carlo nor parametrisations needed
B8 August 29, 2022 107

" Fratdo Bradamante
X



THE DEUTERON DATA CWS

run 2022 - expectation CERN{SPSC{2017{034 . )
SPSC-P-340-ADD-1 S—
April 5, 2018 *
< Protons %] Deuterons
0.05- %) B
(% (}) -O
Q
058 % %*Jf 4.4 X
O000—----F--=%-&- & - I [ PSR s N A N IS | I iy | S
CF ; 3 . : % 1 |
i 6 4 |
—0.05 %] - %ﬁﬁﬁiﬁﬁﬁ*
1(!‘:-2 Itlr‘ 1072 107!

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 A/ A polarization PLB 824 (2022) 136834
» TSAs for high Py pairs from PGF events PLB 772 (2017) 854

« J/¥ Sivers asymmetry

« p* TSAs - new

August 29, 2022 Franco Bradamante




THE PROTON DATA

counts

p® TSAs N

200 210" S ool , | COMPASS preliminary | COLLINS ASYMMETRY
- COMPASS preliminary f Tt i
600~ 7 | ol %f = 020 [ i + - indication for positive asymmetry
i a:f;nkaglmund “ <CD + + + % + + opposite to Tt as expected
400 - f,=0.18 0_+%% ________ % ______ % __________ %-% ______________ + _____ %+ - large at small Pr
200 - 02b ..|....|...|....|+|...||...
- 1072 107 0.4 0.6 0.8 02040608 1 1.2
of X z P, (GeV/se)
L | | | |
05 1 15 2 ~  03F - -
M, (GeV/c?) < i i - COMPASS preliminary SIVERS ASYMMETRY
g 02 f f
'54? o1k g g - indication for positive asymmetry
it % + % [ + % [ + + similarly to 7° as expected
s ) R + fffffffff o . +
—0.1L i i
SOOI ST BRI R BRI S S S N SR B S o _r
paper |n preparatlon 10_2 10_1 0.4 0.6 0.8 02040608 1 1.2 only statistical uncertainties
Osyst = 0.305¢qt
X z P, (GeV/ie)

IWHSS-2022
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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 A/ A polarization PLB 824 (2022) 136834
* TSAs for high P; pairs from PGF events PLB 772 (2017) 854

« J/¥ Sivers asymmetry

« pY 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
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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 a lot of fun
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SUMMARY C'OMP. -

~——

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 a lot 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

COMP

 other TSAs
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THE PROTON DATA A

ﬁﬂgﬂﬁ

e transversity induced A/ A polarization PLB 824 (2022) 136834 —t
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THE PROTON DATA

COMP

 TSAs for high Py pairs from PGF events

PLB 772 (2017) 854
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THE PROTON DATA

« J/W¥ Sivers asymmetry

events/ 0,02

August 29, 2022

1]

[ COMPASS 2010

E-preliminary

P
Siw

- COMPASS 2010

preliminary _
9
I
1 1 1
0.4 0.6 0.8

nyss

Franco Bradamante



