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COMPASS fixed target experiment at the CERN SPS *CW%

physics programme: e aaef
hadron spectroscopy (p, 1, K)
* light mesons, glue-balls, exotic mesons
 polarisability of pion and kaon
nucleon structure (u)
 longitudinal spin structure SIDIS off d & p 1—
» transverse momentum and transverse spin structure <3,
e DVCS  up QN
e Drell-Yan n7p T

calorimetry, piD

E RICH detector
Seattle, 25 September 2017  p/h beam/



the structure of the nucleon

at leading order, 3 parton distribution functions (PDFs) are needed

in the collinear case

nucleon polarisation
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the structure of the nucleon

taking into account the quark intrinsic transverse momentum ki
at leading order other new 5 TMD PDFs are needed for a full description
of the nucleon structure

quark

polarisation

nucleon polarisation
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all interesting

correlations among spins and
transverse quark momentum

. . 1
Sivers function fyi,

correlation between nucleon
transverse spin and quark
transverse momentum

SIDIS gives access to all of them
by measuring the azimuthal asymmetries,
I.e. the amplitudes of the different
modulations in the azimuthal distributions
of the final state hadrons

the use of different targets (proton and deuteron/neutron) and the
identification of the final state hadrons allow for flavor separation
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the structure of the nucleon

iIn SIDIS off transversely polarised nucleons the

transversity PDF  hi Sivers function fy,

are responsible for the

Collins asymmetry Sivers asymmetry
_,2.hl Lh 2..¢14 h
ah = 2q,q eqx"z ® Hig ah — 2qq¢i*fir ® Dig
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di-hadron asymmetry
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the use of different targets (proton and deuteron/neutron) and the
identification of the final state hadrons allow for flavor separation
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transverse target spin effects at COMPASS Coyss

studied measuring SIDIS with S
e 160 GeV muon beam

« atransversely polarised deuteron ( °LiD) target
(2002, 2003 and 2004, ~20% of running time)

« atransversely polarised proton (NH3) target
(2007, ~50%, and 2010, 100%, larger geometrical acceptance)

the spin asymmetries have been extracted using the same x, z, P% binning
- the mean values of x, Q2 are almost the same for p and d in each x bin

results:

the Collins, the di-hadron asymmetries and the Sivers asymmetries are
o different from zero on proton, as seen by HERMES

e compatible with zero on deuteron within the large statistical errors
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Collins asymmetry
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di-hadron asymmetry
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extraction of the Transversity and Sivers functions

the COMPASS results already used to extract these PDFs

Transversity:

e Collins asymmetries
HERMES p, COMPASS p and d, Belle/Babar e*e™ — hadrons data

Anselmino et al. 2013, 2015, Kang et al. 2015,
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using parametrisations for transverity and spin-dependent fragmentation functions
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extraction of the Transversity and Sivers functions

the COMPASS results already used to extract these PDFs

Transversity:

* Collins asymmetries
HERMES p, COMPASS p and d, Belle/Babar e*e™ — hadrons data
Anselmino et al. 2013, 2015, Kang et al. 2015,

e di-hadron asymmetries
HERMES p, COMPASS p and d, Belle/Babar e*e™ — hadrons data
Bacchetta et al. 2013, Radici et al. 2015, ...

using parametrisations for transverity and spin-dependent fragmentation functions (x, z)

Sivers function:

e Sivers asymmetries
HERMES p, COMPASS pandd
Anselmino et al. 2012, Echevarria et al. 2014,

using parametrisations for the Sivers functions (x)
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extraction of the Transversity and Sivers functions

this work:

use the COMPASS proton and deuteron measurements at the same x, Qvalues
to perform a direct point-by-point extraction of the transversity and Sivers PDFs

« COMPASS results for Phys. Rev. D 91 (2015) 014034

e p and d Collins asymmetry vs X (integrated over z, py)
h* and h- assuming that all hadrons are pions

* p and d di-hadron asymmetries vs X (integrated over z, M)

Belle results for the corresponding pion and pion-pair asymmetries
PRL 107(2011)072004,  PRD78(2008)032011 / 86(2012)0399

unpolarised PDFs and FFs parametrizations . .
u
PDFs: CTEQ5D FFs: DSSLO hi®, hy® he's hy

- transversity

COMPASS results for Phys. Rev. D 95 (2017) 094024

* p and d Sivers asymmetries vs X (integrated over z, M)
rtand K*

unpolarised PDFs and FFs parametrizations
PDFs: CTEQSD FFs: DSSLO

- Sivers function

LDuy L(Ddy L(Du _ 11 d
fir 7 U e U hr 1T
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Transversity



Collins asymmetry — SIDIS

Yad e2xhl(x) ® Hij'(2)
Yad edxf (x) ® D{‘q (2)

A (x,2) =

“gaussian ansatz”:

h Yqq€qxhi () Hiy (2)
A2 = Ca g et D]
Efremov et al., 2006 qq €q xfl X) P1q (Z)

C, = ! L(1/2)h:V”<P%>H¢h

Hi, =H
\/1 +22 <ki, >/<piy>

1q 2zM, M

we have assumed

* (; =1 most of the statistics at low z

 HYy=Hp;=H53=Hy= Hy fq, and Hy, = Hfy =H; =Hiz = H; unf
e H, = HZ =0 and c quark contributions to be negligible

* Dify=Diy=Df3=Diz =D s and

— - + +
Dy = D1+d = D1& = D1+ﬁ = Dis =Di5 = Dlunf
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Collins asymmetry — SIDIS p and d

iIn each X bin the measured asymmetries can be written as

A" (%) = —
Yqgeaxf; (x) DY, —

__,A(ny + ah¥) + (anrd + ng)

2,14 I7h ~
z:CIC_I eqxhl (x) Hiq D{‘q = f dz D{‘q(z)

Hig = fdz H{‘q(z)

l.e. A; = dp — N
U J» q ih — H1rav from e*te™ Belle data
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p = ap - 1 fav
fo ) N
PN CES a)(hY + hd) + (1 + 4&)(h* + h9) - I’_Ivl unf
i fd+ Hl fav
o (1+4@&) (A} +hd) + 4+ &) (h + i)
a— “p _

fa

T[A(f1 + B + BFL+ £ + B + £7)] Diav = 2f,) Di fav
|

known
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Collins asymmetry — SIDIS p and d

in each X bin it is

1 1
“ AT + A+ -
5,&4?_)(1 — EJ?) (;Uf+A+ —a?fp Ap) (;{‘f A p Ad)
1 1 4 bt A (AT ot A :
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| (—1 al
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1 fav k leav

from ete™ Belle data
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both reasonable and in agreement with the considerations
on the “interplay between the Collins and the di-hadron FFs”
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Collins asymmetry — SIDIS p and d

in each X bin it is

11 D
5&;’3(1_&) (xf+A+_x.f;r) Ap)—i_g( A d Ad)
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P | I _
(_
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Collins asymmetry — ete” Belle data

we have used the asymmetries (corrected for charm contribution)

)
UL B (sin” 6) N
At - (21,23) = (1 + cos? 0) [Ay (24, 22) — AL(21, 2;)] ; m” . +
| R PR
integrated over My, M Phys. Rev D 78, 032011 (2008) [ , .
with z; =z, =z s Ll 1 | S
z, | | I |
with the previous assumptions on the FFs one obtains
4| = Hi ¢, (2) _ [ 1 {1+ cos?8) UL e )]
1 fav (@) B(z) (sin?0)
. 5 545 a? 5a
where = 5~ 5
5+7p« 56+p (1 al
Hlunf(z)
a(z) =———— D
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Collins asymmetry — ete” Belle data

the values of the analysing power |a1’.§(z)| have been calculated in the four z

bins with both the assumptions (—1 al
Hl unf (Z)
a(z) = = <
H, fav(z) - 21 wns (7) =—p a2
0.5 L Dl fav (2)

and then fitted with two
different functions of z
. ~h| _
results: al 5] = 0.12 —> same values for the transversity functions!
a2 |&1@| —0.17 compensated by «

we have assumed |aj(z)| constantin Q* i.e. same evolution for Hy r4,, and D ¢4,

if the evolution of Hlfav is negligible, the analysing power at COMPASS Q? decreases
by ~ 10%
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Transversity from the Collins asymmetry
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error bars: 10 stat. only

xhy” clearly different from zero
xh‘ll” opposite sign
larger errors because of the
low statistcs of the d data

curves:
Anselmino et al., 2013
Soffer bound
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Transversity from the Collins asymmetry
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Transversity from the di-hadron asymmetry

Y egth (%) qu
Y0 egxflq (x) D%‘

assuming DI = DM — Dﬁ—’} =pM DN =Dif =aD A=05 (Dit=Drl)

SIDIS  A™M(x) =

HlLu = _H Hlu HL HlLs = _Hl% =0 (ch = _Hff =0)

Bacchetta, Courtoy, Radici 2011 Courtoy, Bacchetta, Radici, Bianconi 2012

11 i
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Transversity from the di-hadron asymmetry

~ Hlu + -
alfalh == from e™e™ Belle data Phys. Rev. Lett. 107, 072004 (2011)
Diu
~ 1
H% 1 (1 + cos? 9) 2
~hh lu 2 2 hh
a =|l=l=|-=(1+ 54+ 4 -
P D]l_llil [ 5 ( U )( ) (Sinz 9) ete

©? =0.5  charmyield ~ one half the uds
2 mhh yhh _ 2 (2 ;yhh Yhh 2 hh hh 2 hh yhh
€c Dlr:r Dlﬁ = [ (e-uDlu.Dlﬁ. + €d Dld. Dl.gf + €s Dl._s' DlE )

AN =-0.196

l

|akh| = 0.201  at Q3 =110 GeV?/c?
assumed constant in Q2
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Transversity from the di-hadron asymmetries
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error bars: 10 stat. only

xhy” clearly different from zero
xh‘f” opposite sign
larger errors because of the
low statistcs of the d data

curves:
Bacchetta et al, 2013
Soffer bound
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Transversity

from the Collins and from the di-hadron asymmetries

closed points
Guassian ansatz
evolution not known

open points
collinear
known evolution

different assumptions

< 05k
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10 107!
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Sivers function



Sivers functions from the SIDIS Sivers asymmetries

a similar method has been used to extract the Sivers function
from the COMPASS p and d Sivers asymmetries for charged pions and kaons

24 eqxfn (x) ® D1q(Z)
queqxfl (x) ® D} 7 (2)

Sw (x )

“gaussian ansatz”:

T (k2)

1(1
Nz e2xf 1 9(0)DE (2) s0a _ [ gop, K
A2k, —— z

A (x,2) =G z 2
S Yq.qeexfi ()DL, (2) M

JTM _ M
1/2 —
)] 2T

assuming G = known and integrating over z

1 1)h
()= Zac TG Dy
R —
v Yqes - xfi(x) - D,
pr = j dz D}, (z,) D" = f dz z D}, (2)
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Sivers functions from the SIDIS Sivers asymmetries

writing explicitly the Sivers asymmetries one finds, for pions

1

 5GpR(1 - B

[P = = 1, + .+ P

1 [ + o+ - - + oot I
Pr(Ll — Pr - .
w4+ B i) + Befi 4 1) + NB=(f7 + 1)) Dl oy = 25 Dilguy
=~ ¢k ~1)m
g, = Dunr oo Drnr - Dugay b7 = [dzDp() D" = [ dzzDEC)
DT fav Dy7r, D fav
1 , - -
Ty (2004807 AT 20— et A
15G s (1 i )
DN, gt oqm ™ D\, fm AT
— (1 =4z fi AT — (4 —-pM)af] A7)

can be obtained directly from the p and d measured asymmetries
in each x bin, at the corresponding (Q?)

Seattle, 25 September 2017
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Sivers functions from the SIDIS Sivers asymmetries

writing explicitly the Sivers asymmetries one finds, for kaons
1(1)s 1(1)§

K"' K* K~ AK~
xXfp Ap —xfp A
4GpK(1 ,8(1)[ s Ap ]
assuming f; " = fir
+ + - + et
: Py 3(1) lxf AR — xf X AT — (xf AN — xff Af )]

no linear combination give access to flm“
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Sivers functions from the SIDIS Sivers asymmetries
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Sivers functions from the SIDIS Sivers asymmetries
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Sivers functions from the SIDIS Sivers asymmetries
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Sivers functions from the SIDIS Sivers asymmetries
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Summary

the point-by-point extraction of PDFs looks promising

* interesting results for the transversity and the Sivers functions
e no parametrisation of the unknown PDFs and FFs is needed
e can be used also for the weighted asymmetries, ...

* needs proton and deuteron/neutron data at the same (x), (Q?) values

to be kept in mind in planning future experiments

presently, large uncertainties for the d quark due to the
low statistics deuteron data

we have repeated the extraction of transversity assuming one full year
of data taking in COMPASS with the transversely polarised d target
in the same conditions of the 2010 proton run

Seattle, 25 September 2017 Anna Matrtin
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Summary

the point-by-point extraction of PDFs looks promising

* interesting results for the transversity and the Sivers functions
e no parametrisation of the unknown PDFs and FFs is needed
e can be used also for the weighted asymmetries, ...

* needs proton and deuteron/neutron data at the same (x), (Q?) values

to be kept in mind in planning future experiments

presently, large uncertainties for the d quark due to the
low statistics deuteron data
we have repeated the extraction of transversity assuming one full year

of data taking in COMPASS with the transversely polarised d target
in the same conditions of the 2010 proton run

- remarkable improvement
unique opportunity to improve our knowledge at “small” x and “large” Q?,

in a range complementary to the JLab12 measurements
COMPASS can produce other relevant results, useful for EIC

Seattle, 25 September 2017 Anna Matrtin
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